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[bookmark: _Toc231362210][bookmark: _Toc236814003][bookmark: _Toc280013876][bookmark: _Toc387306259]EXECUTIVE SUMMARY[bookmark: _Toc231360359]Study Objective
The Kardinia Creek Catchment (C 250) is named after the waterway that existed prior to the construction of the main drainage system within the suburbs of Highton, Wandana Heights, Waurn Ponds and Belmont. This catchment has been identified as having a known problem with drainage related or “stormwater” flooding.  The City of Greater Geelong has received numerous reports of flooding problems within the Kardinia Creek catchment, especially within the suburb of Highton, in the lower portion of the catchment. The majority of the problems relate to the characteristics of the catchment (topography, development density and age).  The removal of the natural waterway and the installation of various main drains (typically built prior to the 1980’s) has resulted in limited capacity in the underground pipes, whilst a lack of clear overland flowpaths results in surcharge and excess flows through private property.  The primary objectives of the Highton Drainage/Flood Study were to characterise existing flooding and to develop an appropriate flood management strategy to mitigate stormwater flooding in the study area.
[bookmark: _Toc231360360]Study Methodology
The study was carried out under the following core elements.
1. Preliminary Tasks – These were project initiation, including an inception meeting and initial site inspection, along with a data collation and review exercise.  The data collation and review phase included an analysis of previous drainage investigations, council policy, aerial photography of the area, topography, GIS datasets, digital plans and design information.
2. Digital Terrain Model – Photogrammetry and LiDAR data of the study area was provided by the City of Greater Geelong (CoGG) and used to assist in the hydrological model development.  Additional continuous elevation strings representing features of hydraulic importance (such as retarding basin crests) were sourced for use in the modelling.
3. Hydrological and Hydraulic Modelling, and Mapping of the Existing Conditions – The hydrologic and hydraulic modelling was undertaken using the traditional approach of applying flow boundaries from the hydrological model (RORB) to the two-dimensional (2D) hydraulic model (TUFLOW).  The existing flood characteristics were identified through hydrologic and hydraulic modelling of the 20%, 10%, 5% and 1% Annual Exceedance Probability (AEP) flood events.  The flood results were mapped using GIS.  An assessment of flood damage was undertaken using the stage-damage curve approach.
4. Mitigation Option Assessment and Mapping – A wide range of potential structural and non-structural flood mitigation measures were screened, from which a shortlist of three (3) alternative flood mitigation schemes were selected to be tested using the hydraulic model.  Flood damage, scheme cost and benefit-cost ratios were determined for each of the schemes tested.  A ‘no structural works’ option was also considered.
5. Selection and Detailed Mapping of the Preferred Mitigation Scheme – The mitigation schemes were assessed according to their ability to reduce flood damage.  The schemes were ranked according to a range of economic and non-economic factors.  A preferred strategy was then selected in consultation with CoGG.  The preferred scheme was mapped using GIS, with hardcopy plans of flood extent and flood levels produced.
[bookmark: _Toc231360361]The key results from the investigation are summarised in the following sections.
Existing Flooding Characteristics
The flood extent of the 1% Annual Exceedance Probability (AEP) flood, i.e. the 100 Year Average Recurrence Interval (ARI) flood, is shown in Figure E-1.  The number of flood-affected properties was identified and the average annual flood damage (AAD) was calculated at $354,000.  Table E-1 shows the total number of properties that have floor level information available and are inundated to above floor level in the range of flood events analysed.  An analysis was also undertaken to determine the number of properties within the study mapping area, ie, not the full catchment, that have flooding within the property boundaries in the 1% AEP event.  This information is also detailed in Table E-1.
Table E-1	Number of Flooded Properties
	AEP
	Number of Flooded Properties -
Existing Conditions

	
	Within Property
	Above Floor*

	20%
	1402
	14

	10%
	1719
	16

	5%
	1976
	22

	1%
	2318
	35


*  Results based on properties surveyed by CoGG.
Hazard mapping was undertaken using the methodology prescribed in the Melbourne Water document Guidelines for Development in Flood-prone Areas (Melbourne Water 2008).  The analysis is designed to determine if it is safe for people to move about on a property during a flood event.  Safety is defined in terms of the depth, velocity and velocity-depth product.  The existing 1% AEP hazard mapping for the study area is shown in Figure E-2.  As expected, the majority of the main overland flow through the catchments is classified as safe in a 1% AEP event.  This is due to the relatively shallow flow depths experienced across the majority of the study area. The majority of the flooding that has been deemed unsafe occurs within the retarding basins or road corridors, however there are other isolated areas deemed unsafe in the 1% AEP event. These include properties on Belle Vue Avenue immediately south of Roslyn Road and on the major drainage path between Roslyn Road and Mount Pleasant Road, adjacent to Barrabool Road.


Figure E-1	Existing 1% AEP Peak Flood Depth








Figure E-2	Existing 1% AEP Hazard Mapping




[bookmark: _Toc231360362]
Mitigation Option Assessment
A full range of structural and non-structural flood mitigation elements were considered when developing the three mitigation schemes.  The elements considered ranged from upgraded underground pipe systems through to planning scheme amendments and education and awareness programs.  These elements were screened to provide a list of elements that were considered suitable for use in the study area.  Through discussion with Council officers, the elements were combined to form the mitigation schemes for detailed modelling and assessment.  The ‘no structural works’ strategy, i.e., the existing flood conditions, was also considered.
The schemes were assessed using the hydraulic model for each flood event.  Table E-2 shows the number of flooded properties under each scenario assessed.  Table E-3 outlines the benefit (as a result of reduced flooding), the capital and on-going costs and Benefit to Cost Ratio (BCR).
Table E-2	Flood Affected Properties
	Scenario
	Flood Affected Property Floors *

	
	20% AEP
	10% AEP
	5% AEP
	1% AEP

	Existing Conditions
	14
	16
	22
	35

	Scheme One
	14
	16
	21
	33

	Scheme Two
	13
	15
	21
	30

	Scheme Three
	13
	15
	20
	29

	Scheme Four 
(No Structural Works)
	14
	16
	22
	35


 *	Flood Affected Property Floors are defined as those with flood levels above the surveyed floor level.
Table E-3 Mitigation Option Economic Summary
	Scheme
	Annual Damages
	Average Annual Benefit
	Total Benefit (NPV)*
	Capital Cost
	Ongoing Costs over 30 Years (PA)
	Ongoing Costs over 30 Years (NPV)*
	Total Option Cost
	BCR

	One
	$381,000
	$8,000
	$99,000
	$6,694,000
	$161,000
	$1,998,000
	$8,692,000
	0.01

	Two
	$362,000
	$27,000
	$335,000
	$21,102,000
	$506,000
	$6,279,000
	$27,381,000
	0.01

	Three
	$363,000
	$26,000
	$323,000
	$26,600,000
	$638,000
	$7,917,000
	$34,517,000
	0.01

	Four
	$389,000
	-
	-
	-
	-
	-
	-
	-


*	NPV – Net Present Value discounted at 7% over 30 years
[bookmark: _Toc231360363]Preferred Mitigation Scheme
Scheme Four is the preferred mitigation scheme for the study area.  Through consultation with the CoGG, the preferred scheme was selected as the mitigation works adopted in Schemes One to Three have very low benefit cost ratios (BCRs).  The very low BCRs have resulted in high capital costs per floor level saved, to the order of $4M in capital cost.
Whilst each of the schemes delivers benefits in reducing the above floor flooding, the nature of the flooding within the catchment has meant that large numbers of properties are still inundated during the modelled flood events. The bulk of the calculated flood damages are a result of property inundation rather than above floor flooding, and consequently despite reductions in the above floor flooding, commensurate reductions in the calculated AAD have not been realised.
Whilst structural mitigation measures have not been recommended, the overall flood management strategy recommended in the Highton Drainage/Flood Study comprises the following:
· Further investigation into the feasibility of localised flood mitigation measures, such as lifting footpaths and/or underground drainage augmentation, in order to reduce the flood risk for properties that have been the subject of previous drainage/flooding requests for service that have identified capacity deficiencies rather than blockages.  These investigations would be undertaken in accordance with the priority ranking established by applying the City's prioritisation method for drainage investigation/design work.
· Further investigation into the feasibility of property-specific measures to manage flood risk.  Potential measures include flood-proofing of individual or groups of buildings/properties by landowners, and property buy-back with on-sell following modifications (where feasible) with conditions known to purchaser.
· Education and awareness program to inform landowners how to minimise the magnitude of damage in a flood event.
· Development controls via designation of areas as liable to flooding in accordance with Building Regulations 2006 and use of flood zones/overlays within the Greater Geelong Planning Scheme.
· Recognition that further development within the catchment has the potential to increase flood risk to people and property.  Assessment of rezoning proposals to include application of principle of zero adverse flood impact on adjacent, upstream and downstream areas.  Assessment of development and subdivision applications to include application of best practice guidelines for development within or upstream of flood-prone areas.
· Best practice environmental management for stormwater runoff to be encouraged as part of development and subdivision applications in order to reduce runoff and improve water quality, where not a statutory requirement.
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[bookmark: Start][bookmark: _Toc387308849]Introduction
[bookmark: _Toc387308850]Background
The City of Greater Geelong (CoGG) has engaged BMT WBM Pty Ltd (BMT WBM) to undertake an assessment of stormwater flooding within the Kardinia Creek catchment (C250), and to investigate flood management options to manage and minimise the effects of flooding on the community.
[bookmark: _Toc387308851]Catchment Description
The Kardinia Creek catchment is located predominantly within the Geelong suburb of Highton; approximately 4km south west of Geelong’s Central Activities Area and on the south side of the Barwon River (Figure 1‑1).  The catchment drains approximately 1,050 hectares of both rural and urbanised land via overland flow paths and a series of retarding basins into the Barwon River.  Approximately 60% of the catchment is urbanised and the rural portion of the catchment is upstream of this urbanised area.
Throughout the catchment, many of the natural flow paths have been rendered ineffective due to the presence of urban development along and within the overland flowpaths.  Consequently, floodwaters have been noted to build-up behind road formations and within road reserves. 
The existing drainage network is generally undersized and therefore contributes to localised ‘stormwater’ flooding.  Like many drainage systems in areas of a similar age, Highton’s drainage network has a limited capacity for the catchment it is draining.  The Kardinia Creek catchment is drained by a series of underground pipes and overland flow paths.  Eleven retarding basins have also been constructed within the catchment to help alleviate local flooding issues.
[bookmark: _Toc387308852]History of Flooding
Council has received numerous reports of flooding problems within the Kardinia Creek catchment.  The majority of the problems relate to the characteristics of the catchment (topography, development density and age).  The old (pre 1980’s) drainage system typically has limited capacity in the underground pipes and a lack of clear overland flowpaths for surcharge and excess flows.  
A storm event in 1978 caused significant flood damage and the then City of South Barwon initiated a major drainage augmentation program.  This program included the retro-fitting of a number of retarding basins, including the Thornhill Road Upper Basin.
During a storm event in 1993, the Thornhill Road Lower Basin overflowed (partially due to outlet blockage), while the Upper Basin was only partially full.  Surcharging of the underground drainage system downstream of the lower basin was observed.
[bookmark: _Toc387308853]Study Area
The Highton study area is detailed in Figure 1‑2.  The study area is modelled in detail using both hydrologic and complex two-dimensional hydraulic models to simulate the flood behaviour within the catchment.  The area that is to be flood mapped is also shown in Figure 1‑2
[bookmark: _Toc387308854]Key Objectives
The key objectives of this study are to:
1. develop a Digital Terrain Model (DTM) of the study catchment from digital data captured by Aerometrix in October 2009 and supplied by the City of Greater Geelong;
2. determine the flood extents, depths and associated hazard of the critical 1%, 5%, 10% and 20% annual exceedance probability (AEP) flood events through the use of hydrologic and hydraulic models for existing conditions;
3. identify and assess potential mitigation strategies to reduce damages associated with flooding;
4. determine the flood extents, depths and associated hazard of the critical 1%, 5%, 10% and 20% annual exceedance probability (AEP) flood events through the use of hydrologic and hydraulic models for the preferred mitigation strategy; and
5. produce a report and flood maps detailing the methodology and results from the above four tasks.

[bookmark: _Ref208981054][bookmark: _Toc461604460][bookmark: _Ref209847862][bookmark: _Toc387308931]
Figure 1‑1	Locality Map
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Figure 1‑2	Study Area and Flood Mapping Limit
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[bookmark: _Ref367885732][bookmark: _Ref180233706][bookmark: _Toc207788141][bookmark: _Toc387308855]Study Approach
There were six key stages in the study as follows:
· Data collection;
· Flood model development;
· Flood mapping; 
· Flood damages assessment;
· Mitigation options assessment; and
· Reporting.
The remainder of Section 2 outlines the adopted approach for each of these stages.  A detailed description of the key stages is given in subsequent sections of the report.
[bookmark: _Toc387308856]Data Collation
[bookmark: _Toc387308857]Study Inception and Site Visit
Following commissioning of the study, an inception meeting and site visit were held between representatives from CoGG and BMT WBM.  The principal objectives were to confirm the project approach, obtain key and relevant data and to discuss known flooding issues within the catchments.
[bookmark: _Toc387308858]Drainage, Topographic and GIS Data Sets
All relevant data for the drainage systems was obtained from the CoGG.  The data was comprehensively reviewed to identify any significant data gaps and to gain a complete understanding of issues in the study area.  Where required, field survey was commissioned to address gaps in available data.
[bookmark: _Toc387308859]Flood Model Development
The flood model was developed using the traditional approach of utilising hydrologic and hydraulic computer models.  The hydrologic model determines the runoff hydrographs that occur following a particular rainfall event.  The hydrographs describe the quantity, rate and timing of the runoff that results from rainfall events.  These hydrographs then become a key input into the hydraulic model.  The hydraulic model simulates the movement of floodwaters through overland flow paths, storage areas, and hydraulic structures.  The hydraulic model calculates flood levels and flow patterns and also models the complex interactions between overland flow paths and underground drainage.
The hydrologic modelling of the catchments was undertaken using RORB.  A new RORB hydrological model of the catchments was developed for this flood study.  As discussed further in Section 4.1.1.7, although 11 retarding basins exist within the Kardinia Creek drainage catchment, they are included in the RORB model for completeness only. The hydraulic model is used to simulate the behaviour of the retarding basins during a flood event.  No calibration data was available for the hydrological model, so for most parameters, typical values appropriate for the catchments characteristics were adopted and the model was then verified against the Rational Method and previous studies within the catchments.  The adopted loss model was an initial loss/volumetric runoff coefficient model.
Hydraulic modelling of the catchments was undertaken using the 2D/1D dynamic hydraulic modelling package TUFLOW.  The model incorporated both the overland flow paths and the underground trunk drainage system.  No data was available for calibration so typical parameter values based on experience and the data collected during the site inspections were applied.  TUFLOW was run as an unsteady flow model to ensure reliable representation of the storage within the system and the complex timing and interaction of flows in the drainage network.
[bookmark: _Toc387308860]Flood Mapping
Flood maps showing flood extent, depth and height were produced for each design flood analysed.  Design floods are hypothetical floods used for planning and floodplain management investigations.  A design flood is defined by its probability of occurrence.  It represents a flood that has a particular probability of being exceeded in any one year.  For example, the 1% Annual Exceedance Probability (AEP) or 100 year Average Recurrence Interval (ARI) flood is a best estimate of a flood magnitude which has 1 chance in 100 of being exceeded in any one year.  It should be noted that planning for the 1% AEP flood does not guarantee protection for the next 100 years.  Design flood levels were determined for the 20%, 10%, 5% and 1% AEP floods.
[bookmark: _Toc387308861]Flood Damages Assessment
The design floods were used to make an assessment of the financial losses to residential properties and public infrastructure.  These financial losses were then used as a basis to do an economic assessment of potential mitigation options.
[bookmark: _Toc387308862]Mitigation Options Assessment
A range of options designed to mitigate the existing flood impact and associated damages were considered and analysed for effectiveness.  The economic impacts of each scenario, as well as a range of non-economic factors, were compared in order to ascertain the most suitable outcome.
[bookmark: _Toc387308863]Reporting
Several meetings were held with CoGG during the course of the study to present findings before proceeding to subsequent stages.  The findings of the study are presented in this Drainage/Flood Study Report.
[bookmark: _Toc387308864]Data Collation
[bookmark: _Toc387308865]Site Inspection
Following commissioning of the study, an inception meeting was held between CoGG representatives and BMT WBM project staff.  During this meeting background data was supplied, project documentation was exchanged and the scope of works was discussed and approved.  This meeting was followed by a site inspection with Council’s representative, where flooding issues throughout the study area were outlined and viewed.  
[bookmark: _Toc387308866]GIS Data
[bookmark: _Toc529352973][bookmark: _Toc691111]All relevant data for the drainage systems was obtained from the CoGG.  The data was comprehensively reviewed to identify any significant data gaps and to gain a complete understanding of issues in the study area.
Additional project related GIS data was sourced from Council’s GIS system.  In particular, the following data was supplied:
cadastral information over the study area;
planning scheme zones over the catchment; and
aerial photography.
[bookmark: _Ref316483286][bookmark: _Toc387308867]Drainage Data
CoGG supplied drainage network data for the catchment in digital formats (as GIS datasets and pdf documents).  Data included pipe networks (location and size), drainage pit details and retarding basin locations.  Data gaps within the pipe network were identified and in-filled from available data (drawings, etc.) and then through the interpolation of inverts from upstream and downstream information.  A survey brief has been issued to fill in the missing data. 
[bookmark: _Toc387308868]Topographic Data
CoGG provided BMT WBM with new aerial photogrammetry for the area to be flood mapped.  The data was supplied in AutoCAD (DWG) format, and was subsequently converted to a Triangulated Integrated Network (TIN), which was imported into MapInfo Professional.  The resulting digital elevation model (DEM) is shown in Figure 3‑1.
As part of the survey component of the project, verification of the vertical accuracy of the photogrammetry was required.  The quoted vertical accuracy of the data is +/- 0.1m. Whilst not specifically quoted in the provided metadata, vertical accuracy is commonly quoted as a vertical accuracy plus one (1) sigma (standard deviation) on either bare earth or hard surfaces.  A series of points were captured along road centrelines (hard surfaces) as part of the field survey (refer to Section 3.5) to check the quoted accuracy of the photogrammetry data.  Refer to Section 3.5 for details of the accuracy verification undertaken.
CoGG also provided BMT WBM with topographic data from LiDAR flown over the entire municipality's developed areas.  The data was supplied in xyz format, and was subsequently converted to a Triangulated Integrated Network (TIN) using Vertical Mapper, with the resultant file imported into MapInfo Professional.  The resulting DEM is shown in Figure 3‑2.
The quoted vertical accuracy of the LiDAR data is +/- 0.15m and, like the photogrammetry, was also verified against field survey using the same points captured along the road centrelines (hard surfaces).  As noted previously, vertical accuracy is commonly quoted as a vertical accuracy plus one (1) sigma (standard deviation) on bare earth or hard surfaces.  Refer to Section 3.5 for details of the accuracy verification.
Within the flood mapping area the sampling resolution for the DEMs is 0.5m.  Based on our past experience, we have found that this level of detail is well suited to simulating the topography of urbanised environments for hydraulic modelling and more than adequate for the development of the hydrologic model.
[bookmark: _Ref316480377][bookmark: _Toc387308869]Survey Data
Following a review of the data provided by the CoGG it was determined that additional field data would be required to fill missing pipe data, confirm the validity of the photogrammetry and LiDAR and capture additional topographic data not present in the DEM.  TGM Group Pty Ltd were commissioned on the 7th July 2011 to carry out the required field survey.
TGM Group supplied the requested field survey data on the 12th of September, 2011 in the form of an AutoCAD drawing with an accompanying comma separated value (CSV) text file and site photos.
Pipe invert levels at 21 pit locations, where either upstream or downstream invert levels were missing, were surveyed.  The inverts at these locations were either unable to be interpolated using the methods described in Section 4.2.2.1 or were considered critical to the completion of the pipe network within the hydraulic model.
Stringlines were taken at the spillway crests for the 10 formal and informal retarding basins within the catchment.  The shape and elevation of the spillways is critical to accurately defining the amount of flood storage and flow from the retarding basins.  Accordingly, the stringlines were incorporated into the hydraulic model.
A series of spot heights were also taken along a selection of road centrelines throughout the study area (101 spot heights in total) in order to confirm the accuracy of the topographic data provided.  The elevations at each point were compared to the levels from the LiDAR and photogrammetry DEMs.  The differences in elevation were then reviewed to see how strongly the data sets agreed.  Elevation differences within +/- 0.1m were considered reasonable given the stated accuracy of the two survey methods.  Figure 3‑3 and Figure 3‑4 illustrate the results of the checks on the photogrammetry and LiDAR.
As can be seen in Figure 3‑3 and Figure 3‑4 the surveyed spot heights show good agreement with both the photogrammetry and LiDAR DEMs.  Whilst the LiDAR DEM is marginally better (all points inside the acceptable tolerance), when compared to the photogrammetry DEM (95 of 101 points inside the acceptable tolerance), both DEMs are suitable for use in the hydrologic and hydraulic models required for the Drainage/Flood Study.
The LiDAR DEM was used for the development of the hydrologic model, whilst both the LiDAR and photogrammetry DEMs were used for the development of the hydraulic model.  The photogrammetry DEM was used for the hydraulic modelling within the flood mapping limit.
[bookmark: _Ref209586341][bookmark: _Toc387308933]
Figure 3‑1	Highton Photogrammetry DEM



[bookmark: _Ref244420576][bookmark: _Toc387308934]
Figure 3‑2	Highton LiDAR DEM





[bookmark: _Ref316476701][bookmark: _Toc387308935]Figure 3‑3	Photogrammetry DEM Check







[bookmark: _Ref316476705][bookmark: _Toc387308936]Figure 3‑4	LiDAR DEM Check




[bookmark: _Toc387308870]Flood Model Development
[bookmark: _Toc387308871]Hydrologic Modelling
Hydrologic modelling of the study catchment was undertaken using RORB.  A RORB model had previously been developed of the catchment as part of the Thornhill Road Retarding Basin Assessment (WBM 2004).  This previously developed RORB model was refined to ensure it could meet the requirements of the current study and subsequently provide total and sub-area hydrographs as boundary conditions for the TUFLOW hydraulic model.  The RORB modelling process and results are discussed in the following sections. 
[bookmark: _Toc222768060][bookmark: _Toc387308872]RORB Model
RORB simulates the linkages between sub-catchments as reach storages with the storage discharge relationship defined by the following equation; 
	S = 3600kQm 
Where ‘S’ represents the storage (m3), ‘Q’ is the discharge (m3/s), ‘m’ is a dimensionless exponent and ‘k’ is non-dimensional empirical coefficient.  ‘k’ is defined by the product of the catchment value ‘kc'‘ and the individual reach kr.  Both m and kc are defined as calibration parameters.  Based on industry best practice, in the absence of calibration events, ‘m’ of 0.8 was adopted. 
[bookmark: _Toc17852177][bookmark: _Toc54070105][bookmark: _Toc207788142][bookmark: _Toc488743039][bookmark: _Toc17852182][bookmark: _Toc488743036][bookmark: _Toc387308873]Model Description
The RORB model incorporates an area of approximately 10.4 square kilometres, including the entire Highton study area.  To ensure accurate representation of the overall catchment and an appropriate distribution of flows for the hydraulic model, the RORB model was divided into 264 individual sub-catchments.  Conceptual reaches (approximate overland flow paths) were defined and storage relationships were included for the existing retarding basins within the catchment.  The schematic RORB layout is shown in Figure 4‑1.
[bookmark: _Toc54070110][bookmark: _Toc207788147][bookmark: _Toc387308874]Sub-Catchment Definition
The external catchment boundary was determined using the software package CatchmentSim, whilst the internal sub-catchment boundaries were determined based on the LiDAR topographic data and photogrammetry (supplied by CoGG), CoGG drainage plans and the underground drainage network layout.  The sub-catchment breakdown is shown in Figure 4‑1.  
[bookmark: _Ref40601808][bookmark: _Toc54070181][bookmark: _Toc207788189][bookmark: _Toc387308937]
Figure 4‑1	RORB Catchment Layout




[bookmark: _Toc207788143][bookmark: _Toc387308875]
Global Parameters
[bookmark: _Toc488743034][bookmark: _Toc17852180][bookmark: _Toc54070108]RORB model parameters for the Kardinia Creek catchment are summarised in Table 4‑1 and are discussed further in Sections 4.1.1.4 to 4.1.1.7. 
[bookmark: _Ref35937053][bookmark: _Toc54070209][bookmark: _Toc69118839][bookmark: _Toc207788211][bookmark: _Toc387308972]Table 4‑1	RORB Parameters
	RORB Parameter
	Value

	Storm Data
	Highton

	Catchment Area
	10.4 km2

	Initial Loss
	15.0 mm

	Volumetric Runoff Coefficient
	Varies (refer to 4.1.1.4)

	m
	0.80

	kc
	4.94

	Fraction Impervious
	Varies, as per land use (Table 4‑4)

	Reach Types
	Type 1, 2, 3 and 4


[bookmark: _Toc217446168][bookmark: _Toc222768064][bookmark: _Toc488743033][bookmark: _Toc17852179][bookmark: _Ref31618511][bookmark: _Ref35648109][bookmark: _Toc54070107][bookmark: _Toc69118733][bookmark: _Ref207608826][bookmark: _Toc207788144][bookmark: _Ref209843828][bookmark: _Ref254186504][bookmark: _Toc387308876]IFD Parameters
Storm data was based on IFD parameters sourced from the Bureau of Meteorology, which are based on Figures 1.8 to 6.8 and 7d to 9 of Australian Rainfall and Runoff (AR&R) Volume 2.  The adopted values for the catchment are presented in Table 4‑2.
[bookmark: _Ref217445879][bookmark: _Ref217459285][bookmark: _Toc217446200][bookmark: _Toc222571334][bookmark: _Toc387308973]Table 4‑2	IFD Parameters
	IFD Parameter
	Adopted Value

	Rainfall Intensity (mm/hr)
	2 Year ARI, 1 Hour Duration
	17.97

	
	2 Year ARI, 12 Hour Duration
	3.25

	
	2 Year ARI, 72 Hour Duration
	0.89

	
	50 Year ARI, 1 Hour Duration
	34.47

	
	50 Year ARI, 12 Hour Duration
	6.03

	
	50 Year ARI, 72 Hour Duration
	1.80

	Skew Coefficient
	0.42

	Geographical Factor F2
	4.29

	Geographical Factor F50
	14.83

	Zone
	1


[bookmark: _Toc222768065][bookmark: _Toc387308877]Loss Parameters
The loss model adopted was the “initial loss/volumetric runoff coefficient” loss model.  This modelling approach is consistent with previous flood studies undertaken for CoGG, including the Thornhill Road Retarding Basin Assessment.  RORB generates runoff by subtracting losses at each timestep from the rainfall occurring in that time period.  The adopted initial loss was 15 mm and the runoff coefficients for pervious areas were adopted as per Melbourne Water recommendations, as shown in Table 4‑3.  For impervious areas, RORB has a “hardwired” initial loss of 0 mm and runoff coefficient of 0.9.
[bookmark: _Ref220215936][bookmark: _Toc222571335][bookmark: _Toc387308974]Table 4‑3	Runoff Coefficients for different AEPs
	AEP
	Runoff Coefficient

	20%
	0.25

	10%
	0.35

	5%
	0.45

	1%
	0.60


[bookmark: _Toc69118734][bookmark: _Toc207788145][bookmark: _Toc387308878]Fraction Impervious
The fraction of the catchment that is impervious is a key input to the hydrologic modelling.  Impervious fractions for various planning scheme codes were based on advice from CoGG, values contained within Council's design guidelines, inspections of aerial photographs, and values presented in Australian Rainfall and Runoff (1987).  Key impervious fractions adopted are reproduced in Table 4‑4.
[bookmark: _Ref204573885][bookmark: _Toc69118840][bookmark: _Toc207788212][bookmark: _Ref208896587][bookmark: _Toc387308975]Table 4‑4	Impervious Fraction for Planning Scheme Zone
	Zone
	Impervious Fraction

	Residential (< 300 m2)
	0.95

	Residential (300 to 400 m2)
	0.6

	Residential (400 to 600 m2)
	0.5

	Residential (600 to 1 000 m2)
	0.42

	Residential (1 000 to 2 000 m2)
	0.4

	Commercial
	0.95

	Industrial
	1

	Hospitals
	1

	Open Space / Sports Grounds
	0.15

	Farmland
	0.05

	Schools with large sports fields / Developed Parks
	0.5

	Schools with few fields
	0.75

	Major Roads
	1

	Minor Roads
	0.8


The planning scheme data was used to establish an area-weighted average of the impervious fractions for each sub-catchment used in the hydrologic model. 
[bookmark: _Toc207788149][bookmark: _Ref254967873][bookmark: _Ref358819552][bookmark: _Toc387308879]Retarding Basins
The Kardinia Creek catchment includes 11 individual retarding basins, all of which are located within the TUFLOW hydraulic model extent.  The 2D hydraulic model determines the storage and discharge characteristics of the basins based upon the underlying topography and outlet structures, and therefore do not need to be included in the RORB hydrologic model.  For the majority of sub-catchments within the hydraulic model extent, only local sub-area inflows are applied, not total hydrographs. 
However, as eight of the retarding basin's relationships had previously been defined as part of the Thornhill Road Retarding Basin Assessment (WBM 2004), the Geelong Ring Road Hydraulic Assessment (SKM 2008) and internal CoGG drainage assessments (pers comm), these relationships have been included in the Highton RORB model for completeness.  The remaining three retarding basins: Wandana Drive, Burdekin/South Valley Road and McDonald Reserve, were modelled within the hydraulic model only as no stage-storage / storage-discharge relationships (or similar) were available.  For each of the basins within the hydraulic model, the LiDAR data effectively described the storage while the outlet structure configuration was based on design drawings supplied by Council.
Thornhill Road Retarding Basin Assessment
Five of the retarding basins within the Kardinia Creek catchment have previously been modelled in the Thornhill Road Retarding Basin Assessment (WBM 2004).  These include:
· Sunderland Road Retarding Basin;
· Close Retarding Basin;
· Vanessa Avenue Retarding Avenue Basin;
· Thornhill Road Upper Retarding Basin; and
· Thornhill Road Lower Retarding Basin.
The parameters for these basins have been taken directly from the Thornhill Road Retarding Basin Assessment and applied to the Highton RORB model using weir and pipe formulas consistent with previous modelling.  The adopted basin details are provided in Table 4‑5.
[bookmark: _Ref289952941]

[bookmark: _Ref297798177][bookmark: _Toc387308976]Table 4‑5	Thornhill Road Assessment Retarding Basin Details
	Parameter
	Sunderland Road RB
	Mercia Close RB
	Vanessa Avenue RB
	Thornhill Road Upper RB
	Thornhill Road Lower RB

	Peak storage at weir crest
	1700 m3
	3100 m3
	560 m3
	88 600 m3
	4 700m3

	Overflow weir crest
	100.0 m AHD
	54.2 m AHD
	32.2 m AHD
	48.0 m AHD
	40.4 m AHD

	Overflow weir crest length
	6 m 
	10 m
	20 m
	50 m
	50 m

	Pipe outlet diameter
	1 x 450 mm
	1 x 450 mm
	1 x 675 mm RCP & 2 x 900x900 mm RCBC
	1 x 1050 mm
	5 x 525 mm

	Pipe outlet length
	20 m
	30 m
	30 m
	75 m 
	45 m

	Pipe outlet invert 
	96.96 m AHD
	50.44 m AHD
	50.44 m AHD
	42.00 m AHD
	38.10 m AHD

	Pipe outlet grade
	2.0 %
	0.6% 
	1.3 %
	2.0 %
	5.5 %


Geelong Ring Road Hydraulic Assessment
Details for the Geelong Ring Road Retarding Basin were provided by the City of Greater Geelong as an excerpt of the Wandana Drive Retarding Basin Report (referred to as Ring Road Retarding Basin in this report) undertaken by SKM(2008).  The storage discharge table was then used to represent the basin in RORB.  The retarding basin stage-storage-discharge relationship provided by CoGG has been reproduced in Table 4‑6.  


[bookmark: _Ref289949919][bookmark: _Toc387308977]Table 4‑6	Geelong Ring Road Stage-Storage-Discharge Relationship
	Elevation (m AHD)
	Discharge (m3/s)
	Storage (m3)

	55.90
	0.00
	0

	56.90
	1.35
	126

	57.90
	2.23
	1840

	58.90
	2.68
	7284

	59.90
	3.08
	16466

	60.90
	3.43
	30872

	61.40
	3.59
	40494

	61.90
	3.75
	51568

	62.40
	3.90
	64410

	62.75
	4.00
	74506

	62.90
	4.04
	79071

	62.97
	4.06
	81250

	63.10
	4.10
	85379

	63.40
	4.18
	95321

	63.50
	4.21
	98760


Internal CoGG Hydraulic Assessment
The City of Greater Geelong provided an XP-RAFTS model containing pipe outlet data and stage-discharge equations for the Barrabool Road Upper and Barrabool Road Lower Retarding Basins.  The pipe outlet data was taken from the XP-RAFTS model and applied to the Highton RORB model using the weir and pipe formula method.  Ground elevation and outlet invert data was converted meters AHD from the supplied photogrammetry DEM, using the top of bank for each retarding basin as reference.  Table 4‑7 provides the adopted basin details.
[bookmark: _Ref289954509][bookmark: _Toc387308978]Table 4‑7	Barrabool Road Upper and Barrabool Road Lower Retarding Basin Details
	Parameter
	Barrabool Road Upper RB
	Barrabool Road Lower RB

	Peak storage at weir crest
	5469 m3
	21469 m3

	Overflow weir crest
	84.49m AHD
	71.04m AHD

	Overflow weir crest length
	13 m 
	30 m

	Pipe outlet diameter
	1 x 1050 mm
	3 x 375 mm

	Pipe outlet length
	80 m
	112 m

	Pipe outlet invert 
	29 m AHD
	64 m AHD

	Pipe outlet grade
	0.55 %
	5.4% 


[bookmark: _Toc370269106][bookmark: _Toc417779686][bookmark: _Toc432216919][bookmark: _Toc432301573][bookmark: _Toc464530773][bookmark: _Toc476721513][bookmark: _Toc535914787][bookmark: _Toc54070087][bookmark: _Toc207788148][bookmark: _Toc370269107][bookmark: _Toc417779687][bookmark: _Toc432216920][bookmark: _Toc432301574][bookmark: _Toc464530774][bookmark: _Toc476721514][bookmark: _Toc535914788][bookmark: _Toc54070088][bookmark: _Toc387308880]Hydrological Model Verification
Due to the lack of historical rainfall and flood height data, calibration of the model to recorded data was not possible.  Results from the hydrological model were verified against previous modelling of the portion of the catchment covered by the Thornhill Road Retarding Basin Assessment (WBM 2004). Additional checks were undertaken by comparing the flows generated by the RORB model against the flows calculated by the Rational Method. The process undertaken to verify the results of the hydrological model are detailed below.
To verify the hydrologic model against the previous Thornhill Road Retarding Basin Assessment (WBM 2004) a RORB model of the Kardinia Creek catchment was developed with the Geelong Ring Road Retarding Basin removed.  The peak 1% AEP flows from the RORB model at the inflow of the Thornhill Road Upper Retarding Basin and at the inflow to the Vanessa Avenue Retarding Basin were compared against RORB results from the previous Thornhill Road Retarding Basin Assessment (WBM 2004) model, but with the IFD parameters adjusted to match the overall Kardinia Creek catchment.  The runs were completed using a kc value of 4.94 that maintained the kc/dav ratio of 1.52 from the previous modelling.  These results showed that by maintaining the kc/dav ratio, the discharges from the Highton modelling were very similar to those of the Thornhill Road Retarding Basin Assessment modelling, as shown in Table 4‑8.  As a result of this comparison a kc value of 4.94 has been adopted for the Highton Drainage/Flood Study.
[bookmark: _Ref296349968][bookmark: _Toc387308979]Table 4‑8	Comparison of Highton RORB model and Thornhill Road Assessment results
	Location
	Peak Flow (m3/s) RORB Model
	Peak Flow (m3/s)  Thornhill Road Retarding Basin Assessment RORB Model (WBM 2004)
	% Difference 

	Upper Thornhill Road Retarding Basin Inflow
	25.8
	25.3
	1.9%

	Dunsmore Road Drainage Reserve Inflow 
	11.0
	10.9
	0.9%


To ensure the validity of the comparison between the two hydraulic models, a region inspection of the contributing catchment area and fraction impervious values of the Thornhill Road Retarding Basin Assessment RORB model and the equivalent area of the Highton RORB model was performed.  As shown in Table 4‑9 there is a slight increase in catchment area and a minor decrease in the area weighted fraction impervious to the Vanessa Avenue Retarding Basin.  This indicated that there have been no significant changes in the fraction impervious which would create differences in flows between the two RORB models.
[bookmark: _Ref296349275][bookmark: _Ref296349266][bookmark: _Toc387308980]Table 4‑9	Fraction Impervious Comparison for Thornhill Road Retarding Basin Assessment Catchment and Highton Catchment of Equivalent Area
	Model
	Contributing Catchment Area (km2)
	Fraction Impervious (area weighted average)

	Thornhill Road Retarding Basin Assessment
	5.88
	18.9%

	Highton (Equivalent Area)
	5.89
	18.4%


In order to further verify that the adopted kc value of 4.94 was appropriate to be applied over the entire catchment, the peak flows at other locations within the catchment were compared to a Rational Method calculation.  The differences between the Rational Method and the RORB model (without retarding basins) results at the outlet of the three main drainage system branches were of the same order of magnitude and are considered acceptable.  The results of the comparison are summarised in Table 4‑10. These results show that adopting a kc value of 4.94 is appropriate for the entire Kardinia Creek catchment.
[bookmark: _Ref297662975][bookmark: _Toc387308981]Table 4‑10	Comparison of Highton RORB model and Rational Method results
	Location
	Peak Flow (m3/s) RORB Model
	Peak Flow (m3/s)  Rational Method
	% Difference 

	North Branch
	43.6
	45.3
	-3.9 %

	South Branch
	29.0
	30.6
	-5.5 %

	Thornhill Road Branch
	67.6
	67.9
	-0.4 %


[bookmark: _Toc207788150][bookmark: _Toc387308881]Design Event Modelling
[bookmark: _Toc387308882]Design Event Probabilities
Hydrological analysis was undertaken for the 1%, 5%, 10% and 20% Average Exceedance Probability (AEP), i.e. the 100, 20, 10 and 5 year Average Recurrence Interval (ARI) or return period, design storm events.  Hydrographs were derived by RORB to provide external and internal boundary conditions to the hydraulic model at a number of locations throughout the catchment.  
[bookmark: _Toc387308883]Design Rainfall
Intensity Frequency Duration (IFD) parameters for the Kardinia Creek catchment were determined from the Bureau of Meteorology using a method based on the maps from Volume Two of Australia Rainfall and Runoff (AR&R).  These IFD parameters are an input to RORB and are used to generate design rainfall intensities and depths using standard AR&R procedures.  The IFD parameters are presented in Table 4‑2.
Filtered temporal patterns were used to derive the design storm events.  Aerial Reduction Factors (ARF) were not applied due to the catchment’s small size.  The resulting design storms were run through the RORB model of the catchment and the results summarised to determine the critical durations.
[bookmark: _Toc387308884]Critical Duration
For each design probability, the peak discharge at various locations within the drainage system may be generated by storm events of different durations.  Therefore, consideration of peak discharges for a range of durations is important.  For example, a 2 hour duration event may result in the peak discharge in the upper portion of a catchment, while a 9 hour duration event could result in the peak discharge at the bottom of a catchment.  Alternatively, the peak flood level may be more related to volume than discharge, and a high volume event may be more appropriate for consideration.  Accordingly, to assess the peak discharges and volumes over the catchment, events ranging from 10 minute duration to 72 hour duration were modelled.
[bookmark: _Toc387308885]Peak Outflows
[bookmark: _Ref209597643]The hydraulic model extent covers almost the entire catchment limit and hence, there are no major external inflows into the hydraulic model.  The inflows for the hydraulic model are a series of 'local' hydrographs that represent the local sub-catchment flows.  Table 4‑11 summarises the peak outflows from the hydrological model at six locations of hydraulic significance within the study area including the catchment outflow into the Barwon River.  The peak outflow hydrographs are also presented in Figure 4‑2 to Figure 4‑7.
[bookmark: _Ref297798343][bookmark: _Toc387308982]Table 4‑11	Peak Outflows
	Location
	Peak Flow (m3/s)

	
	20% AEP
	10% AEP
	5% AEP
	1%AEP

	Thornhill Road Upper Retarding Basin Inflow
	4.0
	5.7
	8.1
	12.4

	Vanessa Avenue Retarding Basin Inflow
	4.5
	5.9
	7.6
	11.0

	Corner of Bellevue Avenue and Maus Street
	7.2
	9.8
	13.2
	21.6

	Corner of Bellevue Avenue and Roslyn Road
	11.2
	15.0
	21.2
	35.5

	Corner of Barrabool Road and Mount Pleasant Road
	10.1
	13.4
	17.4
	28.6

	Catchment Outlet - Barwon River
	16.5
	21.2
	28.2
	48.5




[bookmark: _Ref290986922][bookmark: _Toc387308938]Figure 4‑2	Thornhill Road Upper Retarding Basin Inflow

[bookmark: _Toc387308939]Figure 4‑3	Vanessa Avenue Retarding Basin Inflow

[bookmark: _Toc387308940]Figure 4‑4	Corner of Bellevue Avenue and Maus Street

[bookmark: _Toc387308941]Figure 4‑5	Corner of Bellevue Avenue and Roslyn Road

[bookmark: _Toc387308942]Figure 4‑6	Corner of Barrabool Road and Mount Pleasant Road

[bookmark: _Ref290986945][bookmark: _Toc387308943]Figure 4‑7	Catchment Outlet - Barwon River



[bookmark: _Toc387308886]Hydraulic Model
[bookmark: _Toc496090292][bookmark: _Toc54070091][bookmark: _Ref87371436][bookmark: _Ref167179390][bookmark: _Toc207788152][bookmark: _Ref209598476]TUFLOW, a fully 2D hydraulic modelling package with the ability to dynamically nest 1D elements, was adopted for this study.  This TUFLOW model contains nested 1D channels representing table drains and the open drainage channels, Council’s pipe network (DN300 and greater) and stormwater entry pits.
In catchments such as Kardinia Creek, where storage and timing of the rainfall inflows in the catchments are important, modelling using flow varying with time (unsteady state) rather than peak flow (steady state) is required.  Accordingly, TUFLOW was run in unsteady state.
[bookmark: _Toc387308887]Model Description
The 2D model domain extends beyond the limit of the study's flood mapping region, and covers about 10.3 square kilometres of the Kardinia Creek catchment (as shown in Figure 4‑8).  The geometry of the 2D model was established by constructing two uniform grids of square elements divided by the Geelong Ring Road.  One of the key considerations in establishing a 2D hydraulic model relates to the selection of an appropriate grid element size.  Element size affects the resolution, or degree of accuracy, of the representation of the physical properties of the study area as well as the size of the computer model and its resulting run times.  Selecting a very small grid element size will result in both higher resolution and longer model run times.
In adopting the element size for the Kardinia Creek catchment, the above issues were considered in conjunction with the final objectives of the study.  In order to achieve the final objectives of the study, whilst keeping model run times within acceptable limits, the hydraulic modelling adopted a grid size of 2 metres east of the Geelong Ring Road and a grid size of 5 metres to the west..  This allows for a high resolution within the flood mapping limit and also allows for the upper catchment west of the Geelong Ring Road to be modelled in the hydraulic model, removing uncertainties associated with the representation of the informal storages and the performance of the Geelong Ring Road Retarding Basin within the hydrological model.  As part of the detailed hydraulic modelling, a number of 1D elements have been embedded into the 2D model to improve the modelling of the catchment.  The modelling of these 1D elements (culverts/pipe networks), ensures that the capacity and conveyance of these systems are accurately modelled.
Each square grid element contains information on ground topography, sampled from the DEM at 1 m spacing in the 2 m domain and 2.5 m in the 5 m domain, surface resistance to flow (Manning’s ‘n’ value) and initial water level.  Seventeen areas of different land-use type, determined from planning maps, aerial photography and site inspections, were identified for setting Manning’s ‘n’ values.  These are summarised in Table 4‑12.



[bookmark: _Ref86747955][bookmark: _Ref86753067][bookmark: _Toc207788190][bookmark: _Ref316483368][bookmark: _Toc387308944]Figure 4‑8	TUFLOW Model Setup






[bookmark: _Ref86748221][bookmark: _Toc207788213][bookmark: _Toc387308983]Table 4‑12	2D Domain Manning’s ‘n’ Coefficients
	Land use
	Manning’s n

	Low Density Residential
	0.15

	Residential
	0.2

	High Density Residential
	0.4

	Commercial/High Density Industrial
	0.4

	Building Envelope
	1

	Open Space – Maintained Grass
	0.035

	Open Space – Unmaintained Grass
	0.05

	Open Space – Low Density Vegetation
	0.55

	Open Space – Medium Density Vegetation
	0.65

	Open Space – High Density Vegetation
	0.1

	Sports Ovals
	0.03

	Easements
	0.045

	Developed Parks/School Fields
	0.05

	Schools and Public Areas of Similar Type
	0.2

	Cemetery
	0.1

	Roads
	0.025

	Open Water
	0.03


[bookmark: _Toc207788153][bookmark: _Toc387308888]Model Development
[bookmark: _Ref349208149][bookmark: _Toc387308889]Pipe Network Setup
Pipe elements within the Highton drainage area of 300mm diameter/width and above have been included as 1D elements within the model.  The 1D pipe network (Figure 4‑8) was developed using data supplied by the CoGG (refer to Section 3.3).  There were many gaps in the supplied GIS data which required filling before the pipe network could be represented accurately within the 2D model.  The steps and assumptions made to complete the 1D pipe network are detailed below:
1. Circular pipes of less than 300mm diameter and rectangular box culverts of less than 300mm width were removed from the pipe network.  As result of this there was a number of "stand alone" pipes present which did not connect to the remaining pipe network.  These were also removed on a case by case basis.
2. Missing pipe dimensions and inverts were filled using information from adjacent pipes.
3. Where possible missing inverts and dimensions were interpolated.
4. All plans supplied by the CoGG were reviewed to either fill missing data or to confirm the accuracy of present data.
During this process it became evident that plans that were in imperial measurements and some that were in metric measurements had not had their datum converted to m AHD.  Where possible datums were adjusted to m AHD.  This was done by several methods including; matching to downstream pipe networks, using depths from plans or GIS data and using known datum conversions (GW&ST).
5. Following the review of the plans, remaining inverts were interpolated assuming a minimum of 450mm cover for drains within easements and 600mm for those within road reserves.
6. To verify the infilled inverts, field survey was required (refer to Section 3.5).  The survey was taken at selected pits which would allow for a section of pipe network to have its assumed inverts, as determined by the previously mentioned assumptions, verified.
[bookmark: _Toc387308890]Pits
In order to connect the 1D pipe network with the 2D domain hydraulic connectors are required.  For the Highton drainage/flood study this has been achieved using pit connections.  All side entry and grated entry pits that connect to pipes modelled were included in the model as connectors.  Side entry pits were assumed to be 1200m wide and 150mm high kerb inlets.  For double and triple side entry the width was adjusted accordingly.  Grated pits were assumed to have a 900mm x 900mm square inlet.
In order to represent the inflow/discharge capacity of the above mentioned pits, curves have been developed specifying a depth – inflow/discharge to model the conveyance of the pit given the depth of water at an individual pit within the 2D domain.  The inlet pits were derived by adapting previous work undertaken by BMT WBM for the Bankstown City Council in NSW (BMT WBM 2009) and adapted to suit the dimensions of the pits found within the Highton model.  The derived curves assume that there is no blockage at the pit entries and have been sensibility checked using standard hydraulic calculations.
Other connection types such as wing wall entries or exits and structures within retarding basins were modelled as appropriate on a case by case basis.
All pits within the model, including sealed junction pits, which were not modelled as connections, have been assigned an appropriate form loss using the Engelhund loss approach, a new feature in TUFLOW that automatically assigns losses based on the characteristics of the drainage network.  Where there are complex hydraulic structures such as retarding basin inflows and outflows losses have been specified based on the characteristics of the structure.  These losses are based on those described in Melbourne Water's Land Development Manual (Melbourne Water 1998).
[bookmark: _Toc387308891]Multiple Domain Linking
The Highton hydraulic model was developed using multiple 2D domains to represent the floodplain.  As shown in Figure 4-1 a 2 metre grid element size was used on the east side of the Geelong Ring Road where the area of interest for this study is located and a 5 metre grid element size was used on the west side of the Geelong Ring Road.  The 5 metre domain was included within the hydraulic model in order to remove the uncertainties associated with applying the routed flow from the hydrologic model downstream of the Geelong Ring Road.  These include the lack of representation of the informal storages ie. farm dams, natural depressions, etc and the performance of the Geelong Ring Road retarding Basin within the hydrologic model.
As shown in Figure 4-1, the two 2D domains are linked together via 1D pipe elements representing the Geelong Ring Road Retarding Basin outlet and a drainage culvert under the road to the north.  No 2D2D linking has been used in this model as the domains join along the centre of the Geelong Ring Road which is immune to flooding in a 1% AEP flood event.  The Wandana Drive underpass was also not modelled as it will remain dry in the 1% AEP event (documented in provided technical report and supported by preliminary hydraulic modelling).
Limited details of the topography of the Geelong Ring Road were supplied for this study; therefore some interpretation of “current” ground elevations within the area was required.  Topographic data was supplied for the west face and the road surface of the embankment adjacent to the Geelong Ring Road Retarding basin.  These known elevations were then used to create the topography of the entire length of highway using aerial photography to define the embankment extents and match the elevated elevations with the DEM elevations.
[bookmark: _Toc387308892]Boundary Conditions
[bookmark: _Toc207788154]The TUFLOW model has been developed using a fixed water level of 4.85 m AHD for the downstream boundary condition.  This level was supplied by the CoGG and equates to the 5% AEP flood level in the Barwon River at the catchment outlet.
[bookmark: _Toc387308893]Design Event Modelling
The 1%, 5%, 10% and 20% AEP design storm events were modelled in the initial TUFLOW models for a wide range of storm durations.  Model results were reviewed and it was determined that the 15 minute, 20 minute, 25 minute, 1 hour, 1.5 hour, 2 hour, 9 hour, 24 hour and 72 hour duration storms were critical.  These storms were run for subsequent TUFLOW simulations.
The critical storm duration varies across the study area and with AEP.  In the 1% AEP event the 15 minute and 25 minute duration events are generally the critical events where flooding has occurred at the upper reaches of the drainage network, i.e. smaller diameter feeder pipes, across the study area.  The major drainage path along Barrabool Road the 1 hour duration event is critical from Scenic Road to the catchment outlet.  The 24 hour duration event is critical in the Thornhill Road retarding basin; however the critical storm decreases in duration along the major drainage path until it intersects with Belle Vue Avenue where the 1 hour duration event is critical.  A peak flood height envelope was developed from the 9 durations and the peak envelope for each AEP event was mapped.  The mapping is presented in Figure 5‑1 to Figure 5‑4.  These flood events also formed the basis of the hazard assessment as discussed in Section 5.
As no data was available to calibrate the hydraulic model, a sensibility check was undertaken by comparing the flood extents with historical flooding patterns.  Preliminary flood extents for each of the design runs were provided to CoGG.  CoGG reviewed the extents in the context of their experience with historical flooding problems in the study area and advised that the flooding patterns indicated by the model were consistent with their understanding of historical flooding in the catchment.
[bookmark: _Ref349152181][bookmark: _Toc387308894]Flood Mapping
This section provides a brief overview of the floodplain mapping process used in the investigation and the flood extent map for each of the AEP events presented.
TUFLOW produces a geo-referenced data set defining peak water levels throughout the model domain at the corners of its computational cells.  For a given AEP flood event, the peak flood level from each of the storm durations was selected for each computational cell to generate an envelope of peak flood levels.  These data were imported into GIS to generate a DEM of the flood surface.  Contours of flood height (relative to AHD), depth and hazard were extracted directly from the flood surface.
The nature of flooding within the study area resulted in large areas of quite shallow sheet flow, or runoff, across the catchment. To provide a more realistic estimate of the extent of flooding within the catchment, following consultation with CoGG a “cut off” of 30 mm was adopted for the flood mapping.  The flood depth for existing conditions is mapped for the 20%, 10%, 5% and 1% AEP events in Figure 5‑1 to Figure 5‑4 respectively.  
Flooding within the study area above the cut off depth of 30 mm is restricted to the major drainage paths along Barrabool Road, downstream of the Thornhill Road retarding basin and Belle Vue Avenue.  Water depths in excess of 2 metres are observed in some of the retarding basins, including the Ring Road Basin, Thornhill Road Upper Retarding Basin and the Wandana Drive Retarding Basin.
Hazard mapping was undertaken using the methodology prescribed in the Melbourne Water document Guidelines for Development in Flood-prone Areas (Melbourne Water 2008).  The analysis is designed to determine if it is safe for people to move about on a property during a flood event.  Safety is defined in terms of the depth and velocity as follows:
· depth should be no more than 0.35m; 
· velocity should be no more than 1.5 m/s: and
· the velocity depth product should be no more than 0.35m2/s
Hazard maps for the four AEP flood events are presented in Figure 5‑5 to Figure 5‑8.  As expected, the majority of the main overland flow through the catchment is classified as safe in a 1% AEP event.  This is due to the relatively shallow flow depths experienced across the majority of the study area.  The majority of the flooding that has been deemed unsafe occurs within the retarding basins or road corridors, however there are other isolated areas deemed unsafe in the 1% AEP event.  These include properties on Belle Vue Avenue immediately south of Roslyn Road and on the major drainage path between Roslyn Road and Mount Pleasant Road, adjacent to Barrabool Road.
During the 20% AEP flood, areas considered unsafe are similar to those outlined above in the 1% AEP event.
[bookmark: _Ref87365488][bookmark: _Ref187468902][bookmark: _Ref244061666][bookmark: _Toc207788214][bookmark: _Ref217289579][bookmark: _Toc217446204]An estimate of the number of properties with flooding within the property boundary based on the 30 mm mapping cut off depth has been determined and these figures are shown in Table 5‑1.  The location of properties with flooding above floor for each AEP is shown Figure 5‑1 to Figure 5‑4.
[bookmark: _Ref259543675][bookmark: _Toc272668249][bookmark: _Toc387308984]Table 5‑1	Number of Flooded Properties
	AEP
	Flooding Occurs Within Property Boundary
	Flooding Occurs Above Flood Level*

	20%
	1402
	14

	10%
	1719
	16

	5%
	1976
	22

	1%
	2318
	35


*Results based on properties surveyed by CoGG.



[bookmark: _Ref349152144][bookmark: _Toc387308945]Figure 5‑1	20% AEP Peak Flood Depth





[bookmark: _Toc387308946]Figure 5‑2	10% AEP Peak Flood Depth





[bookmark: _Toc387308947]Figure 5‑3	5% AEP Peak Flood Depth








[bookmark: _Ref349152156][bookmark: _Toc387308948]Figure 5‑4	1% AEP Peak Flood Depth







[bookmark: _Ref349202608][bookmark: _Toc387308949]Figure 5‑5	20% AEP Flood Hazard








[bookmark: _Toc387308950]Figure 5‑6	10% AEP Flood Hazard








[bookmark: _Toc387308951]Figure 5‑7	5% AEP Flood Hazard









[bookmark: _Ref349202618][bookmark: _Toc387308952]Figure 5‑8	1% AEP Flood Hazard




[bookmark: _Ref367885804][bookmark: _Ref367885850][bookmark: _Ref367885863][bookmark: _Toc387308895]Flood Damages Assessment
Flood damage assessment is an important component of any floodplain management framework.  This type of analysis enables the floodplain manager to gain an understanding of the magnitude of assets under threat from flooding.  The method adopted for the study is ANUFLOOD, which is described in more detail in the following sections.
[bookmark: _Toc387308896]Methodology
The basic procedure for calculating the monetary flood damages is provided below.
· Prepare the appropriate relationships between depth of flooding and the assigned monetary value of damages (stage-damage curves).
· Gather the required input information detailing the characteristics of the buildings, agricultural enterprises and infrastructure that will be assessed.  This includes data such as floor level and, building type, size and condition.
· Determine the design flood event impacts on individual properties and buildings.  For this assessment the 20%, 10%, 5%, and 1% design flood events have been used.
· Produce the total estimated potential damages for each design flood event across the study area and present the results in a probability-damage graph.
· Assume indirect damages based on the magnitude of direct damages.
· Determine the average annual damages (AAD).
[bookmark: _Toc387308897]Key Assumptions
In order to undertake a damage assessment a number of assumptions are required.  The key assumptions for the flood damages assessment for the study were as follows:
· The damage rates used were based on those contained in the RAM and ANUFLOOD methods.  They were indexed to a monetary value relative to that at the end of the December quarter of 2012.
· Property boundaries were defined by the cadastral layer provided by CoGG.  The properties within this were then given a land use type based on the planning scheme zones provided by CoGG.
· Building floor levels were provided for properties identified by the CoGG as being “at risk” of flooding.
· External residential damages were determined for all properties within the study area, while building damages were determined for those with floor levels supplied by CoGG.
· On a given property, a mean flood depth of below 50 mm results in no external damages and maximum external damages are incurred at a mean flood depth of 500 mm.
· There are no damages as a result of flooding in a 50% AEP (2 year ARI) design event.
· Velocities experienced within the floodplain were not of a magnitude to destroy a building beyond repair.
· Indirect damages were 30% of direct damages as recommended in the RAM guidelines (NRE 2000).
· The community is inexperienced with flooding.  This assumption was based on the potentially long time periods between major flood events in the catchment.
· The community have less than 2 hours warning time before a flood event occurs.
· The condition of all buildings is good.  This assumption was made as there is no data available describing the condition of individual buildings.
[bookmark: _Toc387308898]Stage-Damage Curves
ANUFLOOD residential stage-damage curves were used for this flood damage assessment.  These curves were sourced from the RAM Guidelines (DNRE, 2000).  The non-residential stage-damage curves, also ANUFLOOD curves, were sourced from a journal paper by Smith (1994), Flood Damage Estimation – A review of urban stage-damage curves and loss functions.  
The RAM Guidelines suggest that the ANUFLOOD curves underestimate flood damages and should be increased by 60%.  In order to convert the potential damages to actual damages the curves were also factored by 0.8 to account for an inexperienced community with less than 2 hours warning.
For the external damages to residential properties stage-damage curves were sourced from Floodplain Management in Australia (DPIE 1992).  It is assumed that a mean flood depth of below 50 mm results in no external damages and maximum external damages are incurred at a mean flood depth of 500 mm.
The non-residential (commercial/industrial) stage-damage curves used for this assessment were also sourced from Smith (1994).  These curves represent damages for buildings in fair condition.  There are three building size classes:
· small – smaller than 186m2,
· medium – between 186 and 650m2, and
· large – larger than 650m2.
As with the residential damages, the non-residential damages have been increased by 60% and factored by 0.8 to convert from potential to actual damages.
[bookmark: _Toc387308899]Damage Calculations
The mean depth of flooding was determined at each property within the study area and the depth of flooding above floor level was determined for those properties identified as being “at risk” for the 20%, 10%, 5% and 1% AEP events.  The associated damages were then extracted from the stage-damage relationships.  Total damages for each flood event were determined by summing the predicted damages for each individual dwelling.  The AAD was then calculated.
The AAD is the average damage in dollars per year that would occur in a designated area from flooding over a long period of time.  In many years there may be no flood damage, in some years there will be minor damage (caused by small, relatively frequent floods) and, in a few years, there will be major flood damage (caused by large, rare flood events).  Estimation of the AAD provides a basis for comparing the effectiveness of different management measures (i.e. the reduction in the AAD).  The AAD is the area under the probability-damage graph.  Ideally the probable maximum flood damages are included in the AAD analysis, and it is also necessary to assume a flood AEP in which no damages occur.  As no flood larger than the 1% AEP event was modelled, the probability-damages graph was extrapolated, and it was assumed that no damages would occur in the 50% AEP event.
[bookmark: _Toc387308900]Existing Conditions Flood Damages
The total existing conditions damages for each design flood event are presented in Table 6‑1.  They are also illustrated in Figure 6‑1.  The existing conditions AAD for the Highton study area, as presented in Table 6‑1, is $389,000.
[bookmark: _Ref349201616][bookmark: _Toc387308985]Table 6‑1	Existing Conditions Damages Summary
	Event
	Existing Case

	(Years ARI)
	AEP
	Residential Damages
	Commercial / Industrial Damages
	Total Indirect Damages
	Total Damages
	Incremental Average Annual Damages

	PMF*
	0.0%
	
	
	
	$3,430,000*
	

	100
	1%
	$2,284,000
	$77,000
	$708,000
	$3,069,000
	$32,000

	20
	5%
	$1,206,000
	$45,000
	$375,000
	$1,626,000
	$94,000

	10
	10%
	$816,000
	$28,000
	$253,000
	$1,097,000
	$68,000

	5
	20%
	$519,000
	$17,000
	$161,000
	$697,000
	$90,000

	2
	50%
	
	
	
	
	$105,000

	Average Annual Damage
	
	
	
	$389,000


*PMF damages are an extrapolation of the 1% AEP data, i.e. they were not calculated using PMF flood levels.
[image: ]
[bookmark: _Ref349201655][bookmark: _Toc387308953]Figure 6‑1	Existing Conditions Damages Probability Curve

[bookmark: _Toc387308901]Mitigation Schemes Assessment
This section outlines and investigates mitigation schemes designed to reduce existing flood damages: a scheme is a combination of several mitigation options.  This section provides details on the formulation and evaluation of each of the schemes and considers the benefit/cost of the proposed works (tangible benefits) along with various other economic and non-economic factors to assist in recommending a preferred strategy.
The assessment followed four key stages:
1. identification of focus areas;
2. mitigation option screening;
3. preliminary assessment of options; and
4. detailed assessment of Schemes.
[bookmark: _Toc387308902]Focus Areas
Through the modelling of the existing conditions in the study area, widespread shallow flooding was observed throughout the study area.  Despite the number of properties exposed to flooding, relatively few houses had above floor flooding.  However, the majority of houses that would be subject to above floor flooding are concentrated within several different locations;
· the intersect of Mount Pleasant Road and Murray Street,
· along the major flow path downstream of the Barrabool Road Lower and Wandana Drive Retarding Basins between Scenic Rd and the intersection Barrabool Road and Glenmire Street, and
· on the western side of Belle Vue Avenue between Roslyn Road and Patern Street.
Consequently, reducing the flood levels at these three locations, in particular downstream of the Barrabool Road Lower and Wandana Drive Retarding Basins, formed the focus of the mitigation schemes.
[bookmark: _Toc387308903]Mitigation Option Screening
A wide range of mitigation options were considered as part of the “first pass” assessment.  Options such as localised pipe system upgrades were considered to alleviate a number of the flooding issues in the areas of concern.  Table 7‑1 sets out the broad categories of options considered and whether any detailed investigation was undertaken.  The decision on which options were to be considered was undertaken in consultation with the CoGG.
The options that were selected for consideration are described in more detail in the following sections.

[bookmark: _Ref34721003][bookmark: _Toc54070215][bookmark: _Toc69118845][bookmark: _Toc231362342][bookmark: _Toc236553385][bookmark: _Toc280014008][bookmark: _Toc295475233][bookmark: _Toc295914232][bookmark: _Toc387308986]Table 7‑1	Mitigation Option Element Screening
	Element Type
	Strategy Elements
	Comment
	Assessed

	Urban
	Structural Measures
	Pipe system upgrade
	Considered
	

	
	
	Pumps
	Not appropriate
	

	
	
	Soakage Pits
	Not appropriate
	

	
	
	Retarding Basin
	Considered
	

	
	
	Diversions
	Considered
	

	
	
	Floodways
	Not appropriate
	

	
	
	Open Drain
	Not appropriate
	

	
	
	Channel Improvement
	Considered on small scale to compliment retarding basin works
	

	
	
	Bund Walls
	Not feasible
	

	
	
	Lot scale infiltration
	Not appropriate
	

	
	
	Lot scale detention
	Not appropriate
	

	
	
	Individual Property Floodproofing
	Possible, however very expensive
	

	
	Non-Structural Measures
	Planning Scheme Amendments
	Considered
	

	
	
	Voluntary House Purchase
	Considered
	

	
	
	Voluntary House Raising
	Considered
	

	Rural
	Structural Measures
	Levees
	Not applicable
	

	
	
	Floodwalls
	Not applicable
	

	
	
	Floodways
	Not applicable
	

	
	
	Floodplain Modification
	Not applicable
	

	
	
	Channel Improvement
	Not applicable
	

	
	
	Individual Property Floodproofing
	Not applicable
	

	
	
	Flood Storage
	Not applicable
	

	
	
	Diversions
	Not applicable
	

	
	Non-Structural Measures
	Flood Warning Systems
	Not applicable
	

	
	
	Land Use Planning
	Not applicable
	

	
	
	Floodplain Education Programs
	Not applicable
	

	
	
	Purchase and Relocation
	Not applicable
	

	
	
	Information and Data Collection
	Not applicable
	

	
	
	Planning Scheme Amendments
	Not applicable
	

	
	
	Regulation and Enforcement
	Not applicable
	


[bookmark: _Toc387308904]Detailed Assessment
[bookmark: _Toc387308905]Non-Structural Options
The non-structural options considered for the economic assessment were voluntary house raising, voluntary house purchase and amendments to the planning scheme.  Voluntary house raising was not considered further because it has limited application in this catchment, where many of the flood affected buildings cannot be economically raised.  This is due in part to many vulnerable houses being of slab-on-ground construction.  Voluntary house purchase was not considered viable because of the cost of the buy back and re-construction.
[bookmark: _Toc387308906]Structural Options
The CoGG required that three mitigation schemes be assessed, with one of the schemes being “No Structural Works”.  The four schemes that were assessed for the study area are summarised in Table 7‑2 and Schemes One, Two and Three are shown in Figure 7‑1, Figure 7‑2 and Figure 7‑3 respectively.  Hydraulic and economic assessments were undertaken for each scheme.
[bookmark: _Ref87429521][bookmark: _Toc231362343][bookmark: _Toc236553386][bookmark: _Toc280014009][bookmark: _Toc295475234][bookmark: _Toc295914233][bookmark: _Toc387308987]Table 7‑2	Mitigation Scheme Details
	Scheme Number
	Details

	One
	The augmentation of the existing Barrabool Road Upper, Barrabool Road Lower and Wandana Drive Retarding Basins to increase potential storage volume, including works to better divert piped/overland flows into the retarding basins.
New pipe, with connecting side entry pits, laid along the southern side of Mount Pleasant Road between Murray Street and Arkana Avenue, where it connects into the existing pipe network.  The pipe provides additional flow conveyance along Mount Pleasant Road.

	Two
	The excavation of the Highton Recreation Reserve to provide storage of high flows diverted from the piped system running along Barrabool Road.  The scheme is designed to reduce surcharging out of the pipe system downstream of the reserve and to increase the flow capacity to aid in the alleviation of ponded water along Belle Vue Avenue.
A bypass pipe running from the easement on the east side of Belle Vue Avenue, south of Roslyn Road to alleviate flooding along Belle Vue Avenue.

	Three
	A combination of the retarding basin works from Scheme One and the works from Scheme Two.

	Four
	No Structural Works


[bookmark: _Toc387308907]Retarding Basin Works
The proposed retarding basin works have been summarised below for the respective schemes.
Scheme One Retarding Basin Works
Scheme One proposed retarding basin works includes the augmentation of the existing Barrabool Road Upper, Barrabool Road Lower and Wandana Drive Retarding Basins to increase potential storage volume, including works to better divert piped/overland flows into the retarding basins.
Augmentation of the Barrabool Road Upper Retarding Basin, based on preliminary investigations undertaken by the CoGG, involved re-aligning the crest of the retarding basin and increasing its height, lowering the base level and providing a formal secondary spillway.  The realignment of the retarding basin embankment closer to Barrabool Road allows the crest level to be increased from approximately 84.3 m to 85.3 m AHD to help maximise the available storage.  Reshaping the base of the retarding basin, whilst maintaining the current invert level of 80.4 m AHD, allows for additional storage to be created whilst maintaining the existing outlet pipe.  A formal secondary spillway over the crest of the RB would also be constructed at a level of 84.9 m AHD.  The existing inlet pipe configurations remained, while the 1050 mm RCP outlet has been modelled with a 600 mm diameter orifice plate attached to the end wall to reduce the outflow.
Augmentation of the Barrabool Road Lower Retarding Basin, based on preliminary investigations undertaken by the CoGG, involved the excavation of the basin base to a level of 65.5 m AHD.  To ensure that potential storage within the basin was optimised, two of the three 375 mm RCP outlets have been blocked, leaving one remaining 375 mm RCP outlet.
Augmentation of the Wandana Drive Retarding Basin, based on preliminary investigations undertaken by the CoGG, involved raising the crest level to 63.0 m AHD and excavating the base to 61.15 m AHD.  The inlet and outlet structure configurations remain unchanged.
Scheme Two Retarding Basin Works
Scheme Two proposed retarding basin works involve the excavation of the Highton Recreation Reserve to provided storage of high flows diverted from the piped system running along Barrabool Road.  The reserve has been excavated to achieve a base level of 18.6 m AHD, with the embankment crest level along the eastern edge of the reserve raised to 21.5 m AHD.
Flows into the retarding basin are diverted from the existing Barrabool Road pipe network via a 1350 mm RCP. The flow into the pipe is controlled by a side-spill weir which sits 800 mm above the invert of the Barrabool Road pipe network. This side-spill weir is designed to allow smaller, more frequent flows, to remain in the underground pipe network and only allow higher flows to spill into the recreation reserve.  The outlet configuration comprises a single 300 mm RCP pipe at a level of 18.6 m AHD, connecting into the existing pipe network at the entrance to the car park located on the north-eastern boundary of the reserve.
Scheme Three Retarding Basin Works
Scheme Three proposed retarding basin works comprises the retarding basin works detailed for Schemes One and Two.
[bookmark: _Toc387308908]Pipe Works
Scheme One Pipe Works
Scheme One’s proposed pipe works includes a new 450 mm RCP running east along Mount Pleasant Road for approximately 400 m from the existing side entry pit located on the southern side of Mount Pleasant Road opposite Lambhill Crescent to join with the existing pipe system at Arkana Avenue.  Further pipes are required to convey flow from inlet pits on Murray Street and Marcus Street to the proposed new pipe along Mount Pleasant Road.  The limited capacity of the receiving pipe system along Arkana Avenue restricted the size of the proposed new pipe to a 450 mm RCP.
Scheme Two Pipe Works
Scheme Two’s proposed pipe works includes a diversion pipe running for approximately 850 m from the easement on the east side of Belle Vue Avenue, south of Roslyn Road to an outfall into the Barwon River adjacent to the existing outlet.  The proposed diversion pipe will duplicate the diameter and alignment of the existing pipe running north along Belle Vue Avenue before running north east along Barrabool Road to the outfall.  The proposed diversion pipe has a diameter of 1950 mm with the exception of the final section of pipe (located under the Barwon River reserve) where the diameter is 2100 mm.  The proposed diversion pipe does not have intermediate connections into the surface or the existing pipe system.
Scheme Three Pipe Works
Scheme Three comprises the same proposed pipe works detailed for Scheme Two.
[bookmark: _Toc387308909]Pit Works
Scheme One Pit Works
To achieve a water level of 63.0 m AHD in the Wandana Drive Retarding Basin the existing side entry pit on the north-west corner of the Roslyn Road and Scenic Road intersection would need to be converted to a closed junction pit.
The existing pits along the alignment of the new pipe alignment on southern side of Mount Pleasant Road would be converted to triple side entry pits, whilst new triple side entry pits would be required on Murray Street and Marcus Street.
Scheme Two Pit Works
Scheme Two proposed pit works include the reconstruction of the existing junction pit on Barrabool Road to incorporate a flow diversion structure for the inlet into the Highton Recreation Reserve.  The junction pit in the entrance to the car park located on the north-eastern boundary of the reserve will also need to be reconstructed to incorporate the outlet pipe.
Scheme Three Pit Works
Scheme Three proposed pit works comprises the reconstruction of the side entry pit at the Roslyn Road and Scenic Road intersection as part of the Wandana Drive Retarding Basin works from Scheme One and the pit works detailed for Scheme Two.
[bookmark: _Toc387308910]Further Works
Scheme One Further Works
To ensure that the maximum possible volume of pipe/overland flow is diverted into the Barrabool Road Upper and Lower Retarding Basins, further works are required upstream of the retarding basins.
To provide a more unrestricted flowpath for water to enter the Barrabool Road Upper Retarding Basin a section of existing pipe on the west side of Barrabool Road upstream of Thoroughbred Drive has been replaced with an open channel (approximate 5 m base width).  Four 600 mm RCPs are then used to convey flow under Thoroughbred Drive, discharging into an open channel flowing into the retarding basin with an approximate base width of 7 m.
To ensure that overland flow downstream of the Barrabool Road Upper Retarding Basin is directed into the Barrabool Road Lower Retarding Basin and prevented from flowing down Barrabool Road, the existing pipes under Barrabool Road that provide the connection between the two retarding basins have been reconfigured.  This involves replacing the pipes downstream of Barrabool Road with an open channel of an approximate 5 m base width and replacing the pipes under Barrabool Road with two 2100 mm x 1800 mm RBCs.  To ensure that maximum amount of flow possible enters the culverts an embankment at a level of 77.5 m AHD downstream of the inlet structure is required to increase the upstream water level and prevent flow from continuing down Barrabool Road.
Scheme Two Further Works
Works are required to provide an inlet structure for the bypass pipe in the easement on Belle Vue Avenue and the outlet structure into the Barwon River requires reconstruction to incorporate the additional pipe.
Scheme Three Further Works
Scheme Three proposed further works comprises the further works detailed for Schemes One and Two.




[bookmark: _Ref358984479][bookmark: _Toc387308954]Figure 7‑1	Scheme One Proposed Mitigation Works





[bookmark: _Ref358984482][bookmark: _Toc387308955]Figure 7‑2	Scheme Two Proposed Mitigation Works





[bookmark: _Ref358984485][bookmark: _Toc387308956]Figure 7‑3	Scheme Three Proposed Mitigation Works





[bookmark: _Toc387308911]Hydraulic Assessment
The 20%, 10%, 5% and 1% AEP design floods were assessed using the same nine storm duration events as used for the existing case.  A peak flood height envelope was then developed for each flood event for Schemes One, Two and Three.  The change in peak flood height for each scheme was calculated by subtracting the existing case peak flood heights from the scheme peak flood heights at each TUFLOW grid.  The change in peak flood height was then colour contoured and mapped.  The modelling and mapping was not done for the “no structural works” scheme as there were no changes from the existing conditions.
Peak flood height surfaces were used to calculate the number of properties flooded and depth of above floor flooding, which was then used in the flood damages assessment for the schemes.
The mapping pertaining to each scheme in the hydraulic assessment illustrates no change in flood level within a  0.03 m tolerance as a yellow colour, reductions in flood level are shaded with greens and increases in flood level are shaded with browns/reds.  A pink colour indicates a region where flooding currently occurs but would no longer occur if the scheme was implemented, and a blue colour indicates a region where flooding currently does not occur but would if the scheme was implemented.
[bookmark: _Toc236814066][bookmark: _Toc280013942][bookmark: _Toc295740267][bookmark: _Toc387308912]Scheme One
The change in peak flood height and the properties with above floor flooding, for Scheme One of the study area, are mapped in Figure 7‑4 to Figure 7‑7 for the four flood events assessed.  Table 7‑3 summarises the reduction in flooded properties for Scheme One.
Modelling of the augmentation of the Barrabbol Road retarding basins did not show significant reductions in downstream flood levels.  As shown in the mapping, only in the 1% AEP event do reductions exceed the 0.03 m tolerance along the major flow path downstream of the Barrabool Road Lower and Wandana Drive Retarding Basins between Scenic Road and the intersection of Barrabool Road and Glenmire Street.  The addition of a pipe along the southern side of Mount Pleasant Road has not reduced flood levels at the corner of Mount Pleasant Road and Murray Street.  The limited reductions in flood levels achieved under Scheme One results in no reduction to the number of properties inundated and only two floors saved in the 1% AEP event.
[bookmark: _Ref233005054][bookmark: _Toc236553387][bookmark: _Toc280014010][bookmark: _Toc295475235][bookmark: _Toc295914234][bookmark: _Toc387308988]Table 7‑3	Reduction in Flooded Properties – Scheme One
	AEP
	No. Flooded Grounds
	Reduction
	No. Flooded Floors*
	Reduction

	
	Existing
	Scheme One
	
	Existing
	Scheme One
	

	20%
	1402
	1402
	0
	14
	14
	0

	10%
	1719
	1719
	0
	16
	16
	0

	5%
	1976
	1976
	0
	22
	21
	1

	1%
	2318
	2318
	0
	35
	33
	2


*  Results based on properties surveyed by CoGG.
[bookmark: _Toc236814067][bookmark: _Toc280013943][bookmark: _Toc295740268][bookmark: _Toc387308913]Scheme Two
The change in peak flood height and the properties with above floor flooding, for Scheme Two of the study area, are mapped in Figure 7‑8 to Figure 7‑11 for the four flood events assessed.  Table 7‑4 summarises the reduction in flooded properties for Scheme Two.
Modelling of Scheme Two shows a reduction in flood levels downstream of the Highton Recreation Reserve along Barrabool Road and along the main drainage path running from Belle Vue Avenue for all AEP events.  This results in five properties with above floor flooding being saved in the 1% AEP event in the lower part of the study area.
[bookmark: _Ref233005131][bookmark: _Toc236553388][bookmark: _Toc280014011][bookmark: _Toc295475236][bookmark: _Toc295914235][bookmark: _Toc387308989]Table 7‑4	Reduction in Flooded Properties – Scheme Two
	AEP
	No. Flooded Grounds
	Reduction
	No. Flooded Floors*
	Reduction

	
	Existing
	Scheme Two
	
	Existing
	Scheme Two
	

	20%
	1402
	1402
	0
	14
	13
	1

	10%
	1719
	1718
	1
	16
	15
	1

	5%
	1976
	1976
	0
	22
	21
	1

	1%
	2318
	2294
	24
	35
	30
	5


*  Results based on properties surveyed by CoGG.
[bookmark: _Ref293478287][bookmark: _Toc295740269][bookmark: _Toc387308914]Scheme Three
The change in peak flood height and the properties with above floor flooding, for Scheme Three of the study area, are mapped in Figure 7‑12 to Figure 7‑15 for the four flood events assessed.  Table 7‑5 summarises the reduction in flooded properties for Scheme Three.
As expected the reductions in flood levels associated with Scheme Three are similar to those observed in Schemes One and Two in the focus areas.  As a result, significant reductions in the number of properties inundated or flooded floor levels has not been achieved in Scheme Three, with a reduction of six flooded floor levels compared to existing conditions in the 1% AEP event.
[bookmark: _Ref359425025][bookmark: _Toc387308990]Table 7‑5	Reduction in Flooded Properties – Scheme Three
	AEP
	No. Flooded Grounds
	Reduction
	No. Flooded Floors*
	Reduction

	
	Existing
	Scheme Two
	
	Existing
	Scheme Three
	

	20%
	1402
	1402
	0
	14
	113
	1

	10%
	1719
	1719
	0
	16
	15
	1

	5%
	1976
	1963
	13
	22
	20
	2

	1%
	2318
	2288
	30
	35
	29
	6


*  Results based on properties surveyed by CoGG.



[bookmark: _Ref359424843][bookmark: _Toc387308957]Figure 7‑4	Scheme One 20% AEP Peak Flood Impact






[bookmark: _Toc387308958]Figure 7‑5	Scheme One 10% AEP Peak Flood Impact





[bookmark: _Toc387308959]Figure 7‑6	Scheme One 5% AEP Peak Flood Impact






[bookmark: _Ref359424855][bookmark: _Toc387308960]Figure 7‑7	Scheme One 1% AEP Peak Flood Impact







[bookmark: _Ref359424964][bookmark: _Toc387308961]Figure 7‑8	Scheme Two 20% AEP Peak Flood Impact







[bookmark: _Toc387308962]Figure 7‑9	Scheme Two 10% AEP Peak Flood Impact







[bookmark: _Toc387308963]Figure 7‑10	Scheme Two 5% AEP Peak Flood Impact





[bookmark: _Ref359424950][bookmark: _Toc387308964]Figure 7‑11	Scheme Two 1% AEP Peak Flood Impact





[bookmark: _Ref359425004][bookmark: _Toc387308965]Figure 7‑12	Scheme Three 20% AEP Peak Flood Impact









[bookmark: _Toc387308966]Figure 7‑13	Scheme Three 10% AEP Peak Flood Impact





[bookmark: _Toc387308967]Figure 7‑14	Scheme Three 5% AEP Peak Flood Impact






[bookmark: _Ref359425011][bookmark: _Toc387308968]Figure 7‑15	Scheme Three 1% AEP Peak Flood Impact




[bookmark: _Toc387308915]Mitigation Option Assessment
[bookmark: _Toc236814069][bookmark: _Toc280013946][bookmark: _Toc295740271][bookmark: _Toc387308916]Economic Assessment
[bookmark: _Toc236814070][bookmark: _Toc280013947][bookmark: _Toc295740272][bookmark: _Toc387308917]Basis of Assessment
In general, the benefits of the construction of flood management schemes are as follows:
· increased flood immunity of properties protected by the scheme;
· increased flood immunity of roads protected by the scheme and thus improved mobility of the community during flooding events;
· decreased cost of flood damage to properties protected by the scheme;
· decreased potential for loss of life during a flood event within the area protected by the scheme; and
· decreased emotional, social and psychological trauma experienced by residents in times of flooding.
It is important to note that flood management schemes can have the effect of increasing flood levels in other areas, thereby resulting in increased flood damages to properties elsewhere.
Of the factors listed above, the change in flood damages is the only one that can be easily quantified in monetary terms.  In Section 6, the flood damages for the existing study area were calculated.  The reductions (or increases) in these damages have been calculated to quantify the monetary benefit of each scheme.
The overall financial viability of a scheme is initially assessed by calculating the monetary benefit-cost ratio (BCR).  These ratios are used to evaluate the economic potential for the option to be undertaken.  A monetary benefit-cost ratio of 1.0 indicates that the monetary benefits are equal to the monetary costs.  A ratio greater than 1.0 indicates that the benefits are greater than the costs while a ratio less than 1.0 indicates that the costs are greater than the benefits.  The change in infrastructure damage as a result of implementing the scheme is not included in the benefit-cost analysis.
In floodplain management, a BCR substantially less than 1.0 may still be considered viable because the economic analysis does not include the intangible benefits of a flood mitigation scheme.
In order to calculate the BCR, the annual financial benefit (the change in average annual damages) of a scheme is summed over the financial project life and converted to present value.
A financial project life of 30 years was chosen for this study.  This does not imply that the projected structural life of the scheme is only 30 years.  In fact, some measures should be effective in reducing the frequency of flooding for centuries to come.
It is not correct to simply multiply a long term average annual benefit by the financial project life of 30 years to derive a total worth of the benefits.  To do so would ignore the important point that the benefits from this scheme (i.e. reduced flood damages) will occur over time and in the future.
For example, a benefit of $2.3 million to be gained in 10 years’ time is not worth $2.3 million now but only $1.2 million now.  This is because $1.2 million could be invested now and appreciate at say 7% p.a. over and above inflation for 10 years.  This would then be equivalent to $2.3 million in 10 years’ time.  This is called the Present Value of the benefit.  It is a universally accepted economic theory and used in all major project economic analyses.  The adopted rate of 7% is called the discount rate and is the middle of the range 6 to 8% typically considered for assessing public works.
As an example, Table 8‑1 shows the present value of the annual benefit realised at different times over a 50 year period.
[bookmark: _Ref367885829][bookmark: _Toc387308991]Table 8‑1	Present Value of Annual Benefits
	Year
	Average Annual Benefit ($ million)
	Present Value ($ million)

	0
1
10
25
50
	2.3
2.3
2.3
2.3
2.3
	2.3
2.2
1.2
0.4
0.1


If the present value benefits for each year are totalled for the 50 years, the total present value (or total benefit) of the benefits is $31.7 million.  The calculation of the total benefit can be simplified through the use of a Present Value Factor.  Rather than calculating the present value for each year and summing to calculate the total benefit, a Present Value Factor can be used when the average annual benefit is identical in each year.  The Present Value Factor is calculated using equation (1).  The Present Value Factor is multiplied by the average annual benefit to calculate the total benefit.  The Present Value Factor is 13.8 for a 50 year period and a discount rate of 7%.
It is interesting to note that if a longer financial project life of say, 100 years was chosen then the total present value of the benefits is only $1.1 million more at $32.8 million.  This is due to the fact that the present value of the benefits to be accrued in the second 50 year period is low because of the length of time until the benefits are realised.


                                                                                                                     (1)
	
			where	
			n is the number of years
			i is the discount rate(%)
The procedure for calculating benefit-cost ratios is outlined below:
· calculate the average annual benefit associated with the option (i.e. the reduction in average annual damages) using the method described in Section  6;
· convert the average annual benefit to a total benefit by multiplying by the present value factor; and
· calculate the total cost of the option.
Calculate the monetary benefit-cost ratio:



It is important to recognise that the monetary benefit-cost ratios represent only one of the issues that must be considered in respect to the viability of an option.  Other issues such as social and psychological impacts, although difficult to quantify, must be included in the complete assessment.
Benefit-cost ratios may be sensitive to variations and/or inaccuracies in the following:
· difficulties associated with upgrading pipes under existing roads;
· service conflicts;
· difficulties associated with trenching near buildings and power poles; and
· construction, maintenance and operation costs.
Data from Melbourne Water’s Land Development Manual and Melbourne Water rate estimates for drainage works were used to estimate the total cost of each option.  These rates are summarised in Appendix A.  The rates for stormwater pipes and rising mains were factored by 1.5 for sections constructed alongside or under roads.  Stormwater pipes were costed on the basis of flush jointed construction with 100% fine crushed rock backfill.  An allowance for engineering and contingencies of 15% and 20% has been allowed for in the proposed works with an Administration allowance of 9% (applied to the cost estimate inclusive of the engineering allowance).
Maintenance costs were calculated based on recommendations made in the CoGG publication, Report on Asset Maintenance Benchmarking (GHD, 1997).  Table Two of this report shows that CoGG are currently spending 0.4% of asset value on maintenance of drainage assets and recommends expenditure be increased to 2.4% of asset value.  BMT WBM has adopted the recommended value of 2.4%.
[bookmark: _Toc236814071][bookmark: _Toc280013948][bookmark: _Toc295740273][bookmark: _Toc387308918]Scheme One
The damages under Scheme One for each design flood event are summarised in Table 8‑2 and illustrated in Figure 8‑1.  The Scheme One AAD, also presented in Table 8‑2, is $381,000, which is a reduction of $8,000 from the existing conditions AAD of $389,000 per annum.
A summary of the capital costs for Scheme One is presented in Table 8‑3 and the benefit cost analysis is summarised in Table 8‑4.  The BCR for Scheme One is 0.01.  Based on the figures presented in Table 7‑3 and Table 8‑3, the capital cost of Scheme One per property floor saved from flooding during a 1% AEP flood event is $3,347,000.
[bookmark: _Ref180314406][bookmark: _Toc231362348][bookmark: _Toc236553390][bookmark: _Toc280014014][bookmark: _Toc295475238][bookmark: _Toc295914237][bookmark: _Toc387308992]
Table 8‑2	Scheme One Damages Summary
	[bookmark: _Ref196564425]Event
	Scheme One

	(Years ARI)
	AEP
	Residential Damages
	Commercial / Industrial Damages
	Total Indirect Damages
	Total Damages
	Incremental Average Annual Damages

	PMF*
	0.0%
	
	
	
	$3,189,000*
	

	100
	1%
	$2,137,000
	$72,000
	$663,000
	$2,872,000
	$30,000

	20
	5%
	$1,189,000
	$45,000
	$370,000
	$1,604,000
	$90,000

	10
	10%
	$807,000
	$28,000
	$251,000
	$1,086,000
	$67,000

	5
	20%
	$525,000
	$16,000
	$162,000
	$703,000
	$89,000

	2
	50%
	
	
	
	
	$105,000

	Average Annual Damage
	$381,000


+  Note –  PMF damages are an extrapolation of the 1% AEP data, i.e., they were not calculated using PMF flood levels
[bookmark: _Ref233450874][bookmark: _Ref233450869][bookmark: _Toc236553391][bookmark: _Toc280014015][bookmark: _Toc295475239][bookmark: _Toc295914238][bookmark: _Ref207787914][bookmark: _Toc231362349][bookmark: _Toc387308993]Table 8‑3	Scheme One Capital Cost Estimates
	Item
	Capital Cost

	Works
	$4,649,000

	Contingencies (20%)
	$930,000

	Engineering (15%)
	$697,000

	Administration (9%)
	$418,000

	Total
	$6,694,000


[bookmark: _Ref233450901][bookmark: _Toc236553392][bookmark: _Toc280014016][bookmark: _Toc295475240][bookmark: _Toc295914239][bookmark: _Toc387308994]Table 8‑4	Scheme One BCR Summary
	Item
	Existing
	Scheme One

	Damages (PA)
	$389,000
	$381,000

	Benefit (PA)
	
	$8,000

	Benefit (NPV)
	
	$99,000

	Capital Cost
	
	$6,694,000

	Maintenance (PA)
	
	$161,000

	Maintenance (NPV)
	
	$1,998,000

	Total Option Cost
	
	$8,692,000

	BCR
	0.01



[bookmark: _Toc231362307]
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[bookmark: _Ref102883023][bookmark: _Ref180314442][bookmark: _Toc236814108][bookmark: _Toc280013991][bookmark: _Toc305489202][bookmark: _Toc387308969]Figure 8‑1	Scheme One Probability Damages Curve
[bookmark: _Toc236814072][bookmark: _Toc280013949][bookmark: _Toc295740274][bookmark: _Toc387308919]Scheme Two
The damages under Scheme Two for each design flood event are summarised in Table 8‑5 and illustrated in Figure 8‑2.  The Scheme Two AAD, also presented in Table 8‑5, is $362,000, which is a reduction of $27,000 from the existing conditions AAD of $389,000.
A summary of the capital costs for Scheme Two is presented in Table 8‑6 and the benefit cost analysis is summarised in Table 8‑7. The BCR for Scheme Two is 0.01.  From the figures presented in Table 7‑4 and Table 8‑6, the capital cost of Scheme Two per property floor saved from flooding during a 1% AEP flood event is $4,220,000.

[bookmark: _Ref102883735][bookmark: _Toc231362351][bookmark: _Toc236553393][bookmark: _Toc280014017][bookmark: _Toc295475241][bookmark: _Toc295914240][bookmark: _Toc387308995]
Table 8‑5	Scheme Two Damages Summary
	[bookmark: OLE_LINK5][bookmark: _Ref88290605]Event
	Scheme Two

	(Years ARI)
	AEP
	Residential Damages
	Commercial / Industrial Damages
	Total Indirect Damages
	Total Damages
	Incremental Average Annual Damages

	PMF*
	0.0%
	
	
	
	$2,987,000*
	

	100
	1%
	$2,067,000
	$7,000
	$622,000
	$2,696,000
	$28,000

	20
	5%
	$1,178,000
	$2,000
	$354,000
	$1,534,000
	$85,000

	10
	10%
	$799,000
	$2,000
	$240,000
	$1,041,000
	$64,000

	5
	20%
	$514,000
	$0
	$154,000
	$668,000
	$85,000

	2
	50%
	
	
	
	
	$100,000

	Average Annual Damage
	$362,000


+Note –  PMF damages are an extrapolation of the 1% AEP data, i.e., they were not calculated using PMF flood levels
[bookmark: _Ref233450999][bookmark: _Toc236553394][bookmark: _Toc280014018][bookmark: _Toc295475242][bookmark: _Toc295914241][bookmark: _Ref185912315][bookmark: _Toc231362352][bookmark: _Toc387308996]Table 8‑6	Scheme Two Capital Costs
	[bookmark: _Ref233451019][bookmark: _Toc236553395][bookmark: _Toc280014019]Item
	Capital Cost

	Pipe Works
	$14,654,000

	Contingencies (20%)
	$2,931,000

	Engineering (10%)
	$2,198,000

	Administration (9%)
	$1,319,000

	Total
	$21,102,000


[bookmark: _Toc295475243][bookmark: _Toc295914242]
[bookmark: _Ref296069169][bookmark: _Toc387308997]Table 8‑7	Scheme Two BCR Summary
	Item
	Existing
	Scheme Two

	Damages (PA)
	$389,000
	$362,000

	Benefit (PA)
	
	$27,000

	Benefit (NPV)
	
	$335,000

	Capital Cost
	
	$21,102,000

	Maintenance (PA)
	
	$506,000

	Maintenance (NPV)
	
	$6,279,000

	Total Option Cost
	
	$27,381,000

	BCR
	0.01



[image: ]
[bookmark: _Ref102883762][bookmark: _Toc231362308][bookmark: _Toc236814109][bookmark: _Toc280013992][bookmark: _Toc305489203][bookmark: _Toc387308970]Figure 8‑2	Scheme Two Probability Damages Curve
[bookmark: _Toc387308920]Scheme Three
The damages under Scheme Three for each design flood event are summarised in Table 8‑8 and illustrated in Figure 8‑3  The Scheme Three AAD, also presented in Table 8‑5, is $363,000, which is a reduction of $26,000 from the existing conditions AAD of $389,000.
A summary of the capital costs for Scheme Three is presented in Table 8‑9 and the benefit cost analysis is summarised in Table 8‑10. The BCR for Scheme Three is 0.01.  From the figures presented in Table 7‑5 and Table 8‑9, the capital cost of Scheme Three per property floor saved from flooding during a 1% AEP flood event is $4,542,000.

[bookmark: _Ref359423824][bookmark: _Toc387308998]
Table 8‑8	Scheme Three Damages Summary
	Event
	Scheme Three

	(Years ARI)
	AEP
	Residential Damages
	Commercial / Industrial Damages
	Total Indirect Damages
	Total Damages
	Incremental Average Annual Damages

	PMF*
	0.0%
	
	
	
	$2,819,000*
	

	100
	1%
	$1,964,000
	$7,000
	$591,000
	$2,562,000
	$27,000

	20
	5%
	$1,178,000
	$2,000
	$354,000
	$1,534,000
	$82,000

	10
	10%
	$812,000
	$2,000
	$244,000
	$1,058,000
	$65,000

	5
	20%
	$524,000
	$0
	$157,000
	$681,000
	$87,000

	2
	50%
	
	
	
	
	$102,000

	Average Annual Damage
	$363,000


+Note –  PMF damages are an extrapolation of the 1% AEP data, i.e., they were not calculated using PMF flood levels
[bookmark: _Ref359423908][bookmark: _Toc387308999]Table 8‑9	Scheme Three Capital Costs
	Item
	Capital Cost

	Pipe Works
	$18,925,000

	Contingencies (20%)
	$3,785,000

	Engineering (10%)
	$2,839,000

	Administration (9%)
	$1,703,000

	Total
	$27,252,000



[bookmark: _Ref359423933][bookmark: _Toc387309000]Table 8‑10	Scheme Three BCR Summary
	Item
	Existing
	Scheme Three

	Damages (PA)
	$389,000
	$363,000

	Benefit (PA)
	
	$26,000

	Benefit (NPV)
	
	$323,000

	Capital Cost
	
	$27,252,000

	Maintenance (PA)
	
	$654,000

	Maintenance (NPV)
	
	$8,116,000

	Total Option Cost
	
	$35,368,000

	BCR
	0.01




[bookmark: _Ref359423842][image: ]
[bookmark: _Ref367886911][bookmark: _Toc387308971]Figure 8‑3	Scheme Two Probability Damages Curve
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Environmental impacts, associated with the construction and operation of each flood mitigation option, are discussed in this section.  Table 8‑11 presents details regarding the environmental implications for each scheme in the study area.  It is not anticipated that any of the schemes will have long-term environmental impacts.
[bookmark: _Ref367885885][bookmark: _Toc387309001]Table 8‑11	Environmental Indicators
	Issue
	FLOOD MITIGATION SCHEMES

	
	Scheme One
	Scheme Two
	Scheme Three
	Scheme Four
“No Structural Works” (Existing Case)

	Ecological impact.
	No Change
	No Change
	No Change
	No Change.

	Noise.
	Minor impacts associated with the construction of the works.
	Minor impacts associated with the construction of the works.
	Minor impacts associated with the construction of the works.
	No Change.

	Receiving Water Quality.
	No Change.
	Increased rate of runoff into the Barwon River from the Belle Vue Avenue bypass pipe.  This piped runoff may contain a higher concentration of pollutants than previously due to the inherent treatment that occurred previously as the water flowed overland through vegetated properties.
Following further investigation stormwater water quality works may be required to mitigate environmental impacts and meet stormwater management legislation.
	Same as Scheme Two.
	No Change.

	Air.
	Minimal impact.  Manage via construction management plan.
	Minimal impact.  Manage via construction management plan.
	Minimal impact.  Manage via construction management plan.
	No Change.


[bookmark: _Toc54070165][bookmark: _Toc69118791][bookmark: _Toc231362273][bookmark: _Toc236814074][bookmark: _Toc280013952][bookmark: _Toc295740276][bookmark: _Toc387308922]
Social Assessment
Table 8‑12 outlines the social implications related to each flood mitigation scheme proposed for the study area.
[bookmark: _Ref367885895][bookmark: _Ref41454620][bookmark: _Toc54070225][bookmark: _Toc69118855][bookmark: _Toc507230365][bookmark: _Toc387309002]Table 8‑12	Social Indicators
	Issue
	FLOOD MITIGATION SCHEMES

	
	Scheme One
	Scheme Two
	Scheme Three
	Scheme Four
“No Structural Works” (Existing Case)

	Recreation and Aesthetic.
	No Change.
	The playing field within the Highton Recreation Reserve and associated sporting facilities will require re-configuration as a result of excavation and will become inundated when storage is initiated.
Through appropriate design of the retarding basin, including playing field drainage systems, there should not be a significant impact on the community due to the presence of water on the playing fields.
	Same as Scheme Two
	No Change.

	Cultural Heritage.
	Manage via Cultural Heritage Management Plan (if required).
	Same as Scheme One.
	Same as Scheme One.
	No Change.

	Public Safety.
	Moderate risk due to potentially deep excavation.  Manage risk with appropriate construction phase management plans as applicable.
Some potential risk from large drainage structures.  Manage with best practice design.
	Same as Scheme One.
	Same as Scheme One.
	No Change.  Areas of unsafe flooding would remain.


[bookmark: _Toc231362274][bookmark: _Toc236814075][bookmark: _Toc280013953][bookmark: _Toc295740277][bookmark: _Toc387308923]
Feasibility and Performance Indicators
Table 8‑13 presents the feasibility and performance indicators for the study area.  The main inhibitors to both schemes are the capital costs and relatively low BCR values; however Scheme One is more favourable than Scheme Two for these two indicators.
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Issue
	FLOOD MITIGATION SCHEMES

	
	Scheme One
	Scheme Two
	Scheme Three
	Scheme Four
“No Structural Works” (Existing Case)

	Maintenance costs.
	Limited increase in annual maintenance cost as proposed pipe would only make up a small percentage of the drainage infrastructure within the study area.
Retarding basin works are located in existing reserves that are already maintained in the required manner by council.
	Same as Scheme One.
	Same as Scheme One.
	No Change

	Ease of Construction
	Difficulties associated with the laying of new pipes, particularly under Mount Pleasant Road, whilst minimising disruption to traffic flow.
Unknown geology of excavation area may pose difficulties in construction and increase costs.
Potential for other utilities such as sewerage, potable water and gas to be located within the area.
	Difficulties associated with the laying of new pipes, particularly under Barrabool Road and Belle Vue Avenue, whilst minimising disruption to traffic flow.
Difficulties associated with retro-fitting new pit and connector pipe configuration with already established development/drainage network.
Unknown geology of excavation areas may pose difficulties in construction and increase costs.
Potential for other utilities such as sewerage, potable water and gas to be located within the area.
	Same as Scheme Two.
	Not applicable.

	Funding and feasibility.
	Very high capital cost and a low BCR of 0.01 would make funding difficult.
Capital cost of Scheme per property floor saved from flooding during a 1% AEP flood event is $3,347,000.
	Very high capital cost and a low BCR of 0.01 would make funding difficult.
Capital cost of Scheme per property floor saved from flooding during a 1% AEP flood event is $4,220,000.
	Very high capital cost and a low BCR of 0.01 would make funding difficult.
Capital cost of Scheme per property floor saved from flooding during a 1% AEP flood event is $4,542,000.
	Not applicable.

	Public acceptability.
	There would be issues related to this scheme as works are proposed to be undertaken on existing road infrastructure disturbing transportation.
	There would be issues related to this scheme as works are proposed to be undertaken on existing road infrastructure disturbing transportation.
There may be issues related to loss of access to Highton Recreation Reserve during construction and the layout post construction.
	Same as Scheme Two.
	Issues relating to Council being seen to be doing nothing structurally about the problem.
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[bookmark: _Toc236814077][bookmark: _Toc280013955][bookmark: _Toc295740279][bookmark: _Toc387308925]Description of Preferred Scheme
Scheme Four “No Structural Works” is the preferred mitigation scheme for the study area.  Through consultation with the CoGG, the preferred scheme was selected as the mitigation works adopted in Schemes One to Three have very low benefit cost ratios (BCRs).  As documented in previous sections, and summarised below in Table 9‑1, the very low BCRs reflect the high capital costs per floor level saved, to the order of $4M in capital cost.
Whilst each of the schemes delivers benefits in reducing the above floor flooding, the nature of the flooding within the catchment has meant that large numbers of properties are still inundated during the modelled flood events. The bulk of the calculated flood damages are a result of property inundation rather than above floor flooding, and consequently despite reductions in the above floor flooding, commensurate reductions in the calculated AAD have not been realised.
[bookmark: _Ref233454470][bookmark: _Toc236553399][bookmark: _Toc280014026][bookmark: _Toc295475247][bookmark: _Toc295914246][bookmark: _Toc387309004]Table 9‑1	Comparison of Scheme One and Scheme Two
	Scheme
	AAD
	Capital Cost
	BCR
	Flooded Floors Saved in 1% AEP Flood Event*
	Capital Cost per floor saved (1% AEP Flood Event)

	One
	$381,000
	$6,694,00
	0.01
	2
	$3,347,000

	Two
	$362,000
	$21,102,000
	0.01
	5
	$4,220,000

	Three
	$363,000
	$27,252,000
	0.01
	6
	$4,542,000

	Four 
	$389,000
	-
	-
	-
	-


*  Results based on properties surveyed by CoGG.
In response to the preferred scheme being “No Structural Works”, CoGG will continue to investigate a number of flood mitigation options ‘in-house’ to assess whether options can be implemented that will result in a reduction to the flooding and flood damages experienced by the Highton community. Additionally, CoGG will implement a number of non-structural mitigation measures within the catchment, including:
· Further investigation into the feasibility of localised flood mitigation measures, such as lifting footpaths and/or underground drainage augmentation, in order to reduce the flood risk for properties that have been the subject of previous drainage/flooding requests for service that have identified capacity deficiencies rather than blockages.  These investigations would be undertaken in accordance with the priority ranking established by applying the City's prioritisation method for drainage investigation/design work.
· Further investigation into the feasibility of property-specific measures to manage flood risk.  Potential measures include flood-proofing of individual or groups of buildings/properties by landowners, and property buy-back with on-sell following modifications (where feasible) with conditions known to purchaser.
· Education and awareness program to inform landowners how to minimise the magnitude of damage in a flood event.
· Development controls via designation of areas as liable to flooding in accordance with Building Regulations 2006 and use of flood zones/overlays within the Greater Geelong Planning Scheme.
· Recognition that further development within the catchment has the potential to increase flood risk to people and property.  Assessment of rezoning proposals to include application of principle of zero adverse flood impact on adjacent, upstream and downstream areas.  Assessment of development and subdivision applications to include application of best practice guidelines for development within or upstream of flood-prone areas.
· Best practice environmental management for stormwater runoff to be encouraged as part of development and subdivision applications in order to reduce runoff and improve water quality, where not a statutory requirement.
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The Highton Drainage/Flood Study will be placed on display for public consultation.  The public consultation period will allow local residents and stakeholders to query and make comments regarding the information contained within this report.  Following the public consultation, any submissions received from the public will be addressed by Council, with details provided in Appendix C.
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	West Region Pipeline Rates ($ per m)

	Nominal pipe diameter (mm)
	Interlocking / Flush Jointed pipes
	Adopted rates for pipes in road reserves
	‘Jacking’ Rates

	
	100% FCR backfill
	100% FCR backfill
	

	300
	129
	194
	271

	375
	156
	234
	328

	450
	188
	282
	395

	525
	218
	327
	458

	600
	249
	374
	523

	675
	276
	414
	580

	750
	309
	464
	649

	825
	343
	515
	720

	900
	378
	567
	794

	1050
	460
	690
	966

	1200
	570
	855
	1197

	1350
	696
	1044
	1462

	1500
	841
	1262
	1766

	1650
	1,013
	1520
	2127

	1800
	1,244
	1866
	2612

	1950
	1,538
	2307
	3230

	2100
	1,901
	2852
	3992

	2250
	2,452
	3678
	5149

	2400
	3,061
	4592
	6428
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Flow (m3/s)


20% AEP	0	8.0000000000000043E-2	0.17	0.25	0.33000000000000146	0.42000000000000032	0.5	0.58000000000000007	0.67000000000000293	0.75000000000000233	0.83000000000000063	0.92	1	1.08	1.1700000000000021	1.25	1.33	1.42	1.5	1.58	1.6700000000000021	1.75	1.83	1.9200000000000021	2	2.08	2.17	2.25	2.3299999999999987	2.42	2.5	2.58	2.67	2.75	2.8299999999999987	2.92	3	3.08	3.17	3.25	3.3299999999999987	3.42	3.5	3.58	3.67	3.75	3.8299999999999987	3.92	4	4.08	4.17	4.25	4.33	4.42	4.5	4.58	4.67	4.75	4.83	4.92	5	5.08	5.17	5.25	5.33	5.42	5.5	5.58	5.67	5.75	5.83	5.92	0	0	0	0	0	0	1.0999999999999998E-2	0.16650000000000001	1.087	3.2292999999999998	5.8199999999999985	7.1852	6.6386000000000003	5.4268000000000001	4.4597000000000024	3.7967999999999997	3.3371999999999997	2.9764999999999913	2.7025999999999999	2.4328999999999898	2.1316999999999977	1.8606	1.679	1.5356999999999947	1.4178999999999911	1.3188	1.2147999999999948	1.0667	0.87190000000000245	0.67460000000000386	0.50700000000000001	0.37720000000000031	0.2767	0.2021	0.14890000000000067	0.1108	8.3900000000000044E-2	6.4300000000000287E-2	0.05	3.9399999999999998E-2	3.1300000000000001E-2	2.5200000000000011E-2	2.0400000000000001E-2	1.6700000000000072E-2	1.3800000000000066E-2	1.1400000000000058E-2	9.5000000000000067E-3	8.0000000000000227E-3	6.8000000000000196E-3	5.8000000000000013E-3	4.9000000000000224E-3	4.1999999999999997E-3	3.7000000000000179E-3	3.2000000000000153E-3	2.7000000000000114E-3	2.3999999999999998E-3	2.0999999999999999E-3	1.8000000000000069E-3	1.6000000000000077E-3	1.4000000000000041E-3	1.2999999999999978E-3	1.1000000000000051E-3	1.0000000000000041E-3	9.0000000000000247E-4	8.0000000000000264E-4	7.0000000000000314E-4	7.0000000000000314E-4	6.0000000000000266E-4	5.0000000000000034E-4	5.0000000000000034E-4	4.0000000000000034E-4	4.0000000000000034E-4	10% AEP	0	8.0000000000000043E-2	0.17	0.25	0.33000000000000146	0.42000000000000032	0.5	0.58000000000000007	0.67000000000000293	0.75000000000000233	0.83000000000000063	0.92	1	1.08	1.1700000000000021	1.25	1.33	1.42	1.5	1.58	1.6700000000000021	1.75	1.83	1.9200000000000021	2	2.08	2.17	2.25	2.3299999999999987	2.42	2.5	2.58	2.67	2.75	2.8299999999999987	2.92	3	3.08	3.17	3.25	3.3299999999999987	3.42	3.5	3.58	3.67	3.75	3.8299999999999987	3.92	4	4.08	4.17	4.25	4.33	4.42	4.5	4.58	4.67	4.75	4.83	4.92	5	5.08	5.17	5.25	5.33	5.42	5.5	5.58	5.67	5.75	5.83	5.92	0	0	0	0	0	1.0000000000000051E-4	8.5400000000000004E-2	0.49170000000000008	1.9691000000000001	5.1833	8.5724000000000267	9.7623000000000015	8.4805000000000028	6.6360999999999999	5.3926999999999996	4.6193999999999997	4.0867000000000004	3.6362999999999968	3.3091999999999997	2.9771999999999998	2.5981999999999998	2.2589999999999999	2.0385	1.8663000000000001	1.7217999999999924	1.6027	1.4763999999999955	1.289199999999995	1.0401	0.79339999999999999	0.58760000000000001	0.43130000000000146	0.31140000000000123	0.22489999999999999	0.16389999999999999	0.12130000000000002	9.11E-2	6.9700000000000123E-2	5.3900000000000003E-2	4.2299999999999997E-2	3.3500000000000002E-2	2.6900000000000011E-2	2.1700000000000001E-2	1.77E-2	1.4500000000000001E-2	1.2100000000000001E-2	1.0000000000000005E-2	8.4000000000000047E-3	7.1000000000000004E-3	6.0000000000000114E-3	5.1999999999999998E-3	4.4000000000000124E-3	3.8000000000000052E-3	3.3000000000000052E-3	2.8999999999999998E-3	2.5000000000000092E-3	2.2000000000000092E-3	1.9000000000000098E-3	1.7000000000000055E-3	1.5000000000000046E-3	1.2999999999999978E-3	1.1999999999999999E-3	1.0000000000000041E-3	9.0000000000000247E-4	8.0000000000000264E-4	7.0000000000000314E-4	7.0000000000000314E-4	6.0000000000000266E-4	5.0000000000000034E-4	5.0000000000000034E-4	5.0000000000000034E-4	4.0000000000000034E-4	5% AEP	0	8.0000000000000043E-2	0.17	0.25	0.33000000000000146	0.42000000000000032	0.5	0.58000000000000007	0.67000000000000293	0.75000000000000233	0.83000000000000063	0.92	1	1.08	1.1700000000000021	1.25	1.33	1.42	1.5	1.58	1.6700000000000021	1.75	1.83	1.9200000000000021	2	2.08	2.17	2.25	2.3299999999999987	2.42	2.5	2.58	2.67	2.75	2.8299999999999987	2.92	3	3.08	3.17	3.25	3.3299999999999987	3.42	3.5	3.58	3.67	3.75	3.8299999999999987	3.92	4	4.08	4.17	4.25	4.33	4.42	4.5	4.58	4.67	4.75	4.83	4.92	5	5.08	5.17	5.25	5.33	5.42	5.5	5.58	5.67	5.75	5.83	5.92	0	0	0	0	0	6.0000000000000266E-4	0.25669999999999998	1.1556	3.5966999999999967	8.3449000000000009	12.5276	13.1686	10.757900000000001	8.1748000000000012	6.6153999999999975	5.7117000000000004	5.0844999999999985	4.5209999999999955	4.124499999999979	3.7084999999999999	3.2248999999999999	2.7915999999999999	2.5215999999999998	2.3101999999999987	2.13	1.9851000000000001	1.83	1.587599999999995	1.262799999999995	0.94780000000000064	0.69080000000000064	0.49880000000000146	0.35390000000000038	0.25219999999999998	0.18200000000000024	0.1336	9.9700000000000066E-2	7.5900000000000009E-2	5.8299999999999998E-2	4.5600000000000002E-2	3.5999999999999997E-2	2.8799999999999999E-2	2.3099999999999999E-2	1.8900000000000073E-2	1.5400000000000021E-2	1.2800000000000021E-2	1.0600000000000021E-2	8.9000000000000207E-3	7.5000000000000231E-3	6.3000000000000113E-3	5.4000000000000124E-3	4.6000000000000034E-3	4.0000000000000114E-3	3.4000000000000107E-3	3.0000000000000092E-3	2.5999999999999999E-3	2.3000000000000052E-3	2.0000000000000052E-3	1.7000000000000055E-3	1.5000000000000046E-3	1.4000000000000041E-3	1.1999999999999999E-3	1.1000000000000051E-3	1.0000000000000041E-3	9.0000000000000247E-4	8.0000000000000264E-4	7.0000000000000314E-4	6.0000000000000266E-4	6.0000000000000266E-4	5.0000000000000034E-4	5.0000000000000034E-4	4.0000000000000034E-4	1% AEP	0	8.0000000000000043E-2	0.17	0.25	0.33000000000000146	0.42000000000000032	0.5	0.58000000000000007	0.67000000000000293	0.75000000000000233	0.83000000000000063	0.92	1	1.08	1.1700000000000021	1.25	1.33	1.42	1.5	1.58	1.6700000000000021	1.75	1.83	1.9200000000000021	2	2.08	2.17	2.25	2.3299999999999987	2.42	2.5	2.58	2.67	2.75	2.8299999999999987	2.92	3	3.08	3.17	3.25	3.3299999999999987	3.42	3.5	3.58	3.67	3.75	3.8299999999999987	3.92	4	4.08	4.17	4.25	4.33	4.42	4.5	4.58	4.67	4.75	4.83	4.92	5	5.08	5.17	5.25	5.33	5.42	5.5	5.58	5.67	5.75	5.83	5.92	0	0	2.0000000000000052E-4	0.95140000000000002	6.4603000000000002	15.8573	21.575099999999924	19.0459	12.839400000000024	7.7617000000000003	4.3311000000000002	2.5400999999999998	1.5461	0.94370000000000065	0.60300000000000065	0.39770000000000111	0.27340000000000031	0.1953	0.14130000000000001	0.10410000000000012	7.920000000000002E-2	5.9800000000000124E-2	4.6899999999999997E-2	3.6400000000000016E-2	2.9100000000000001E-2	2.3199999999999988E-2	1.8900000000000073E-2	1.5299999999999998E-2	1.2699999999999998E-2	1.0500000000000021E-2	8.8000000000000248E-3	7.3000000000000113E-3	6.2000000000000223E-3	5.3000000000000104E-3	4.5000000000000014E-3	3.9000000000000107E-3	3.4000000000000107E-3	2.8999999999999998E-3	2.5000000000000092E-3	2.2000000000000092E-3	1.9000000000000098E-3	1.7000000000000055E-3	1.5000000000000046E-3	1.2999999999999978E-3	1.1999999999999999E-3	1.0000000000000041E-3	9.0000000000000247E-4	8.0000000000000264E-4	8.0000000000000264E-4	7.0000000000000314E-4	6.0000000000000266E-4	5.0000000000000034E-4	5.0000000000000034E-4	5.0000000000000034E-4	4.0000000000000034E-4	4.0000000000000034E-4	3.0000000000000138E-4	3.0000000000000138E-4	3.0000000000000138E-4	3.0000000000000138E-4	2.0000000000000052E-4	2.0000000000000052E-4	2.0000000000000052E-4	2.0000000000000052E-4	2.0000000000000052E-4	2.0000000000000052E-4	1.0000000000000051E-4	1.0000000000000051E-4	1.0000000000000051E-4	1.0000000000000051E-4	1.0000000000000051E-4	1.0000000000000051E-4	Time (hours)

Flow (m3/s)


20% AEP	0	8.0000000000000043E-2	0.17	0.25	0.33000000000000146	0.42000000000000032	0.5	0.58000000000000007	0.67000000000000293	0.75000000000000233	0.83000000000000063	0.92	1	1.08	1.1700000000000021	1.25	1.33	1.42	1.5	1.58	1.6700000000000021	1.75	1.83	1.9200000000000021	2	2.08	2.17	2.25	2.3299999999999987	2.42	2.5	2.58	2.67	2.75	2.8299999999999987	2.92	3	3.08	3.17	3.25	3.3299999999999987	3.42	3.5	3.58	3.67	3.75	3.8299999999999987	3.92	4	4.08	4.17	4.25	4.33	4.42	4.5	4.58	4.67	4.75	4.83	4.92	5	5.08	5.17	5.25	5.33	5.42	5.5	5.58	5.67	5.75	5.83	5.92	0	0	0	0	0	0	2.1000000000000012E-2	0.19650000000000001	1.1480999999999999	3.1025999999999998	5.6665999999999945	8.5616000000000003	10.6151	11.2133	10.843300000000001	10.041600000000001	9.1684000000000001	8.5074000000000005	8.0104000000000006	7.51	7.0087999999999999	6.5755999999999997	6.2188999999999997	5.9005000000000001	5.6486000000000001	5.4389000000000003	5.2135999999999996	4.9371	4.6252999999999975	4.3006000000000002	3.9917999999999987	3.7127999999999997	3.4672999999999998	3.2585999999999999	3.0882000000000001	2.9529999999999967	2.8459999999999988	2.7593000000000001	2.6858	2.6191	2.5543	2.4876999999999998	2.4173999999999998	2.3418999999999977	2.2589999999999999	2.1657000000000002	2.0593999999999997	1.9381999999999999	1.8015999999999948	1.6501999999999999	1.4828999999999952	1.297299999999995	1.097599999999995	0.90159999999999996	0.73200000000000065	0.60210000000000063	0.51070000000000004	0.44879999999999998	0.40640000000000032	0.37590000000000123	0.35240000000000032	0.33320000000000038	0.31680000000000164	0.30220000000000002	0.28910000000000002	0.27710000000000001	0.26570000000000005	0.25469999999999998	0.24350000000000024	0.2321	0.2205	0.20890000000000059	10% AEP	0	8.0000000000000043E-2	0.17	0.25	0.33000000000000146	0.42000000000000032	0.5	0.58000000000000007	0.67000000000000293	0.75000000000000233	0.83000000000000063	0.92	1	1.08	1.1700000000000021	1.25	1.33	1.42	1.5	1.58	1.6700000000000021	1.75	1.83	1.9200000000000021	2	2.08	2.17	2.25	2.3299999999999987	2.42	2.5	2.58	2.67	2.75	2.8299999999999987	2.92	3	3.08	3.17	3.25	3.3299999999999987	3.42	3.5	3.58	3.67	3.75	3.8299999999999987	3.92	4	4.08	4.17	4.25	4.33	4.42	4.5	4.58	4.67	4.75	4.83	4.92	5	5.08	5.17	5.25	5.33	5.42	5.5	5.58	5.67	5.75	5.83	5.92	0	0	0	0	0	0	0.12429999999999999	0.52139999999999997	1.9977	5.0273999999999965	8.9284000000000017	12.864500000000024	15.0396	15.0007	13.816500000000024	12.3809	11.2003	10.432	9.8689	9.2861000000000011	8.696200000000001	8.1828000000000003	7.7610000000000001	7.3822000000000001	7.0880999999999998	6.8550999999999975	6.6082000000000001	6.2919999999999998	5.9146999999999998	5.4903000000000004	5.0514000000000001	4.6374999999999975	4.2869000000000002	4.0171999999999946	3.8176999999999977	3.6633000000000098	3.5358999999999967	3.4277000000000002	3.3360999999999899	3.2600000000000002	3.1970999999999998	3.1440999999999999	3.0975000000000001	3.0550999999999977	3.0152999999999968	2.9768999999999899	2.9385999999999997	2.8995999999999977	2.8588999999999967	2.8163999999999967	2.7726999999999977	2.7282999999999999	2.6823999999999999	2.6327999999999987	2.5749	2.5030000000000001	2.4110999999999967	2.2963	2.1583000000000001	1.9990000000000001	1.819499999999995	1.617899999999995	1.3909	1.1449	0.90410000000000001	0.69850000000000001	0.54420000000000002	0.43850000000000111	0.36880000000000146	0.32230000000000164	0.28980000000000111	0.2656	5% AEP	0	8.0000000000000043E-2	0.17	0.25	0.33000000000000146	0.42000000000000032	0.5	0.58000000000000007	0.67000000000000293	0.75000000000000233	0.83000000000000063	0.92	1	1.08	1.1700000000000021	1.25	1.33	1.42	1.5	1.58	1.6700000000000021	1.75	1.83	1.9200000000000021	2	2.08	2.17	2.25	2.3299999999999987	2.42	2.5	2.58	2.67	2.75	2.8299999999999987	2.92	3	3.08	3.17	3.25	3.3299999999999987	3.42	3.5	3.58	3.67	3.75	3.8299999999999987	3.92	4	4.08	4.17	4.25	4.33	4.42	4.5	4.58	4.67	4.75	4.83	4.92	5	5.08	5.17	5.25	5.33	5.42	5.5	5.58	5.67	5.75	5.83	5.92	0	0	0	0	0	0	0.34130000000000038	1.1805000000000001	3.5362999999999967	8.3980000000000015	14.3429	19.487199999999909	21.1706	19.631399999999999	17.2136	15.1792	13.7858	12.900400000000024	12.2097	11.455100000000026	10.683	10.0098	9.4631000000000007	8.9789000000000012	8.6059000000000001	8.3083000000000009	7.99	7.5834000000000001	7.1064999999999996	6.59	6.0880999999999998	5.6476999999999995	5.2863000000000024	4.9867000000000123	4.7194000000000003	4.4751000000000003	4.2734000000000014	4.1343999999999985	4.0510000000000002	3.9973000000000001	3.9533	3.9118999999999913	3.8721999999999968	3.8344999999999967	3.7991000000000001	3.7656999999999998	3.7342	3.7040999999999999	3.6755999999999998	3.6492	3.6251000000000002	3.6013999999999999	3.5750999999999977	3.5436999999999999	3.5061999999999998	3.4636999999999998	3.4175	3.3689999999999998	3.3183999999999987	3.2662	3.2141999999999999	3.1648999999999998	3.1187	3.0743999999999998	3.0303	2.9855	2.9391999999999987	2.8902999999999968	2.8374999999999977	2.7789999999999999	2.7126999999999977	2.6353999999999997	1% AEP	0	8.0000000000000043E-2	0.17	0.25	0.33000000000000146	0.42000000000000032	0.5	0.58000000000000007	0.67000000000000293	0.75000000000000233	0.83000000000000063	0.92	1	1.08	1.1700000000000021	1.25	1.33	1.42	1.5	1.58	1.6700000000000021	1.75	1.83	1.9200000000000021	2	2.08	2.17	2.25	2.3299999999999987	2.42	2.5	2.58	2.67	2.75	2.8299999999999987	2.92	3	3.08	3.17	3.25	3.3299999999999987	3.42	3.5	3.58	3.67	3.75	3.8299999999999987	3.92	4	4.08	4.17	4.25	4.33	4.42	4.5	4.58	4.67	4.75	4.83	4.92	5	5.08	5.17	5.25	5.33	5.42	5.5	5.58	5.67	5.75	5.83	5.92	0	0	0	0	0.81610000000000005	3.2945000000000002	9.1491000000000025	19.246499999999905	29.650600000000001	35.522800000000011	34.455300000000001	29.796199999999921	25.019400000000001	21.174700000000001	18.097000000000001	15.2882	12.758100000000001	10.6195	8.9834000000000067	7.8217999999999996	7.0213000000000001	6.4592000000000134	6.0539999999999985	5.7534000000000001	5.5243999999999955	5.3514999999999997	5.2258999999999975	5.1361999999999997	5.0673999999999975	5.0074999999999985	4.9513000000000034	4.8962000000000003	4.8358999999999996	4.7561999999999998	4.6443999999999965	4.5091999999999999	4.3860000000000001	4.3056000000000001	4.2674999999999965	4.2502000000000004	4.2380000000000004	4.2263000000000002	4.2149999999999945	4.2038000000000002	4.1926999999999985	4.1817000000000002	4.1707000000000001	4.1597	4.1486999999999998	4.1376999999999997	4.1265999999999945	4.1154999999999955	4.1043999999999965	4.0930999999999997	4.0815000000000001	4.0693999999999999	4.0566000000000004	4.0433000000000003	4.0296000000000003	4.0156000000000001	4.0014000000000003	3.9870000000000001	3.9724999999999913	3.9579	3.9430000000000001	3.9272999999999998	3.9097	3.8885000000000001	3.8623999999999987	3.8318999999999899	3.7984	3.7636000000000012	Time (hours)

Flow (m3/s)


20% AEP	0	8.0000000000000043E-2	0.17	0.25	0.33000000000000146	0.42000000000000032	0.5	0.58000000000000007	0.67000000000000293	0.75000000000000233	0.83000000000000063	0.92	1	1.08	1.1700000000000021	1.25	1.33	1.42	1.5	1.58	1.6700000000000021	1.75	1.83	1.9200000000000021	2	2.08	2.17	2.25	2.3299999999999987	2.42	2.5	2.58	2.67	2.75	2.8299999999999987	2.92	3	3.08	3.17	3.25	3.3299999999999987	3.42	3.5	3.58	3.67	3.75	3.8299999999999987	3.92	4	4.08	4.17	4.25	4.33	4.42	4.5	4.58	4.67	4.75	4.83	4.92	5	5.08	5.17	5.25	5.33	5.42	5.5	5.58	5.67	5.75	5.83	5.92	0	0	0	0	0	1.5000000000000046E-3	4.6400000000000004E-2	0.30120000000000002	1.7215999999999936	5.8914999999999997	10.0877	9.2818000000000005	6.0653999999999995	4.5415999999999999	4.5571999999999955	4.7705000000000002	4.4560000000000004	3.9460999999999977	3.6884999999999999	3.5559999999999987	3.1581999999999999	2.5488	2.0945999999999998	1.8829	1.7353999999999936	1.5924	1.4594999999999936	1.2673999999999948	0.96940000000000004	0.66480000000000328	0.4506	0.31580000000000152	0.2218	0.15530000000000024	0.10979999999999999	7.920000000000002E-2	5.8200000000000002E-2	4.3700000000000003E-2	3.3500000000000002E-2	2.5900000000000006E-2	2.0500000000000001E-2	1.6299999999999999E-2	1.3200000000000049E-2	1.0800000000000021E-2	8.9000000000000207E-3	7.4000000000000333E-3	6.2000000000000223E-3	5.3000000000000104E-3	4.5000000000000014E-3	3.9000000000000107E-3	3.3000000000000052E-3	2.8999999999999998E-3	2.5000000000000092E-3	2.2000000000000092E-3	1.9000000000000098E-3	1.7000000000000055E-3	1.5000000000000046E-3	1.4000000000000041E-3	1.1999999999999999E-3	1.1000000000000051E-3	1.0000000000000041E-3	9.0000000000000247E-4	8.0000000000000264E-4	7.0000000000000314E-4	7.0000000000000314E-4	6.0000000000000266E-4	5.0000000000000034E-4	5.0000000000000034E-4	5.0000000000000034E-4	4.0000000000000034E-4	4.0000000000000034E-4	4.0000000000000034E-4	10% AEP	0	8.0000000000000043E-2	0.17	0.25	0.33000000000000146	0.42000000000000032	0.5	0.58000000000000007	0.67000000000000293	0.75000000000000233	0.83000000000000063	0.92	1	1.08	1.1700000000000021	1.25	1.33	1.42	1.5	1.58	1.6700000000000021	1.75	1.83	1.9200000000000021	2	2.08	2.17	2.25	2.3299999999999987	2.42	2.5	2.58	2.67	2.75	2.8299999999999987	2.92	3	3.08	3.17	3.25	3.3299999999999987	3.42	3.5	3.58	3.67	3.75	3.8299999999999987	3.92	4	4.08	4.17	4.25	4.33	4.42	4.5	4.58	4.67	4.75	4.83	4.92	5	5.08	5.17	5.25	5.33	5.42	5.5	5.58	5.67	5.75	5.83	5.92	0	0	0	0	0	4.6000000000000034E-3	0.14190000000000041	0.79670000000000063	3.4487999999999999	9.0492000000000008	13.399100000000002	11.459900000000006	7.0391000000000004	5.2734000000000014	5.3521999999999945	5.5902000000000003	5.2035	4.5446	4.2569999999999997	4.1567999999999996	3.7650999999999999	3.2783000000000002	3.12	3.1610999999999998	2.9908999999999977	2.5880000000000001	2.1265000000000001	1.6487000000000001	1.1789000000000001	0.78990000000000005	0.52539999999999998	0.36120000000000002	0.25010000000000004	0.17140000000000041	0.11990000000000002	8.5900000000000004E-2	6.2600000000000003E-2	4.6899999999999997E-2	3.570000000000001E-2	2.7600000000000117E-2	2.1800000000000052E-2	1.7299999999999996E-2	1.4E-2	1.1400000000000058E-2	9.4000000000000247E-3	7.9000000000000355E-3	6.6000000000000034E-3	5.6000000000000034E-3	4.7000000000000123E-3	4.1000000000000003E-3	3.5000000000000118E-3	3.0000000000000092E-3	2.7000000000000114E-3	2.3000000000000052E-3	2.0000000000000052E-3	1.8000000000000069E-3	1.6000000000000077E-3	1.4000000000000041E-3	1.2999999999999978E-3	1.1000000000000051E-3	1.0000000000000041E-3	9.0000000000000247E-4	8.0000000000000264E-4	8.0000000000000264E-4	7.0000000000000314E-4	6.0000000000000266E-4	6.0000000000000266E-4	5.0000000000000034E-4	5.0000000000000034E-4	4.0000000000000034E-4	4.0000000000000034E-4	4.0000000000000034E-4	5% AEP	0	8.0000000000000043E-2	0.17	0.25	0.33000000000000146	0.42000000000000032	0.5	0.58000000000000007	0.67000000000000293	0.75000000000000233	0.83000000000000063	0.92	1	1.08	1.1700000000000021	1.25	1.33	1.42	1.5	1.58	1.6700000000000021	1.75	1.83	1.9200000000000021	2	2.08	2.17	2.25	2.3299999999999987	2.42	2.5	2.58	2.67	2.75	2.8299999999999987	2.92	3	3.08	3.17	3.25	3.3299999999999987	3.42	3.5	3.58	3.67	3.75	3.8299999999999987	3.92	4	4.08	4.17	4.25	4.33	4.42	4.5	4.58	4.67	4.75	4.83	4.92	5	5.08	5.17	5.25	5.33	5.42	5.5	5.58	5.67	5.75	5.83	5.92	0	0	0	0	8.0000000000000264E-4	1.4900000000000005E-2	0.36320000000000002	1.9256	6.5420999999999996	13.4863	17.415699999999905	13.9903	8.2936000000000014	6.2165999999999997	6.3943999999999965	6.6988999999999965	6.1704999999999997	5.2991999999999999	4.9958	4.8971999999999865	4.3750999999999998	3.7517	3.5911	3.7061000000000002	3.593	3.3655999999999997	3.2044999999999999	2.9065999999999987	2.4041000000000001	1.9382999999999999	1.5908	1.1895	0.71519999999999995	0.36680000000000146	0.20240000000000041	0.13150000000000001	9.0600000000000028E-2	6.3500000000000001E-2	4.5900000000000003E-2	3.44E-2	2.63E-2	2.0500000000000001E-2	1.6299999999999999E-2	1.3100000000000021E-2	1.0699999999999998E-2	8.8000000000000248E-3	7.3000000000000113E-3	6.2000000000000223E-3	5.1999999999999998E-3	4.5000000000000014E-3	3.8000000000000052E-3	3.3000000000000052E-3	2.8999999999999998E-3	2.5000000000000092E-3	2.2000000000000092E-3	1.9000000000000098E-3	1.7000000000000055E-3	1.5000000000000046E-3	1.4000000000000041E-3	1.1999999999999999E-3	1.1000000000000051E-3	1.0000000000000041E-3	9.0000000000000247E-4	8.0000000000000264E-4	7.0000000000000314E-4	7.0000000000000314E-4	6.0000000000000266E-4	6.0000000000000266E-4	5.0000000000000034E-4	5.0000000000000034E-4	4.0000000000000034E-4	4.0000000000000034E-4	1% AEP	0	8.0000000000000043E-2	0.17	0.25	0.33000000000000146	0.42000000000000032	0.5	0.58000000000000007	0.67000000000000293	0.75000000000000233	0.83000000000000063	0.92	1	1.08	1.1700000000000021	1.25	1.33	1.42	1.5	1.58	1.6700000000000021	1.75	1.83	1.9200000000000021	2	2.08	2.17	2.25	2.3299999999999987	2.42	2.5	2.58	2.67	2.75	2.8299999999999987	2.92	3	3.08	3.17	3.25	3.3299999999999987	3.42	3.5	3.58	3.67	3.75	3.8299999999999987	3.92	4	4.08	4.17	4.25	4.33	4.42	4.5	4.58	4.67	4.75	4.83	4.92	5	5.08	5.17	5.25	5.33	5.42	5.5	5.58	5.67	5.75	5.83	5.92	0	0	5.1999999999999998E-3	2.1105999999999998	14.434800000000001	28.629799999999989	22.741399999999913	9.4529000000000067	3.8746999999999967	2.6936	2.2557999999999998	2.0407999999999999	1.9068000000000001	1.8893	1.8458999999999948	1.8007	1.7876999999999947	1.7490999999999948	1.722599999999995	1.6889000000000001	1.6292	1.4637999999999924	1.1051	0.64759999999999995	0.31860000000000038	0.16209999999999999	0.10070000000000009	6.5600000000000006E-2	4.3299999999999998E-2	3.0500000000000006E-2	2.1800000000000052E-2	1.6199999999999999E-2	1.2300000000000005E-2	9.6000000000000026E-3	7.6000000000000104E-3	6.1000000000000004E-3	5.0000000000000114E-3	4.1000000000000003E-3	3.5000000000000118E-3	2.8999999999999998E-3	2.5000000000000092E-3	2.2000000000000092E-3	1.9000000000000098E-3	1.6000000000000077E-3	1.4000000000000041E-3	1.2999999999999978E-3	1.1000000000000051E-3	1.0000000000000041E-3	9.0000000000000247E-4	8.0000000000000264E-4	7.0000000000000314E-4	7.0000000000000314E-4	6.0000000000000266E-4	5.0000000000000034E-4	5.0000000000000034E-4	5.0000000000000034E-4	4.0000000000000034E-4	4.0000000000000034E-4	4.0000000000000034E-4	3.0000000000000138E-4	3.0000000000000138E-4	3.0000000000000138E-4	3.0000000000000138E-4	2.0000000000000052E-4	2.0000000000000052E-4	2.0000000000000052E-4	2.0000000000000052E-4	2.0000000000000052E-4	2.0000000000000052E-4	2.0000000000000052E-4	1.0000000000000051E-4	1.0000000000000051E-4	Time (hours)

Flow (m3/s)


20% AEP	8.0000000000000043E-2	0.17	0.25	0.33000000000000146	0.42000000000000032	0.5	0.58000000000000007	0.67000000000000293	0.75000000000000233	0.83000000000000063	0.92	1	1.08	1.1700000000000021	1.25	1.33	1.42	1.5	1.58	1.6700000000000021	1.75	1.83	1.9200000000000021	2	2.08	2.17	2.25	2.3299999999999987	2.42	2.5	2.58	2.67	2.75	2.8299999999999987	2.92	3	3.08	3.17	3.25	3.3299999999999987	3.42	3.5	3.58	3.67	3.75	3.8299999999999987	3.92	4	4.08	4.17	4.25	4.33	4.42	4.5	4.58	4.67	4.75	4.83	4.92	5	5.08	5.17	5.25	5.33	5.42	5.5	5.58	5.67	5.75	5.83	5.92	0	0	0	0	1.0000000000000051E-4	1.2999999999999998E-2	0.23150000000000001	1.9515	6.7058	12.051500000000004	13.783100000000001	13.141500000000001	13.8102	15.6075	16.54949999999991	15.893400000000026	14.571900000000001	13.4785	12.571400000000002	11.6112	10.581100000000001	9.6435000000000013	8.8849	8.3088000000000015	7.864199999999979	7.4399000000000024	6.9447000000000001	6.3784999999999998	5.7850999999999999	5.2319000000000004	4.7564000000000002	4.3468999999999998	3.9912999999999967	3.6892999999999998	3.4377999999999997	3.2324999999999977	3.0680000000000001	2.9373	2.8323999999999967	2.7454999999999998	2.6698	2.5995999999999997	2.5306999999999977	2.46	2.3853999999999997	2.3048999999999977	2.2161999999999997	2.117	2.0055000000000001	1.8807	1.742699999999995	1.5912999999999955	1.4272999999999931	1.2535999999999936	1.0782	0.91249999999999998	0.76750000000000063	0.64920000000000222	0.55770000000000064	0.48930000000000123	0.43880000000000147	0.40130000000000032	0.37260000000000032	0.35000000000000031	0.33120000000000038	0.31510000000000032	0.30090000000000111	0.28810000000000002	0.27610000000000001	0.26479999999999998	10% AEP	8.0000000000000043E-2	0.17	0.25	0.33000000000000146	0.42000000000000032	0.5	0.58000000000000007	0.67000000000000293	0.75000000000000233	0.83000000000000063	0.92	1	1.08	1.1700000000000021	1.25	1.33	1.42	1.5	1.58	1.6700000000000021	1.75	1.83	1.9200000000000021	2	2.08	2.17	2.25	2.3299999999999987	2.42	2.5	2.58	2.67	2.75	2.8299999999999987	2.92	3	3.08	3.17	3.25	3.3299999999999987	3.42	3.5	3.58	3.67	3.75	3.8299999999999987	3.92	4	4.08	4.17	4.25	4.33	4.42	4.5	4.58	4.67	4.75	4.83	4.92	5	5.08	5.17	5.25	5.33	5.42	5.5	5.58	5.67	5.75	5.83	5.92	0	0	0	0	5.0000000000000034E-4	9.1000000000000025E-2	0.82070000000000065	3.9041999999999999	10.571900000000001	17.039800000000035	18.801300000000001	18.254899999999999	19.27809999999991	21.00219999999991	21.211600000000001	19.590199999999989	17.59979999999991	16.154100000000035	15.126800000000001	14.08	13.0411	12.2631	11.710100000000001	11.159700000000004	10.4918	9.7062000000000008	8.8497000000000003	8.0159000000000002	7.2582000000000004	6.5787000000000004	5.9728000000000003	5.4277999999999995	4.9416000000000189	4.5318000000000014	4.2077999999999998	3.9613999999999998	3.7732999999999999	3.6242000000000001	3.5011000000000001	3.3977999999999997	3.3113999999999977	3.2395	3.1793	3.1274999999999999	3.0813000000000001	3.0387999999999997	2.9983999999999997	2.9589999999999987	2.9193999999999987	2.8787999999999987	2.8367999999999967	2.7936000000000001	2.7492000000000001	2.7033000000000098	2.6539999999999999	2.5981000000000001	2.5309999999999997	2.4479000000000002	2.3452999999999977	2.2219000000000002	2.0783999999999998	1.9158999999999955	1.7350999999999948	1.5368999999999955	1.3260000000000001	1.1133	0.91449999999999998	0.74280000000000246	0.60480000000000245	0.49950000000000111	5% AEP	8.0000000000000043E-2	0.17	0.25	0.33000000000000146	0.42000000000000032	0.5	0.58000000000000007	0.67000000000000293	0.75000000000000233	0.83000000000000063	0.92	1	1.08	1.1700000000000021	1.25	1.33	1.42	1.5	1.58	1.6700000000000021	1.75	1.83	1.9200000000000021	2	2.08	2.17	2.25	2.3299999999999987	2.42	2.5	2.58	2.67	2.75	2.8299999999999987	2.92	3	3.08	3.17	3.25	3.3299999999999987	3.42	3.5	3.58	3.67	3.75	3.8299999999999987	3.92	4	4.08	4.17	4.25	4.33	4.42	4.5	4.58	4.67	4.75	4.83	4.92	5	5.08	5.17	5.25	5.33	5.42	5.5	5.58	5.67	5.75	5.83	5.92	0	0	0	0.11520000000000002	1.498	7.3532999999999999	16.979399999999909	23.110700000000001	24.30859999999991	25.708699999999883	27.987399999999898	28.209399999999913	25.727399999999989	22.241399999999913	18.860499999999909	15.8283	13.3611	11.5237	10.1096	8.9702000000000002	8.0983999999999998	7.4336000000000189	6.8673999999999955	6.2717000000000134	5.6108999999999956	5.0220999999999965	4.6097999999999999	4.3307000000000002	4.1072999999999995	3.9173999999999998	3.7688999999999999	3.6638999999999999	3.5903999999999998	3.5320999999999967	3.4795999999999987	3.4297	3.3818999999999977	3.3355999999999977	3.2905000000000002	3.2469999999999999	3.2061000000000002	3.1680999999999999	3.1323999999999987	3.0983999999999998	3.0651000000000002	3.0318999999999967	2.9984999999999977	2.9641000000000002	2.9281999999999999	2.8900999999999977	2.8493999999999997	2.8056999999999968	2.7585999999999999	2.7075000000000098	2.6503000000000001	2.5831000000000088	2.5009999999999999	2.3990999999999967	2.2749999999999999	2.129	1.9619	1.7735999999999947	1.5638999999999947	1.337599999999995	1.107799999999995	0.89280000000000004	0.70800000000000063	0.56020000000000003	0.44800000000000001	0.36550000000000032	1% AEP	8.0000000000000043E-2	0.17	0.25	0.33000000000000146	0.42000000000000032	0.5	0.58000000000000007	0.67000000000000293	0.75000000000000233	0.83000000000000063	0.92	1	1.08	1.1700000000000021	1.25	1.33	1.42	1.5	1.58	1.6700000000000021	1.75	1.83	1.9200000000000021	2	2.08	2.17	2.25	2.3299999999999987	2.42	2.5	2.58	2.67	2.75	2.8299999999999987	2.92	3	3.08	3.17	3.25	3.3299999999999987	3.42	3.5	3.58	3.67	3.75	3.8299999999999987	3.92	4	4.08	4.17	4.25	4.33	4.42	4.5	4.58	4.67	4.75	4.83	4.92	5	5.08	5.17	5.25	5.33	5.42	5.5	5.58	5.67	5.75	5.83	5.92	0	0	3.0000000000000138E-4	0.87649999999999995	6.3328999999999995	19.2273	33.868400000000001	41.582100000000011	45.0747	48.478900000000003	48.279300000000013	43.5426	36.839300000000001	30.7058	25.501200000000001	20.931000000000001	17.227599999999921	14.4872	12.465300000000004	10.909600000000006	9.7697000000000003	8.9681000000000015	8.3753000000000046	7.9459999999999997	7.6196000000000002	7.3642999999999965	7.1671999999999789	7.0136000000000003	6.8921999999999946	6.7931999999999997	6.6993999999999998	6.5926	6.4122000000000003	6.0739999999999998	5.5903999999999998	5.1172999999999975	4.7759	4.5584999999999996	4.4217000000000004	4.3400999999999996	4.2950999999999997	4.2687999999999997	4.2494000000000014	4.2328000000000001	4.2178999999999975	4.2042000000000002	4.1912000000000003	4.1787999999999998	4.1667999999999985	4.1549999999999789	4.1433	4.1318000000000001	4.1202999999999985	4.1087999999999996	4.0972999999999997	4.0854999999999997	4.0733000000000024	4.0606	4.0472999999999999	4.0335999999999999	4.0197000000000003	4.0054999999999996	3.9910999999999968	3.9765999999999977	3.9619	3.9468999999999967	3.9309999999999987	3.9133999999999998	3.8927999999999967	3.8681000000000001	Time (hours)

Flow (m3/s)



image2.png




image4.jpeg




image5.png




image7.png
Damages

$4,000,000

$3,500,000

$3,000,000

$2,500,000

$2,000,000

$1,500,000

$1,000,000

$500,000

$So

Annual Exceedance Probability (%)

| |
| |
| |
| |
| |
| |
| |
| |
|
\ |
| |
| |
| |
| |
| |
| |
- [ » Limit of Flood Data. Curves formed
: : by extrapolation beyond these lines
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
|
| |
| |
| |
| |
| |
| |
I : : ! : : : : ‘
0 10 15 20 25 30 35 40 45

50





image8.wmf
(

)

i

i

n

ú

û

ù

ê

ë

é

÷

÷

ø

ö

ç

ç

è

æ

+

-

1

1

1


oleObject2.bin

image9.wmf
Cost

Total

Benefit

Total

Ratio

Cost

Benefit

=

-


oleObject3.bin

image10.png
Damages

$4,000,000

$3,500,000

$3,000,000

$2,500,000

$2,000,000

$1,500,000

$1,000,000

$500,000

$0

Annual Exceedance Probability (%)

|
|
|
|
|
|
|
|
|
|
|
|
| |
| |
1 1
| |
-l | — 5 Limit of Flood Data. Curves formed
: : by extrapolation beyond these lines
1 1
| |
| |
| |
| |
1 1
| |
| |
| |
| |
1 1
| |
| |
|
| |
1 1
| |
| |
| |
| |
! ‘ ‘ | ‘ ‘ ‘ ‘ ‘
0 10 15 20 25 30 35 40 45

50





image11.png
Damages

$4,000,000

$3,500,000

$3,000,000

$2,500,000

$2,000,000

$1,500,000

$1,000,000

$500,000

$0

Annual Exceedance Probability (%)

| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
|
|
1 1
| |
-l | — 5 Limit of Flood Data. Curves formed
: : by extrapolation beyond these lines
1 1
| |
| |
| |
| |
1 1
| |
| |
| |
| |
1 1
| |
| |
| |
|
1 1
| |
| |
| |
| |
! ‘ ‘ | ‘ ‘ ‘ ‘ ‘
0 10 15 20 25 30 35 40 45

50





image12.png
Damages

$4,000,000

$3,500,000

$3,000,000

$2,500,000

$2,000,000

$1,500,000

$1,000,000

$500,000

$So

| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
|
| |
-l | — 5 Limit of Flood Data. Curves formed
: : by extrapolation beyond these lines
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
! . . . ! . . . . .
0 5 10 15 20 25 30 35 40 45

Annual Exceedance Probability (%)

50





image13.jpeg
""“
“wz BMT WBM




image1.jpeg
7 BMT WBM




image3.wmf
OCEANICS AUSTRALIA


oleObject1.bin

image6.jpeg
BMT WBM




