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Executive Summary

Investigation Objectives

The project scope was prepared in line with the Melbourne Water Technical Specifications
document MWC , 2009nand the Gardiners Creek Flood Mapping project bN&VC, 2009h The
project objectives are as folles:

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 thes 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 hydrdalmodel Water Technology, 2004nd 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 everst

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 fleatsev

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) approximatelykdn from the centre of Melbourne. The creek is over 16.5 km

long and covers a total catchment area of 111°k@ardiners 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:

Canterbury Road to Burwood Highwalargely natural channel with some realignment and
modification. The adjacentdbdplain consists of public open space

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

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

High Street to Toorak Rogdsome natural channel with significant realignment and
modificaion 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.

Toorak Road to Glenferrie Rog&oncrete lined charel 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 imseessuacross 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 tolte 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 th@revious study completed by Water Technology to meet the

specifications and objectives outlined in the current Melbourne Water Technical Specifications and
Requirements documenMWC, 2009 This study also incorporated the results and models from

the valious 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 modeRDIRB model was

OFft AN SR YR @SNAFTFASR F2N Ff 2gGardiness Rreak at(i SNJ f SO €
D NRAYSNEQ® ¢KS SEA&GAY3I KeRNIdzZ AO Y2RSt 41 a NB¢
conditions in Gardiners Creek. The new hyticamodel 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, 2009aand the Gardiner€reek Flood Mapping project briéfl(WC, 2009 The
project objectives were as follows:

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

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 forhydrograph inputs to the unsteady state hydraulic model.

Review the existing hydraulic mod&V/éter Technology, 2004nd update the model as
appropriate.

Calibrate the hydraulic model to gauged events in the Gardiners Creek catchment.
Determine the fboding extents for the 5 year, 10 year, 20 year, 50 year and 100 year AR,
and PMP events.

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 dutegffproperties.
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 hydrologianodelling, 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 &d 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 estoyed 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 hydraut 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 tunr&t) T&JUFLOW model was
constructed to model ta reach from Great Valley ParatteToorak RoadThis allowed better
representation of brealaway 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 frometf UFLOW model replace the mapping results from the MIKE11
modelling through thiseach
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2 CATCHMENT AND DRAGEAFEATURES

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 117 k@ardiners Creek ginates 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 chartaristics:

Canterbury Road to Burwood Highwal argely natural channel with some realignment and
modification. The adjacent floodplain consists of public open space

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

Warrigal Road to High StreetLargely natural channel with some realignment and
modification. The adjacent floodplain predomirtly consists of public open space.

High Street to Toorak Rogdsome 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.aljacent floodplain consists of
residential areas and open public space.

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

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

There are a number of major tributary catchmentable2-1 displays the tributary catchments
characteristics and a brief summary of previoekeyant investigations. In particularable2-1 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)roéd/njapping 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 sahtchments draining directly to Gardiners Creek. These local
sub-catchments are generally lessaifn 60 ha in area, and therefore the responsibility for drainage
lies with the local government authority. For the purposes of this study, theseatchments are
referred to collectively as the Gardiners Creek local catchment.

Figure2-1 shows the tributary catchments and the local catchmeRigure2-2 shows a DEM (Digital
Elevation Model) created for the catchment along with some major catchment feateigs.e2-3
shows the locality and many of the features of the local catchntégure2-4 displays the key
waterway works undertaken along Gardiners Creek.
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Table2-1 Tributary Catchment Characteristics
Catchmen| Investigation MW Drains Coverec RSS of Source RORB Area | Ave Fl Calibration Technique
t Number Name FM&M Available? (ha)
4830 | Back Creek Myrtle Rd MD (4835), Faversham| RSS GHD (2008) | Yes 1871 0.46 | Interstation area, reconciled to
Rd MD (4836), "WCreek (4834), Rational Method and flows at
Nichollsdale Rd Drain (4833), Toorak Rd
Burwood MD (4832), Ashburton
MD (4831), Back Creek (4830)
4893 | Blackburn MD | Blackburn North MD (4893), Soutll RSS Water Yes 1557.6 0.48 | Interstation area, Rational Method
Parade MD (4895), Laburnum St Technology
MD (4894), Lake Rd Drain (4891), (2008)
Forest Hill Drain (4892), Blackburr
Sth Drain (4890)
4872 | Damper Creek | Damper Creek Drain (4872), RSS GHD (2007a) | Yes 472 0.42 | Rational Method
Damper Creek BaBranch (4873)
4871 | Winbirra Winbirra Parade Drain (4871) RSS GHD (2007a) | Yes 128 0.44 | Rational Method
Parade Drain
4842 | Darling Road | Darling Rd Main Drain (4842) RSS GHD (2007b) | Yes 101 0.5 | Rational Mettod
MD
4850 | Murrumbeena | Carlisle Crescent (4853), Oakleigl| RSS SKM (2005) | Yes 1106 0.49 | Rational Method
MD MD (4852), Bishop St (4854),
Murrumbeena MD(4850)
4825 | Rix St MD Rix St MD (4825) FM&M | WBM (2003) | Yes 99 0.7 | Rational Method
4823 | Tooroonga Rd | Toomonga Rd MD (4823), Creswi{ RSS GHD (2006a) | Yes 392 0.52 | Rational Method
MD St MD (4824)
4822 | Lara St MD Lara Street MD (4822) RSS GHD (2006b) | Yes 69.4 0.5 | Rational Method
4841 | Hedgely Dene | Hedgely Dene MD (4841) RSS GHD (2007c) | Yes 172 0.45 | Rational M¢hod
MD
4844 | East Malvern | East Malvern Drain (4844) RSS GHD (2007d) | Yes 97 0.47 | Rational Method
Drain
4821 | Moonga Road | Moonga Road MD (4821) RSS GHD (2006c) | Yes 119.8 0.44 | Rational Method
Drain
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 MO Box Hill Sth MD (4885), Collins St| FM&M | CMPS&F Yes 304 0.51 | Rational Method
Drain (4886) (1998b)
4882 | Eley Rd West | Eley Rd West Drain (4882) FM&M | CMPS&F Yes 98 0.52 | Rational Method
Drain (1998b)
4883 | Fulton Rd Fulton Rd Drain (4883), Eley Rd Ef FM&M | CMPS&F Yes 516 0.5 | Rational Method
Drain Drain (4884) (1998b)
4875 | McComas McComas Grove Drain (4875) FM&M | CMPS&F Yes 140 0.48 | Rational Method
Grove Drain (1998b)
4874 | Brockhoff's Brockhoff's Drain @74) FM&M | CMPS&F Yes 86 0.5 | Rational Method
Drain (1998a)
4861 | Oakleigh Nth | Oakleigh Nth Drain (4861) FM&M | CMPS&F Yes 279 0.52 | Rational Method
Drain (1998a)
4863 | Macrina St Macrina St Drain (4863) FM&M | CMPS&F Yes 162 0.57 | Rational Method
Drain (1998a)
4860 | Sotchmans Scotchmans Creek (4860), Mt FM&M | WBM (2010) | Yes 2171 0.56 n/a
Creek Waverly Drain (4864), Glen

Waverly Drain (4865), Tally Ho
Drain (4866), Mt View Drain (4867

Montclair Avenue Drain (4868)

J1072 / RO1vO7
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Figure2-1 Gardiners Creek Local Catchment and Tributary Catchments
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Figure2-2 Gardiners Creek Main Drainage Features and DEM
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K

1970s: Sewerage Backlog project initiated by MMBW

aims at connecting all residential and industrial
properties to sewer system.

Historic
19505 - 1970s: Development boom causes impacts on
Gardiners Creek through pollution and increased runoff

Historic
1960s - 1970s: Local Councils surface all roads to
reduce sediment runoff

Historic
1930s - 1940s: Many areas develop without
connection to the sewage system

Historic

Planned Works
Glen Iris Wetland
Construction (2010/11)
Recent Works

Installation of sediment trap

Planned Works

o Bank stabilization works (2010/11)
7 Rock Chute upgrade (2010/11
Recent Works ﬁq Lt ¢ )

Revegetation Works
Recent Works
Redesign of Dorothy Laver
Reserve Pond (2009)
{/ <
Recent Works =

Planned Works
Rehabilitation works large rocks (2009)

properties (20‘10111)
Gardiners Creek Local Catchment Boundary
Gardiners Creek Centreline

Park/Reserve

Retarding Basin

Figure2-4 Gardiners Creek Waterway Works

Significant land development occurs post WW1
Land cleared for orchids, farming and residential

MMBW take responsibility of Gardiners Creek in the 1920s

Bank stabilization to protect adjcent
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- " Diversion of floodwater from =
Railway line Malvern Valley Golf Course
—— Road car park to adjacent fairways
o] 15 4
kilometres

Historic
European Settlemepjtrinrﬁhirlyﬁdo's
Land around Gardiners Creek first farmed

and grézed.
Recent Works

Fenceline around retarding basin

f’ S
e
Recent Works

BoxFill Golf Course (2008)

- improved water quality features within

- stabilization works for 2yr ARI

- upstream bank stabilization
-revegitation

Historic
Post WW1, sections of Gardiners Creek are
straightened to assist in road construction and
development boundaries. Greater runoff from properties
resulted in Gardiners Creek expanding via errosion

Recent Works
Historic

Bank Stabilization

and industrial development

L5

Planned Works
Desilt and redesigl;l sediment pend
(2010141)

Recent Works
Construction of energy
dissapation structure and

sediment pond

Planned Works
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(2010111)
Planned Works

Resetting of rock chutes
(2010111)

Planned Works
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to limit public access

Recent Works (2010711)

Fencing and installation of warning signs

Recent Works
Revegetation to screen high wire mesh

Planned Works

!
“‘
Installation of sediment trap (2010/11)

Recent Works
Sediment trap construction

Gardiners Creek Flood Mapping Project

Figure2-4 Gardiners Creek Waterway Works|
Melways Reference 59 A2
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2.2 Zonings

The main zonings within the Gardiners Creek local catchment include residential f6ic) use
zone and parks (24) and road zone (9%) with thgerage 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 thooutite

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. Majdrihese 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.

Table2-2 below andFigure2-5 summarise the zonings across the local catchment.

Table2-2 Zoning Summary

Zone Type Zone Code Percentage of
Totd Area
Residential R1Z, R2Z 64%
Public Use and ParK PPRZ, PUZ1, PUZ2, PUZ3, PUZ4, PUZ5 11%
Roads RDZz1, RDZ2 9%
Other UFZz, SUZ1, SUz2, MUZ1, CDZ1, B1Z, B2Z, B3Z, B4 16%
IN1Z, IN3Z
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Figure2-5 Zoning Summary

2.3 Review of Fraction Impervious DataLocal Gardiners Creek Catchment

The Gardiners Creek local catchment RORB model contains 28atstiments. Fraction impervious

values were assignedto eachs0F § OKYSy (i @Al (KS NBAIRNDA2THMRYI RS
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 changeagire2-6 below shows the fra@n

impervious data thematically mapped across eachaatichment to highlight areas of high and low

fraction impervious. The average percentage impervious across theatabments is 46%. Sub

catchments CR, AJ and AK have high percentage impervioas yahove 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 datare 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 proed by Melbourne Water.
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Impervious Fraction

0 toot (1)
01t002 (8)
0.2t003 (23)
0.3t004 (32)
04to05 (82)
05t006 (59)
06t007 (21)
0.7t008 (10)
08009 (2)
09t010 (1)

Figure2-6 Fraction Impervious Values for Stdatchments within the Gardiners Creek Local Catchment RORB Model
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3 DATA COLLATION ANB\REW

The Gardiners Creek catchment study anees 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 aras 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 Méptata was provided by Melbourne Water from
previous RSS and Flood Mapping and Mitigation rep®gble3-1 below shows past RSS and FM&M
investigations completed within the greater catchment boundary along thighMelbourne Water
main drains within each investigation.

Table3-1 Source of Past Investigations
Catchment| Investigation RSS or
Number Name MW Drains Covered FM&M Source

Myrtle Rd MD (4835Faversham Rd M[
(4836), "W" Creek (4834), Nichollsdal

Rd Drain (4833), Burwood MD (4832 GHD
4830 Back Creek | Ashburton MD (4831), Back Creek (48] RSS (2008)
Blackburn North MD (4893), South
Parade MD (4895), Laburnum St MD Water
(4894), Lake Rd Drain @B, Forest Hill Technology
4893 Blackburn MD| Drain (4892), Blackburn Sth Drain (489 RSS (2008)
Damper Creek Drain (4872), Dampel GHD
4872 Damper CreekK Creek East Branch (4873) RSS (2007a)
4871 Winbirra GHD
Parade Drain Winbirra Parade Drain (4871) RSS (2007a)
Darling Road GHD
4842 MD Darling Rd Main Drain (4842) RSS (2007b)

Carlisle Crescent (4853), Oakleigh M
Murrumbeena| (4852), Bishop St (4854), Murrumbeer

4850 MD MD(4850) RSS | SKM (2005)
WBM
4825 Rix St MD Rix St MD (4825) FM&M |  (2003)
Tooroonga Rd Tooroonga Rd MD (4823), Creswisk § GHD
4823 MD MD (4824) RSS (20064a)
GHD
4822 Lara St MD Lara Street MD (4822) RSS (2006b)
Hedgely Dene GHD
4841 MD Hedgely Dene MD (4841) RSS (2007c)
East Malvern GHD
4844 Drain East Malvern Drain (4844) RSS (2007d)
Moonga Road GHD
4821 Drain Moonga Road MD (4821) RSS (2006c¢)
Stott St Drain (4881) CMPS&F
4881 Stott St Drain FM&M | (1998b)
Box Hill Sth | Box Hill Sth MD (4885), Collins St Dra CMPS&F
4885 MD (4886) FM&M | (1998b)
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Eley Rd West CMPS&F
4882 Drain Eley Rd West Drain (4882) AVI&M (1998b)
Fulton Rd Fulton Rd Drain (4883), Eley Rd Eag CMPS&F
4883 Drain Drain (4884) FM&M (1998b)
McComas McComas Grove Drain (4875) CMPS&F
4875 Grove Drain FM&M (1998b)
Brockhoff's CMPS&F
4874 Drain Brockhoff's Drain (4874) FM&M | (1998a)
Oakleigh Nth CMPS&F
4861 Drain Oakleigh Nth Drain (4861) FM&M | (1998a)
Macrina St CMPS&F
4863 Drain Macrina St Drain (4863) FM&M | (1998a)
Scotchmans Creek (4860), Mt Waverl
Drain (4864), Glen Waverly Drain (486
Scotchmans Tally Ho Drain (4866Mt View Drain WBM,
4860 Creek (4867), Montclair Avenue Drain (4868 emM&M | 201011

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 fiaa 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 sTatye3-2

below summarises the key information from the past investigations within the greater catchment
area.

Table3-2 Key Information from Past Investigations for Tributary catchments
Rational
Method
Catchment| Catchment Area | Average Tc Q100
Number Name (ha) FI Calibration Technique | (mins) (m3/s)
Interstation area,
reconciled to Rational
Method and flows at
4830 Back Creek | 1871 46% Toorak Rd n/a n/a
Interstation areaRational
4893 Blackburn MD| 1557.6| 48% Method 72 106
4872 Damper Creel 472 42% Rational Method 31.75 41.8
4871 Winbirra
Parade Drain| 128 44% Rational Method 21.45 17.26
Darling Road
4842 MD 101 50% Rational Method 28.35 13.21
Murrumbeena
4850 MD 1106 49% Rational Method 61 91.9
4825 Rix St MD 99 70% Rational Method 17 225
Tooroonga Rd
4823 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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Hedgely Deng
4841 MD 172 45% Rational Method 26.98 21.5
East Malvern
4844 Drain 97 47% Rational Methal 24.66 13.26
Moonga Road
4821 Drain 119.8 44% Rational Method 13.59 21.8
4881 Stott St Drain 90 42% Rational Method 16 14.6
Box Hill Sth
4885 MD 304 51% Rational Method 27 41.5
Eley Rd West
4882 Drain 98 52% Rational Method 17 17.7
Fulton Rd Rational Method
4883 Drain 516 50% 29 66.3
McComas Rational Method
4875 Grove Drain 140 48% 17 23.6
Brockhoff's Rational Method
4874 Drain 86 50% 17 14.9
Oakleigh Nth Rational Method
4861 Drain 279 52% 32 33.9
Macrina St Rational Method
4863 Drain 162 57% 33 20.2
Scotchmans
4860 Creek 2171 56% n/a n/a n/a

The tributary catchment RORB model set up (ie routing, fraction impervious dataastibment
delineation, etc) was adopted for this study. Each model was run with the kc value liStabl@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).

Table3-3 Key RORB Input Information

Catchment | Investigation Name Undiverted Undiverted Diverted Diverted

ID Kc Dav Kc Dav

4830 Back Creek W Creek 4.8 3.57 3.59 491

Burwood 2.48 2.50 2.56 2.54

Back Ck Upper 0.72 0.59 .59 0.72

Ashburton 2.89 1.80 1.80 2.89

Outlet 1.50 1.16 1.16 1.50

4893 Blackburn MD North 2.5( 2.12 2.50 2.12

Lake Rd Drain 2.20 1.95 2.20 1.95

Forest Hill 3.85 2.80 3.85 2.80

South 1.6 1.67 1.60 1.67

Outlet 1.6(Q 1.35 1.60 1.35

4872 Damper Creek 3.29 2.42 3.29 1.36

4871 Winbirra Parade Drair 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 341 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 Drai 4.26 1.2 4.26 1.2
4874 Brockhoff's Drain 3.7 1.1 3.7 1.1
4861 Oakleigh Nth Drain 54 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 Investigationg Key Assumptions

All past RORB models and investigations within the tributary catchments were assumed to be correct

and fit for use. There wersome 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 connedted 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:

G¢KS YIFIAYy 2dziTt 20

TNRBY

idKS

aG2Nr 3S Acund@Al |

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 thesgf@ronce the flood peak has passed, but

LINE OA RS &

yS3atA3arotS OF LI OAadGe

R dzN& y 3

FTft22RDE

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 basilisted in the Back Creek RSS Investigation
Report (GHD, 2008) is 5.6 m?/s; it is believed this should be recalled to node 343 titled

WLaa95L! ¢9[ ,

5hzb{c¢w9! a

2 L[ [L{hb

t!wY 59C!/ ¢hQ

The correction was made for thisusly 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

OWS5APSNARAAZY (2

are greater peak flows upstream of the retarding basin, such as the PMP event. Results used for this

c -HMm 723 allbwsSINIBws Freakter thran 49.725 m¥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 bgsthpeak 100 year ARI inflow of 5.9 m3/s

with a peak 100 year ARI outflow of 5.6 m?/s for the salamtion 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 Willisn Park Retarding Basin on the model is likely to be more evident when there

study are from the updated model which now includes the Willison Park RegpB#ininFigure3-1
below shows the location of the Willison Park Defacto Storage in relation to Gardiners Creek.
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Figure3-1 Willison Park Defacto Retarding Bakpcation
Melways Reference 60 B4
K06Yona Rark Sl

Back Creek Catchment Boundary (GHD, 2008

RORB Reaches and Nodes (GHD, 2008)

Park Defacto Storage
iy i »

Ha

Figure3-1 Willison Park Defacto Retarding Badiocation

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 Canteury 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

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 idiénany 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 whiod et included in the
HECRAS model.

Monash Freeway crossing (between Glenferrie Rd and Toorak Rd)

Pitt Street Foot Bridge
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The Monash Freeway crossing bridge was incorporated into the new MIKE11 model based on the
available survey by Connell Wagner afgbahrough the Monash Alliance HR&S model provided
by Melbourne Water which was adapted from the 2004 Water TechnologyRASInodel.

The Pitt Street bridge was also incorporated into the new MIKE11 model. The Pitt Street foot bridge

is very close tohe Winton Avenue road crossing. It is thought that the Pitt Street bridge was not

AyOft dzZRSR Ay LI &l Y2RSttAy3a Rdz§ G2 A0Q& LINRPEAYAGE
Pitt St bridge and would act as the control. For completeness, thetRigt®ridge has been

included in the modelling based on survey taken by Connell Wagner in 2004.

3.3.2 LIiDAR

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

4.1 Overview

RORBL@urenson et al 2005s a non linear rainfall runoff and streamflow routing model for

calculation of flow hydrographs in drainage and stream neksoThe 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 beingtudied 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 showioweh Figure4-1.

Gardiners Creek Flood Mapping Project
Figure4-1 Gardiners Creek Study Areas
Melways Reference 59 A2

4

Figure4-1 Gardiners Creek Study Areas

The RORB model constructed for this study includes new RORB modelling throughout the local
catchment ara 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 hydrographpudbto 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 comibimed
the new Gardiners Creek RORB model, some minor changes were made as listed below:

Wt NAYGiQ t20FGA2ya 6SNB NBY2OSR fSIF@Ay3a OFfAd
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All diversions were renamed from DIV100, DIV200, etc to DIV100xxxx, DIV200xxxx where
WEEEEQ NBLINBaSyia GKS OFGOKYSYyG ydzyoSNI 2F (K
diversiors 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 RORBWIinv6.0) reads nodes by node numbers, not letters. When a RORB file is exported

from RORBGUI, the program reassigode numbers based on the calculation order for the
catchment.

4.3 LocalRORB 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 Gardineeek 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.

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

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

Construct undiverted RORB neds for 10 of the 45 subatchments;

Reconcile the 10 undiverted RORB models to the Rational Method;

Derive a kvs area relationship for the remaining 35 catchments;

Check the relationship on a further 4 catchments;

Create undiverted RORB models famagning 35 catchments and employ thews area
relationship to evaluate k

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 detai$ 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 stdichment beakdown within each RORB model is showRidgure

4-2. Each of the 45 catchmenigasfurther delineated into 5 or more suéreas. The local catchment
boundaries were edge matched to the current edge matched bouadarovided by Melbourne

Water. Where an edge matched boundary was unavailable, the local catchment boundary was edge
matched to properties.
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4.3.3 Impervious Fraction

Impervious fractions in the local catchment area were developed from the results provided by
aSto2dz2NYyS 21 G4SN FNRY (GKS WFNIOGAZ2Y AYLISNIIA 2 dza
RORB models in the tributary catchments weregtdd from previous the studies.

4.4 Local Catchment RORB Model Reconciliation

4.4.1 Overview

The reconciliation process involved selecting a number ofcstithments, building individual RORB
models for each subatchment and then reconciling the undiverted RORBl&l®to the Rational
Method.

A total of 10 out of the 45 local stdatchments were selected to give a good representation of the
entire local catchment. The 10 sihtchments were selected for reconciliation based on a sampling
method which accounted faslopes, 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 swltchment and 45 the lowest ranked in each category. The
scores were summed for each sehtchment and compared against the spatial distribution to then
manually select the subatchments with the aim of selecting a good range of high, medium and low
scoring catchments with a reasonable spatial distribution. itecatchments selected for
reconciliation are shown highlighted in greenfTiable4-1 below. Figure4-3 displays the spatial

location of the selected subatchments.
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Table4-1

Sub
catchment Area | Fraction FI | Slope| Slope

Number Area | Rank| Impervious| Rank| (%) | Rank| Sum
1 25.37 29 052 7 3.7 31| 67
2 9.51 43 039 | 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| 38 056| 4 4.0 27| 69
6 33.45 22 056| 4 3.8 29| 55
7 16.63| 36 0.46| 12 3.1 34| 82
8 1250 41 0.75| 1 3.3 33| 75
9 8.56 44 051| 8 8.2 3| 55
10 29.43 24 054| 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 2257 32 0.42| 15 4.7 18| 65
14 50.69 11 0.49| 10 3.6 32| 53
15 51.10 10 052 7 4.2 25| 42
16 29.31 25 0.46| 12 5.4 11| 48
17 58.48 6 052| 7 3.9 28| 41
18 57.53 7 051| 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 03| 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 15 041 | 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 05| 9 5.0 15| 41
40 64.89 3 0.49| 10 5.2 14| 27
41 40.96 16 04| 17 4.3 23| 56
42 2554 | 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

Method of Sampling and List of Sutatchments Selected for Reconciliation
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Reconciliation

4.4.2 Rational Method Calculation
The main purpose of the undiverted RORB model waslézisappropriate 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 madby the Rational Method, i.e. no diversions and no significant

storages (e.qg. retarding basins).
The Rational Method was applied to the selected-satthments to obtain a 100 year ARI peak flow

estimate. The objective was to find a relationship betwebihe selected suzatchments 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 RuloAust, 199)and the
Melbourne Water Technic&8pecifications 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 veldy 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

page23
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velocity of 2.0 m/s. Average slope was calculated with the aid of MIRORB and is based on the
available 1m contour data sét Details of the calculation are shown below iFable4-2.

Table4-2 Time of Concentration Results
Reach| Initiation | Tc (min)
Sub travel time
catchment Length | Awerage| Velocity| time (min)
Number (m) Slope % (m/s) | (min)
2 524 3.7 15 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 15 15.6 7.00 22.56
22 600 4.3 1.5 6.7 7.00 13.67
27 1800 3.0 15 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 15 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 iittessvould be expected to vary
throughout the catchment. To calculate rainfall intensities, the local catchment was broken up into

three separate areas, as illustratedrigure4-4. Design rainfall input paramete were generated

F2NJ SFOK FNBIF dzaAy3d GKS . dzBBM, 220yxid AesED. S NP 2 38 Q&
parameters for the three areas are shownTiable4-3.

! At the time of Tc calculation, LiDAR data did not cover the entire catchment and hence the tborsavere
used. Full LIDAR coverage was provided later in the stiidynot 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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Figure4-4 Spatial Variation of IFD Parameter
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Figure4-4 Spatial Variation of IFD Parameters
Table4-3 IFD Parameters for Gardiners Local Catchment
Area | ‘I, o | | 1o [P, |G F2 | F50

A 1896 | 4.18 | 1.21 | 37.20 | 7.22 | 2.28 | 0.36 | 4.28 | 14.97

B 1876 | 4.03 |1.17|37.22|7.15 | 2.25 | 0.36 | 4.28 | 14.96

C 1894 | 401 |1.18|37.74|7.12 | 2.24 | 0.36 | 4.28 | 14.96

4423
4.4.2.4 Runoff Coefficient

The runoff coefficient (fg) for each sultatchment was calculated using the method prescribed in
Chapter 14 of Australian Rainfall andn@fi (IEAust, 1987). The results are showiable4-4.

Table4-4 Runoff Coefficient Calculation
Subcatchment Number | t. W [Py [f Co Cio
(mins)
2 12.8 120.0 | 27.9 |1 0.39 | 0.14 0.44
8 17.4 100.0 | 27.9 | 0.75 | 0.14 0.71
11 16.8 103.0 | 279 | 0.46 | 0.14 0.49
17 22.6 86.0 | 279|052 | 0.14 0.53
22 13.7 115.0 | 27.8 | 0.41 | 0.14 0.45
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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 | 278|042 |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 Run&#A(st, 199) The equation is as follows:

Qo= C.1LA/360

Where:
Quuois the flow in n¥/s for the 100 year ARI design event;
C is the runoff coefficient;

| is the rainfall intensity specific to the area, corresponding to tinte of concentration of
the catchmant); and,

A is the area of the catchment in hectares.

The Rational Method inputs and results for each catchment are presentbabile4-5.

Table4-5 Rational MethodCalculation
Sub
catchment
Number C | A Quo0
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 Sulcatchments RORB Model Construction

Individual RORB models were constructed for the ten selectegatdhments. The undiverted

RORB models were constructed using MiRORB in accordance with the Melbourne Waéral ec
Specifications and Requirement\(VC, 20093 The model reach typesane inspected from aerial

photographyd b I G dzN> £ OKI yy St aSOGA2ya FyR tMaNiS 3INIF &3¢
wSIHOKQS gKAES ff Ff2¢aa (i&KSIRHEAK2 RBIR ESREEN B3 W e NLIS C
'YEfAYSR wSIFOKQ |yR Fft2g¢a Fft2y3a NRIFIRazZ fAySR OKLIy
[AYSR / KIyySt 2NJtALSQ NBIOKSao®
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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 tleedl 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 20mm (urban catchment) were used as
per the Melbourne Water Technical Specifications and Requiren{stéC, 2009a The other

RORB parameters applied were:

Runoff coefficient model;

Siriwardena and Weinmann method with Areal Reduction Factor set to 0.0;
Filtered temporal pattern; and,

A constant loss factor.

The RORB models were run for the 100 year a&itdor 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 kvalue was varied until the peak flow from the RORB model matched the 100 year peak
flow of the Rational Method. The reconcilegMalues, corresponding RORB flows and Rational
Method flow estimates are shown iFable4-6.

Table4-6 100 Year Peak Flows and Kc Values of Selecteecatdhments

Catchment | Area (ha) Rational RORB Qo Peak ke
Method Qo Duration

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\ahie based on relationships betweeyakd area (i.e. k=
constant(a) * are®™"®) or a relationship between.and d, (i.e. k = constant * ¢,). These
suggestedelationships are from various studies looking at varied catchment sizes and rainfall
patterns.

A k.vs Area (kif) graph was plotted to analyse the results in the local catchment. The plot is shown
in Figure4-5. The trend line shows a good relationship betwegmikd area. The trend line was used
to derive the following relationship between#nd area.

Kc = 1.1479 * are¥*®® (R = 0.84): where area is in Km
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Figure4-5 Relationship betweendand Area for 10 Selected Catchments within local Gardiners
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Figure4-5 Relationship between kand 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 slopaction impervious, spatial location and area were
selected. A Rational Method calculation was undertaken for the foucatthments, utilising the
same parameters from the previous Rational Method calculation.

Undiverted RORB models for sootchments 921, 28 and 42 were constructed. The area of each of
the four subcatchments were used to calculatefkom the k. : area relationship. The RORB models
were run using the kvalues from the relationship as input parameters.

The flows from the Rational &hod were compared against the flows from RORB using the kc : area
relationship. The results are shownTiable4-7. Figure4-6 illustrates the flow comparison between

the two model runs. It shows that the RORB flows using ¢frerk 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 cattkrak showed a flow reduction
below 6%. These results show that the derived relationship is valid for calculatinglaéfor each
sub-catchment across the local catchment.

Table4-7 Comparison of Ratioal Flow and RORB Peak Flow (Relationship Check)
RORB Qo k. to RORB Qo
Rational (From achieve k. from (from
Catchment Area (ha) Quoo Rational) | rational | relationship 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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Figure4-6 Q100Flow Comparison between Rational Method aied &rea Relationship
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Figure4-6 Quoo Flow Comparison between Rational Method ang: larea Relationship

The relationship was applied across all 45 catchmesttsin the local catchment to calculate a k
value. This is shown belowTiable4-8.

Table4-8 kc Value Derived from kc : Area Relationship across each Catchment
Sub Area Sub Area Sub Area
catchment | (k) | k. | catchment | (km®) | k. | catchment| (km?) | k.
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

4.45 Local Catchment RORB Model Construction

The local catchment RORB model is made up of Gardiireek 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
modef.

The reaches within thiibutary subcatchmergwere setto be consistent with previous studies
Gadiners Creek itself was set to natural, excavated unlined or pipadres depending on the
locationand 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 upstre&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:

1 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 £reek)
dummy reach is used to connect the farthest downstream subarea to the main branch.

1 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 Gardi®eeklLocal Catchment and GardinéEseeKTributary
Cachments was constructed to provide inflows into the hydraulic model. The constructed model is a
diverted existing RORB model made ud df46subareasZ39subareas in the local catchment and

907 subareas over th@0 tributary catchments).

ThecombinedRORB model was constructed using MiRGERERB GUI and RORBWIN V&itfbire
4-7 below shows the schematisation of the final RORB model created for Gardiners Creek.

>The ROBWIN V6.1 BETA version was later released officially as RORBWI Mbérhbdels were reun in
v6.15 to ensure consistency.
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Figure4-7 Final Gardiners Creek RORB Model Schematisatic
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Figure4-7 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 streantfiovge(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 kcfoakhe 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 studyTable4-9 details the seleted calibration events.

Table4-9 RORB Model Calibration Events

Event Event Start & Finish | Average Total | Recorded Peak | Rank of Peak Flow in
Date Catchment Flow Record (32 years)
Rainfall (mm)
24 December 1974 9 pm 24/12/1978 39.8 151.0 6
1 pm 25/12/1978
25 December 1974 5.24 pm 25/12/1978 31.9 189.7 3
7.24 am 26/12/1978
17 September 1984 9 am 17/9/1984 91.3 194.5 1
12 am 19/9/1984
2 December 2003 3 pm 2/12/2003- 62.8 92.7 13
10 am 3/12/2003
2 February 2005 4 am 2/2/2005- 142.6 150.8 5
10 am 5/2/2005

There are eight streamflow gauges located within Gardiners Creek Catchment. Details of the stream
flow gauges are shown iFable4-10. The strearflow 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
oui f SGad ¢KS WDINRAYSNE /NBS] G ! aKg22RQ 461 & |
F2NJ It GKS S@Syida Ay ljdSatAazy gl a F2dzyR (G2 0SS
be the only gauge with a reliable record of streamfldata, suitable for use in the RORB model

OFf AN A2y D WDI NRAYSNE / NBS]T G DFNRAYSNBQ Aa
some 20 m upstream of the Great Valley Road bridge.

t

Table4-10 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 Basir] April 1977 to present
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229638 Eley Rd Retarding Basin August 1977 to present
229640 {020 0KYIFIyQa / NBS|T IdG | dzy 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 (Waterolagh 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 thatmll data was missing through the 2005 rainfall event.

This station was consequently removed from the data She gauge locations utilised for this study
include:

37 Evelina Street Box Hill
Ashwood

Burnley

Burwood Presbyterian College
Caulfield Nor

Cornwall Street Retarding Basin
Eley Road Retarding Basin
Gardiner

Gardiners Bowling Club

Glen Valley Road Retarding Basi
Huntingdale Retarding Basin
Kinkora Road Retarding Basin
Lernes Street Retarding Basin
Masons Road Retarding Basin
Micham

MiddleboroughRoad Retarding
Basin

Mitcham

Notting Hill

Surrey Hills

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 andraiaifgll station data.
Figure4-8 below shows the rainfall isohyets across the Gardiners Creek catchment for the 1984
rainfall event. For this eventhe highest rainfall totals occurred between the Cornwall 8tre

Retarding Basin and Eley Road Retarding Basin areas in the upper reaches of the Gardiners Creek
Catchment.

® Surrey Hills removed from data set due to missing rainfall information over the 2005 event
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Gardiners Creek Flood Mapping 3
Figure4-15  GSDMSpatial -
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Figure4-8 Example Rainfall Isohyets across the Gardiners Creek Catchment (1984 event)

4.6.3 RORBMVodel 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 diheanity of
catchment esponse (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 interstati@meas within the model.

- For each calibration event, the runoff-edficient (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 calibratio 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 reproductionof 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 wo be quite low.

J1072 / RO1vO7 page34



Melbourne Water
Gardiners Creek Flood Mapping

IS VUATER TECHNOLOGY

= AL CONSULTANTS

Asummary of calibration results are providedTiable4-11. The runoff ceefficientsshown apply
to pervious areasnly.

Table4-11 RORB Model Calibtion Parameters

Event kc IL RoC Peak Flow Volume
m%/s m®

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| O 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

Figure4-9 to Figure4-13 disgays the modelled and observed flood hydrographs for the
calibraton events at the Gardiner gauge and cumulative rainfall totals for the event.
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24/12/1978 Calibration to 'Gardiners at Gardiners' Flow Gauge
220 4 - 220
Observed Volume =1,388,534 m?
200 - Fl't\-"olume=1,35?,492rjw= (kc0.3, IL17, RoC 0.1) L 200
Observed Peak=151 m3/s
Fit Peak=155 m3/s
180 + - 180
180 - - 160
140 4 - 140 E
E
=120 ¢ - 120 €
£ 2
_E 100 - - 100 £
= 3
=
BO A - 8O E
Qo
60 - - 60
a 2 4 & B 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44
Time (hrs)
= Obzerved (m3/s) —— Fit (m3/s) —s#— Huntingdale Road RB Rainfall —s— KinkoraRoad RB Rainfall
—+— Lernes 5t RB Rainfall GlenValley Road RB Rainfall —=— Masons Rd RB Rainfall —s— Cornwall 5t RB Rainfall
—a— Middlezhorough Rd RB Rainfall —— EleyRd RB Rainfall Gardiner Bowling Club Rainfall 37 Evalina St, Box Hill Rainfall
Figure4-9 RORB Calibratiog Gardiners at Gardiners Creelow Gauge 2% December 1978
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25/12/1978 Calibration to 'Gardiners at Gardiners' Flow Gauge
220 - 220
Observed Volume =1,965,585 m?
FitVolume=1,977,233 m? (kc 0.4, IL15, RoC 0.4)
200 . - 200
Observed Peak=190m3/s
Fit Peak=202 m3/s
180 - 180
160 - 160
1440 - 140 E
E
=120 120 €
E &
E 100 - 100 2
= 3
=
B0 - BO E
o
&0 - &0
40 - 40
20 - 20
a a
a 2 4 & B 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 440 42 44 46
Time (hrs)
Observed (m3/s) = Fit (m3/s) —s«—Huntingdale Road RE Rainfall ——EKinkoraRoad RB Rainfall
—s— Lernes St RB Rainfall —+— Glen Valley Road RE Rainfall MWasons Rd RE Rainfall —— Cornwall 5t RE Rainfall
—+—Middlesborough Rd RB Rainfall = EleyRd RB Rainfall —+—Gardiner Bowling Club Rainfall —— 37 Evalina 5t, Box Hill Rainfall

Figure4-10  RORB Calibratiog Gardiners at Gardiners Creek Flow Gaugé Zcember 1978
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17/09/1984 Calibration to 'Gardiners at Gardiners' Flow Gauge
220 + r 220
Observed Volume =5,324,670 m?3
200 4 FitVolume =5,620,249 m? (kc 0.4, IL 0, RoC 0.40) L 200
Observed Peak=135m3/s
180 J FitPeak=197 m3/s L 180
160 S - 1ed
| i E
140 140 E-
=120 - 120 E
E &
£ 100 - - 100 2
= 3
=
80 - -80 E
o
60 - 60
40 - 40
20 A - 20
——— d 8
0 _r"-r":i\','qlr‘-l.l TTT -IHT“_?.TU_IU_I-T-'-IHI-\-:UT‘I."I rrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrr1rrrrrrrrrr1rr1r11r 1o 1T 1T T D
0 2 4 6 B 10 12 14 16 18 20 22 24 26 28 30 32 34 36 3B 44 42 44 46
Time (Hours)
= Obzerved (m3/s) ——Fit {m3/s) —#— Huntingdale Road RE Rainfall
—#—Kinkora Road RE Rainfall —+— Lernes 5t RB Rainfall —+— Glen Valley Road RB Rainfall
—=— Masons Rd RE Rainfall —=— Cornwall 5t RB Rainfall —+— Middleshorough Rd RB Rainfall
—=—EleyRd RE Rainfall —+— Gardiner Bowling Club Rainfall Burwood Preshyterian College Rainfall
37 Evalina 5t, Box Hill Rainfall
Figure4-11  RORB Calibratiog Gardirers at Gardiners Creek Flow Gauge"Septenber 1984
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02/12/2003 Calibration to 'Gardiners at Gardiners' Flow Gauge
220 - - 220
Observed Volume = 3,361,310 m?
FitVolume = 3,320,635 m? (kc 0.6, IL 25, RoC 0.05)
200 - - - 200
Observed Peak=93m3/s
Fit Peak=96 m3/s
180 - - 180
160 - - 160
140 - 140 F
E
2 120 - - 120 B
E &
_E 100 - L 100 E
= =
-
£
S
hi] 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48
Time (Hours)
Observed (m3/s) — Fit (m3/s) —#—FKinkora Rd RE Rainfall —+— Eley Rd RE Rainfall
—+—5urrey Hills Rainfall —— Ashwood Rainfal Mitcham Rainfall —+— Notting Hill Rainfall
Figure4-12  RORB Calibratiog Gardiners at Gardiners Creek Flow Gaug&2ecember 2003
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02/02/2005 Calibration to 'Gardiners at Gardiners' Flow Gauge
220 -+ r 220
Observed Volume = 6,151,618 m?3
200 - Fit Volume = 6,688,353 m? (kc 0.35, IL45, RoC 0.2) L 200
Observed Peak=150m3/s
FitPeak=143 m3/s
180 - - 180
E
E
z z
m =
E g
g 2
= 3
-
£
=
(W)
a 2 4 & B 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48
Time (Hours)
Ohserved (m3/s) — Fit (m3/s) —+— Burnley Rainfall —— Kinkora Rd RB Rainfall —— Mitcham Rainfall
Eley Rd RB Rainfall Maotting Hill Rainfall —+— Aszhwood Rainfall —=— Caulfield Morth Rainfall —— Gardiners Rainfall
Figure4-13  RORB Calibratiorg Gardiners at Gardiners Creek Flow Gaug&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 houkszbrtthe 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®&s As the

rising and receding limbs of the hydrographs, thiatdwydrograph 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 2Becember 198 shows a good match in hydrograph shape and volume, with a
12m’/s variation betweerthe peak flows (observed 190s, fit 202n7/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 be@veen
reasonable kc and Ro®@hile 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
ratherthanthe prolonged rainfall events associated with frorBy. 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.

Table4-12 below shows the range of kc values used across the five storm events to achieve a
suitable match to the observed hydrograplssingle kc value is required for use in the design flood
modelling.A peak flowmweighted aveage of kc valuewas evaluated ab.40. A kc value of 0.40 was
found to provide a reasonable match between the observed and the modelled hydrographs across
all events.

Table4-12 kc Valuedrom the model calilvation

Event kc

24 December 1978 0.30

25 December 1974 0.40

17 September 1984 0.40

2 December 2004 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 vared 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 gautgble4-13 showsthe

adopted IL and RoC coefficients for each event

Table4-13 IL and RoC Valudsom the model calibration
Event IL RoC | Observed Peak
Flow (ni/s)

24 December 1974 17| 0.10 151
25 December 1974 15| 0.40 190
17 September 1984 0| 0.40 195
2 December 2003 25| 0.05 93

2 February 200§ 45| 0.20 150
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4.7 Design Eventdodelling Methodology

The goal of the RORB model design runs is to provide design flsaghgphs 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 b6y (G KA a aiddzReQa whw. Y2RSf |y
RORB models.

4.7.1 k.Values¢ RORB Routing Parameter

Ly 2NRSNJ (G2 YIFIAYyGlrAy O2yaraitSyoOe o0SGs6SSy GKA
RORB models, alues were maintained from the previoRSS and FM&M modelsMalues along

the Gardiners Creek local models were set to thekea relationship developed for this project as
shown in Sectiod.4.

QX
QD
—

The k parameter for the routing along Gardinerse€k was set to 0.40. Thiswas selected using a
peak flow weighted average (preference given to larger events)wldes evaluated in the RORB
model calibration (5 events), kalues in the calitation ranged from 0.30 to 0.60 as shown below in
Table4-14.

Table4-14 kc Value averaging method for Gardiners Creek model

Event kc
24 December 1974 0.3
25 December 197¢ 0.4
17 September 1984 0.4
2 December 2004 0.6
2 February 2004 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 aratiie 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.
- Avrainfall depth for each of the tritiul NB O G OKYSy (i a ¢ aL @©3F @ Ot A iB R
the 9 IFD parameters from the previous studies.
- Subareas within each tributary catchment were assigned the rainfall depth for its
corresponding tributary catchment.
- The local Gardiners Catchment watitinto 3 IFD areas as per the local model
reconciliation (see Sectioh4) with rainfall depths applied to each subarea.
- Individual RORB Storm (.stm) files were created for each rainfall duration and e\agyly
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 RS& BM&M studies were examined. From theR8S

and FM&M tributary catchments, 19 used an aerial reduction factor of 1 (catchment area séd@o O
km?). The Blackburn catchment used an aerial reduction factor area for a 15 6@kthment. This
yielded an agal reduction factor of 0.89 for the 10 & 100 year 2 hr duration event. As the Blackburn
catchment discharges directly into tivdiddleboroughRd RB, it is considered that the effects of this
ARF on the flows along Gardiners Creek would be reduced gigegigthificant storage in the RB.

Anaerial reduction factor of 10(00km? was therefore applie@cross the entire modelThis has
resultedin small differences in flows downstream of thkddleboroughRd RB when compared to
previous RSS modelling.

4.7.4 Temporl Patterns

¢KS adlFyRIFENR GSYLRNIt LI G3GdSNYS IEAuE O0SHom Q> 4| &
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 adoped from the previous studiefRRoC 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 Coefficieas waed in this study are shown
in Appendix B.

4.8 Design EvenRORB Modellingresults

4.8.1 ExistingConditions
Results from the RORB modelling of design eventstare/n in Appendix B

A comparison of peak 100 year ARI flows between this study and the pretudisssvas

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 frometprevious 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. Theddition of the new retarding basin has resulted in significantly lower flows

at the outlet. Results of the comparison are shown belowahle4-15.
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Table4-15 Compaisons to Previous Studieak 100 Year ARI Outlet Flows
Q100 Q100 this
ARF previous Study Difference
Catchment Method | study(m%s) (m%s) (m%s) | Comments
BLACKBURN MD OUTFALL S&W n/a 57.5 Flow taken downstream of RB
BOX HILL SOUTH OUTFALL AR&R 19.8 195 -0.3 AR&R Aerial Reduction Factor method used
Fulton Road Retarding Basin constructed in 2001, Drainag
FULTON RD OUTFALL AR&R 28.6 16.7 -11.9 Survey completed in 1997.
ELEY RD OUTFALL AR&R 12.0 11.9 -0.1 AR&R Aerial Reduction Factor method used
STOTBT 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 OUTH S&W 79.3 79.3 0.0 RORB model diverted for this project
MURRUMBEENA MD OUTFA AR&R 39.8 39.1 -0.7 AR&R Aerial Reduction Factor methosid
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 Redtion Factor method used

* Please note: RORB Results shown are upstream of discharge point to Gardiners Creek and are calculated in RORB notiyatichalieally modelled.
Previous study refers to past Flood Mapping or RSS project from varioudt@oatsscompleted 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 329%wll results shown in Appendix B.

4.8.3 Initial LossModelling Sensitivity

A comparison w&s completed to examine the difference in flows throughout the model when the
initial loss parameter was varied. The RORB maiilededto generate flows for the hydraulic model

used varying initial loss values to maintain consistency with previous stifieere a previous

study had not been completed (ie in the Gardiners Creek local catchments) the initial loss was set to

MAYY & LISN) aSto2daNYyS 21 G§SNR&a ¢SOKYAOI f
2009a). The comparison RORB model set akihiss values to 10mnAs expected, e results

{ LISOATAC

shown inFigure4-14 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 varyiadltlacross the catchment was

thought to be the most appropriate methodology to ensure consistesitly previous studies.

400

Flow (m3/s)

FPFPPFPFPFPFPFI PSP PRPFERESRFPFEFESFFSPFEPF PSP P
SR TR T, S S R T R R L Sl S L R L Sl LR G T S g R

&
MR W RN L

Time (hrs)

100yr 45min Dur IL= Varied
----- 100yr 45min Dur IL= 10mm

100yr 1hr Dur IL= Varied
----- 100yr 1hr Dur IL= 10mm

100yr 1.5hr Dur IL= Varied
----- 100yr 1.5hr Dur IL= 10mm

100yr Zhr Dur IL= Varied
----- 100yr Zhr Dur IL= 10mm

100yr 6hr Dur IL= Varied
----- 100yr 6hr Dur IL= 10mm

100yr 4 5hr Dur IL= Varied
----- 100yr4.5hrDur IL= 10mm

100yr 3hr DurIL= Varied
----- 100yr 3hr DurIL= 10mm

/ 2YLI NRaz2y 2F wmnn . SFNJ ! wL

Gaugec Varied Initial Loss vs. Constant IL = 10mm

Figure4-14
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4.8.4 PMP EvenRORB Modelling/iethodology

¢KS LINRO6IO6ES YIEAYdzY LINBOALMAGIGAR2Y o6tato ol a Sai
aStiK2RQ a 2dzif AYSR o0& (KS . dzNBlataizPMPfestim&ds &2 NP f 2 3 &
durations up to 6 hours for catchments in tropical and subtropical coastal stiae4-16 shows

the PMP depths for Gardiners Greek. Details of the calculations are presented in the GSDM

calculation sheet in Append&

Table4-16 PMP Depth Estimates

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

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 GBM temporal pattern was applied over the entire catchment.

The PMP spatial distribution was applied to Gardiners Creek Catchment using the spatial distribution
diagram displayed iRigure4-15. All the subareas between successive ellipses were applied a
constant rainfall depth as given Trable4-17.
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Gardiners Creek Flood Mapping
Figure4-15 GSDMspatial Distribution over Gardiners
Creek

S —
kilometres

Figure4-15 GSDMSpatial Distribution over Gardiners Creek
Table4-17 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

109 161 205 | 241 | 276 | 310 | 329 345 | 384 412 438
92 135 171 | 209 | 238 | 269 | 288 304 | 341 369 391
84 123 156 | 190 | 216 | 246 | 264 284 | 318 344 366
78 114 145 | 178 | 202 | 231 | 249 269 | 303 328 349

m oOlO|®

The RORB model for the PMP design event wassing @ runoff coefficient of 0.9 and the same k
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
associatedvith the PMP event.
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4.8.5 PMP Event Results

Table4-18lists the peak flows for the PMP design event at each of the tributary catchment outfalls
FYR G GKS WDIFNRAYSNE G DI NRA yuSdidbetypichllgthe I dz3 S &
critical duration for the PMP design event.

Table4-18 PMP Design Event Peak Flows

Catchment Outfall Critical Event (hrs)| Peak Flow (rits)
BlackburnviD 1hr 683.1
Box HillSouth MD lhr 155.2
FultonRd Drain 1hr 157.8
Eley RdDrain 30 min 91.8
Stott StDrain 30 min 109.3
McComaDrain 1hr 93.2
Brockhoff'sMD 30 min 1415
DamperCreek 1hr 113.8
WinbirraPde Drain 30 min 199.3
Scotchmans Creek 2 hr 814.6
MurrumbeenaMD 2 hr 347.5
EastMalvernMD 30 min 107.2
DarlingRoad MD 30 min 105.6
DunlopSt MD 30 min 162.8
HedgeleyDene MD 1hr 98.7
Back Creek 1hr 807.1
GARDINERS AT GARDINERBGE 2 hr 3164.9
ToorongaRd MD 30 min 295.4
Rix SMD 30 min 108.6
Lara SMD 30 min 88.2
MoongaRd 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 suchR&SIBC
MIKE11 was considered appropriate to modebtl conditions in a range of events throughout the
Gardiners Creek local catchment. At the Burke Rd cttuanel, it was decided to construct a

TUFLOW 2D hydraulic model to better assess the complex hydraulic conditions through this section.
The Melboure Water Technical Specifications documeédt{C, 2009aprepared for this study

requires the hydraulic model to be built to generate flood extents including all breakaway flow paths
associated with the events listed belowTiable5-1

Table5-1 Required Hydraulic Modelling Scenarios

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

Base Casi P P P P P P

Climate Chang: P P P

5.2 Previous Model Review anModel Selection

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

The previous flood mapping study completeg Water Technology in 2004 employed a version of

HEGw! { S6AGK | WoSOFQ NBfSIrasS 2F (GKS dzyadSlIRe ¥Ff29
model stability problems were experienced, generally in reaches where the flow regime switched

between the sipercritical (Froude number >1) and subcritical (Froude number <1). At the time of the
previousi 1 dzZReé > GKS alyyAy3aQa y @FfdzSa Fft2y3 GKS DI NR
suggested by the HEHRAS user manual) in an attempt to redtice 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 floeeels in the instable areas, the
hydraulic analysis was refined for the following 2 reaches using MIKE11.:

1 Highbury Road to Warrigal Road; and,
1 Great Valley Parade to Toorak Road.

These reaches consist of concrete channel with numerous drop structurdsridige 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 raging 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 nadistice
roughness coefficient. The MIKE11 results were found to be stable in comparison to HRASEC
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-RE€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 HERAS.

[ FGSNIE AyTFt26a 6adzOK a {O2G0KYFIYyQRAIMBES|T 0 6 SNE
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 yeaiti\Rie 2 hour storm duration
FYR GKS WONNEBNESZ 2| NJY A YRAS wéreg/eRaminet o Bssads tBeStghBithdf G SR 6
the model. The notes showed many warnings, including:

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

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

1 Bridges and culverts where HR@S could not compute a valid answer within the structure.
1 Areas where the weir and energy equations would not converge.

These errors caused masddrzce 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 MIKEL1 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 HERAS model built in the previous study (Water Technology, 208dhus bank
stabilisationand 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 qlity 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 inTable5-2.

As the reference models were crealtto serve various purposes and hence vary in detail and scale,
it is important to note that entire models were natlopted into the new MIKE11 model created for
this study. Rather, cross sections and bridge details were adopted where survey data mhgdrave
lacking detail.

Table5-2 Reference Models
Model
Type| Sections of Gardiners Creek Cover Source| Data Utilised/ Referred to
Some bridgeand

HEGRAS MiddleboroughRd to Glenferrie Rd | Water Technology, 2004 | structures
Highbury Rd to Warrigal Rd, Great Burke Rd Tunnel

MIKE 11 Valley Pde to Toorak Rd Water Technology, 2004 | Schematisation
MiddleboroughRd to Glenferrie Rd | Monash M1 Upgrade, Monash Fwy Bridge

HEGRAS (adapted from WT, 2004) 2010 Crossing
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Some surveyed cross
sections were utilised
HECRAS | Station St to Burwood Hwy Alluvium, 2009 where beneficial
Some surveyed cross
sections were utilised
HEGRAS | Winton Rd to High Street Rd SKM_2009 where beneficial
Same surveyed cross
sections were utilised
HEGRAS Box Hill Golf Course GHD2008 where beneficial
Some surveyed cross
sections were utilised
HEGRAS Upstream of Warrigal Rd SME@Jrban, 2009 where beneficial
HEGRAS | Warrigal Road Footbridge Maunsell, 2009 Footbridge details

5.3.3 Topography

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

MIKE11 was used in some areas to generate cross sections between two existing urogsm cr
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 mqastors werediscoveredn the surveyroughly bounded

by the Zodiac Street footbridge and Wigal Road) where the cross sections surveyed show a
vertical difference (approximately 2m) to the LIiDAR data and the photogrammetry collected for the
previous project (WT, 2004). Melbourne Water later supplied an amended version of the surveyed
cross secgbns 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 cliecked
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

Table5-3 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 crosisrset the

MIKE 11 model.

Table5-3 TailWater Boundary Conditions (MWC, 20110

Gardiners Creek AR PMF 100 year | 50year | 20year | 10year | 5year
Corresponding Yarra River A 100 year | 10year | 10year | 10 year | 10 year | 5year
Yarra River Flood Level (m AHD 76 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 catchmentsach inflow hydrograph was s@ed from

the RORB model constructed for this projéldte locations of each inflow are shown belowrigure

5-1.
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Figure5-1 MIKE11 Hydrograph Inflow Boundary Lai®ns
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