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Executive Summary 

Investigation Objectives 

The project scope was prepared in line with the Melbourne Water Technical Specifications 
document (MWC , 2009a) and the Gardiners Creek Flood Mapping project brief (MWC, 2009b). The 
project objectives are as follows: 

1) Develop a new RORB model for the Gardiners Creek local catchments incorporating available 
Redevelopment Services Scheme (RSS) catchment and Flood Mapping (FM) RORB models to 
form a RORB model covering the entire Gardiners Creek catchment. 

2) Determine the 5 year, 10 year, 20 year, 50 year, 100 year average recurrence interval (ARI) 
events and Probable Maximum Precipitation (PMP) flows from the Gardiners Creek RORB 
model for hydrograph inputs to the unsteady flow hydraulic model. 

3) Review the existing hydraulic model (Water Technology, 2004) and update the model as 
appropriate. 

4) Calibrate and verify the RORB and unsteady hydraulic models to gauged events.    
5) Determine the flooding extents for the 5 year, 10 year, 20 year, 50 year and 100 year ARI, 

and PMP events. 
6) Investigate the number of flood affected properties in the 5 year, 10 year, 20 year, 50 year 

and 100 year ARI, and PMP events and provide flood levels for all the affected properties. 
7) Calculate the annual average damages (AAD) expected from the flood events. 
 

Catchment Characteristics 

Gardiners Creek (Melbourne Water drain number 4820) is a highly urbanised waterway located in 
the eastern suburbs of Melbourne. Gardiners Creek outlets to the Yarra River (Melbourne Water 
drain number 4400) approximately 6 km from the centre of Melbourne. The creek is over 16.5 km 
long and covers a total catchment area of 111 km2. Gardiners Creek originates at the Middleborough 
Road Retarding Basin in the east of the catchment in Box Hill South. Downstream of the basin the 
remainder of Gardiners Creek from Canterbury Road to Glenferrie Road can be divided into several 
reaches with the following characteristics: 

Á Canterbury Road to Burwood Highway ς Largely natural channel with some realignment and 
modification. The adjacent floodplain consists of public open space 

Á Burwood Highway to Warrigal Road ς Concrete lined channel with numerous drop 
structures. The channel is generally flanked by residential, commercial and industrial 
development. The floodplain in this reach is limited. 

Á Warrigal Road to High Street ς Largely natural channel with some realignment and 
modification. The adjacent floodplain predominantly consists of public open space. 

Á High Street to Toorak Road ς Some natural channel with significant realignment and 
modification due to the construction and widening of the Monash Freeway. A tunnel 
(culvert) some 400 m in length exists at Burke Road. The adjacent floodplain consists of 
residential areas and open public space. 

Á Toorak Road to Glenferrie Road ς Concrete lined channel adjacent to the Monash Freeway. 
The floodplain consists of open public space. 
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The main zonings within the Gardiners Creek local catchment include residential (64%), public use 
zone and parks (11 %) and road zone (9%) with the average fraction imperviousness across the 
catchment being 0.46. 

Instantaneous flow gauge 229624 (Gardiners Creek at Gardiners) has recorded flows along Gardiners 
Creek from January 1978 to present. The data available from this gauge and surrounding rain gauges 
are a key input to the RORB model calibration for this study.    
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1 INTRODUCTION 

1.1 Overview 

This report details the investigations undertaken for the flood mapping of Gardiners Creek.  A 
previous study of Gardiners Creek was carried out by Water Technology in 2004. The objective of 
this investigation was to update the previous study completed by Water Technology to meet the 
specifications and objectives outlined in the current Melbourne Water Technical Specifications and 
Requirements document (MWC, 2009a). This study also incorporated the results and models from 
the various RSS and flood mapping projects which form tributary inlets to Gardiners Creek. A new 
RORB model was created for the local catchment of Gardiners Creek. The models from existing RSS 
and flood mapping projects were combined with the new RORB model. The RORB model was 
ŎŀƭƛōǊŀǘŜŘ ŀƴŘ ǾŜǊƛŦƛŜŘ ŦƻǊ Ŧƭƻǿǎ ŀƴŘ ǿŀǘŜǊ ƭŜǾŜƭǎ ǘƻ ǘƘŜ Ŧƭƻǿ ƎŀǳƎŜ Ψннфснп - Gardiners Creek at 
DŀǊŘƛƴŜǊǎΩΦ ¢ƘŜ ŜȄƛǎǘƛƴƎ ƘȅŘǊŀǳƭƛŎ ƳƻŘŜƭ ǿŀǎ ǊŜǾƛŜǿŜŘ ŀƴŘ ǳǇŘŀǘŜŘ ǘƻ ŜƴǎǳǊŜ ƛǘ ǊŜǇǊŜǎŜƴǘŜŘ ŎǳǊǊŜƴǘ 
conditions in Gardiners Creek. The new hydraulic model included a detailed 2D hydraulic model 
around the Burke Road crossing of Gardiners Creek.  

1.2 Investigation Objectives 

The project scope was prepared in line with the Melbourne Water Technical Specifications 
document (MWC, 2009a) and the Gardiners Creek Flood Mapping project brief (MWC, 2009b). The 
project objectives were as follows: 

Á Develop a new RORB model for the Gardiners Creek local catchments incorporating available 
Redevelopment Services Scheme (RSS) catchment and Flood Mapping (FM) RORB models to 
form a RORB model covering the entire Gardiners Creek catchment. 

Á Determine the 5 year, 10 year, 20 year, 50 year, 100 year average recurrence interval (ARI) 
events and Probable Maximum Precipitation (PMP) flows from the Gardiners Creek RORB 
model for hydrograph inputs to the unsteady state hydraulic model. 

Á Review the existing hydraulic model (Water Technology, 2004) and update the model as 
appropriate. 

Á Calibrate the hydraulic model to gauged events in the Gardiners Creek catchment.    
Á Determine the flooding extents for the 5 year, 10 year, 20 year, 50 year and 100 year ARI, 

and PMP events. 
Á Investigate the number of flood affected properties in the 5 year, 10 year, 20 year, 50 year 

and 100 year ARI and PMP events and provide flood levels for all the affected properties. 
Á Calculate the annual average damages (AAD) expected from the flood events. 

1.3 Overview of Technical Methodology 

The flood modelling for the project was carried out in two stages; hydrological modelling and 
hydraulic modelling. The hydrological modelling, completed in RORB, combined the existing 
tributary catchment RORB models (created for various FM&M or RSS projects) with a new local 
model created for this project. Due to the size of the new combined RORB model, a beta version of 
RORB was used which allows for a greater number of subareas than the standard version. The RORB 
model was used to generate hydrographs at locations where the tributary catchments or local 
Gardiners Creek catchments met Gardiners Creek. 

The hydraulic modelling then employed the hydrographs from RORB as inflow hydrographs 
(boundary conditions). A 1D hydraulic model, MIKE11, routed flows along Gardiners Creek. 
Roughness coefficients and details of structures, etc. were all input directly to the MIKE11 model.  
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The hydraulic model was run to generate the required flow hydrographs and flood levels outputs for 
each ARI and duration.  

Due to complex hydraulic conditions around the Burke Road tunnel, a 2D TUFLOW model was 
constructed to model the reach from Great Valley Parade to Toorak Road. This allowed better 
representation of break-away flows in the model. MIKE11 hydrographs were used as the upstream 
boundary conditions with the downstream boundary set by the corresponding water level in the 
MIKE11 model. The results from the TUFLOW model replace the mapping results from the MIKE11 
modelling through this reach.  
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2 CATCHMENT AND DRAINAGE FEATURES 

2.1 Catchment and Drainage Description 

Gardiners Creek (Melbourne Water drain number 4820) is a highly urbanised waterway located in 
the eastern suburbs of Melbourne. Gardiners Creek outlets to the Yarra River (Melbourne Water 
drain number 4400) approximately 6 km from the centre of Melbourne. The creek is over 16.5 km 
long and covers a total catchment area of 111 km2. Gardiners Creek originates at the Middleborough 
Road Retarding Basin in the east of the catchment in Box Hill South. Downstream of the basin the 
remainder of Gardiners Creek from Canterbury Road to Glenferrie Road can be divided into several 
reaches with the following characteristics: 

Á Canterbury Road to Burwood Highway ς Largely natural channel with some realignment and 
modification. The adjacent floodplain consists of public open space 

Á Burwood Highway to Warrigal Road ς Concrete lined channel with numerous drop 
structures. The channel is generally flanked by residential, commercial and industrial 
development. The floodplain in this reach is limited. 

Á Warrigal Road to High Street ς Largely natural channel with some realignment and 
modification. The adjacent floodplain predominantly consists of public open space. 

Á High Street to Toorak Road ς Some natural channel with significant realignment and 
modification due to the construction and widening of the Monash Freeway. A tunnel 
(culvert) some 400 m in length exists at Burke Road. The adjacent floodplain consists of 
residential areas and open public space. 

Á Toorak Road to Glenferrie Road ς Concrete lined channel adjacent to the Monash Freeway. 
The floodplain consists of open public space. 

A site visit of the local catchment was undertaken by the study team, site visit photos are displayed 
in Appendix C.  

There are a number of major tributary catchments. Table 2-1 displays the tributary catchments 
characteristics and a brief summary of previous relevant investigations. In particular, Table 2-1 notes 
the availability of a RORB model for the tributary catchments. The source of the available RORB 
model is noted as a RSS (Redevelopment Services Scheme) or FM (Flood mapping project). Further 
discussion of the use of the available tributary RORB models is provided in Section 4.2. 

Also, there are a number of local sub-catchments draining directly to Gardiners Creek. These local 
sub-catchments are generally less than 60 ha in area, and therefore the responsibility for drainage 
lies with the local government authority. For the purposes of this study, these sub-catchments are 
referred to collectively as the Gardiners Creek local catchment. 

Figure 2-1 shows the tributary catchments and the local catchments. Figure 2-2 shows a DEM (Digital 
Elevation Model) created for the catchment along with some major catchment features. Figure 2-3 
shows the locality and many of the features of the local catchment. Figure 2-4 displays the key 
waterway works undertaken along Gardiners Creek. 
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Table 2-1 Tributary Catchment Characteristics 

Catchmen
t Number 

Investigation 
Name 

MW Drains Covered RSS or 
FM&M 

Source RORB 
Available? 

Area 
(ha) 

Ave FI Calibration Technique 

4830 Back Creek Myrtle Rd MD (4835), Faversham 
Rd MD (4836), "W" Creek (4834), 
Nichollsdale Rd Drain (4833), 
Burwood MD (4832), Ashburton 
MD (4831), Back Creek (4830) 

RSS GHD (2008) Yes 1871 0.46 Interstation area, reconciled to 
Rational Method and flows at 
Toorak Rd 

4893 Blackburn MD Blackburn North MD (4893), South 
Parade MD (4895), Laburnum St 
MD (4894), Lake Rd Drain (4891), 
Forest Hill Drain (4892), Blackburn 
Sth Drain (4890) 

RSS Water 
Technology 
(2008) 

Yes 1557.6 0.48 Interstation area, Rational Method 

4872 Damper Creek Damper Creek Drain (4872), 
Damper Creek East Branch (4873) 

RSS GHD (2007a) Yes 472 0.42 Rational Method 

4871 Winbirra 
Parade Drain 

Winbirra Parade Drain (4871) RSS GHD (2007a) Yes 128 0.44 Rational Method 

4842 Darling Road 
MD 

Darling Rd Main Drain (4842) RSS GHD (2007b) Yes 101 0.5 Rational Method 

4850 Murrumbeena 
MD 

Carlisle Crescent (4853), Oakleigh 
MD (4852), Bishop St (4854), 
Murrumbeena MD(4850) 

RSS SKM (2005) Yes 1106 0.49 Rational Method 

4825 Rix St MD Rix St MD (4825) FM&M WBM (2003) Yes 99 0.7 Rational Method 

4823 Tooroonga Rd 
MD 

Tooroonga Rd MD (4823), Creswisk 
St MD (4824) 

RSS GHD (2006a) Yes 392 0.52 Rational Method 

4822 Lara St MD Lara Street MD (4822) RSS GHD (2006b) Yes 69.4 0.5 Rational Method 

4841 Hedgely Dene 
MD 

Hedgely Dene MD (4841) RSS GHD (2007c) Yes 172 0.45 Rational Method 

4844 East Malvern 
Drain 

East Malvern Drain (4844) RSS GHD (2007d) Yes 97 0.47 Rational Method 

4821 Moonga Road 
Drain 

Moonga Road MD (4821) RSS GHD (2006c) Yes 119.8 0.44 Rational Method 

4881 Stott St Drain Stott St Drain (4881) FM&M CMPS&F Yes 90 0.42 Rational Method 
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(1998b) 

4885 Box Hill Sth MD Box Hill Sth MD (4885), Collins St 
Drain (4886) 

FM&M CMPS&F 
(1998b) 

Yes 304 0.51 Rational Method 

4882 Eley Rd West 
Drain 

Eley Rd West Drain (4882) FM&M CMPS&F 
(1998b) 

Yes 98 0.52 Rational Method 

4883 Fulton Rd 
Drain 

Fulton Rd Drain (4883), Eley Rd East 
Drain (4884) 

FM&M CMPS&F 
(1998b) 

Yes 516 0.5 Rational Method 

4875 McComas 
Grove Drain 

McComas Grove Drain (4875) FM&M CMPS&F 
(1998b) 

Yes 140 0.48 Rational Method 

4874 Brockhoff's 
Drain 

Brockhoff's Drain (4874) FM&M CMPS&F 
(1998a) 

Yes 86 0.5 Rational Method 

4861 Oakleigh Nth 
Drain 

Oakleigh Nth Drain (4861) FM&M CMPS&F 
(1998a) 

Yes 279 0.52 Rational Method 

4863 Macrina St 
Drain 

Macrina St Drain (4863) FM&M CMPS&F 
(1998a) 

Yes 162 0.57 Rational Method 

4860 Scotchmans 
Creek 

Scotchmans Creek (4860), Mt 
Waverly Drain (4864), Glen 
Waverly Drain (4865), Tally Ho 
Drain (4866), Mt View Drain (4867), 
Montclair Avenue Drain (4868) 

FM&M WBM (2010) Yes 2171 0.56 n/a 
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Figure 2-1 Gardiners Creek Local Catchment and Tributary Catchments Gardiners Creek and Tributary Catchments                         
Melways Reference 59 A2  
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Figure 2-2 Gardiners Creek Main Drainage Features and DEM 

Figure 2-2 Gardiners Creek Main Drainage Features and DEM 
Melways Reference 59 A2 

Gardiners Creek Flood Mapping Project 
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Figure 2-3 Local Catchment Features 

Figure 2-2 Gardiners Creek Main Drainage 
Features and DEM                                                   
Melways Reference 59 A2 

Gardiners Creek Flood Mapping Project 
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Figure 2-4 Gardiners Creek Waterway Works  

Figure 2-4 Gardiners Creek Waterway Works                     
Melways Reference 59 A2 

Gardiners Creek Flood Mapping Project 
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2.2 Zonings 

The main zonings within the Gardiners Creek local catchment include residential (64%), public use 
zone and parks (11%) and road zone (9%) with the average fraction imperviousness across the 
catchment being 0.46. 

The main land use within the Gardiners Creek Local Catchment is residential (64%). Residential areas 
are evenly distributed across the entire catchment. Due to the high value of land throughout the 
catchment and the limited amount of land available for industrial or commercial areas to expand, it 
is not expected that the amount of residential land within the catchment will change. 

Public use zones and parks cover 11% of the catchment. Majority of these areas are golf courses and 
parks adjacent to Gardiners Creek. Roads make up 9% of the catchment with many major roads 
crossing the catchment such as Monash Freeway, Warrigal Road, Toorak Road, Burwood Highway 
and High Street. 

Table 2-2 below and Figure 2-5 summarise the zonings across the local catchment. 

Table 2-2 Zoning Summary 

Zone Type Zone Code Percentage of 
Total Area 

Residential R1Z, R2Z 64% 

Public Use and Parks PPRZ, PUZ1, PUZ2, PUZ3, PUZ4, PUZ5 11% 

Roads RDZ1, RDZ2 9% 

Other UFZ, SUZ1, SUZ2, MUZ1, CDZ1, B1Z, B2Z, B3Z, B4Z, B5Z, 
IN1Z, IN3Z 

16% 
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Figure 2-5 Zoning Summary 

2.3 Review of Fraction Impervious Data ς Local Gardiners Creek Catchment 

The Gardiners Creek local catchment RORB model contains 239 sub-catchments. Fraction impervious 
values were assigned to each sub-ŎŀǘŎƘƳŜƴǘ Ǿƛŀ ǘƘŜ ǊŜǎǳƭǘǎ ŦǊƻƳ ǘƘŜ ΨCǊŀŎǘƛƻƴ LƳǇŜǊǾƛƻǳǎ /ŀƭŎǳƭŀǘƻǊΩ 
supplied by Melbourne Water. The values supplied were checked against the supplied aerial photos 
and were found to be suitable for use with some minor changes. Figure 2-6 below shows the fraction 
impervious data thematically mapped across each sub-catchment to highlight areas of high and low 
fraction impervious. The average percentage impervious across the sub-catchments is 46%. Sub-
catchments CR, AJ and AK have high percentage impervious values (above 80%) which reflect the 
high number of industrial buildings in that area. Percentage impervious data within each tributary 
catchment has been adopted from the previous studies completed for each catchment. Full details 
of fraction impervious data are shown in Appendix A. 

It should be noted that no review of the Fraction Impervious for the available tributary catchments 
was required by Melbourne Water as part of this study. The fractions impervious for the tributary 
catchments were adopted as provided by Melbourne Water. 

Figure 2-5 Zoning Summary 
Melways Reference 59 A2 

Gardiners Creek Flood Mapping Project 
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Figure 2-6 Fraction Impervious Values for Sub-catchments within the Gardiners Creek Local Catchment RORB Model  

Figure 2-6 Fraction Impervious Values for Sub-catchments within the Gardiners Creek Local Catchment RORB Model   
Meways Reference 59 A2 

Gardiners Creek Flood Mapping Project 
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3 DATA COLLATION AND REVIEW  

The Gardiners Creek catchment study area was divided into two areas. The local Gardiners Creek 
catchment focuses on the Gardiners Creek main branch and its immediate local catchments, which 
does not flow into a Melbourne Water main drain. The tributary catchments incorporate all the 
remaining areas which comprise of the main tributaries (Melbourne Water main drains) which outlet 
to Gardiners Creek. Much of the data collation and review was focused on the greater study area. 

3.1 Source of Past Investigations 

Investigation reports, RORB models and MapInfo data was provided by Melbourne Water from 
previous RSS and Flood Mapping and Mitigation reports. Table 3-1 below shows past RSS and FM&M 
investigations completed within the greater catchment boundary along with the Melbourne Water 
main drains within each investigation. 

Table 3-1 Source of Past Investigations 

Catchment 
Number 

Investigation 
Name MW Drains Covered 

RSS or 
FM&M Source 

4830 Back Creek 

Myrtle Rd MD (4835), Faversham Rd MD 
(4836), "W" Creek (4834), Nichollsdale 
Rd Drain (4833), Burwood MD (4832), 

Ashburton MD (4831), Back Creek (4830) RSS 
GHD 

(2008) 

4893 Blackburn MD 

Blackburn North MD (4893), South 
Parade MD (4895), Laburnum St MD 

(4894), Lake Rd Drain (4891), Forest Hill 
Drain (4892), Blackburn Sth Drain (4890) RSS 

Water 
Technology 

(2008) 

4872 Damper Creek 
Damper Creek Drain (4872), Damper 

Creek East Branch (4873) RSS 
GHD 

(2007a) 

4871 Winbirra 
Parade Drain Winbirra Parade Drain (4871) RSS 

GHD 
(2007a) 

4842 
Darling Road 

MD Darling Rd Main Drain (4842) RSS 
GHD 

(2007b) 

4850 
Murrumbeena 

MD 

Carlisle Crescent (4853), Oakleigh MD 
(4852), Bishop St (4854), Murrumbeena 

MD(4850) RSS SKM (2005) 

4825 Rix St MD Rix St MD (4825) FM&M 
WBM 
(2003) 

4823 
Tooroonga Rd 

MD 
Tooroonga Rd MD (4823), Creswisk St 

MD (4824) RSS 
GHD 

(2006a) 

4822 Lara St MD Lara Street MD (4822) RSS 
GHD 

(2006b) 

4841 
Hedgely Dene 

MD Hedgely Dene MD (4841) RSS 
GHD 

(2007c) 

4844 
East Malvern 

Drain East Malvern Drain (4844) RSS 
GHD 

(2007d) 

4821 
Moonga Road 

Drain Moonga Road MD (4821) RSS 
GHD 

(2006c) 

4881 Stott St Drain 

Stott St Drain (4881) 

FM&M 
CMPS&F 
(1998b) 

4885 
Box Hill Sth 

MD 

Box Hill Sth MD (4885), Collins St Drain 
(4886) FM&M 

CMPS&F 
(1998b) 
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4882 
Eley Rd West 

Drain Eley Rd West Drain (4882) FM&M 
CMPS&F 
(1998b) 

4883 
Fulton Rd 

Drain 

Fulton Rd Drain (4883), Eley Rd East 
Drain (4884) FM&M 

CMPS&F 
(1998b) 

4875 
McComas 

Grove Drain 

McComas Grove Drain (4875) 

FM&M 

CMPS&F 
(1998b) 

4874 
Brockhoff's 

Drain Brockhoff's Drain (4874) FM&M 

CMPS&F 
(1998a) 

4861 
Oakleigh Nth 

Drain Oakleigh Nth Drain (4861) FM&M 

CMPS&F 
(1998a) 

4863 
Macrina St 

Drain Macrina St Drain (4863) FM&M 

CMPS&F 
(1998a) 

4860 
Scotchmans 

Creek 

Scotchmans Creek (4860), Mt Waverly 
Drain (4864), Glen Waverly Drain (4865), 

Tally Ho Drain (4866), Mt View Drain 
(4867), Montclair Avenue Drain (4868) FM&M 

WBM, 
2010-11 

 

3.2 Key Findings from Past Investigations 

The key information from the past investigations within the tributary catchments was the RORB 
modelling approach, calibration technique and fraction impervious value applied. The flow 
hydrographs for a range of events from each RORB model was input to the Gardiners Creek RORB 
model constructed for this study and ultimately the hydraulic model created for this study. Table 3-2 
below summarises the key information from the past investigations within the greater catchment 
area. 

Table 3-2 Key Information from Past Investigations for Tributary catchments 

Catchment 
Number 

Catchment 
Name 

Area 
(ha) 

Average 
FI Calibration Technique 

Tc 
(mins) 

Rational 
Method 
Q100 
(m

3
/s) 

4830 Back Creek 1871 46% 

Interstation area, 
reconciled to Rational 
Method and flows at 

Toorak Rd n/a n/a 

4893 Blackburn MD 1557.6 48% 
Interstation area, Rational 

Method 72 106 

4872 Damper Creek 472 42% Rational Method 31.75 41.8 

4871 Winbirra 
Parade Drain 128 44% Rational Method 21.45 17.26 

4842 
Darling Road 

MD 101 50% Rational Method 28.35 13.21 

4850 
Murrumbeena 

MD 1106 49% Rational Method 61 91.9 

4825 Rix St MD 99 70% Rational Method 17 22.5 

4823 
Tooroonga Rd 

MD 392 52% Rational Method n/a n/a 

4822 Lara St MD 69.4 50% Rational Method 13.44 13.98 
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4841 
Hedgely Dene 

MD 172 45% Rational Method 26.98 21.5 

4844 
East Malvern 

Drain 97 47% Rational Method 24.66 13.26 

4821 
Moonga Road 

Drain 119.8 44% Rational Method 13.59 21.8 

4881 Stott St Drain 90 42% Rational Method 16 14.6 

4885 
Box Hill Sth 

MD 304 51% Rational Method 27 41.5 

4882 
Eley Rd West 

Drain 98 52% Rational Method 17 17.7 

4883 
Fulton Rd 

Drain 516 50% 

Rational Method 

29 66.3 

4875 
McComas 

Grove Drain 140 48% 

Rational Method 

17 23.6 

4874 
Brockhoff's 

Drain 86 50% 

Rational Method 

17 14.9 

4861 
Oakleigh Nth 

Drain 279 52% 

Rational Method 

32 33.9 

4863 
Macrina St 

Drain 162 57% 

Rational Method 

33 20.2 

4860 
Scotchmans 

Creek 2171 56% n/a n/a n/a 

 

The tributary catchment RORB model set up (ie routing, fraction impervious data, sub-catchment 
delineation, etc) was adopted for this study. Each model was run with the kc value listed in Table 3-3 
below. Other RORB run parameters such as initial loss were updated to correspond to the 
requirements in the Melbourne Water Technical Specifications and Requirements (MWC, 2009a). 

Table 3-3 Key RORB Input Information 

Catchment 
ID 

Investigation Name Undiverted 
Kc 

Undiverted 
Dav 

Diverted 
Kc 

Diverted 
Dav 

4830 Back Creek W Creek             4.88 
Burwood            2.48 
Back Ck Upper  0.72 
Ashburton         2.89 
Outlet                1.50 

3.57 
2.50 
0.59 
1.80 
1.16 

3.59 
2.56 
.59 
1.80 
1.16 

4.91 
2.54 
0.72 
2.89 
1.50 

4893 Blackburn MD North                 2.50 
Lake Rd Drain  2.20 
Forest Hill         3.85 
South                 1.60 
Outlet                1.60 

2.12           
1.95            
2.80            
1.67           
1.35 

2.50  
2.20  
3.85  
1.60  
1.60 

2.12  
1.95  
2.80  
1.67  
1.35 

4872 Damper Creek 3.29 2.42 3.29 1.36 

4871 Winbirra Parade Drain 4.05 1.19 4.05 3.4 

4842 Darling Road MD 2.72 1.06 2.72 1.06 

4850 Murrumbeena MD 5.69 4.1 7.04 5 

4825 Rix St MD 1.65 1.08 1.19 1.14 

4823 Tooroonga Rd MD 3.41 2.08 3.38 2.06 

4822 Lara St MD 1.13 0.75 1.24 0.82 

4841 Hedgely Dene MD 3.83 1.54 3.81 1.53 

4844 East Malvern Drain 2 0.99 2 0.99 
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4821 Moonga Road Drain 1.28 0.74 1.28 0.74 

4881 Stott St Drain 1.85 0.9 1.85 0.9 

4885 Box Hill Sth MD 5.6 1.8 5.6 1.8 

4882 Eley Rd West Drain 3.18 1 3.18 1 

4883 Fulton Rd Drain 3.73 2.4 3.73 2.4 

4875 McComas Grove Drain 4.26 1.2 4.26 1.2 

4874 Brockhoff's Drain 3.7 1.1 3.7 1.1 

4861 Oakleigh Nth Drain 5.4 2 5.4 2 

4863 Macrina St Drain 5.29 1.4 5.29 1.4 

4860 Scotchmans Creek 10 6.94 n/a n/a 

 

3.2.1 Past Investigations ς Key Assumptions 

All past RORB models and investigations within the tributary catchments were assumed to be correct 
and fit for use. There were some cases however where corrections or assumptions were required to 
allow the RORB models to run. These are detailed below. 

3.2.1.1 Back Creek RORB Model 

The Back Creek RORB model was found to have a retarding basin, the Willison Park Defacto Storage, 
not connected to the outlet of the RORB model. The Back Creek RSS Investigation Report (GHD, 
2008) was reviewed to determine the operation of the Willison Park Defacto Storage: 

ά¢ƘŜ Ƴŀƛƴ ƻǳǘŦƭƻǿ ŦǊƻƳ ǘƘŜ ǎǘƻǊŀƎŜ ƛǎ Ǿƛŀ ŀ ƎƭƻǊȅ ƘƻƭŜΣ ƭƻŎŀǘŜŘ ōŜƴŜŀǘƘ ŎƘƛƭŘǊŜƴΩǎ ǇƭŀȅƎǊound 
equipment, leading to a 2250 mm diameter pipe. Excess flows would spill over the flood wall and 
across Murdoch Street. A small grated inlet at the south east corner of the tennis courts lead to the 
2700 x 3600 mm horseshoe drain to help drain the storage once the flood peak has passed, but 
ǇǊƻǾƛŘŜǎ ƴŜƎƭƛƎƛōƭŜ ŎŀǇŀŎƛǘȅ ŘǳǊƛƴƎ ŀ ŦƭƻƻŘΦέ όDI5Σнллуύ 
 
This suggests that there is no reason for the retarding basin to not be connected with the rest of the 
RORB model. The peak outflow from the retarding basin as listed in the Back Creek RSS Investigation 
Report (GHD, 2008) is 5.6 m³/s; it is believed this should be recalled to node 343 titled 
ΨLaa95L!¢9[¸ 5h²b{¢w9!a ²L[[L{hb t!wY 59C!/¢hΩ ǿƘƛŎƘ ƛǎ ŎƻƴƴŜŎǘŜŘ ǘƻ ǘƘŜ Ƴŀƛƴ ƳƻŘŜƭΦ 
 
The correction was made for this study by connecting the outflow from the retarding basin with 
node 343 via a dummy (code 5) reach. The diversion into the retarding basin in the RORB model 
όΨ5ƛǾŜǊǎƛƻƴ ǘƻ снрлΩ ǿƘŜǊŜ 5 Ґ л Ҍ мόv - 40.725)1) allows all flows greater than 40.725 m³/s to enter 
the retarding basin. As the peak 100 year ARI flow upstream of the retarding basin is 46.6 m³/s only 
a very small amount of water reaches the retarding basin ς A peak 100 year ARI inflow of 5.9 m³/s 
with a peak 100 year ARI outflow of 5.6 m³/s for the same duration storm. This suggests that the 
retarding basin has very little storage impact in the 100 year event and this was reflected by zero 
flow increase/decrease when the peak flows were compared before and after the correction. The 
impacts of the Willison Park Retarding Basin on the model is likely to be more evident when there 
are greater peak flows upstream of the retarding basin, such as the PMP event.  Results used for this 
study are from the updated model which now includes the Willison Park Retarding Basin. Figure 3-1 
below shows the location of the Willison Park Defacto Storage in relation to Gardiners Creek. 
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Figure 3-1 Willison Park Defacto Retarding Basin Location 

3.3 Topographic Data and Survey 

3.3.1 Field Survey 

At the time of the previous flood mapping study of Gardiners Creek (Water Technology, 2004), 
Connell Wagner was engaged to undertake field survey of Gardiners Creek extending from 
Glenferrie Road to Canterbury Road. The field survey consisted of 134 cross sections taken at 
representative locations along Gardiners Creek and 43 bridge/culvert arrangements as specified by 
Melbourne Water. Additional field survey was also undertaken by Melbourne Water adjacent to 
Burke Road.  

A review of the existing HECRAS model structures was undertaken for this study to determine if any 
additional feature survey was required along Gardiners Creek. The HECRAS structures were checked 
against an aerial image of the site to identify any missing structures. The review revealed that almost 
all major road crossings, culverts, foot bridges and vehicle bridges have been included in the existing 
hydraulic model. 
 
There were two structures at the upstream end of Gardiners Creek which were not included in the 
HECRAS model. 
Á Monash Freeway crossing (between Glenferrie Rd and Toorak Rd)  
Á Pitt Street Foot Bridge  

Figure 3-1 Willison Park Defacto Retarding Basin Location 
Melways Reference 60 B4 

Gardiners Creek Flood Mapping Project 
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The Monash Freeway crossing bridge was incorporated into the new MIKE11 model based on the 
available survey by Connell Wagner and also through the Monash Alliance HEC-RAS model provided 
by Melbourne Water which was adapted from the 2004 Water Technology HEC-RAS model. 

The Pitt Street bridge was also incorporated into the new MIKE11 model. The Pitt Street foot bridge 
is very close to the Winton Avenue road crossing. It is thought that the Pitt Street bridge was not 
ƛƴŎƭǳŘŜŘ ƛƴ Ǉŀǎǘ ƳƻŘŜƭƭƛƴƎ ŘǳŜ ǘƻ ƛǘΩǎ ǇǊƻȄƛƳƛǘȅ ǘƻ ǘƘŜ ²ƛƴǘƻƴ !ǾŜƴǳŜ ōǊƛŘƎŜ ǿƘƛŎƘ ƛǎ ƭƻǿŜǊ ǘƘŀƴ ǘƘŜ 
Pitt St bridge and would act as the control. For completeness, the Pitt Street bridge has been 
included in the modelling based on survey taken by Connell Wagner in 2004. 

3.3.2 LiDAR 

LiDAR (Light Detection and Ranging) data was provided by Melbourne Water within the catchment 
boundaries. The available data was used as an input/check of the hydraulic model cross sections and 
for creating the flood shapes.  
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4 HYDROLOGIC ANALYSIS 

4.1 Overview 

RORB (Laurenson et al 2005) is a non linear rainfall runoff and streamflow routing model for 
calculation of flow hydrographs in drainage and stream networks. The model requires catchments to 
be subdivided into subareas, connected by conceptual flow reaches.  Design storm rainfall is input to 
the centroid of each pre defined subarea.  Loss parameters are applied to the model depending on 
the ARI event being studied and are then deducted by RORB with the excess runoff being routed 
through the conceptual reach network. 

The Gardiners Creek catchment was broken up into two areas, the tributary catchments and the 
Gardiners Creek local catchment; this is shown below in Figure 4-1.  

 

Figure 4-1 Gardiners Creek Study Areas 

The RORB model constructed for this study includes new RORB modelling throughout the local 
catchment area and combines the available RORB models from past RSS and flood mapping projects 
for the tributary catchments. All models from the greater catchment area have been assumed to be 
correct and valid for use. The final RORB model provides flow hydrographs for input to the hydraulic 
model. 

4.2 Existing Tributary Catchment RORB Models 

RORB models from past RSS and Flood Mapping projects for tributary catchments to Gardiners Creek 
were adopted. To prepare the existing RORB models to be combined together and combined with 
the new Gardiners Creek RORB model, some minor changes were made as listed below: 

Á ΨtǊƛƴǘΩ ƭƻŎŀǘƛƻƴǎ ǿŜǊŜ ǊŜƳƻǾŜŘ ƭŜŀǾƛƴƎ ŎŀƭƛōǊŀǘƛƻƴ Ǉƻƛƴǘ ƭƻŎŀǘƛƻƴǎ ǊŜƳŀƛƴƛƴƎΤ 

Figure 4-1 Gardiners Creek Study Areas 
Melways Reference 59 A2 

Gardiners Creek Flood Mapping Project 
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Á {ƻƳŜ ƻŦ ǘƘŜ ǊŜƳŀƛƴƛƴƎ ΨtǊƛƴǘΩ ƭƻŎŀǘƛƻƴǎ ǿŜǊŜ ǊŜƴŀƳŜŘ ǘƻ ƎƛǾŜ ŎƭŜŀǊŜǊ ŘŜŦƛƴƛǘƛƻƴ όƛŜ ŦǊƻƳ 
ΨhǳǘƭŜǘ ǘƻ DŀǊŘƛƴŜǊǎ /ƪΩ ǘƻ ΨaǳǊǊǳƳōŜŜƴŀ a5 hǳǘƭŜǘ ǘƻ DŀǊŘƛƴŜǊǎ /ƪΩύΤ ŀƴŘΣ  

Á All diversions were renamed from DIV100, DIV200, etc to DIV100xxxx, DIV200xxxx where 
ΨȄȄȄȄΩ ǊŜǇǊŜǎŜƴǘǎ ǘƘŜ ŎŀǘŎƘƳŜƴǘ ƴǳƳōŜǊ ƻŦ ǘƘŀǘ whw. ƳƻŘŜƭΦ whw. ŘƻŜǎ ƴƻǘ ŀƭƭƻǿ ƳǳƭǘƛǇƭŜ 
diversions to exist with the same name.  

It was found that subarea identifiers (ie A,B,C,etc.) did not require amendment as RORBGUI 
(available in RORBWinv6.0) reads nodes by node numbers, not letters. When a RORB file is exported 
from RORBGUI, the program reassigns node numbers based on the calculation order for the 
catchment.  

4.3 Local RORB Model Development 

4.3.1 Overview 

This section details the construction of a Gardiners Creek RORB model. The objective of the RORB 
model was to assess the flow contribution to Gardiners Creek from the local catchments and 
combine these with the flows from existing tributary catchment RORB models. The following 
methodology was applied to build the RORB model. 

Á Split the Gardiners Creek local catchment into smaller catchments which will form the basis 
for the RORB models calibrated within the local catchment (total of 45 RORB models 
created); 

Á Further divide the catchments to form a minimum of 5 sub-catchments upstream of any 
inflow location to the hydraulic model; 

Á Construct undiverted RORB models for 10 of the 45 sub-catchments;   
Á Reconcile the 10 undiverted RORB models to the Rational Method; 
Á Derive a kc vs area relationship for the remaining 35 catchments;  
Á Check the relationship on a further 4 catchments; 
Á Create undiverted RORB models for remaining 35 catchments and employ the kc  vs area 

relationship to evaluate kc ; 
Á Combine the 45 new RORB models that cover the local catchment area with the existing 

tributary RORB models supplied by Melbourne Water into one final RORB model. 
 
Further details of the RORB model construction and inputs are detailed in the following sections. 

4.3.2 Local Catchment RORB Model Structure 

The local catchment spans an area of approximately 1542 ha. The local catchment was broken up 
into 45 RORB models. The sub-catchment breakdown within each RORB model is shown in Figure 
4-2. Each of the 45 catchments was further delineated into 5 or more sub-areas. The local catchment 
boundaries were edge matched to the current edge matched boundaries provided by Melbourne 
Water. Where an edge matched boundary was unavailable, the local catchment boundary was edge 
matched to properties.   
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Figure 4-2 Gardiners Creek Local Catchment Delineation 

4.3.3 Impervious Fraction 

Impervious fractions in the local catchment area were developed from the results provided by 
aŜƭōƻǳǊƴŜ ²ŀǘŜǊ ŦǊƻƳ ǘƘŜ ΨŦǊŀŎǘƛƻƴ ƛƳǇŜǊǾƛƻǳǎ ŎŀƭŎǳƭŀǘƻǊΩΦ CǊŀŎǘƛƻƴ ƛƳǇŜǊǾƛƻǳǎ Řŀǘŀ ŦƻǊ ǘƘŜ ŜȄƛǎǘƛƴƎ 
RORB models in the tributary catchments were adopted from previous the studies. 

4.4 Local Catchment RORB Model Reconciliation 

4.4.1 Overview 

The reconciliation process involved selecting a number of sub-catchments, building individual RORB 
models for each sub-catchment and then reconciling the undiverted RORB models to the Rational 
Method.  

A total of 10 out of the 45 local sub-catchments were selected to give a good representation of the 
entire local catchment. The 10 sub-catchments were selected for reconciliation based on a sampling 
method which accounted for slopes, areas and fraction impervious values. The sampling method 
involved each parameter (area, fraction impervious and slope) being scored from 1 to 45; with 1 
representing the highest ranked sub-catchment and 45 the lowest ranked in each category. The 
scores were summed for each sub-catchment and compared against the spatial distribution to then 
manually select the sub-catchments with the aim of selecting a good range of high, medium and low 
scoring catchments with a reasonable spatial distribution. The sub-catchments selected for 
reconciliation are shown highlighted in green in Table 4-1 below. Figure 4-3 displays the spatial 
location of the selected sub-catchments. 

Figure 4-2 Gardiners Creek Local Catchment Delineation 
Melways Reference 59 A2 
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Table 4-1 Method of Sampling and List of Sub-catchments Selected for Reconciliation 

Sub-
catchment 
Number Area 

Area 
Rank 

Fraction 
Impervious 

FI 
Rank 

Slope 
(%) 

Slope 
Rank Sum 

1 25.37 29 0.52 7 3.7 31 67 

2 9.51 43 0.39 18 3.7 30 91 

3 26.86 26 0.35 21 3.0 35 82 

4 19.58 35 0.49 10 4.2 26 71 

5 16.39 38 0.56 4 4.0 27 69 

6 33.45 22 0.56 4 3.8 29 55 

7 16.63 36 0.46 12 3.1 34 82 

8 12.50 41 0.75 1 3.3 33 75 

9 8.56 44 0.51 8 8.2 3 55 

10 29.43 24 0.54 5 3.9 28 57 

11 54.86 8 0.46 12 5.2 13 33 

12 25.79 27 0.37 19 10.9 1 47 

13 22.57 32 0.42 15 4.7 18 65 

14 50.69 11 0.49 10 3.6 32 53 

15 51.10 10 0.52 7 4.2 25 42 

16 29.31 25 0.46 12 5.4 11 48 

17 58.48 6 0.52 7 3.9 28 41 

18 57.53 7 0.51 8 5.8 10 25 

19 48.21 13 0.57 3 3.9 28 44 

20 34.01 21 0.41 16 4.8 17 54 

21 49.11 12 0.45 13 6.2 7 32 

22 12.19 42 0.41 16 4.3 24 82 

23 36.87 18 0.46 12 9.3 2 32 

24 59.57 5 0.37 19 4.7 20 44 

25 21.42 33 0.45 13 7.3 5 51 

26 32.26 23 0.34 22 4.7 19 64 

27 79.06 1 0.48 11 3.0 35 47 

28 45.83 14 0.34 22 3.0 35 71 

29 14.21 39 0.36 20 8.1 4 63 

30 34.21 20 0.3 23 5.9 8 51 

31 23.48 31 0.39 18 5.3 12 61 

32 75.08 2 0.44 14 5.9 9 25 

33 34.98 19 0.42 15 4.6 21 55 

34 75.08 2 0.37 19 6.2 7 28 

35 25.27 30 0.46 12 4.5 22 64 

36 41.83 15 0.41 16 4.8 17 48 

37 13.51 40 0.53 6 4.9 16 62 

38 16.45 37 0.45 13 1.3 36 86 

39 37.69 17 0.5 9 5.0 15 41 

40 64.89 3 0.49 10 5.2 14 27 

41 40.96 16 0.4 17 4.3 23 56 

42 25.54 28 0.46 12 5.4 11 51 

43 53.23 9 0.41 16 6.3 6 31 

44 20.71 34 0.42 15 5.8 10 59 

45 60.58 4 0.58 2 5.0 15 21 
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Figure 4-3 Local Gardeners Creek Sub-catchments Selected for Rational Method 
Reconciliation 

4.4.2 Rational Method Calculation 

The main purpose of the undiverted RORB model was to select appropriate design parameters by 
reconciling the RORB peak flows with the peak flow estimates of the 100 year ARI flow from a 
Rational Method calculation. For this reason the undiverted RORB model was developed to be 
equivalent to the assumptions made by the Rational Method, i.e. no diversions and no significant 
storages (e.g. retarding basins).  

The Rational Method was applied to the selected sub-catchments to obtain a 100 year ARI peak flow 
estimate. The objective was to find a relationship between all the selected sub-catchments when 
reconciled to the Rational Method. The Rational Method calculation was carried out in accordance 
with the methodology outlined in Book 2 of Australian Rainfall and Runoff (IEAust, 1997) and the 
Melbourne Water Technical Specifications and Requirements (MWC, 2009a). Further details of the 
Rational Method calculation are provided below. 

4.4.2.1 Tc Calculation 

The time of concentration was estimated by applying a nominal velocity over the branch with the 
longest travel time. A velocity of 1.5 m/s was adopted for the catchments which had an average 
slope of less than 5% whereas catchments with an average slope greater than 5% were assigned a 

Figure 4-3 Local Gardeners Creek Sub-catchments Selected for Rational Method Reconciliation  
Melways Reference 59 A2 

Gardiners Creek Flood Mapping Project 



Melbourne Water 
Gardiners Creek Flood Mapping     

 

J1072 / R01v07 page 24 

velocity of 2.0 m/s. Average slope was calculated with the aid of MiRORB and is based on the 
available 1m contour data set 1. Details of the tc calculation are shown below in Table 4-2.  

Table 4-2 Time of Concentration Results 

Sub-
catchment 
Number 

Length 
(m) 

Average 
Slope % 

Velocity 
(m/s) 

Reach 
travel 
time 
(min) 

Initiation 
time 
(min) 

Tc (min) 

2 524 3.7 1.5 5.8 7.00 12.82 

8 934 3.3 1.5 10.4 7.00 17.37 

11 1176 5.2 2.0 9.8 7.00 16.80 

17 1400 3.9 1.5 15.6 7.00 22.56 

22 600 4.3 1.5 6.7 7.00 13.67 

27 1800 3.0 1.5 20.0 7.00 27.00 

31 997 5.3 2.0 8.3 7.00 15.31 

33 1076 4.6 1.5 12.0 7.00 18.96 

36 963 4.8 1.5 10.7 7.00 17.70 

45 1459 5.0 2.0 12.2 7.00 19.16 

 

4.4.2.2 Intensity Frequency Duration (IFD) 

Due to the large size of the local catchment, the design rainfall intensities would be expected to vary 
throughout the catchment. To calculate rainfall intensities, the local catchment was broken up into 
three separate areas, as illustrated in Figure 4-4. Design rainfall input parameters were generated 
ŦƻǊ ŜŀŎƘ ŀǊŜŀ ǳǎƛƴƎ ǘƘŜ .ǳǊŜŀǳ ƻŦ aŜǘŜƻǊƻƭƻƎȅΩǎ LC5 DŜƴŜǊŀǘƻǊ όBOM, 2009) and AusIFD. The IFD 
parameters for the three areas are shown in Table 4-3.  

                                 
1
 At the time of Tc calculation, LiDAR data did not cover the entire catchment and hence the 1m contours were 

used.  Full LiDAR coverage was provided later in the study. It is not thought that the use of LiDAR in the 
calculation of the Time of Concentration would add a significant amount of additional accuracy when 
compared to the 1m contours. 
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Figure 4-4 Spatial Variation of IFD Parameters 

Table 4-3 IFD Parameters for Gardiners Local Catchment 

Area 
2
I1 

2
I12 

2
I72 

50
I1 

50
I12 

50
I72 G F2 F50 

A 18.96 4.18 1.21 37.20 7.22 2.28 0.36 4.28 14.97 

B 18.76 4.03 1.17 37.22 7.15 2.25 0.36 4.28 14.96 

C 18.94 4.01 1.18 37.74 7.12 2.24 0.36 4.28 14.96 

4.4.2.3  

4.4.2.4 Runoff Coefficient 

The runoff coefficient (C10) for each sub-catchment was calculated using the method prescribed in 
Chapter 14 of Australian Rainfall and Runoff (IEAust, 1987). The results are shown in Table 4-4. 

Table 4-4  Runoff Coefficient Calculation  

Sub-catchment Number tc 
(mins) 

100
Itc 

10
I1 f C

1
10 C10 

2 12.8 120.0 27.9 0.39 0.14 0.44 

8 17.4 100.0 27.9 0.75 0.14 0.71 

11 16.8 103.0 27.9 0.46 0.14 0.49 

17 22.6 86.0 27.9 0.52 0.14 0.53 

22 13.7 115.0 27.8 0.41 0.14 0.45 

Figure 4-4 Spatial Variation of IFD Parameters 
Melways Reference 59 A2 

Gardiners Creek Flood Mapping Project 



Melbourne Water 
Gardiners Creek Flood Mapping     

 

J1072 / R01v07 page 26 

27 27.0 76.0 27.8 0.48 0.14 0.50 

31 15.3 107.0 27.8 0.39 0.14 0.43 

33 19.0 97.0 27.8 0.42 0.14 0.46 

36 17.7 101.0 28.2 0.41 0.14 0.45 

45 19.2 95.0 28.2 0.58 0.14 0.58 

 

4.4.2.5 Rational Method 

A Rational Method analysis was undertaken for the catchment in accordance with the methodology 
outlined in Book 2 of Australian Rainfall and Runoff (IEAust, 1997). The equation is as follows:  

Q100 = C.I.A/360 

Where: 

Á Q100 is the flow in m3/s for the 100 year ARI design event;  

Á C is the runoff coefficient;  

Á I is the rainfall intensity specific to the area, corresponding to the tc (time of concentration of 
the catchment); and, 

Á A is the area of the catchment in hectares.  

The Rational Method inputs and results for each catchment are presented in Table 4-5.  

Table 4-5 Rational Method Calculation 

Sub-
catchment 
Number C I A Q100 

2 0.57 120 9.93 1.88 

8 0.82 100 12.50 2.86 

11 0.61 103 54.86 9.64 

17 0.66 86 59.27 9.34 

22 0.52 115 12.19 2.03 

27 0.58 76 79.06 9.62 

31 0.57 107 23.17 3.91 

33 0.50 97 40.39 5.48 

36 0.60 101 33.08 5.55 

45 0.64 95 53.81 9.14 

 

4.4.3 Individual Local Sub-Catchments RORB Model Construction 

Individual RORB models were constructed for the ten selected sub-catchments. The undiverted 
RORB models were constructed using MiRORB in accordance with the Melbourne Water Technical 
Specifications and Requirements (MWC, 2009a). The model reach types were inspected from aerial 
photographyΦ bŀǘǳǊŀƭ ŎƘŀƴƴŜƭ ǎŜŎǘƛƻƴǎ ŀƴŘ ƭŀǊƎŜ ƎǊŀǎǎŜŘ ŀǊŜŀǎ ǿŜǊŜ ƳƻŘŜƭƭŜŘ ŀǎ Ψ¢ȅǇŜ м ς Natural 
wŜŀŎƘΩΣ ǿƘƛƭŜ ŀƭƭ Ŧƭƻǿǎ ǘƘǊƻǳƎƘ ǇǊƻǇŜǊǘƛŜǎ ƻǊ ŀŎǊƻǎǎ ǊƻŀŘǎ ǿŜǊŜ ƳƻŘŜƭƭŜŘ ŀǎ Ψ¢ȅǇŜ н ς Excavated but 
¦ƴƭƛƴŜŘ wŜŀŎƘΩ ŀƴŘ Ŧƭƻǿǎ ŀƭƻƴƎ ǊƻŀŘǎΣ ƭƛƴŜŘ ŎƘŀƴƴŜƭǎ ƻǊ ǇƛǇŜŘ ǎŜŎǘƛƻƴǎ ǿŜǊŜ ƳƻŘŜƭƭŜŘ ŀǎ Ψ¢ȅǇŜ о 
[ƛƴŜŘ /ƘŀƴƴŜƭ ƻǊ tƛǇŜΩ ǊŜŀŎƘŜǎΦ  
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wŜŀŎƘŜǎ ŀƭƻƴƎ DŀǊŘƛƴŜǊǎ /ǊŜŜƪ ǿŜǊŜ ƳƻŘŜƭƭŜŘ ŀǎ Ψ¢ȅǇŜ р ς 5ǳƳƳȅ wŜŀŎƘΩΦ ! ŘǳƳƳȅ ǊŜŀŎƘ in RORB 
applies no routing to the hydrograph and has the effect of immediately translating the hydrograph 
to the downstream node. Dummy reaches were used because the purpose of the calibration process 
was to find a relationship for flows coming from the local catchment into Gardiners Creek, not along 
Gardiners Creek. Routing along Gardiners Creek will be undertaken using the hydraulic model. 
Hence, it was important to ensure that flows were not incorrectly routed multiple times over the 
same flow path.  

The RORB models were run using the same spatially varying IFD parameters as applied to the 
Rational Method. A runoff coefficient of 0.6 and initial loss of 10mm (urban catchment) were used as 
per the Melbourne Water Technical Specifications and Requirements (MWC, 2009a). The other 
RORB parameters applied were: 

Á Runoff coefficient model; 
Á Siriwardena and Weinmann method with Areal Reduction Factor set to 0.0; 
Á Filtered temporal pattern; and,  
Á A constant loss factor. 

The RORB models were run for the 100 year ARI event for storm durations ranging from 10 minutes 
to 72 hours. Each RORB model was configured to print hydrographs at the most downstream point 
of each catchment.  

The reconciliation to Rational Method was performed separately for each local catchment RORB 
model. The kc value was varied until the peak flow from the RORB model matched the 100 year peak 
flow of the Rational Method. The reconciled kc values, corresponding RORB flows and Rational 
Method flow estimates are shown in Table 4-6. 

Table 4-6 100 Year Peak Flows and Kc Values of Selected Sub-catchments 

Catchment Area (ha) Rational 
Method Q100 

RORB Q100 Peak 
Duration 

kc 

2 9.93 1.88 1.86 15 mins 0.19 

8 12.50 2.86 2.87 15 mins 0.42 

11 54.86 9.64 9.64 25 mins 0.86 

17 59.27 9.34 9.31 25 mins 1.02 

22 12.19 2.03 2.05 20 mins 0.30 

27 79.06 9.62 9.63 60 mins 0.87 

31 23.17 3.91 3.91 20 mins 0.33 

33 40.39 5.48 5.51 20 mins 0.70 

36 33.08 5.55 5.54 25 mins 0.56 

45 53.81 9.14 9.16 20 mins 0.61 

 

4.4.4 Calibration Relationship 

RORB can be used to suggest a kc value based on relationships between kc and area (i.e. kc = 
constant(a) * areaconstant(b)) or a relationship between kc and dav (i.e. kc = constant * dav). These 
suggested relationships are from various studies looking at varied catchment sizes and rainfall 
patterns.  

A kc vs Area (km2) graph was plotted to analyse the results in the local catchment. The plot is shown 
in Figure 4-5. The trend line shows a good relationship between kc and area. The trend line was used 
to derive the following relationship between kc and area.  

Kc = 1.1479 * area 0.663  (R2 = 0.84): where area is in km2
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Figure 4-5 Relationship between kc and Area for 10 Selected Catchments within local 
Gardiners Creek catchment 

To test the applicability of this relationship over the entire local catchment, four new sub-
catchments (9, 21, 28 and 42) with varying slope, fraction impervious, spatial location and area were 
selected. A Rational Method calculation was undertaken for the four sub-catchments, utilising the 
same parameters from the previous Rational Method calculation.  

Undiverted RORB models for sub-catchments 9, 21, 28 and 42 were constructed. The area of each of 
the four sub-catchments were used to calculate kc  from the kc  : area relationship. The RORB models 
were run using the kc values from the relationship as input parameters.  

The flows from the Rational Method were compared against the flows from RORB using the kc : area 
relationship. The results are shown in Table 4-7. Figure 4-6 illustrates the flow comparison between 
the two model runs.  It shows that the RORB flows using the kc from the relationship are generally 
very close to the flows calculated in the Rational Method. Catchment 42 and Catchment 28 show a 
flow increase of 17% and 11% respectively. The remaining catchments all showed a flow reduction 
below 6%. These results show that the derived relationship is valid for calculating a kc value for each 
sub-catchment across the local catchment.  

Table 4-7  Comparison of Rational Flow and RORB Peak Flow (Relationship Check) 

Catchment Area (ha) 
Rational 

Q100 

RORB Q100 
(From 

Rational) 

kc to 
achieve 
rational 

kc from 
relationship 

RORB Q100 
(from 

Relationship) 

9 8.56 2.08 2.09 0.18 0.22 1.96 

21 49.11 8.61 8.59 0.67 0.72 8.24 

28 45.83 6.00 5.99 0.83 0.68 6.66 

42 25.54 5.15 5.15 0.58 0.46 6.03 
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Figure 4-5 Relationship between kc and Area for 10 Selected Catchments within local Gardiners 
Creek 
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Figure 4-6 Q100 Flow Comparison between Rational Method and kc : area Relationship 

The relationship was applied across all 45 catchments within the local catchment to calculate a kc 
value. This is shown below in Table 4-8. 

Table 4-8 kc Value Derived from kc : Area Relationship across each Catchment 

Sub-
catchment 

Area 
(km

2
) kc 

Sub-
catchment 

Area 
(km

2
) kc 

Sub-
catchment 

Area 
(km

2
) kc 

1 0.25 0.46 16 0.29 0.51 31 0.23 0.43 

2 0.10 0.25 17 0.58 0.80 32 0.75 0.95 

3 0.27 0.48 18 0.58 0.80 33 0.35 0.57 

4 0.20 0.39 19 0.48 0.71 34 0.75 0.95 

5 0.16 0.34 20 0.34 0.56 35 0.25 0.46 

6 0.33 0.55 21 0.49 0.72 36 0.42 0.65 

7 0.17 0.35 22 0.12 0.28 37 0.14 0.31 

8 0.13 0.30 23 0.37 0.59 38 0.16 0.34 

9 0.09 0.23 24 0.60 0.82 39 0.38 0.60 

10 0.29 0.51 25 0.21 0.41 40 0.65 0.86 

11 0.55 0.77 26 0.32 0.54 41 0.41 0.64 

12 0.26 0.47 27 0.79 0.98 42 0.26 0.47 

13 0.23 0.43 28 0.46 0.69 43 0.53 0.75 

14 0.51 0.73 29 0.14 0.31 44 0.21 0.41 

15 0.51 0.73 30 0.34 0.56 45 0.61 0.83 

 

4.4.5 Local Catchment RORB Model Construction 

The local catchment RORB model is made up of Gardiners Creek and 45 tributary subcatchments. 
The local catchment RORB model was constructed using MiRORB, RORB GUI and RORBWIN V6.1 
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Beta. The Beta version of RORB was used to facilitate the large size of Gardiners Greater Catchment 
model2. 

The reaches within the tributary subcatchments were set to be consistent with previous studies. 
Gardiners Creek itself was set to natural, excavated unlined or piped reaches depending on the 
location and modelled as a branch with 45 junction nodes to allow inflows from the local 
subcatchments. Dummy reaches were also used to link the subcatchments to the main branch 
(Gardiners Creek). The utilization of dummy reaches allows print locations to be specified at the 
downstream end of each subcatchment without counting flows upstream of the creek. This allows 
print locations to be specified for the hydraulic model.  Each subcatchment is divided up into 5 or 
more subareas. The following reach arrangements were used to represent the two types of 
subcatchments present in the local model: 

¶ Subcatchments with Gardiners Creek running through (Catchment A). Dummy reaches were 
used to link the subareas together and outfall at one location along Gardiners Creek. 
Visually, these dummy reaches are shown parallel to the main branch (Gardiners Creek).A 
dummy reach is used to connect the farthest downstream subarea to the main branch. 

¶ Subcatchments which outlet into Gardiners Creek at one location (Catchment B). The 
subareas are linked via reach types 1, 2 or 3 and outfall into Gardiners Creek at the 
downstream end of the catchment. A dummy reach is used to connect the farthest 
downstream subarea to the main branch. 

4.5 Tributary and local RORB models combination  

A single RORB model combining Gardiners Creek Local Catchment and Gardiners Creek Tributary 
Catchments was constructed to provide inflows into the hydraulic model. The constructed model is a 
diverted existing RORB model made up of 1,146 subareas (239 subareas in the local catchment and 
907 subareas over the 20 tributary catchments).   

The combined RORB model was constructed using MiRORB, RORB GUI and RORBWIN V6.15. Figure 
4-7 below shows the schematisation of the final RORB model created for Gardiners Creek.

                                 
2
 The RORBWIN V6.1 BETA version was later released officially as RORBWIN V6.15 ς All models were re-run in 

v6.15 to ensure consistency.  
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Figure 4-7 Final Gardiners Creek RORB Model Schematisation

Gardiners Creek Flood Mapping                                                            
Figure 4-7 Final Gardiners Creek RORB Model Schematisation                                                      
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4.6 RORB Model Calibration  

4.6.1 Overview  

The calibration of the RORB model requires the comparison of the modelled flood hydrographs from 
the RORB model with the observed flood hydrographs at streamflow gauge(s) throughout the 
catchment.  The selection of suitable dates for RORB model calibration relied on the availability of 
concurrent streamflow and pluviographic rainfall data.  

The focus of the RORB model calibration was the determination of a kc value for the Gardiners Creek 
main channel.  

4.6.2 RORB Model calibration event data 

The RORB model calibration was carried out for five storm events, four of which were used in the 
previous study. Table 4-9 details the selected calibration events. 

Table 4-9 RORB Model Calibration Events 

Event Event Start & Finish 
Date 

Average Total 
Catchment 
Rainfall (mm) 

Recorded Peak 
Flow 

Rank of Peak Flow in 
Record (32 years) 

24 December 1978 9 pm 24/12/1978 -    
1 pm 25/12/1978 

39.8 151.0 6 

25 December 1978 5.24 pm 25/12/1978 - 
7.24 am 26/12/1978 

31.9 189.7 3 

17 September 1984 9 am 17/9/1984 -    
12 am 19/9/1984 

91.3 194.5 1 

2 December 2003 3 pm 2/12/2003 -    
10 am 3/12/2003 

62.8 92.7 13 

2 February 2005 4 am 2/2/2005 -       
10 am 5/2/2005 

142.6 150.8 5 

 

There are eight streamflow gauges located within Gardiners Creek Catchment. Details of the stream 
flow gauges are shown in Table 4-10. The streamflow data from all eight gauges were assessed to 
determine its reliability for use in the RORB calibration. Streamflow data at the retarding basins was 
especially poor due to a lack of any accurate stage discharge rating curves and potential blockage of 
ouǘƭŜǘǎΦ ¢ƘŜ ΨDŀǊŘƛƴŜǊǎ /ǊŜŜƪ ŀǘ !ǎƘǿƻƻŘΩ ǿŀǎ ŀƭǎƻ ŎƻƴǎƛŘŜǊŜŘ ŦƻǊ ǳǎŜ ōǳǘ ǿŀǎ ŘƛǎƳƛǎǎŜŘ ŀǎ ǘƘŜ Řŀǘŀ 
ŦƻǊ ŀƭƭ ǘƘŜ ŜǾŜƴǘǎ ƛƴ ǉǳŜǎǘƛƻƴ ǿŀǎ ŦƻǳƴŘ ǘƻ ōŜ ǳƴǊŜƭƛŀōƭŜΦ ΨDŀǊŘƛƴŜǊǎ /ǊŜŜƪ ŀǘ DŀǊŘƛƴŜǊǎΩ ǿŀǎ ŦƻǳƴŘ ǘƻ 
be the only gauge with a reliable record of streamflow data, suitable for use in the RORB model 
ŎŀƭƛōǊŀǘƛƻƴΦ  ΨDŀǊŘƛƴŜǊǎ /ǊŜŜƪ ŀǘ DŀǊŘƛƴŜǊǎΩ ƛǎ ƭƻŎŀǘŜŘ Ƨǳǎǘ ŘƻǿƴǎǘǊŜŀƳ ƻŦ ǘƘŜ .ŀŎƪ /ǊŜŜƪ ŎƻƴŦƭǳŜƴŎŜΣ 
some 20 m upstream of the Great Valley Road bridge.  

Table 4-10 Stream Gauge Locations and Period of Record 

Gauge No. Station Name Period of Record 

229625 Gardiners Creek at Ashwood January 1978 to present 

229624 Gardiners Creek at Gardiner January 1978 to present 

229635 Lake Rd Retarding Basin August 1977 to present 

229636 Kinkora Rd Retarding Basin April 1977 to present 

229637 Gardiners Creek at Middleborough Rd Retarding Basin April 1977 to present 
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229638 Eley Rd Retarding Basin August 1977 to present 

229640 {ŎƻǘŎƘƳŀƴΩǎ /ǊŜŜƪ ŀǘ IǳƴǘƛƴƎŘŀƭŜ wŘ wŜǘŀǊŘƛƴƎ .ŀǎƛƴ April 1977 to present 

229639 Waverly Rd Retarding Basin August 1977 to present 

 

For the 1978, 1984 and 2003 flood events, daily rainfall data was obtained from the ten rainfall 
stations around Gardiners Creek catchment as per the previous study (Water Technology, 2004). 
This data however, only extends up to 2003 and does not cover the 2005 event. As such, new rainfall 
data corresponding to the 2005 flood event was requested from Melbourne Water. Upon review of 
the Surrey Hills station, it was found that rainfall data was missing through the 2005 rainfall event. 
This station was consequently removed from the data set. The gauge locations utilised for this study 
include: 

Á 37 Evelina Street Box Hill 

Á Ashwood 

Á Burnley 

Á Burwood Presbyterian College 

Á Caulfield North 

Á Cornwall Street Retarding Basin 

Á Eley Road Retarding Basin 

Á Gardiner  

Á Gardiners Bowling Club 

Á Glen Valley Road Retarding Basin 

Á Huntingdale Retarding Basin 

Á Kinkora Road Retarding Basin 

Á Lernes Street Retarding Basin 

Á Masons Road Retarding Basin 

Á Micham 
Á Middleborough Road Retarding 

Basin 

Á Mitcham 

Á Notting Hill 

Á Surrey Hills3 
 

The rainfall depth for each subarea was estimated using storm event rainfall isohyets. The rainfall 
isohyets were created for all six storm events using the pluviograph and daily rainfall station data. 
Figure 4-8  below shows the rainfall isohyets across the Gardiners Creek catchment for the 1984 
rainfall event. For this event, the highest rainfall totals occurred between the Cornwall Street 
Retarding Basin and Eley Road Retarding Basin areas in the upper reaches of the Gardiners Creek 
Catchment. 

  

                                 
3
  Surrey Hills removed from data set due to missing rainfall information over the 2005 event 
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Figure 4-8 Example Rainfall Isohyets across the Gardiners Creek Catchment (1984 event) 

 

4.6.3 RORB Model Parameter Calibration 

There are two RORB model parameters requiring calibration (kc and m). The calibration approach 
followed for this study was as follows: 

- Set m= 0.80. This value is an acceptable value for the degree of non-linearity of 
catchment response (Australian Rainfall and Runoff, 1987). 

- For each calibration event, the initial loss (IL) was determined by finding a 
reasonable match between the observed rising limb of the flood hydrograph. The IL 
remained constant throughout the 79 interstation areas within the model. 

- For each calibration event, the runoff co-efficient (RoC) was determined through 
matching the modelled and observed runoff volume. The RoC remained constant 
throughout the 79 interstation areas within the model. 

- For each calibration event, the kc values in all tributary and local catchments were 
adopted from previous studies (tributary catchments) or kc:area relationships (local 
catchments). The kc value of the Gardiners Creek routing was varied to achieve a 
reasonable re-production of the peak flow and general hydrograph shape. The kc 
value along Gardiners Creek represents the routing of flows along Gardiners Creek 
itself and does not represent any catchment travel time. It was hence expected that 
the kc value for Gardiners Creek would be quite low. 

 

Gardiners Creek Flood Mapping                                                        

Figure 4-15 GSDM Spatial 
Distribution over Gardiners 
Creek 

Table 4-17 PMP Rainfall Depths (mm) 
Between Succesive Ellipses 

 Melways Reference 59 A2 
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A summary of calibration results are provided in Table 4-11. The runoff co-efficients shown apply 
to pervious areas only. 

Table 4-11 RORB Model Calibration Parameters 

Event kc IL RoC Peak Flow 
m

3
/s 

Volume 
m

3
 

Observed Modelled Observed Modelled 

24 December, 1978 0.30 17 0.10 151 155 1,388,534 1,357,492 

25 December, 1978 0.40 15 0.40 190 202 1,965,585 1,977,233 

17 September, 1984 0.40 0 0.40 195 197 5,324,670 5,620,249 

2 December, 2003 0.60 25 0.05 93 96 3,361,810 3,320,695 

2 February, 2005 0.35 45 0.20 150 143 6,151,618 6,688,353 

 

Figure 4-9 to Figure 4-13 displays the modelled and observed flood hydrographs for the 
calibration events at the Gardiner gauge and cumulative rainfall totals for the event.  
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Figure 4-9 RORB Calibration ς Gardiners at Gardiners Creek Flow Gauge 24th December 1978 
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Figure 4-10 RORB Calibration ς Gardiners at Gardiners Creek Flow Gauge 25th December 1978 
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Figure 4-11 RORB Calibration ς Gardiners at Gardiners Creek Flow Gauge 17th September 1984 
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Figure 4-12 RORB Calibration ς Gardiners at Gardiners Creek Flow Gauge 2nd December 2003 
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Figure 4-13 RORB Calibration ς Gardiners at Gardiners Creek Flow Gauge 2nd February 2005 
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4.6.4 Discussion 

Fits between the observed and modelled hydrographs for all events were considered good. The two 
1978 events and the 1984 event showed a lag of approximately 2 hours between the observed and 
the modelled hydrographs. These time lags may possibly be solved through amending the 
application of temporal patterns from pluviograph stations to individual RORB sub-areas. As the 
rising and receding limbs of the hydrographs, the total hydrograph volume and the peaks match well 
on these events, it is not thought that the timing will influence the hydraulic modelling.  

The event of the 25 December 1978 shows a good match in hydrograph shape and volume, with a 
12m3/s variation between the peak flows (observed 190m3/s, fit 202m3/s). Attempts were made to 
reduce the peak to match the observed hydrograph by increasing the kc value and varying the RoC. 
Due to the sensitivity of the hydrograph to both parameters, a balance was found between a 
reasonable kc and RoC, while trying to maintain the shape and volume of the fit hydrograph.  

The critical storm events for the Gardiners Creek catchment are considered to be thunderstorms 
rather than the prolonged rainfall events associated with fronts. By their nature, thunderstorms tend 
to result in highly varying spatial and temporal patterns across the catchment. The variation of the 
temporal and spatial rainfall may not be reflected in available pluviographic and daily rainfall data. 

Table 4-12 below shows the range of kc values used across the five storm events to achieve a 
suitable match to the observed hydrographs. A single kc value is required for use in the design flood 
modelling. A peak flow weighted average of kc values was evaluated at 0.40. A kc value of 0.40 was 
found to provide a reasonable match between the observed and the modelled hydrographs across 
all events. 

Table 4-12 kc Values from the model calibration  

Event kc 

24 December 1978 0.30 

25 December 1978 0.40 

17 September 1984 0.40 

2 December 2003 0.60 

2 February 2005 0.35 

 

Initial loss (IL) and RoC values varied across the 5 fit events. The IL and RoC values required to find a 
suitable fit varied between the models and can be attributed to catchment conditions on the day of 
the event, the representativeness of the applied fraction impervious values across the catchment to 
the time of the event and the accuracy of both the flow and rainfall gauges. Table 4-13 shows the 
adopted IL and RoC coefficients for each event.   

Table 4-13 IL and RoC Values from the model calibration  

Event IL RoC Observed Peak 
Flow (m

3
/s) 

24 December 1978 17 0.10 151 

25 December 1978 15 0.40 190 

17 September 1984 0 0.40 195 

2 December 2003 25 0.05 93 

2 February 2005 45 0.20 150 
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4.7 Design Events Modelling Methodology 

The goal of the RORB model design runs is to provide design flow hydrographs for a range of 
durations, catchment scenarios and events for input to the MIKE 11 hydraulic model. While the 
focus is on providing robust design flows for input to the MIKE11 hydraulic model, it is also a 
consideration to maintain consistency betwŜŜƴ ǘƘƛǎ ǎǘǳŘȅΩǎ whw. ƳƻŘŜƭ ŀƴŘ ǘƘŜ ƛƴŘƛǾƛŘǳŀƭ ǇǊŜǾƛƻǳǎ 
RORB models.  

4.7.1 kc Values ς RORB Routing Parameter 

Lƴ ƻǊŘŜǊ ǘƻ Ƴŀƛƴǘŀƛƴ ŎƻƴǎƛǎǘŜƴŎȅ ōŜǘǿŜŜƴ ǘƘƛǎ ǎǘǳŘȅΩǎ whw. ƳƻŘŜƭ ŀƴŘ ǘƘŜ ǇǊŜǾƛƻǳǎ w{{ ŀƴŘ Caϧa 
RORB models, kc values were maintained from the previous RSS and FM&M models. kc values along 
the Gardiners Creek local models were set to the kc: area relationship developed for this project as 
shown in Section 4.4. 

The kc parameter for the routing along Gardiners Creek was set to 0.40. This kc was selected using a 
peak flow weighted average (preference given to larger events) of kc values evaluated in the RORB 
model calibration (5 events). kc values in the calibration ranged from 0.30 to 0.60 as shown below in 
Table 4-14. 

Table 4-14 kc Value averaging method for Gardiners Creek model 

Event kc 

24 December 1978 0.3 

25 December 1978 0.4 

17 September 1984 0.4 

2 December 2003 0.6 

2 February 2005 0.35 

Average 0.4 

 

4.7.2 Spatial Rainfall Patterns 

Examination of the observed historical rainfall events showed considerable spatial variation across 
the Gardiners Creek catchment.  

To maintain consistency between the Gardiners Creek RORB model and the previous RSS and FM&M 
RORB models, the following approach was used to apply the design rainfall depths: 

- IFD parameters for each of the 20 tributary models were adopted from the previous RSS and 
FM&M studies.  

- A rainfall depth for each of the tribuǘŀǊȅ ŎŀǘŎƘƳŜƴǘǎ ǿŀǎ ŎŀƭŎǳƭŀǘŜŘ ǘƘǊƻǳƎƘ Ψ!¦{-LC5Ω ǳǎƛƴƎ 
the 9 IFD parameters from the previous studies. 

- Sub-areas within each tributary catchment were assigned the rainfall depth for its 
corresponding tributary catchment. 

- The local Gardiners Catchment was split into 3 IFD areas as per the local model 
reconciliation (see Section 4.4) with rainfall depths applied to each subarea.  

- Individual RORB Storm (.stm) files were created for each rainfall duration and event to apply 
the rainfall depths appropriately across the catchment. 

This method ensured the same rainfall depths are applied to each catchment as their previous RSS 
and FM&M studies. 
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4.7.3 Aerial Reduction Factors  

Aerial reduction factors applied in previous RSS and FM&M studies were examined. From the 20 RSS 
and FM&M tributary catchments, 19 used an aerial reduction factor of 1 (catchment area set to 0.00 
km2). The Blackburn catchment used an aerial reduction factor area for a 15.57km2 catchment. This 
yielded an aerial reduction factor of 0.89 for the 10 & 100 year 2 hr duration event. As the Blackburn 
catchment discharges directly into the Middleborough Rd RB, it is considered that the effects of this 
ARF on the flows along Gardiners Creek would be reduced given the significant storage in the RB. 

An aerial reduction factor of 1 (0.00 km2) was therefore applied across the entire model. This has 
resulted in small differences in flows downstream of the Middleborough Rd RB when compared to 
previous RSS modelling. 

4.7.4 Temporal Patterns 

¢ƘŜ ǎǘŀƴŘŀǊŘ ǘŜƳǇƻǊŀƭ ǇŀǘǘŜǊƴΣ Ψ½ƻƴŜ мΩΣ ǿŀǎ ǳǎŜŘ ŀǎ ǇǊŜǎŎǊƛōŜŘ ōȅ !wϧw όIEAust, 1997) for 
Melbourne. 

4.7.5 Design Loss Parameters, IL and RoC 

To continue to maintain consistency with previous RSS and FM&M studies, Initial Loss (IL) values 
were adopted from the previous studies. RoC values were varied in relation to the ARI of each model 
run as set out in the Melbourne Water Technical Specifications and Requirements (MWC, 2009a).  

Design loss parameters, Initial Loss values and Runoff Coefficient values used in this study are shown 
in Appendix B. 

4.8 Design Event RORB Modelling Results 

4.8.1 Existing Conditions 

Results from the RORB modelling of design events are shown in Appendix B.  
 
A comparison of peak 100 year ARI flows between this study and the previous studies was 
completed for all of the tributary catchments. The results show that the majority of the peak flows in 
this study are within 1% of the previous studies. Differences are generally seen where the Aerial 
Reduction Factor methodology differs from the previous studies (Siriwardena and Weinmann 
methodology used for this study). The Fulton Road catchment shows a large difference in peak 
flows. The Fulton Road retarding basin was constructed in 2001 whereas the previous study was 
completed in 1997. The addition of the new retarding basin has resulted in significantly lower flows 
at the outlet. Results of the comparison are shown below in Table 4-15. 
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Table 4-15 Comparisons to Previous Study Peak 100 Year ARI Outlet Flows 

Catchment 
ARF 

Method 

Q100 
previous 

study (m3/s) 

Q100 this 
Study 
(m3/s) 

Difference 
(m3/s) Comments 

BLACKBURN MD OUTFALL S&W n/a 57.5   Flow taken downstream of RB 

BOX HILL SOUTH OUTFALL AR&R 19.8 19.5 -0.3 AR&R Aerial Reduction Factor method used 

FULTON RD OUTFALL AR&R 28.6 16.7 -11.9 
Fulton Road Retarding Basin constructed in 2001, Drainage 
Survey completed in 1997. 

ELEY RD OUTFALL AR&R 12.0 11.9 -0.1 AR&R Aerial Reduction Factor method used 

STOTT ST OUTFALL AR&R 12.1 12.0 -0.1 AR&R Aerial Reduction Factor method used 

McCOMAS ST OUTFALL AR&R 13.2 11.8 -1.4 AR&R Aerial Reduction Factor method used 

BROCKHOFF'S MD OUTFALL S&W 14.0 14.0 0.0 RORB model diverted for this project 

DAMPER CREEK OUTLET S&W 18.2 18.2 0.0 RORB model diverted for this project 

WINBIRRA PDE OUTFALL S&W 16.5 16.6 0.1   

SCOTCHMANS CREEK OUTFALL S&W 79.3 79.3 0.0 RORB model diverted for this project 

MURRUMBEENA MD OUTFALL AR&R 39.8 39.1 -0.7 AR&R Aerial Reduction Factor method used 

EAST MALVERN OUTFALL S&W 10.1 10.9 0.7   

DARLING RD OUTFALL S&W 13.3 13.3 0.0   

DUNLOP ST OUTFALL S&W 16.6 16.5 -0.1   

HEDGELEY DENE OUTFALL AR&R 15.2 15.1 -0.1 AR&R Aerial Reduction Factor method used 

BACK CREEK OUTFALL S&W 113.1 111.1 -2.0 Minor corrections made to RORB model for this study 

TOORONGA RD OUTFALL AR&R 47.1 46.8 -0.3 AR&R Aerial Reduction Factor method used 

RIX ST OUTFALL AR&R 13.6 13.6 0.0 AR&R Aerial Reduction Factor method used 

LARA ST OUTFALL AR&R 7.6 7.7 0.1 AR&R Aerial Reduction Factor method used 

* Please note: RORB Results shown are upstream of discharge point to Gardiners Creek and are calculated in RORB only and are not hydraulically modelled. 
Previous study refers to past Flood Mapping or RSS project from various Consultants completed at various dates.
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4.8.2 Climate Change Conditions 

Climate Change conditions were also examined by increasing the rainfall depth on each RORB 
subcatchment by 32%. Full results shown in Appendix B. 

4.8.3 Initial Loss Modelling Sensitivity 

A comparison was completed to examine the difference in flows throughout the model when the 
initial loss parameter was varied. The RORB model utilised to generate flows for the hydraulic model 
used varying initial loss values to maintain consistency with previous studies. Where a previous 
study had not been completed (ie in the Gardiners Creek local catchments) the initial loss was set to 
млƳƳ ŀǎ ǇŜǊ aŜƭōƻǳǊƴŜ ²ŀǘŜǊΩǎ ¢ŜŎƘƴƛŎŀƭ {ǇŜŎƛŦƛŎŀǘƛƻƴǎ ŀƴŘ wŜǉǳƛǊŜƳŜƴǘǎ ŘƻŎǳƳŜƴǘ όa²/Σ 
2009a). The comparison RORB model set all initial loss values to 10mm. As expected, the results 
shown in Figure 4-14 below generally show higher flows when the IL was set to 10mm and hence the 
losses applied to the entire model reduced. The method of varying the IL across the catchment was 
thought to be the most appropriate methodology to ensure consistency with previous studies. 

 

Figure 4-14 /ƻƳǇŀǊƛǎƻƴ ƻŦ млл ¸ŜŀǊ !wL IȅŘǊƻƎǊŀǇƘǎ ŀǘ ǘƘŜ ΨDŀǊŘƛƴŜǊǎ ŀǘ DŀǊŘƛƴŜǊǎΩ Clow 
Gauge ς Varied Initial Loss vs. Constant IL = 10mm 
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4.8.4 PMP Event RORB Modelling Methodology 

¢ƘŜ ǇǊƻōŀōƭŜ ƳŀȄƛƳǳƳ ǇǊŜŎƛǇƛǘŀǘƛƻƴ όtatύ ǿŀǎ ŜǎǘƛƳŀǘŜŘ ǳǎƛƴƎ ǘƘŜ ΨDŜƴŜǊŀƭƛǎŜŘ {ƘƻǊǘ 5ǳǊŀǘƛƻƴ 
aŜǘƘƻŘΩ ŀǎ ƻǳǘƭƛƴŜŘ ōȅ ǘƘŜ .ǳǊŜŀǳ ƻŦ aŜǘŜƻǊƻƭƻƎȅ όнллоύΦ ¢ƘŜ D{5a ŎŀƭŎulates PMP estimates for 
durations up to 6 hours for catchments in tropical and subtropical coastal strips. Table 4-16 shows 
the PMP depths for Gardiners Greek. Details of the calculations are presented in the GSDM 
calculation sheet in Appendix B 

Table 4-16 PMP Depth Estimates 

Duration PMP depth (nearest 
10mm) (mins) (hr) 

15 0.25 90 

30 0.50 130 

45 0.75 170 

60 1.0 210 

90 1.5 230 

120 2.0 260 

150 2.5 290 

180 3.0 300 

240 4.0 340 

300 5.0 360 

360 6.0 390 

 

The default GSDM temporal pattern was applied over the entire catchment. 

The PMP spatial distribution was applied to Gardiners Creek Catchment using the spatial distribution 
diagram displayed in Figure 4-15. All the subareas between successive ellipses were applied a 
constant rainfall depth as given in Table 4-17.  
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 Figure 4-15 GSDM Spatial Distribution over Gardiners Creek 

Table 4-17 PMP Rainfall Depths (mm) Between Succesive Ellipses 

  Duration 

Ellipse 0.25hr 0.5hr 0.75hr 1hr 1.5hr 2hr 2.5hr 3hr 4hr 5hr 6hr 

A 127 184 233 271 309 345 367 387 423 457 483 

B 109 161 205 241 276 310 329 345 384 412 438 

C 92 135 171 209 238 269 288 304 341 369 391 

D 84 123 156 190 216 246 264 284 318 344 366 

E 78 114 145 178 202 231 249 269 303 328 349 

 

The RORB model for the PMP design event was run using a runoff coefficient of 0.9 and the same kc 
values applied to the other design events. The spillways of nearly all the retarding basins located in 
the tributary catchments and along Gardiners Creek were enlarged to handle the greater flows 
associated with the PMP event.  

 

Gardiners Creek Flood Mapping                                                        
Figure 4-15 GSDM Spatial Distribution over Gardiners 
Creek 

Table 4-17 PMP Rainfall Depths (mm) 
Between Succesive Ellipses 

 Melways Reference 59 A2 



Melbourne Water 
Gardiners Creek Flood Mapping     

 

J1072 / R01v07 page 48 

4.8.5 PMP Event Results 

Table 4-18 lists the peak flows for the PMP design event at each of the tributary catchment outfalls 
ŀƴŘ ŀǘ ǘƘŜ ΨDŀǊŘƛƴŜǊǎ ŀǘ DŀǊŘƛƴŜǊǎΩ Ŧƭƻǿ ƎŀǳƎŜΦ ¢ƘŜ ол ƳƛƴǳǘŜ ŜǾŜƴǘ ǿŀǎ Ŧƻund to be typically the 
critical duration for the PMP design event. 

Table 4-18 PMP Design Event Peak Flows 

Catchment Outfall Critical Event (hrs) Peak Flow (m
3
/s) 

Blackburn MD 1 hr 683.1 

Box Hill South MD 1 hr 155.2 

Fulton Rd Drain 1 hr 157.8 

Eley Rd Drain 30 min 91.8 

Stott St Drain 30 min 109.3 

McComas Drain 1 hr 93.2 

Brockhoff's MD 30 min 141.5 

Damper Creek 1 hr 113.8 

Winbirra Pde Drain 30 min 199.3 

Scotchmans Creek 2 hr 814.6 

Murrumbeena MD 2 hr 347.5 

East Malvern MD 30 min 107.2 

Darling Road MD 30 min 105.6 

Dunlop St MD 30 min 162.8 

Hedgeley Dene MD 1 hr 98.7 

Back Creek 1 hr 807.1 

GARDINERS AT GARDINERS GAUGE 2 hr 3164.9 

Tooronga Rd MD 30 min 295.4 

Rix St MD 30 min 108.6 

Lara St MD 30 min 88.2 

Moonga Rd MD 30 min 150.9 

GARDINERS OUTFALL 2 hr 3300.8 
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5 HYDRAULIC ANALYSIS 

5.1 Hydraulic Analysis Overview 

As with the previous flood study (Water Technology 2004), a 1D hydraulic model such as HEC-RAS or 
MIKE11 was considered appropriate to model flood conditions in a range of events throughout the 
Gardiners Creek local catchment. At the Burke Rd culvert/tunnel, it was decided to construct a 
TUFLOW 2D hydraulic model to better assess the complex hydraulic conditions through this section. 
The Melbourne Water Technical Specifications document (MWC, 2009a) prepared for this study 
requires the hydraulic model to be built to generate flood extents including all breakaway flow paths 
associated with the events listed below in Table 5-1  

Table 5-1 Required Hydraulic Modelling Scenarios 

ARI: PMF 100 yr 50 yr 20 yr 10 yr 5 yr 

Base Case P P P P P P 

Climate Change  P  P  P 

 

5.2 Previous Model Review and Model Selection 

Given the large variance in flows expected in Gardiners Creek from the PMF (Probable Maximum 
Flood) to the 5 year ARI, it was important to select and build a hydraulic model that could model all 
events in a stable manner. 

The previous flood mapping study completed by Water Technology in 2004 employed a version of 
HEC-w!{ ǿƛǘƘ ŀ ΨōŜǘŀΩ ǊŜƭŜŀǎŜ ƻŦ ǘƘŜ ǳƴǎǘŜŀŘȅ Ŧƭƻǿ ƳƻŘŜƭƭƛƴƎ ŎƻƳǇƻƴŜƴǘΦ 5ǳǊƛƴƎ ǘƘŜ нллп ǇǊƻƧŜŎǘΣ 
model stability problems were experienced, generally in reaches where the flow regime switched 
between the supercritical (Froude number >1) and subcritical (Froude number <1). At the time of the 
previous ǎǘǳŘȅΣ ǘƘŜ aŀƴƴƛƴƎΩǎ ƴ ǾŀƭǳŜǎ ŀƭƻƴƎ ǘƘŜ DŀǊŘƛƴŜǊǎ /ǊŜŜƪ Ƴŀƛƴ ōǊŀƴŎƘ ǿŜǊŜ ƛƴŎǊŜŀǎŜŘ όŀǎ 
suggested by the HEC-RAS user manual) in an attempt to reduce the instabilities in the model. This 
had the effect of slowing the flow down in the model (encouraging subcritical flow) and hence may 
have produced conservative flood levels in these unstable areas.  

To provide an alternative approach to the determination of flood levels in the instable areas, the 
hydraulic analysis was refined for the following 2 reaches using MIKE11: 

¶ Highbury Road to Warrigal Road; and, 

¶ Great Valley Parade to Toorak Road. 
 

These reaches consist of concrete channel with numerous drop structures and bridge crossings. The 
nature of these reaches leads to portion of supercritical flows which may cause and cause model 
instabilities. 

MIKE11 was used as an alternative modelling package to model these reaches as it is suited to a 
range of flow conditions ranging from steep river flows to tidally influenced estuaries and contains 
robust formulations to enable the simulation of flow over a variety of structures such as broad-
crested weirs and culverts. This allowed for the reaches to be modelled with a more realistic 
roughness coefficient. The MIKE11 results were found to be stable in comparison to the HEC-RAS 
results. 
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Since 2004, many revisions have been made to the unsteady state modelling component of HEC-
RAS. To ascertain whether the later versions of HEC-RAS would lead to greater stability along 
Gardiners Creek, the HECRAS model created by Water Technology in the 2004 study was run using 
the latest v4.0 of HEC-RAS.  

[ŀǘŜǊŀƭ ƛƴŦƭƻǿǎ όǎǳŎƘ ŀǎ {ŎƻǘŎƘƳŀƴΩǎ /ǊŜŜƪύ ǿŜǊŜ ǊŜǉǳƛǊŜŘ ǘƻ ōŜ ǎƭƛƎƘǘƭȅ ƳƻǾŜŘ ŀǎ I9/-RAS no 
longer allows lateral inflows to be within one cross section of a bridge or culvert. This update to HEC-
RAS was one of the measures employed to increase the stability of unsteady state models. 

The HECRAS model v4.0 was run for both the 10 and 100 year ARI with the 2 hour storm duration 
ŀƴŘ ǘƘŜ Ψ9ǊǊƻǊǎΣ ²ŀǊƴƛƴƎǎ ŀƴŘ bƻǘŜǎΩ ƎŜƴŜǊŀǘŜŘ ōȅ I9/-RAS were examined to assess the stability of 
the model. The notes showed many warnings, including: 

¶ Multiple areas where there was large energy losses around structures. 

¶ Areas where multiple critical depths (where Froude number = 1) were found. 

¶ Bridges and culverts where HEC-RAS could not compute a valid answer within the structure.  

¶ Areas where the weir and energy equations would not converge.  
 

These errors caused mass balance issues within the model and clear stability issues when the flow 
profiles were examined. 

In consultation with Melbourne Water, it was agreed that MIKE11 should be used to provide a stable 
hydraulic model across the entire Gardiners Creek reach.  

5.3 MIKE11 Hydraulic Modelling 

5.3.1 MIKE11 Hydraulic Modelling Overview 

A new MIKE11 1D hydraulic model was built for this project with reference to the two MIKE11 
models and HEC-RAS model built in the previous study (Water Technology, 2004). Various bank 
stabilisation and stream upgrades have been made since the last study which have been included in 
the current modelling.   

5.3.2 Reference Models 

Sections of Gardiners Creek have been modelled in various modelling packages in recent years for 
various flood mapping, water quality and road upgrade projects. Where available and appropriate, 
these models have been referenced in the construction of the MIKE11 model for this project as 
shown in Table 5-2.  

As the reference models were created to serve various purposes and hence vary in detail and scale, 
it is important to note that entire models were not adopted into the new MIKE11 model created for 
this study. Rather, cross sections and bridge details were adopted where survey data may have been 
lacking detail. 

Table 5-2 Reference Models 

Model 
Type Sections of Gardiners Creek Covered Source Data Utilised/ Referred to 

HEC-RAS Middleborough Rd to Glenferrie Rd Water Technology, 2004 
Some bridges and 
structures 

MIKE 11 
Highbury Rd to Warrigal Rd, Great 
Valley Pde to Toorak Rd Water Technology, 2004 

Burke Rd Tunnel 
Schematisation 

HEC-RAS 
Middleborough Rd to Glenferrie Rd 
(adapted from WT, 2004) 

Monash M1 Upgrade, 
2010 

Monash Fwy Bridge 
Crossing 
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HEC-RAS Station St to Burwood Hwy Alluvium, 2009 

Some surveyed cross-
sections were utilised 
where beneficial 

HEC-RAS Winton Rd to High Street Rd SKM, 2009 

Some surveyed cross-
sections were utilised 
where beneficial 

HEC-RAS Box Hill Golf Course GHD,2008 

Some surveyed cross-
sections were utilised 
where beneficial 

HEC-RAS Upstream of Warrigal Rd SMEC-Urban, 2009 

Some surveyed cross-
sections were utilised 
where beneficial 

HEC-RAS Warrigal Road Footbridge Maunsell, 2009 Footbridge details 

 
5.3.3 Topography 

Cross sections in MIKE11 were developed from detailed cross section survey completed by Connell 
Wagner in 2004 for the previous flood mapping project. As-constructed plans and available models 
were used to generate cross section throughout the sections of Gardiners Creek, which have been 
changed since 2004. Where the flood shape exceeded the cross section, the relevant cross section 
was expanded with the available LiDAR data.  

MIKE11 was used in some areas to generate cross sections between two existing uniform cross 
sections (i.e. through sections of concrete lined channel). This is done to increase the stability of the 
model.  

In the process of building the MIKE11 model, errors were discovered in the survey (roughly bounded 
by the Zodiac Street footbridge and Warrigal Road) where the cross sections surveyed show a 
vertical difference (approximately 2m) to the LiDAR data and the photogrammetry collected for the 
previous project (WT, 2004). Melbourne Water later supplied an amended version of the surveyed 
cross sections which corresponded with the LiDAR and photogrammetry well.   

Cross sections were found to overlap in some areas throughout the model. This will only impact the 
results if the area of the cross section that is overlapping is wet. The model was checked for 
instances of cross over and any problem areas were amended.  

5.3.4 Boundary Conditions 

Two types of boundary conditions were input to the model: 

- Receiving waterway flood level (Yarra River) 

- Inflow hydrographs 

Table 5-3 below shows the varying tail water conditions and corresponding ARI event at the 
confluence between the receiving waterway (Yarra River) and Gardiners Creek as provided by 
Melbourne Water. The tailwater level was applied at the most downstream cross section of the 
MIKE 11 model.  

Table 5-3 Tail Water Boundary Conditions (MWC, 2010) 

Gardiners Creek ARI PMF 100 year 50 year 20 year 10 year 5 year 

Corresponding Yarra River ARI 100 year 10 year 10 year 10 year 10 year 5 year 

Yarra River Flood Level (m AHD) 7.6 5.1 5.1 5.1 5.1 4.5 
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66 separate hydrograph inflow boundary conditions were input into the MIKE11 model, 45 from the 
local catchment and 21 from the tributary catchments.  Each inflow hydrograph was sourced from 
the RORB model constructed for this project. The locations of each inflow are shown below in Figure 
5-1. 
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Figure 5-1 MIKE11 Hydrograph Inflow Boundary Locations 




















































































































