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GLOSSARY OF TERMS

Annual Exceedance

Probability (AEP)

Australian Height Datum
(AHD)

Average Recurrence
Interval

(ARI)

Cadastre, cadastral base

Catchment

Design flood

Discharge

Flood

Flood frequency
analysis

Flood hazard

Floodplain

Refers to the probability or risk of a flood of a given size ocourring or
being exceeded in any given year. A 80% AEP flood has a high
probability of occurring or being exceedead; it would occur quite often
and would be relatively small. A 195 AEP flood has a low probability of
occurrence or being exceeded; it would be fairly rare but it would be of
extreme magnitude.

A commeon national surface level datum approximatsly cormmesponding to
mean sea level. Introduced in 1971 to eventually supersede all earlier
datums.

Refers to the average time interval between a given fiood magnitude
occurring or being exceeded. A 10 year ARI flood is expected to be
exceeded on average once every 10 years. A 100 year ARI ficod is
expected to be exceeded on average once every 100 years. The AEP
is the ARI expressed as a percentage.

Information in map or digital form showing the extent and usage of land,
including streets, lot boundaries, water courses etc.

The area draining to a site. It always relates to a particular location and
may include the catchments of tributary streams as well as the main
gtream.

A design flond is a probabilistic or statisfieal estimate, being generally
based on some form of probability analysis of flood or rainfall data. An
average recurrence interval or exceedance probability is aftributed o
the estimate.

The rate of flow of water measured in terms of volume over time. Itis to
be distinguished from the speed or velocity of flow, which is a measure
of how fast the water is moving rather than how much is moving.

Relatively high stream flow which overtops the natura! or artificial banks
in any part of a stream, river, estuary, lake or dam, and/or overland
runoff before entering a watercourse and/or coastal inundation resulting
from elevated sea levels and/or waves overtopping coastiine defences.

A statistical analysis of ohserved flood magnitides to determine the
probability of a given flood magnitude.

Potential risk to life and limb caused by flooding. Flood hazard
combines the flood depth and velocity.

Area of land which is subject to inundation by floods up o the probable
maximum flood event, i.e. flood prone land.
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Flood storages Those paris of the floodplain that are important for the temporary storage,
of floodwaters during the passage of a flood.

Geographical information A system of sofiware and procedures designed fo support the
management, manipulation, analysis and display of spatially referenced

systems (GIS) data.

Hydraulics The term given to the study of water flow in a river, channel or pipe, in
particular, the evaluation of flow parameters such as stage and velocity.

Hydrograph A graph that shows how the discharge changes with time at any
particular location.

Hydrology The term given to the study of the rainfall and ninoff process as it relates
to the derivation of hydrographs for given floods.

Intensity frequency Statistical analysis of rainfall, describing the rzinfall intensity (mm/hr),

duration {IFD) analysis frequency (probability measured by the AEP), duration (hrs). This analysis
is used to generate design rainfall estimates.

LIiDAR Spot land surface heights collected via aerial light detection and ranging
{LIDAR) survey. The spot heights are converted to a gridded digital
elevation model dataset for use in medelling and mapping.

Peak flow The maximum discharge occurring during a flood event.

Probability A statistical measure of the expected frequency or occurrence of flooding.
For a fuller explanation see Average Recumence Intenval,

Probable Maximum Flood The flood that may be expected from the most severe combination of
critical meteorological and hydrologic conditions that are reasonably
possible in a particular drainage area.

RORB A hydrological modelling tool used in this study to calculate the runoff
generated from historic and design rainfall events.

Runoff The amount of rainfall that actually ends up as stream or pipe flow, also
known as rainfall excess.

Stage Equivalent to ‘water level'. Both are measured with reference to a
specified datum.

Stage hydrograph A graph that shows how the water level changes with ime. It must be
referenced to a particular location and dafum.

Topography A surface which defines the ground leve! of a chosen area.
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1 INTRODUCTION

1.1 Overview

Water Technology has been commissioned by Golden Plaing Shire Council (Council) to undertake the
Teesdale Flood Risk Identification Study. The investigation area covers the Native Hut Creek and tributaries
in the township of Teesdale, as shown in Figure 1-1. Teesdale is identifed as a Priority Flood Risk Area in the
Corangamite Catchment Management Authority (CCMA) Regional Floodplain Management Strategy (CCMA,
2018), which identifies both riverine and flash flood risks for the town and states that “focding associated with
Native Hut Creek has damaged several residential properiies”.

Previous flood investigations covering Teesdale include CCMA investigations undertaken in 2008 and 2019.
The 2008 study utilised RORB hydrologic modelling and HEC-RAS one-dimensional hydraulic modsiling, whila
the 2019 study utilised HEC-RAS two-dimensional hydrau'ic modelling. A regional flood study of the Barwon
River catchment which covers the study area was also completed in 2016 (GHD, 2016).

The CCMA modelling completed in 2019 indicates that the cument flood mapping which is the basis for the
Floodway Overlay (FO) and Land Subject to Inundation Overlay (LSIO) in the Golden Plains Planning Scheme
understates the flood hazard in Teesdale. The Flood Risk ldentification Study is being carried out to ensure
that the planning scheme mapping accurately reflects flood hazard to ensure that growth in Teesdals is
managed appropriately into the future. As such, updated flood mapping suitable for inclusion in the Golden
Plzins Planning Scheme is a key output required from the study.

In addition, the study will produce fiood intelligence information for use in emergency management siluafions,
assess the current flood impact/exposure in terms of annual average damages caused by flooding in Teesdale,
investigate structural and non-structural mitigation options to reduce damages, investigate and make
recommendations for establishing a flood waming system for the town.

This report is one of a series documenting the outcomes of the Teesdale Flood Risk Identification Studv. Each
reporting stage is shown below:

RO1 - Data Review and Validation - This Report

R02 — Joint Calibration Modelling Report

R03 — Design Hydrology and Hydraulic Modelling Report
R04 - Flood Intelligence and Flood Warming Report

RO5 — Flood Damages and Mitigation Assessment Report
RO6 — MFEP Documentation

RO7 — Final Summary Report

The data required for this study has been collated and reviewed. This report documents a summary of the
available streamflow, rainfall and topographic data as well as the relevant previous projects and other
information ralevant to the study. The report also details verification of the avallable topographic datasets and
details the hydrological and hydraulic modelling approach.

Following appointment and project inception, Water Technology engaged surveyors to capture structure
details, waterway cross seclions and ground leve's for the purpose of LIDAR data verification as detzfled in
the project brief. The data captured is discussed in this report.

Golden Plains Shire | 16 May 2023
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1.2 Objectives and Qutputs

The Teesdale Flood Risk ldentification Study outputs are required to meet several floodplain management
objectives as highlighted in the project brief prepared by Golden Plains Shire and Corangamite CMA. The
objectives of the investigation are described below:

B Provigion of detailed flood mapping for a range of floeding scenarios across the study area.

Collate and review all available data and, through rigorous analysis, determine robust flood levels velodilies,
depths and extents.

m  Update flood data for the township using current best praciice modsliing techniques and technology.

Produce robust flood mapping and associated documentation for inciusion in the Golden Plains Planning
Scheme.

m  Support the implementation of the Teesdate Structure Plan.
Update the Municipal Flood Emergency Plan.

1.3 Study Area

Teesdale is located approximately 8.5 km north of Inverieigh and is situated on the banks of Native Hut Creek.
The Native Hut Cresk catchment begins approximately 22.5 km north of Teesdale near the tovn of Meredith.
The creek meanders south across agricultural land, the vast majority of which has been historically cleared of
large vegetation in line with its use as farmland.

The catchment within and upsiream of the study area is mosily cleared agricultural land and the main waterway
{Native Hut Creek) has several onstream dams of varying size along ils alignment. The Native Hut Creek
catchment draining to Teesdale is approximately 110 km?. The entire calchment is located within the Golden
Plains municipal area. The study area is focussed on the township of Teesdale and includes the following
waterway structures:

B Two large on-stream dams approximately 3km upstream of the township.

= An indicative assessment of the impact of the upstream dams was completed in R01 — Data Collation
and Validation.

m  Road crossings, formal or informal, at the following roads:
= Tolson Road/Stones Road
Sutherland Street
®  Bannockbum-Shelford Road
Barkers Road
B Several off-stream dams throughout the town.

Golden Plains Shire | 16 May 2023
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Figura 11 Tee=dale Flood Risk IdentiTeation Study - Studv Area
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Figure 1-2  Native Hut Creek Catchment
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2 DATA SUMMARY

2.1 Previous Studies

The following studies which produced flooding information for Native Hut Creek at Teesdale have been
identified as part of the data collation and review:

m  Victorian Flood Data Transfer Project (2001)

CCMA Hydrologic and Hydraulic Assessment (2008)

B Regional Flood Mapping — Barwon River, Thompson Creek and Woady Yaloak Creek {2016)
CCMA Updated Hydrologic and Hydraulic Assessment (2019)

A synopsis of each study is given below.
Victorian Flood Data Transfer Project (2001)

The Victorian Flood Data Transfer Project’s Golden Plains Shire report was finalised and published in February
2001. The Project's main goal was to produce a "high quallly, consistent and comprehensive Geographic
Information System (GIS) layer and hardcopy map products showing a range of flood data for urban and rural
fioodplains in Victoria® (Sinclair Knight Merz, 2001). The project produced this data by reviewing available flood
data, with no modelling being undertaken for most areas across the municipality including Teesdale. The
Golden Plains Shire report states that an ‘interpreted’ flood extent was available for the Teesdale area in
addition to topographic and geologic maps. It is assumed that this interpreted fiood extent came from the
former State Rivers and Rural Water Commission (SRRWC).

CCMA Hydrologic and Hydraulic Assessment (2008)

The Victorian Flood Data Transfer Project flood extent for Teesdala was superseded by a flood study of Native
Hut Creek completed by CCMA in 2008. The CCMA report states that the Victorian Flood Data Transfer Project
information is “known to be inaccurate through Teesdale” (CCMA, 2008). The CCMA work utilised a RORB
hydrological model and HEC-RAS one-dimensional hydraulic model to estimate 1% AEP flood behaviour
throughout Teesdale.

Floodplain inundation mapping produced from the HEC-RAS model ouiputs forms the cumrent flood related
overlay mapping in the Golden Plains Planning Scheme.

Regional Finod Mapping — Barwon River, Thomnson Creek and Woady Yalnak Creek (2016)

GHD were engaged to undertake the Regional Flood Mapping project by the Department of Environment and
Primary Industries (DEPI), now the Department of Environment, Land, Water and Planning (DELWP). The
study was delivered in 2016 and utilised RORB hydrotogical mapping and TUFLOW GPU hydraulic modelling
to produce floodplain mapping of the Barwon River catchment, totalling around 3,700 km? of catchment area.
The modelling was undertaken prior to the release of TUFLOW HPC (Highly Parallelised Compute), which
offered significant solver improvements including an upgrade in spatial accuracy from 1% order to 2™ order,
and 1D-2D linking capabilities. The study had a number of limitations due to its !arge spatia! coverags, and
thus the information and findings produced by the study are subject to a number of qualffications including
“Due lo ifs extensive coverage and consequent low refiability this data is not generafly suitable for providing...
spacific information based on related to flood leve!s, extents or velocilies.”

CCMA Updated Hydrologic and Hydraulic assessment (2019}

Golden Plains Shire | 16 May 2023
Teesdale Flood Risk ldentification Study Page 10

Item 7.1 - Attachment 1 Page 11



Council Meeting Attachments 22 April 2025

.i""' E WATER TECHNOLPG

BATET, COASTAL & EUVERTONNTNTAL SRS IANT

In 2019, an updated assessment of flooding in Native Hut Creek was undertaken by Tony Jones of CCMAL
The assessment updated the RORB hydrologic modelling, taking advantage of new topographical information
and GIS capabilities to better delineate the subareas and reaches of the model. The hydrologic assessment
ufilised the recommended rainfall Intensity Frequency Durafion data and temporal patiemns from Australian
Rainfall and Runoff 1987.

Flows from the updated hydrologic model were input o a newly developed two-dimensional HEC-RAS
hydraulic mode! of Native Hut Creek and its floodplain. The hydraulic model adopted a uniform Mannings
roughness of 0.06 across the creek and floodplain with the exception of the Bannockbum-Shelford Road
bridge, which was modelled with a higher roughness of 0.08 to account for the restriction of flows through the
structure. Being a two-dimensional hydraulic model, outputs include gridded depth, velocity, water level and
the product of depth and velocity.

The two dimensional HEC-RAS model outputs are understood to be the currently adopted “best available
information” for flooding in Native Hut Creek through Teesdale and are ulilised in assessments of planning
referrals and floodplain advice responded to by the Corangamite CMA.

A summary of related studies completed in the Teesdale and Native Hut Creek region are summarised in
Table 2-1.

Table 2-1 Flood related studics completed in Teesdale and Native Hut Creek Region

Related Studies Authgr Year

Victorian Flood Data Transfer Project (2001) DNRE/SKM 2001

Hydrologic and Hydraulic assessment (2008) CCMA 2008

Regional Flood Mapping — Barwon River, Thompson Creek and
Woady Yaloak Craek GHD 2016
Updated Hydrologic and Hydraulic assessment (2019) CCMA 2019
CGolden Plains Shire | 15 May 2023
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2.2 Flood Information

2.21 Historical Flood Records

There is no streamflow daia available for Native Hut Creek. The 2011, 1995 and 1973 fiood events were
assessed in the 2016 GHD Regional Study however the assessment of these events was nol specific to the
Native Hut Creek caichment. These evenis along with other anecdotal evidence gathered from an iniiial

community consultation meeting form the basis of the known historic flooding in Teesdale.

Table2-2  Historical floods {(descriptions as per community anecdotes)
Description of Flooding Data Available
February 1973 | Widespread flooding in the Native Hut | Photographs and descriptions of
Creek and Leigh River, with flooding fiooding in Native Hut Creek provided
reported at Inverieigh and Teesdale. during community consultation session.
November Significant flooding within the Barwon | No information available. Understood to
1995 River catchment (including Barwon not have impacted road closures or
River at Inverleigh) houses in Teesdale.
April 2001 Flooding said to overtop the Anecdotal data only available at this
Bannockbum-Shelford Road. stage.
January 2011 Significant flooding on Leigh River Minimal information avaiable.
including Leigh River at Shelford and Understood to not have impacted road
Inverleigh. closures or houses in Teesdale, Photos
showing flooding remained in channel
through Teesdale

In addition to the above events, initial investigations have identified
September 1880 as being a flood event which inundated houses in town

{see right).
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2.3 Storages

There are no formal storages within the Native Creek catchment, with any storages limited to farm dams. Two
reasonably large dams are located on-line, i.e. the entire Native Hut Creek catchment flows through the dams,
approximately 7-7.5km upstream of Tessdale. These farm dams have not been included in the previous CCMA
RORB models.

It is understood the storages are privately owmed and operated, and thus are unlikely fo be operated for fiood
mitigation purposes. As such, design events will consider the storages to be full at the start of the event.

Notwithstanding the above, the potential impact of the siorages on fiocd behaviour will be invastigated as
discussed in Section 4.2.3.

The location of the two farm dams is shown in Figure 2-1 and Figure 2-2.

¥
| "N ] T R SR | e gy T S e 'lh"th'i

Figure 21  Online storages — far vicw
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Figurz 22 Online Storages — close view
24 Streamflow Data

No streamflow data is available for Native Hut Creek_ As identified in Section 2.2, the identification of key fiood
events is limited to adjacent waterways in the broader catchment. This relies on previous studies including the
2016 Regicnal Study and the 2018 Inverleigh Flood Study. Streamflow gauges from nearby waterways which
may be used to identify broader catchment (Barwon River) flooding are shown in Table 2-3.

Tahla 2-3 Summary of avallahle sfreamflow panaae

I Statien Peri f negor

Station Name No. Status Patg Type Eﬂadﬁﬁ o

Leigh River @ Shelford 233213 Active Instantaneouss Flow 1954 to present
Leigh River @ Shelford (Golf Hill} | 233248 Inactive | Instantaneous Flow 1294 to 2012

Barwon River @ Pollocksford | 233200 Active Instantaneous Flow 1906 to present*

Golden Plains Shire | 16 May 2023
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Data Type

Pericd of necarsl

available

Moorabool River @ Batesford 232202 Active

Instantaneous Flow

1908 to present™

* Manual daily readings from 1906 to 1922; no records 1922-1369

** Manual daily readings prior to 1959; no records 1922-1944

2.5 Rainfall Data
2.51 Overview

Historic daily and sub daily rainfall data is required for the hydrologic and hydraulic model validation. Daily
rainfall gauges are used to provide a representation of spatial rainfall variation while sub daily gauges provide

a representation of temporal rainfall distribution from historic events.

252 Daily Rainfall

Table 2-4 summarises the daily rainfall information available within or near the Native Hut Greek catchment.
Daily rainfall stations located within the caichment are generally preferred, however the gauges outside of the
catchment will be utilised to provide a suitable spatial representation of boih event based and average design
rainfall. Figure 2-3 displays the location of the daily rainfall gauges.

Table 24 Daily rainfall station information

Station Name Station No. Stant E e
Bannockburn 87009 1898 Current
Meredith 87042 1887 Current
Meredith {(Darra) 87043 1875 Current
Meredith (Wattle Vale) 87044 1905 1971
Shelford 87059 1887 2009
Teesdale 87002 1883 1914
Teesdale 87120 1968 1979
Lethbridge {Glenmoor) 87123 1968 2008
Shelford (Leigh River) 87132 1954 1982
Sheoaks™ 87168 1990 Current
Invereigh 89041 1940 1974
Leigh River @ Mount Mercer 89104 1956 Current
{*Sheoaks also provides sub-daily (6-minute} pluviography information)
Golden Plains Shire | 16 May 2023
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Flgure 2-3  Dally Rainfall station In Native Hut Creek catchment
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253 Sub-Daily Rainfall

There are no sub-daily rainfall stations within the Native Hut Creek catchment. The locations of nearby cumrent
and closed sub-daily rainfall stations are shown in Figure 2-4. The nearest sub-daily catchment is Sheoaks,
approximately 14.5 km northeast of Teesdale. Muitiple sub-daily stafions are available to the east of the
catchment in more populated areas near Geelong and Lara, while o the west of the catchment siations are
available at Colac and Ballarat.

. “— )

'I — e m ey . —

Figure 2-4 Pluviograph stations near Native Hut Creek Catchment
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26 Road and Drainage Infrastructure

Within the project area, there are several road structures on Native Hut Creek and several minor culverts on
ephemeral tributaries/drainage lines within the town. These structures are listed in Table 2-56 and are
highlighted in Figure 2-5, with numbers assigned to the crossings to provide a reference between the table
and location as in Figure 2-5. A site visit was carried out on 4% August 2022 and all relevant road crossings
along Native Hut Creek were visited with structure measurements taken, as shown in Table 2-5. Feature survey
was also undertaken at three structures to both increase the accuracy of the modalling and be used as abasis
for LiIDAR verification (discussed further in Section 2.7.2).

Table 2-5 Native Hut Creek and Teesdale Drainage structures

Crossing Qwner Data collected:provided Structure description :
{number) measurements
Bannockburn- VicRoads Feature survey of structure Bridge
Shelford Road captured as part of project
Stones Golden Plains Feature survey of structure Bridge
Road/Tolson Shire captured as part of project; design
Road plans provided
Barker Strest Golden Plains Feature survey of structure 2x box culverts
Shire captured as part of project
Teesdale — Golden Plains Site Visit to measure structure, 600 x 600mm box culvert,
Inverleigh Road Shire invert to be set from LiDAR bluestone construction
(1)
Jollys Road Golden Plains Site Visit to measure structure, €00 x 600mm box culvert,
2) Shire invert to be set from LiDAR blusstone construction
Learmonth Street | Golden Plains Site Visit to measure structure, 300mm RCP
(3) Shire invert to be set from LIDAR
Learmonth St Golden Plains Site Visit to measure structure, 2x 300mm RCP
(%) Shire invert to be set from LiDAR
Bruce Street Golden Plains Site Visit to measure structure, 300mm RCP, partially buried
(5) Shire invert to be set from LiDAR
Sutherland Street | Golden Plains Site Visit to measure structure, Walkway through waterway,
(6) Shire invert to be set from LIDAR no culvert or pipe present
Teesdale — Golden Plains Site Visit to measure structure, A50mmm RCP west side
Inverleigh Road Shire invert to be set from LIDAR {Mercer Street)
(N 375mm RCP east side
(Turtle Bend path)
Teesdale — Golden Plains Site Visit to measure structure, Culvert submenged, unable
Inverleigh Road Shire invert to be set from LiDAR i measure
(8)
Golden Plains Shire | 16 May 2023
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Figura 25 Location of key structures within madal extent
2.7 Topography and Survey Data

2741 LiDAR Data

An initial assesement of the spatial coverage of available LIDAR data datasets was undertaken during the data
review phase. Four key datasets were available, these were as follows:

m 2021 Golden Plains LiDAR (GPS/DELWP)

®  This LIDAR was flown as part of the DELWP CIP program, the data is available as a 50cm DEM and
covers the entire catchment and is the most recent data captured.

B 2014 Geelong-Anakie-Teesdale

= This is a 1m DEM covers the south-east of the study extent and the Township of Teesdale. It overlaps
with |SC LiDAR and the 2021 data.

B 2010 Index of Stream Condition (ISC) captured by Fugro
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= This is an 1m DEM covers the river systems Native Hut Creek. [t has been noted through numerous
studies there is generally a systematic 305mm error in this data which was found in the 2013 Skipton
Flood Investigation.

® 2008 Corangamite CMA

m  This is a 5m DEM covers the study extent and broader Native Hut Creek catchment. This data was
captured as part of the National Action Plan for Salinity and Water Quality.

Table 2-6 outlines the metadata information of the available LIDAR datasets used in this project The
GPS/DELWP LiDAR dataset, being the most recently captured data, is intended to be the main data source
for the project as suggested in the request for quote. Before adopting the GPS/DELWP LIDAR, verification and
comparison to other available datasets has been undertaken to ensure it is fit for purpose.

Tabhle2-6  Available Detasets
Dataset Source C%[::re A‘;:J::'y Resotution
GPS/DELWP LIiDAR | 2021 Golden Plains LIDAR LiDAR 2021 +0.15m 0.5m grid
CHW_LIDAR Geelong-Anakie-Teesdale LIDAR 2014 0.15m 1m grid
2009-10 Victorian State 2009 —
ISC_LIiDAR Wide Rivers LIDAR Project LIDAR 2010 #0.2m 1m grid
— Corangamite CMA
2007-08 South-West 2006 —
Corangamite_LiDAR Region LiDAR — LIDAR 2008 #0.5m 5m grid
Corangamite
2.7.2 LIDAR Verification

Topography data is the major source of data used in the project and was verified in order tp ensure the
hydraulic model can accurately replicate flood behaviour within the study area. This is critical in ensuring that
model outputs, particularly peak water surface elevations, are accurate.

The capture of ground survey at three locations within the study area was commissioned to assist with
verification of the available LIDAR datasets {Figure 2-6). The survey consisted of fransects along the crest of
roadways shown in Figure 2-6. Each transect is approximately 100 m in length with a spot height every 5
metres. The transect results compared with available LIDAR datasets are presented in Table 2-7.
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The 2021 Golden Plains LIDAR was verified by comparison to surveyed road transects (captured at three road
crossings). Comparison to cross section survey was completed in two ways: on a point by point basis to create
a statistical distribution of the differences and as transects to get a visual comparison of the reliability of the
data.

63 surveyed crest points were available across the road transects, each of the surveyed levels was compared
1o the level determined in the LIDAR data and the difference between the two calculated. The levels were
plotted against the survey for the three transects shown in Figure 2-8 — Figure 2-10. Of the 63 points compared,
60 were within 0.05m. The average difference across the three transects is less than 2cm as shown in Figure
2-7 and Table 2-7. This shows a high degree of accuracy and indicates the LIDAR is suitable for use in the
development of the Digital Elevation Model (DEM) for the hydraulic model.

12

10

[-0.06,-005] (-0.05,-0.04] (-0.04,-0.03] (-0.03,-0.03] (-0.03,-0.07] {(0.0Z,-C.01] (O.05,00C] (00D, O.01]
Dt ference fm)

oh

(8]

Figura 2-7 Distribution of survey and LIDAR comparison

Table 2-T Fleld Survey — Road Transect LIDAR Comparison

Transect Number of  Miniswmnm wlaxima Average Standard
Poings Difference Difference Difference Deviation

1- River Dr, Teesdale 21 -0.055 0.019 -0.026 0.016

2- Jollys Rd, Teesdale 21 0.058 -0.002 -0.025 0.015

3- Rocklea Rd, Teesdale | 21 -0.032 0.016 -0.004 0.012

Total 63 -0.058 0.016 -0.018 0.018
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Figure 2-10 Sutherlands Road - LIDAR verification

273 LIDAR Comparison

Comparison between the 2021 Golden Plains LiDAR, the 2014 Geelong-Anakie LIDAR and the 200910 I1SC
data was made using the following calculations:

2021 Golden Plains LIDAR — 2014 Geelong-Analkie LiDAR
2021 Golden Plains LIDAR — 2009-10 Index of Stream Condlion LIDAR

The result showed positive values where the 2021 LIDAR was higher and negative values where the 2014 &
2010 was higher. The comparison was mada for the township of Teesdale where LIDAR was avsilable from
both required datasets, as shown in Figure 2-11 and Figure 2-12. The calculation determined a mean
difference in the datasets of 0.192m between the 2021 and 2014 data and -0.081m between the 2021 and
2009/10 data.

A standout feature of the comparison between the 2021 and 2010 LiDAR is the verfical banding of ermors, with
the margin of error generally increasing in the easterly direction until a new ‘band’ begins. It is suspected, but
not confirmed, that the bands are a result of data processing, with data having been collected in north/south
flight paths. It is noted that the 2010 ISC LIiDAR dataset has known accuracy issues, based on previous
assessments of the data.

It is also noted that the 2021 LIDAR is, in general, consistently higher than the 2014 data. It was mnifially
suspacted that seasonality could ba factor in this resu’f, as (he 2021 LIDAR was caplurad in Juna, when
pasture is expected to be grown to a greater height than the 2014 dataset which was flown in February. While
this does appear to be a factor in some locations, for example the large area northeast of the fown cenfre, it is
noted that most roads are also showing consistently higher results in the 2021 dataset. Sealed roads are not
affected by seasonal vegetation growth, therefore it is enncluded that seasonalily is not a significant influence
in the result. Given the extremely close agreement between the 2021 LIiDAR and field survey observations as
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Flgurs 2-11 Comparison Between 2021 and 2014 LIDAR Datassts (t 0.1m not shown)

Golden Plains Shire | 16 May 2023
Teesdale Flood Risk ldentification Study Page 25

Item 7.1 - Attachment 1 Page 26



Council Meeting Attachments 22 April 2025

.._. WATER TECHE\:GLPG

TR AT S M N AL e B

't ) ¥
B i B ¥ i i i e e Bl - ey~ g ]

Flgurs 2-12 Comparison Between 2021 and 2010 LIDAR Dafazets

2.7.4 Floor Level Survey

No floor level survey data was available along Native Hut Creek or within Teesdale. To determine the potential
floor level survey raquirements, preliminary 0.5% AEP modelling with a buffer of 250 metres will be used to
highlight buildings at risk of inundation. This is to be discussed at a later stage of the project and
recommendations provided in a standalone memorandum (Floor Level Survey Requirements).

2.8 Teesdale Structure Plan

The Teesdale Structure Plan was completed in 2020 and is the guiding strategy for future growth within the
iownship. The Plan identifies a future Planning Scheme Amendment fo take place upon complefion of the
Native Hut Creek Flood Study (i.e. this study). The plan identifies infill subdivision and the *North East Precinef”
as the main sources of additional residential land within the fown_
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3 COMMUNITY CONSULTATION

Community consultation is a key component of any floed investigation. Meaningful consultation helps to ensure
that local knowledge is captured and feeds into the study, which is immeasurably valuable in an area such as
Teesdale where no formal flood data such as gauged siream levels or recorded flood heights exists.

The first community consultation session was held on the 4" August 2022 at the Teesdale Community Hall.
Approximately 20 attendees shared information regarding inundafion in the town from both stormwater and
riverine catchment sources with Golden Plains Shire, VicSES and Water Technotogy officers. The majority of
concems raised at the session related to infill and greenfield subdivision and associated increased fiows in
local drainage, however, information regarding historical riverine floocing of Native Hut Creek was shared.
Information gathered during the session is summarised below:

m  Teesdale has experienced recent notable flood events in 1973, 2001 and 2011.

The 1973 event was significant, with widespread overbank flooding and overtopping of Bridge Street
(Bannockburn-Shelford Road).

u  Photocapies of photographs of the 1973 event were brought to the session, taken from Pantics Road
and showing inundation of entire paddocks.

B Aneventin 1990 was noted, however this did not cause impacts and did not overtop the road.
An event in 2001 resulted in overtopping of Bridge Road for several hours.
o Initial analysis of rainfall data suggests this was likely around 24/25 April 2001.

® There was a significant flow event in 2011, however it was contained within the banks for the majority of
the town with no reported damage or impact.

Flooding in the mid twentieth century {understood to be in the 1950's) forced the relocation of the towns
sporting oval fo its current location.

In addition to the information gathered during the session, key contacts and names were shared for further
follow up.

Figure 3-1 Community Consultation at the Teesdals Community Hall (4/8/2022)
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4 HYDROLOGICAL AND HYDRAULIC MODELLING
METHODOLOGY

4.1 Model Revision and Development

Water Technology propose to undertake the hydrelogy model build utilising RORB software and the existing
RORB model for Native Hut Creek developed by the CCMA and construct a new 1D-2D hydraufic model using
TUFLOW HPC. A review of the RORB model will be undertaken to ensure its suitability for use in the study,
specifically ensuring the approach is in line with the recommendations of the latest Australisn Reinfall and
Runoff (ARR2019), a significant improvement in the design modelling approach of ARR1987. Specific
improvements in the approach include:

® 2016 Intensity — Frequency — Duration (IFD) data developed by the Bureau of Meteorology (BoM);
10 different temporal patterns available for every design event;

B Updated areal reduction factors;

Latest growth factors developed by the BoM for durations of 24 hours and greater;

®  Modified approach for estimating rainfalls up to an AEP of 1 in 2000 for short durations; the growth factors
are anchored on the 1% AEP estimates from the BEoM rather than the 2% AEP, giving a higher reliability
of the 1% AEP IFD data.

This section will detail the methodology for the hydrology revision and hydraulic model builds, calibration and
design modelling for the Teesdale area.

4.2 Hydrological Modelling

4.21 RORB Model Revislon and Modification

The existing RORE model once reviewed, wil! be calibrated/validated for three events (likely 2011, 2001 and
1973). We will use the parameters from the existing CCMA and GHD models as a starting point for the
calibration of the Native Hut Creek catchment as there is no streamflow gauqge avaitable within the study area
to calibrate to. We may be able to utilise the Barwon River at Poflocksford gauge to gain an understanding of
expected timing of historic events, however the impact of Native Hut Creek at this gauge is fikely to be relatively
minor compared to flows from the remainder of the Barwon/Leigh River catchments.

4.2.2 Hydrolegical Modelling Validation (Historic and Desion)

A Kc parameter value will be adopted for design model runs based on the historical calibration values. The
design loss values will be compared with ke eduation values as well as values adonted in nearby shidies,

RORB will be run for the design events using the ensemble approach for a range of durafions and AEPs. The
new RORB hydrograph selector 1ool will be used to extract the mode! hvdrographs. The new tool has been
built into RORB and completes a similar process to that which Water Technoloay has been applying to recent
flood studies manually. This allows the user to select the mest appropriate hydrograph from the ensembla
series to apply for design purposes. It will select the critical duration and temporal pattem which produces the
median peak flow of the 10 temporal patterns for each AEP.

The above approach will be undertaken for all key locations in the mode!, including hydraulic mode! inflow
boundary locations and key sites (i.e. waterway structure locations). The critical durations and temporal pattem
combinations will then be selected for hydraulic modelling.

Monte Carlc Simulation will also be used to verify design flow estimates from the ensemble approach. This is
considered fo be a necessary check because in some cases the peak flows for the events around the median
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peak flow may vary considerably, so the selection of temporal pattern above or below the median peak flow
can have a large influence on peak flow in these situations. In many situations though, the ensemble peak
flows are reasonably close without a huge spread, and the peak fiow adopted from the median s not
significantly sensitive to this assumpfion.

423 Consideration of Storages

The potential impact of the two online storages discussed in section 2.3 has been investigated by considering
the potential volume provided by the storages and comparing this to the rising limb of design hydrographs in
frequent events. An example calculation based on an estimate of available storage in the dams from LiDAR
and the design hydrograph output for a 1% AEP event from the CCMA RORB model is presented in Figure
4-1 below. This highlights the minimal storage available when compared to the overall hydrograph volume and
indicates there is likely to ba minimal impact whether the dams are full or empty at tha time of a large flood
event.

In minor events the storage may have an impact on flood behaviour for Teesdale. Design modeliing will adopt
the conservative approach of assuming the storages are full however this should be considered as part of the

broader antecedent conditions.
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Figure 41: Example storage vs hydrograph volume comparison
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43 Hydrautic Modelling

4.31 Hydraulic Model Development

A new hydraulic model of the Teesdale township and Native Hut Creek (and minor fributaries) fioodplain will
be produced for this investigation. TUFLOW (HPC) has been selacted for the hydraulic modesliing package.

Key bridges, culverts and pipes will be included in the TUFLOW hydraulic model as defailed 1D structures or
layered 2D flow constrictions.

Major inflow boundaries will be applied at the upstream exient of the model on Nafive Hut Creek, two minor
fributaries to the north of Teesdale as well as several minor runcff locations within Teesdale. For sub-
catchment inflows along the major waterways not associated with a defined tributary, distributed source area
inflow points are to be applied directly to the centre of Native Hut Creek close to the centroid of the RORB sub-
areas.

Water Technology's spatial team will also develop a detailed roughness map using a remote sensing technique
which will allow for most of the floodplain features to be accurately captured i the model. This is supplemented
with VicMap layers to represent roads and residential/commercial properties. This technique can represent
clumps of frees and provides a more comprehensive land use roughness map for traditional hand digitising or
using planning layers to determine model roughness layers. A series of indushry standard roughness valies
will be applied to the various roughness types identified by this technique.

The downstream boundary will be located approximately 2 km downstream of Teesdale township and will
utilise a TUFLOW 2D HQ boundary which will allow the water to leave the model without having 1o set a
boundary level. This approach will allow the downsiream boundary to have no influence on the model within
the model domain. Hence, sensitivity analysis will not be required on the 2D downstream boundary.

4.3.2 Hydraulic Model Validation

As identified earlier, there is minimal historic survey or flood marks to calibrate to, therefore a pseudo
hydrology/hydraulic validation process will be undertaken based on the three historic flood events and the draft
1% AEP flood mapping. This will be presented at a later community meeting and also discussed with the
CCMA and GPS.

4.4 Design Event Modelling

Design flood hydrographs for the 20%, 10%. 5%, 2%, 1%, 0.5% and 0.2% Annual Exceedance Probabilities
{AEP) flood events, and the Probable Maximum Flood (PMF) at key inflow locations to the hydraulic model will
be derived using the calibrated RORE model and appropriate design modelling parameters.
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5 SUMMARY AND NEXT STEPS

The data captured as part of the data collation and review process has shown 1o be suitable for the Teesdale
Flood Risk Identification Investigation. Despite there being no streamfiow data at Teesdale or along Nafive Hut
Creek to underiake a calibration process, it is hoped that adjacent cafchment streamflow gauges and
community input will provide suitable data to undertake a validation of the hydrology and hydraulic model
results.

There are no outstanding data gaps, however further information on historical fiooding in the town would
provide rigour and increase confidence in the model validation.

The LIDAR validation survey data captured has shown the 2021 LiDAR meets the accuracy expectations and
provides suitable representation of the ground surface for the hydraulic modelling.

Next steps in the project include:

m  Hydrology Review

Hydraulic Model Refinement

m  Hydrology/Hydraulic Validation
Community Consultation (round 2)
E Design Modelling

Floor Level Survey Capture
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GLOSSARY OF TERMS

Afflux Refers to the difference in water level (or depth) between two modelling
scenarios, usually measured in metres and a change in extent {e.g.
“was wet, now dry”)

Annual Exceedance Refers to the probability or risk of a flood of a given size oesurring or

. being exceeded in any given year. A 80% AEP flood has a high

Probability (AEP) probability of occurring or being exceedad; it would occur quite often
and would be relatively small. A 1% AEP flood has a low probability of
occumrence or being exceeded; it would be fairdy rare but it would be of
exireme magnitude.

Australian Height Datum A common national surface level datum approximately comesponding to
mean sea level. Introduced in 1971 to eventually supersede all earfisr

(AHD) datums.

Average Recurrence Refers to the average time interval between a given flood magnitude

Interval occurring or being exceeded. A 10 year ARI flood is expected to be
exceeded on average once every 10 years. A 100 year ARI flood is

(ARI) expected fo be exceeded on average once every 100 years. The AEP
is the AR| expressed as a percentage.

Cadastre, cadastral base Information in map or digital form showing the extent and usace of land,
including streets, lot boundaries, water courses efc.

Catchment The area draining to a site. It always relates to a particular location and
may include the catchments of tributary streams as well as the main
stream.

Design flood A design flood is a probabilistic or statisfical estimate, being generally
based on some form of probability analysis of fiood or rainfall data. An
average recumrence interval or exceedance probability is atiributed o
the estimate.

Discharge The rata of flow of water measured in terms of volume over time. It is fo
be distinguished from the speed or velocity of flow, which is a measure
of how fast the water is moving rather than how much is moving.

Flood Relatively high stream flow which overtops the natural or artificial banks
in any part of a stream, river, estuary, lake or dam, andfor overland
runoff before entering a watercourse and/or coastal inundation resulting
from elevated sea levels and/or waves overtopping coastiine defences.

Flood frequency A statistical analysis of observed flood magnitudes to determine the

analysis probability of a given flood magnitude.

Flood hazard Potential risk to life and limb caused by fiooding. Flood hazard
combines the flood depth and velocity.
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Floodplain Area of land which is subject to inundation by floods up o the probable
maximum flood event, i.e. flood prone land.

Flood storages Those parts of the floodplain that are important for the temporary storage,
of floodwaters during the passage of a flood.

Geographical information A system of software and procedurss designed to support the
management, manipulation, analysis and display of spatially referenced

systems (GIS) data.

Hydraulles The term given to the study of water flow in a river, channel or pipe, in
particular, the evaluation of flow parameters such as stage and velocity.

Hydrograph A graph that shows how the discharge changes with time at any
particular location.

Hydrology The term given to the study of the rainfall and runoff process as it relates
to the derivation of hydrographs for given floods.

Intensity frequency Statistical analysis of rainfall, describing the rainfall intensity {mm/r),

duration {IFD) analysis frequency (probability measured by the AEP), duration (hrs). This analysis
is used to generate design rainfall estimates.

LiDAR Spot land surface heights collected via aerial light defection and ranging
(LIDAR) survey. The spot heighis are converted to a gridded digital
elevation model dataset for use in modelling and mapping.

Peak flow The maximum discharge occurring during a flood event.

Probabllity A statistical measure of the expected frequency or occurrence of flooding.
For a fuller explanation see Average Recumence Inferval.

Probable Maximum Fleod The flood that may be expected from the most severe combination of
critical meteorological and hydrologic condilions that are reasonably
possible in a particular drainage area.

RORB A hydrological modelling tool used in this study to calculate the runoff
generated from historic and design rainfall events.

Runoff The amount of rainfall that actually ends up as stream or pipe flow, also
known as rainfall excess.

Stage Equivalent to ‘water [evel. Both are measured with reference fo a
specified datum.

Siage hydrograph A graph that shows how the water level changes with fime. It must be
referenced to a particutar location and datum.

Topography A surface which defines the ground level of a chosen area.
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1 INTRODUCTION

1.1 Overview

Water Technology has been commissioned by Golden Flains Shire Council (Council) to undertake the
Teesdale Flood Risk Identification Study. The investigation area covers the Nafive Hut Creek and fributaries
in the township of Teesdale, as shown in Figure 1-1. Teesdale is identified as a Priority Flood Risk Area in the
Corangamite Regional Floodplain Management Strategy (2018), which identifies both riverine and flash flood
risks for the town and states that “flooding associated with Native Hut Creek has damaged seversa! residential
properties”®.

Previous flood investigations covering Teesdale include CCMA investigations undertaken in 2008 and 2019.
The 2008 study utilised RORB hydrologic medelling and HEC-RAS one-dimensional hydraulic modelling, while
the 2019 study utilised HEC-RAS two-dimenstonal hydraulic modelling. A regional floed study of the Barwon
River catchment which covers the study area was also completed in 2016 (GHD, 2016).

The CCMA modelling completed in 2019 indicates that the cumrent flood mapping which is the basis for the
Floodway Overlay (FO) and Land Subject io Inundation Overlay (LSIO) in the Golden Plains Planning Scheme
understates the flood hazard in Teesdale. The Fiood Risk Identification Study is being camied out to ensure
that the planning scheme mapping accurately reflects flood hazard to ensure that growth in Teesdale is
managed appropriately into the future. As such, updated fiood mapping suitable for inclusion in the Golden
Plains Planning Scheme is a key output required from the shudy.

In addition, the study will produce flood intelligence information for use in emengency management situations,
assess the current flood impactexposure in terms of annual average damages caused by flooding in Teesdale,
investioate structural and non-structural mitigation options to reduce damages, investigate and make
recommendations for establishing a flood warning system for the town.

This report Is one of a series documenting the outcomes of the Teesdale Flood Risk Identification Study. Each
reporting stage is shown below:

RO1 - Data Review and Validation

RO2 - Joint Validation Modelling Report - This Raport
RO3 — Design Hydrology and Hydraulic Modelling Report
R04 — Flood Intelligence and Flood Waming Report

RO5 — Flood Damages and Mitigation Assessment Report
R06 — MFEP Documentation

RO7 — Final Summary Report

1.2 Study Area

Teesdale is located approximately 8.5 km north of Inverleigh and is situated on the banks of Native Hut Creek.
The Native Hut Cresk catchment begins approximately 22.5 km north of Teesda's near the town of Meredith.
The creek meanders south across agricultural land, the vast majority of which has been historically cleared of
large vegetation in line with its use as farmland.

The catchment within and upstream of the study area is mostly cleared agricuttural Iand and the main waterway
{Native Hut Creek) has several onstream dams of varying size along its alignment. The Native Hut Creek
catchment draining to Teesdale is approximately 110 km2. The entire catchment is located within the Golden
Plains municipal area. The study area is focussed on the townshin of Teesdale and includes the following
waterway structures:
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B Two large on-stream dams approximately 3km upstream of the township.

n  An indicative assessment of the impact of the upstream dams was completed in RO1 — Data Collation
and Validation. The assessment found the dams would have minimal impact on peak flow rate or
flood levels in a significant storm event.

B Road crossings, formal or informal, at the following roads:
= Tolson Road/Stones Road
= Sutherland Stireet
®  Bannockbum-Shelford Road
= Barkers Road

m  Several off-stream dams throughout the town.

1.3 Previous Reporting

This report follows report R01 - Data Review and Va'idation. The Data Review and Validation report detailed
the data available for use in the study and highlighted any data gaps. The most significant data gap in this
study is the lack of available calibration information as the study area has no stream gauges, few rain gauges
within the catchment and the absence of accurate historical flood level information. The absence of this
information makes thorough calibration of the hydrologic and hydraufic models difficult to achieve as there is
no suitable data to calibrate the models against. To overcome this, a joint validation approach that relies heavily
on anecdotal information has been adopted.
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Figure 1-1  Study Area
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2 METHOD

In order to investigate and define flood risk in Teesdale, a hydrologic/hydraulic modelling approach has been
adopted. The approach utilises the ROCRB and TUFLOW modelling packages. Catchment hydrology wil be
simulated in a hydrologic (RORB) model with flows extracted from the ROREB model and appfied to the
hydraulic {TUFLOW) model to simulate flows through the study area and determine the resultant flood levels,
depths, velocities and hazard associated with various historic and dasion event magnitudes.

The catchment has no active or historic siream gauges, and only one rain gauge within the catchment that is
no longer active. Due to this, a joint approach to validating the model outputs has been adopted whereby past
rain events will be simulated in RORB and the flows applied to TUFLOW. Resultant flood behaviour will then
be presented to the community and feedback on how closely the modelling represents real events obtained.
This will guide model parameter selection for design modeliing, where design flood magnitudes will be
modelled and mapped.

The modelling results will then be applied to various flood risk management aclivities, including defining the
existing flood risk in terms of Average Annual Damages, determining properiies and houses at risk of above
and below floor flooding in various events, testing structural and non-structural flood mitigation oplions and
advising on potential flood waming improvement possibilities for the township.

The below sections detail the RORB and TUFLOW model builds and results from validation runs completed.
Validation runs have been completed for events that occurred in February 1973, April 2001, and January 2011.
It is understood these are most recent notable events in Native Hut Creek.
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3 HYDROLOGY

3.1 RORB

311 Overview

A hydrologic model of the Native Hut Creek catchment in its entirety through to the outfzll to the Barwon River
was developed to determine design flow hydrographs at waterway locations within the catchment to be used
as inflow boundary conditions in the hydraulic model.

RORB is a non-linear rainfall-runoff and streamflow routing model for the ecalculation of flow hydrographs in
drainage and stream networks. The model requires catchments to be divided in*o subareas, connected by a
series of conceptual reaches and storage areas. Observed or design storm rainfall is input to the centroid of
each subarea. Initial and continuing losses are then deducted, and the excess runeff is routed through the
reach and storage network to produce streamflow hydrographs at selected locations within the model (refermed
to as "prinf” locations).

The adopted methodology described below is based on cumrent guidelines described in the 2019 revision of
Australian Rainfall and Runoff (ARR2019). An ensemble approach was used in this assessment fo determine
the design flow inputs. The ensemble approach modelled 10 available temporal pattems for each duration
recommended in ARR2019. The temporal pattern which determined the median peak flow for each duration
was then adopted as the design flow.

31.2 Model Sstup

31.24 Subarea and Reach Dslinsation

Among the data provided to Water Technology by CCMA and Council included a RORB model of the Native
Hut Creek catchment developed by CCMA and most recently revised in 2019. The model was reviewed and
while it was deemed unsuitable for direct use in this study due to the subarea sizes in the township, the
catchment delineation was used as a basis for further division and manipulation of subareas to produce a
model which provided a more refined representation of the subareas within the township.

Topographic data which was utilised in the RORB model construction came from a mosaic of two datasets,
captured in 2004 and 2008 as part of the National Action Plan for Salinity and Water Quality (NAP). The NAP
datasets have a resolufion of 5 mefres and a stated verfical accuracy of 50cm. While this is not suitable for
2-dimensional hydraulic modelling at the level of resolution and accuracy required for this study, it is suitable
for use in subarea and reach delineation for the hydrologic RORB model. In order to make the topographic
data “hydrologically correct”, sinks (i.e. local depressions) were filled to allow a continuous flow path to form
along the femrain.

The CCMA catchment delineation was compared against a catchment delineation produced using the SAGA
GIS topographic processing capabiliies in QGIS. The overall delineafion was deemed accurate and
acceptable after some minor adjusiments were made where flow paths were known in follow aftemate roustes
such as culverls or road drainage. The township area was then divided further, with two interstation areas
created to allow the two local catchments to be represented at a finer detail white maintaining the same KD,
ratio as the rest of tha catchment. The interstation areas are shown in Figure 3-2.

Reach lengths wera determined using GIS software, following the hydrologically corrected topography in a
continuous flow path to the outlet. Reach types in the upper catchment were set to "natural” where a defined
waterway was not present and “excavated unlined” where a defined waterway was present. No lined/piped
reaches were used. Tha shapefiles were then imported to ArcRORB where the final data manipulations
occurred and the RORB .catg file was produced.
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Flgure 3-2 RORB Intorstation Areas
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31.2.2 Fraction Impervious

Fraction Imperviousness (Fl) was added to each subarea using ArcRORB. A Fraction Imperviousness layer
was produced based on the planning scheme zoning and industry standard Fi values and was complemented
by inspection of aerial photography. Inspection of aerfal photography also informed some required changes
where the standard F| value was inappropriate for tha area. In line with the dominant land use within the
catchment, the catchment is largely pervious with the Farming Zone assigned a Fl value of 5% (0.05).

The adopted Fraction Impervious distribution is shown in Figure 3-3 and Figure 3-4 below.

|
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Figure 3-3  Adopted Fraction Imnerviausness — Tounshin
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Figure 3-4  Adopted Fraction Imperviousnese — RORE Extent
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313 Rainfall

Dzily and sub-daily rainfall stations within or near the catchment that had suitable records for validation
modelling are shown in Figure 3-5 and detailed in Table 3-1.
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Figure 3.5  Utilised Dajly Rainfall Stations
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Table 3-1 Dally Ralnfall Stations

Name
87042 Meredith Dec 1887 Curmrent
87009 Bannockbum Feb 1898 Aug 2016
87059 Shelford Jan 1887 Dec 2007
87123 Lethbridge (Glenmoor) | Jun 1868 Jul 2001
87168 Sheoaks Jun 1994 Current
Warrambine Ck At
89084 Warrambine Feb 1972 Current
89092 Warrambine No 2 Jan 1972 Dec 2016
Gnarwarre (Barwon
87162 River At Pollocksford) Oct 1996 Current
Leigh River @ Mount
89104 Mercer Dec 2000 Current
87043 Meredith (Darra) Sep 1914 Curmrent
87120 Teesdale Nov 1968 Sep 1979
89041 Inverleigh Nov 1953 Mar 1974
87073 Elaine (Larundel) Mar 1888 Oct 1977

Daily rainfall gauges within the area of interest not utilised in this study include Meredith (Wattle Vale) {Station
No. 87044) and Teesdale (87092). The period of record for these gauges finished in 1971 and 1914
respectively.

The is minimal sub-daily rainfall stations within the catchment. Sheoaks (87168) records 6-minute pluviograph
rainfall and is the closest pluviograph station to the catchment. 6-minute rainfall from the Sheoaks gauge and
was utilised fo obtain a temporal pattern in hydrologic modelling of the January 2011 and April 2001 events,
however does not cover the February 1973 event. For the February 1873 event, rainfall records from
Warrambine No. 3 were ufilised to obtain a temporal pattern for that storm.

Design Rainfal!

Design rainfall depths were obtained from the Bureau of Meteorology Design Rainfall Data System?. Rainfall
depths were obtained in ascii grid format to enable spatial variation of rainfall to be considered in fine with the
recommendations of ARR2019 for catchments exceeding 20km?2. Areal reduction factor (ARF) parameters and
temporal pattems were obtained from the ARR Datahub?.

Temporal patterns for the catchment were adopted from the Southem Slopes (Vic) region. Due o the size of
the catchment, areal tamporal patterns are recommended for use by ARR2019. Areal temporal pattemns ame
available for storms 12 hours in duration and longer. As the 12-hour storm was shown to be the crifical duration
at Teesdale, point temporal patiems were also tested to check if a shorter storm might produce the criical
peak flow. For most events, point temporal patterns also showed the 12-hour storm as being the eritical
duration, thus areal temporal patterns were applied in design modefling uniess there was a significant deviation
in the results,

1 http:/Aenenyr. bom.gov.aubwvater/designRainfallsfrevised-ifd/
2 hitps://data.arr-coftwars.orn/
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The ARF was calculated with an area of 110.14 km?, corresponding with the catchment area upstream of the
Teesdale Bridge. This ensures that the ARF does not overly reduce design rainfalls by considering the entire
RORB catchment area of 207 km?.

3.1.4 Spatial Variation of Design Rainfall

Due to the size of the catchment, spatial variation of the design rainfall was applied in RORB. GIS tools were
used to assign a point rainfall (laken as the average of rainfall grid cells that intersect a subarea) to each
subarea, and the weighted average rainfall for the catchment and the percentage of the weighted average to
be applied to each subarea.

A custom Intensity-Frequency-Duration (IFD) data file was prepared for the catchment, assigning each event
magnituds and duration a rainfall depth equal to the weighted average rainfall for that event in the catchment,
as shown in Table 3-2. The rainfall depths shown in Table 3-2 are before application of the ARF.

Table3-2  Native Hut Creek IFD (Weighted Average} Rainfall Totals

Annual Exceedance Probabiity (AEP) Average Recurrence Interval tARI:

1in 1in 1 i 1
Duration 20% 10% 2% i 200 500 1000 2000

1 hour 13.0 18.5 22.5 26.7 327 375 43.1 50.3 56.1 62.3

1.5 hour 14.9 20.9 25.2 29.8 36.1 41.2 473 55.2 61.6 684

2 hour 16.4 228 215 323 38.9 443 50.9 59.3 66.2 736

3 hour 19.0 26.1 3.2 364 43.7 49.5 571 66.7 74.6 83.0

45hour | 222 30.2 36.0 418 499 56.5 65.4 76.6 85.7 95.6

6 hour 249 338 401 485 55.6 62.8 729 85.5 95.9 107.1
9 hour 295 40.0 474 54.8 85.8 74.2 86.3 1014 | 1138 |127.2
12 hour 33.3 45.2 53.6 62.1 74.3 842 97.9 115.0 1292 144.5
18 hour 393 538 64.0 743 89.1 101.0 | 1171 1374 |1540 | 1719
24 hour 439 60.6 724 84.2 M3 | 1150 | 1325 | 155.0 |1733 | 193.0
30 hour 475 66.2 793 92,5 1113 | 1263 | 1466 | 171.7 | 1923 |2143
36 hour 50.5 70.8 85.0 99.5 1198 | 1359 | 157.1 183.7 | 2053 |2284
48 hour 85.0 779 94.1 1106 | 1329 |1508 |171.9 [1994 |2216 | 2448
72 hour 60.5 B6.6 1054 | 1245 (1495 | 1690 |1883 |2156 |237.2 259.5
96 hour 63.5 91.2 1114 | 1322 |1581 (1786 | 1970 |2245 |2457 |2676
120 hour | 65.2 93.5 1144 | 136.1 | 1626 |183.3 |2027 |230.8 |2527 |2753
144 hour | 66.2 04.4 1158 | 1378 | 1645 | 1854 |206.7 (2384 |259.8 | 2841
168 hour | 66.8 84.5 116.0 | 1380 |1648 | 1858 |2098 |241.7 |2673 |2842

An example of spatially varied rainfall depths applied io each subarea is shown in Figure 3-8 below for the 1%
AEP, 12-hour event. Design rainfall depths range from 76.9 mm in the south of the catchment up to 85.3 mm
in the north for this event. It should be noted that the design spatial pattem differs for every event magnitude
and duration.
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Figure 38 Fxample of Spatially Varied Rainfall, 1%. AEP 12 Hour Event
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3.1.441 Pre-burst

Losses derived from the ARR datahub are intended to be applied to a whole storm event, while design rainfall
depths obtained from the Bureau of Meteorology represent storm bursts. The application of pre-burst rainfall
is intended to represent a complete storm by appending the pre-burst to the start of the burst reinfall. This can
be achieved by modelling the complete storm and applying the storm Inftial Loss, or lowsring the Initial Loss
to represent a burst Initial Loss according to the following equation:

IL, = ILg — pre-burst depth

For this study, burst Initial Losses were applied by subtracting the median pre-burst dapth from the storm Initial
Loss and applying the resultant burst Inifial Loss to the design burst rainfall.
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Figure 3-7 Conceplualisation of storm vs burst rainfall and its interaction with Initial Loes3?

Consideration was given to the Victorian Specific Information of the ARR datahub, which recommends the use
of 75" percentile pre-burst depths when applying datahub vatues for other hydrotogic inputs4. The median pre-
burst depth was selected for the following reasons:

B The catchment sits at the border between loss regions 2 and 3, and the Victorian Specific Information
relates only to loss region 3.

®  While the adopted losses came from the ARR Datahub, their adoption considered validated loss values
from the neighbouring Inverleigh Flood Study, which is considered to be hydrologicaly similar.

®  The adopted losses were reconciled with Regional Flood Frequency Estimation (RFFE) in Table 3-3
below.

Table 3-3  Reconciliation of flows, RORE and RFFE

Event AEP RFFE (m-is) RORB. Pearse K. um-is
10% 512 39.7
1% 116 177

3 Sourced from ARR2019, Book 5 Chapter 3
4 hitps://data.err-software.orafvic_specific
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315 Losses

Rainfall losses were sourced from the ARR datahub and compared fo losses from previous studies in Table 3-4
below. The datahub losses were similar to those applied in the calbrated Inverleigh Flood Study. Previous
CCMA modelling adopted an Initial Loss/Runoff Coefficient modelling approach and is not directly comparable
with and Initial Loss/Continuing Loss model.

Table 34  Adopted and comparative losses

ModeliSource Storm #nitial Loss {mv Continuing Loss {mmshri
ARR Datahub (adopted) 17 32
Inverleigh Flood Study 24 31
GHD Regicnal Study 3 1
CCMA Native Hut Creek 24 N/A (Runoff Coefficient)

Given the close agreement between the datahub values and those adopted in the Inverleigh Flood Study,
Datahub losses were adopted for validation and design modelling.

31.6 RORB Parameters

In addition to the previously discussed inputs, RORB requires two parameters which influence the catchment
storage, routing and non-linearity. Kc impacts the relative delay time of reach storages in the model and mis
a representation of the catchment’s non-linearity. In accordance with the recommendations of the RORB
manual and current standard practice in RORB modelling, the m value was left at the default value of 0.8.

In selecting a value of Kcin the absence of streamflow data to calibrate the model with, previous modelling of
the catchment and neighbouring catchments was considered. A number of published relationships are
available with several recommended in the RORE sofiware program. Most of the relationghips are of gimilar
form and involve only the single catchment variable, area A in km?, since this has been found to be the
dominant variable. ARR2019 Book 7 recommends the use of a regional or local based adopfion of k. value
where a lack of calibration information is available. To undertake the validation/verification modelling, a range
of previously adopted K. values from local or nearby catchments were considered and are shown in Table 3-5.

Table 35§ K. values adopted in previous/nearby modelfing

Leigh River - Upstream of Mt Mercer {CCMA, 2017) 25.6 0.72
Leigh River - between Mt Mercer and Shelford {CCMA, 2017) 175 0.84
Leigh River -between Shelford and Inverleigh* (CCMA, 2017) 135 1
Native Hut Creek Flood Model (CCMA, 2017) 174 0.72
Low/Mid Barwon Flood Model (CCMA, 2016) Not extracted 1.25"*
Regicnal Flood Mapping - Native Hut Creek area (GHD, 2016) 28 N/A

* There are only 3 subareas betwesn Shelford and Inverieigh in the Leigh River food model.
** The Low/Mid Barwon Flood Model was not focussed on Native Hut Creek, bul adopted the Kr/Dav relationship developed by Pearse et al {2002)5 and avalabie In the
RORE Interface.

5 Pearsse, M., Jordan, P. and Collins, Y. (2002), A simple method for estimating RORB mods! parameters for
ungauged rural catchments. Instn. Engrs. Australia, 27th Hydrology and Water Resources Symposium,
CD_ROM, 7 pp.
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A range of values from which to select this ratio are provided in the above table, thus the initial validation
modelling has taken two ratios, 0.72 {based on the nearby catchment ratio listed as CCMA) and 1.25 (based
on Pearse equation), as starting points for modelling with a view to verifying the resuits through community
consultation. The sensitivity of peak flow rate and ultimately peak flood levels throughout the town are
discussed in Section 5. The final kc parameter will be selected based on feedback from community consultation
and the project steering committes.

It is common practice to adopt the same ratio of K/Dsv when trans!ating the K. parameter between models of
similar catchments. To maintain similar routing characteristics for Native Hut Creek and the tributaries to be
mapped, the KJ/Dav ratio was maintained at the chosen ratio for all areas. Thus different values of K wers
applied to each area as shown in Table 3-6. Throughout the remainder of the report, when referring to ke
values, the Native Hut Creek catchment value will be used.

Table 36  Adopted K- values at each interstation area

Interstation Area b K. CCHMA Ratio K.. Beaise Mean
(Ko/B=0.72) i =1 125
Tawarri 204 146 255
Leamonth Street 249 1.79 3.1
Native Hut Creek 26.32 18.90 3290
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4 HYDRAULICS
4.1 TUFLOW
4.1.1 Overview

A hydraulic model of Teesdale was built using the TUFLOW modelling package. The model utilised a cell size
of 3 metres, considered sufficient to reprasent the waterway and hydraulic features while kseping run times
within reasonable limits. Hydraulic structures were represented as 2-dimensional flow constrictions (bridges)
and 1-dimensional structures (culverts and pipes). Model topography utilised the recently captured 2021
Golden Plains LIDAR. A summary of key model parameters has been provided in Table 4-1 below.

Table 4-1 Key TUFLOVY Parameters

Parameter Value

Madel Build 2023-03-AA-iSP-wB4

Madel Precision Single Precision

Grid Cell Size 3 metres

Sub Grid Sampling Not adopted

Solution Scheme HPC

Inflows Source-Area boundaries coupled with streamlines
Outflow Height-Flow Slope of 0.3%

Hydraulic Roughness Manning’s ‘n", varies with land use

1-Dimensional elements Culveris and pipes finked to 2-D domain

4.1.2 Model Boundarles and Extent

Flows extracted from the RORB model (discussed in Section 2.1) were applied to the TUFLOW hydraulic
model via 2-dimensional source area (2d_sa) boundaries. Where a waterway existed, streamlines were utilised
to apply flows hydrographs to the waterway. The downstream boundary comprised of a height-flow (HQ)
boundary with the slope set {o 0.3%, which was derived from the stream bed slope, as measured from LIDAR
in the vicinity of the boundary. The mode! extent was set to capture the entirety of the Mative Hut Creek and
tributary floodplains within Teesdale.

The model extent and boundary locations are shown in Figure 4-1,
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Figure 41 TUFLOW Extent and Model Boundaries
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413 Model Topography

The Digital Elevation Model {DEM) used for hydraulic modelling was developed from the 2020-2021 Golden
Plains Area LiDAR, supplied by the Department of Enengy, Environment and Climate Action (DEECA, formalty
the Department of Environment, Land, Water and Planning) under a Creative Commons 4.0 Licence®. The
dataset was sourced from Elvis Elevation and Depth?. LIDAR data utilised in the model was verified against
feature survey of road transects as described in R01 - Data Collation and Validation. The verification found
the LIDAR data was suitable for use in the hydraulic modelling. The 0.5 metre resolution DEM was resampled
within TUFLOW to 3 metre resolution.

Alterations to the LIDAR DEM were made as follows:

B Barker Sireet was reinstated at the crossing (LIDAR post processing had removed the culverisfroad
surface from the DEM).

B The Tawarri basin wall was removed from the DEM for historic event validation runs.
The model topography, as processed by TUFLOW, is shown in Figure 4-2 below.

8 hitps://creativecommons.orgflicenses/by/4.0%eqgalcods
7 hitps://elevation.fedf.org.au/
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Figure 42 Mode! Topography

Golden Plains Shire | 12 April 2023
Teesdale Flood Risk Identification Study Page 25

Item 7.1 - Attachment 1 Page 60



Council Meeting Attachments 22 April 2025

.i""' E WATER TECHNOLPG

| el | BATET, COASTAL & EUVERTONNTNTAL SRS IANT

414 Hydraulic Roughness

Hydraulic roughness within the 2-dimensional mode! domain was applied as Manning’s ‘n’ roughness
coefficient. Manning’s 'n' was determined using aerial imagery and land use classifications as determined from
the Golden Plains Planning Scheme. Roughness coefficients were determined using industry
standard/expected values and adjusted during the validation modea! runs.

During the validation process, roughness values were adjusted after further inspection of aerial photography,

photographs taken during ths sile visit, and analysis of results against available information. This resulted in
the waterway roughness being increased to account for its vegetated ephemeral nature, and delineation of
areas of moderate vegetation (trees).

The adopted roughness coefficienis are summarized in Table 4-2. Figure 4-3 shows a map of the adopted
roughness values.

Tabla4-2  HydrauFs Roughnass

Land use / Topegraphic description Roughness coefficient tdanning s ni
Pasture and Grasses 0.05
Sealed Roads (entire reserve) 0.02
Unsealed Roads (entire reserve} 0.03
Township Zone 020
Low Density Residential 0.06
Medium Density Bushland 0.08
Vegetated Ephemeral Waterway (Native Hut Creek) | 0.07
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Figure 4-3 Hydraulic model roughness
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415 Structures

Several key waterway structures were included in the hydraulic model. The Tolsons Road/Stones Road and
Main Road {Bannockbum-Shelford Road) bridges were modelled as 2-dimensional layered flow constrictions.
Bridge data was obtained from design drawings and feature survey, with pier form loss coefficients determined
in accordance with the methods detailed in Hydraulics of Bridge Waterways (1978) and deck/railing form losses
estimated in accordance with advised coefficients on the TUFLOW wild®.

The model included culverts as 1-dimensional components. Culvert data was supplied by Golden Plains Shire
with data gaps filled from LiDAR (invert levels) and a site visit for unknown diamelers. Barker Streel is the only
culvert located on Native Hut Creek within the model extent and was surveyed as defailed in R01 — Data
Collation Report.

The locations of hydraulic structures included in the model are shown in Figure 4-4 below.

Figure 4-4 Hydraufic structures

8 hitps:/iwiki.tuflow.com/index. phpZlitle=TUFLOW 2D Hvdraulic Struchies
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5 MODEL RESULTS

5.1 Validation Runs

Due to the lack of calibration information {(no streamfiow gauge or measured flood heights), information gained
from community consultation was used to rank the major flood events along the Native Hut Creel. This
included anecdotal evidence and photos of the flooding. From this information, three flood events were agreed
upon to undertake a combined hydrology/hydraulic validation.

The following sections detail the validation modelling completed for three recent significant flow events in
Native Hut Creek: February 1973, April 2001, and January 201 1. The rainfall from these three events has been
input to the RORB hydrological model described in section 2.1 and the resultant flows extracted from the model
and applied as inputs to the TUFLOW hydraulic model described in section 2.2, The resultant flood levels,
depths and velocities have been presented to the community for comment at a follow up consultation session
with additional feedback utilised to determine the design parameters.

511 February 1873

Significant rainfall fell across central Victoria from the 4" — 6% of February with major flooding occurring at
Teesdale, Inverleigh, Yea and Seymour and floodling also occurring more locally at Lara and Litle River.
Flooding at Teesdale occurred as a result of rainfall totals throughout the Native Hut Creek cafchment generally
ranging from 170mm to 190mm in two days. It is understood this fiood is one of the largest fiood events of
living residents. Information from this event included photoaraphs provided during the community consultation
session (Figure 5-5).

Reporting in The Age® newspaper on the 7 of February 1973 stated:

At Teesdala, the swirling floodwaters surged through the township, causing widespread damage and flooding
homes. Threo new tennis courts were wrecked as the foodwalers peelad back the new mafthoid topping on
the courts.

And in a separate article on the same day:

At [aast another 30 homes in the nearby townships of Bafesford, Teesdale and Shelford were evacuated when
the switling floodwaters — befisved to ba the worst on recond — swant throuagh at ahost midday posfaniay,

5.1.141 Ralnfall

Rainfall totals recorded between Bam on the 4% February and 9am on the &% February at stations near and
within the Native Hut Creek catchment are shown in Table 5-1, with the rainfall distribution and isopleths are
shown in Figure 5-1.

® The Age, Swirting Floodwaters cut off Gesfong, February 7 1973, accessed from
htips:/fww.watoday.com.au/nationalfvictoria/from-the-archives-1973-switding-floodwatsrs-cut-off-gesliong-
20230202-pSchfm.himl
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Table 51 Fabruary 1973 Rainfall Totals

Station Total to quﬂ 5'." Total to Sam E;.I Total Railn.fall
February frmm: February (mm g inal
89002 Warrambine No 2 35.8 1461 181.9
89084 Wamambine Ck ot 0* 155.2 155.2
87123 Lethbridge (Glenmoor) 721 117.6 189.7
87059 Shelford 40.6 1179 158.5
87042 Meredith 655 128.8 1943
87009 Bannockbum 475 134.6 182.1
87043 Meredith {Darra) 62.5 125.2 187.7
87120 Teesdale 711 106.7 178
89041 Inverieigh 33.5 101.6 1351
87073 Elaine {Larundel) 754 1364 211.8

* Whila not ¢learly indicated in the data, it is assumed that the 155 2mm recorded at Warrambine Ck at Warrambine was recorded over two days.
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51.1.2

Flow hydrographs extracted from the RORB model at the Bannockbum-Shelford Road bridge are shown in
Figure 5-2 for the two modelled K: values discussed in section 2.1.5. The peak fiow rates between the two
events are similar for both ke values with the CCMA value (18.9) producing a peak flow rate of 180 m/s
compared to 158 m%s. Adopling Pearse kc of 32.9 shows a relatively large delay in the peak timing (~8-10
hours).

Streamflow
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Figure 5-2 February 1973 modeiled streamflow at Teesdales Eridge
5113 Flood Behaviour

Flow hydrographs were exfracted from the RORB model at various locations suitable for inclusion in the
TUFLOW model (see section_2.2.2 for more detail). Peak water levels, depths and velocities are similar
between the two runs given the similarities in flow. On average, adoption of the CCMA ratio resulted in flood
levels ~60mm higher than the Pearse ratio.

Modelled flood impacts include inundation of the northem portion of residential properties along River Drive
and Squires Road (however no residential properties appear fo have existed there at that time), with the flood
spreading out of bank at the bend in Native Hut Creek upstream of the Tolsons/Siones Road bridge. Beyond
this point the floodplain is engaged, with the flow path ranging from 115 to 330 metres wide. The
Tolsons/Stones Road bridge is drowned out, Pantics Road s completely inundated (ses Figure 5-5) including
the intersection with Squires Road, generally to depths grester than 0.5 mefres. The northem pert of
Sutherland Street is inundated, with depths on that road exceeding 1 metre in places. Turlle Bend is completely
inundated and the Bannockburn-Shelford Road overtops, downstream of which three current houses appear
to be close to inundated by floodwater. At Barker Street and downstream, the flood extent begins to narow
bafore mesfing the Learmonth Strest tributary and spreading cut again fowards the Woolbrook homestead

property.

The similarities between the two scenarios provide litle point of separation at a broader scale. It is
recommended the maps bs presented for comment by the community to identify if any of the subtla differences
can be reconciled with anecdotal evidence. One point of difference between the two model runs occurs at the
Bannockbum-Shelford Road bridge, where the CCMA ratio run completely overtops the road while the Pearse
ratio leaves small islands at the bridge abutments. The peak flood depths for the study area and township are
shown in Figure 5-3 to Figure 54 and photos along Pantics Road from the event are shown in Figure 5-5.
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Figure 53 February 1873 Flood Depths, H.=CCMA Ratio (Township)
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Figure 54 February 1973 Flood Depths, K.=Pearse (Township)
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Figure 55 Photographs of 1973 fiood event providad by the resident of 59 Pantics Road
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5.1.2 April 2001

A significant rain event occurred in the Barwon and Moorabool catchments from the 21*! to the 24™ of April,
2001. The event caused moderate flooding in Geelong. The event was mentioned during the first community
consultation session for the Teesdale Flood Risk Identification Study, with one attendee recalling that the
Bannockburn-Shelford Road was overtopped during the event causing the road to be temporarily closed.
During the second community consultation, it was noted that the Turtle Bend area experienced minor, if any,
inundation. While these two observations are conflicting, the closure of the road may not have been a resuit
of riverine flooding and further information regarding the closure has not been obtained. It is understoed this
event was not as large as the 1973 event. Rainfall totals in the Native Hut Creek generally varied between
140mm and 150mm for the three-day event.

3.1.21 Ralnfall

Rainfall totals recorded betwsen 9am on tha 21% April and 8am on the 24™ April at stations near and within the
Native Hut Creek catchment are shown in Table 5-2, with the rainfall distribution and isopleths are shown in
Figure 5-6.

The rainfall temporal pattern was extracted from the Sheoaks pluviograph rainfall station which recorded
30-minute rainfall intervals.

Table 5-2  April 2001 Rainfall Totals

Taetal o Sam Total te Jam Total o Jam

Station Name 22" April 23 Al e R
(mm) frmmi L g L L
goto4 | LeighRweratMount 52 483 246 1254
89092 Warrambine No 2 722 50 23 1452
87168 Sheoaks 65 50 | 36 151
ez | Sreers G | s - "
87123 Lethbridge (Glenmoor) 72 53 37 162
87059 Shelford 728 582 186 1496
87009 Bannockburn missing 106.6 26.2 1328
87043 Meredith (Darra) 626 318 51 1454
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Figure 56 Rainfall Distribution and [sopleths for April 2001
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5.1.2.2 Streamflow

Flow hydrographs extracted from the RORB model at the Bannockbum-Shelford Road bridge are shown in
Figure 5-2 for the two modelled K. values discussed in section 2.1.5. Both modelled values of K. produce four
distinct peaks with a significant impact on the peak flood level of 91 m®/s (CCMA) and 53 m®/s (Pearse) ke
adopted. The lower K. value modelled exhibits higher peaks and lower froughs in the hydrograph, with runoff
getting through the system much faster with the lower relative delay time.
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Figura §5-7  Aprfl 2001 modeliad etraamflow at Teaedala Bridos
51.23 Flood Behaviour

Unlike the February 1973 modelling runs, the difference in K: selection caused a significant difference in flood
levels and depths in the results. While both events feature out of bank flows, the increase in peak flow
associated with the lower K. translates to differences in water levels, of generally between 0.3 to 0.5 metres

through the main flow paths.

The lower K; scenario {CCMA Ratio) resulted in overtopping of the Shelford-Bannockbum Road as diecussed
in the community consultation but did not occur in the Pearse ratio scenario. The CCMA ratio scenario also

resulted in much greater depths of fl
gathered.

looding on Turlle Bend, in contrast to one of the community observalions

The peak flood depths for the study area and township are shown in Figure 5-8 to Figure 5-9.
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Figure 5-8  April 2001 Flood Depths, K.=CCMA Ratio {Towms=hip)
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Figure 58  April 2001 Flood Depths, K.=Pearce (Township)
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5.1.3 January 2011

Over a period of four days from 8am on the 10* of January until 9am on the 14 January, significant rainfall
occurred over the Leigh River and Barwon River catchmenis causing flooding at Inverleigh and Geelong, along
with widespread flooding across much of Victoria. The Native Hut Creek catchment was spared the worst of
the flooding, with rainfall totals in the catchment ranging from ~35mm to 125mm over the four days.

5.1.3.1 Rainfall

Rainfall totals recorded between 9am on the 10* of January and Sam on the 14% of January at stations near
and within the Native Hut Creek catchment are shown in Table 5-3 with the rainfall distribution and isopleths
are shown in Figure 5-10,

Table 53  January 2011 Rainfall Totals

Tetal to Total to Total to Total to

ur _d ~En y 4 g Total
Statian Name P 11‘ i 12‘ ﬂ_im 1_. fiew H Raiifall
January January January Jahuary
{mmy fmmj ALl TR ——
Leigh River at .
89104 Mount Marcer 434 424 12 526 150.4
89092 Wam‘g"“e 34.8 a7.2 39.6 M6 1532
Warrambine
89084 Ck at 314 378 102 448 1242
Warrambine
87168 Sheoaks 31.2 358 6 35 108
87042 Meredith 294 394 104 354 1146
87009 Bannockburn 26.6 324 3.2 32 042
Meredith
87043 (Darra) 294 64 82 328 106.8
90167 Winchelsea 25 34 4 448 107.8
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5.1.3.2 Streamflow

Flow hydrographs extracted from the RORB model at the Bannockbum-Shelford Road bridge are shown in
Figure 5-11 for the two modelled K. values discussed in section 2.1.5. Much like the April 2001 event, the
January 2011 event is characterised by bursts of rainfall which show the attachment response is highly
sensitive and the kc paramater produces significant changes in the peak flows observed with 41 m®s (CCMA)
and 24 m¥/s (Pearse). Lower values of Kc produce a hydrograph with significantly varying peaks and froughs,
while higher values of Kz produce a more smoothed hydrograph.
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Figure 5-11 January 2011 modelled streamflow at Teesdale Bridpe

51.33 Flood Behaviour

Due to the substantial variance in peak flows between the two modalled events, there is a notable difference
in flood behaviour with the Pearse ke producing much lower peak flows which are largely contained within the
banks of Native Hut Creek compared to the CCMA kc equation which shows flood waters breaking out of
channel in several locations.

Photographs for this event have been provided by residents located in Sutherland Street at the community
consultation session. The photos show water in the Creek being high but not out of bank at that location. The
Pearse K. equation replicates this while the CCMA equation does not, with the latter showing a breakout of
flows onto 75 Sutherland Street which is understood to not have occumad.

The peak flood depths for the study area and township are shown in Figure 5-12 to Figure 5-13.
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Figure 5-12 January 2011 Floed Depths, K.=CCHA Ratio (Township}
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Figure 5«13 .January 2011 Fleed Depths, K.=Pear=e (Towmship)
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Floura 5-14 Photo providad by the residents of 75 Sutheriand Streat Tessdala during the 2011 food showing
flows containad within Nathwe Hut Creek
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5.2 Validation Results Discussion

No information exists for recording the stream level, resulting in the reliance of community information and
anecdotal evidence. The simulation of the three events and comparison of fiood levels within the town confirms
as expected the magnitude of the flood events with the 1973 event producing the highest floed level followed
by the 2001 and then 2011 events.

The simulation of three known flood events on Native Hut Creek has been undertaken with the adoption of two
sats of kc parametars and fixed loss parameters. The RORB paramelers adopled (namely initial loss,
continuing loss and kc) appear to sit within reasonable ranges based on regional parameters from ARR2019
and RORB regional approximation equations.

As expected, adopting a lower k. value resulis in a more reactive catchment, with flows routing through the
catchment and stream network faster resulting in higher flow and shorter timing peaks of flooding. This is
pronounced in events with short, intense bursts of rainfal! such as April 2001 and January 2011 but has less
influence on the February 1973 event which was a longer steadier rainfall pattem.

While the loss values adopted have not been changed, it is noted that the three events modelled occurred in
Summer and Autumn months and similar antecedent conditions would be expected across the calchment
{typically a lower soil moisture/drier catchment) compared to a flood event cccuming in late winter/spring
months.

For the 2011 event, the lack of flooding on 75 Sutheriand Street observed with the higher ke value using the
Pearse equation gives some confidence in the adoplion of the higher K- value. As discussed earlier, the flows
for this event are understood to have generally stayed within bank. Ciscussions held at the second community
consultation session held in March 2023, further confirmed that no breakouts were observed by the community
during the January 2011 event.

When comparing the levels modelled in the 2001 event, it is the opposite, with the lower CCMA ke value
producing results that show the Shelford-Bannockbum Road overtopped, while the Pearse equation does not
produce modelling results which overtop the Shelford-Bannockbum Road. During ciscussions at the second
community consultation session held in March 2023, a resident revealed that after the 2001 event a significant
clean up of Native Hut Creek was undertaken with rubbish, tvres and overgrown vegetation removed from the
bed and banks. These conditions were not explicily included in the model as they were unknown at the: fime
of modelling, however they may explain the overtopping of the road particularly if the bridge was partialty
blocked.

The 1973 event resulted in widespread inundation of the Native Hut Creek floodplain, as evidenced by
photographs provided during community consultation for the shudy. The two modelled values of Ke produce
gimilar flows and flood behaviour with the average flood level difference being 64mm across the study area.
This minor increase in level translates to a similarly minor increase in extent, with the only substantial difference
between the two modelled events being that the Bannockbum-Shefford Road was completely inundated when
adopting the CCMA ratio of K.

Based on the abovs, it appears the adoption of the higher Kz value represents the January 2011 event quite
well and will be adopted for design modelling. The overlopning of Bannockbumn-Shelford Road in Apsil 2001 is
not representad by this valua of K;, however the influence of rubbish and overgrown vagstation within the
channel at the time of that event, particularly in partially blocking the bridge, may influence the bridae’s capacity
and could cause overtopping of the road.
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6 SUMMARY

The joint validation process has shown the combination of the RORB and TUFLOW meodels is suitable to
replicate a range of flow events from relatively minor inchannel events {January 2011) through to larger, rarer
floods such as the February 1973 event. The validation process has relied heavily on photography and
anecdotal evidence with limited recorded flood information available. The RORB mode! has shown high
sensitivity to the adoption of a ks value. The RORB parameters adopted (namely initial loss, continuing loss
and ko) sit within expected ranges based on regional parameters from ARR2019 and RORB regional
approximation equations. The resulis of the joint validation identify the parameters adopted in both the RORB
and TUFLOW models are suitable for adoption in design flood modelling for Native Hut Creel.
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GLOSSARY OF TERMS

Afflux

Annual Exceedance

Probability (AEP)

Australian Height Datum
{AHD)

Average Recurrence
Interval

(ARI)

Cadastre, cadastral base

Catchment

Design flood

Discharge

Flood

Flood frequency
analysis

Flood hazard

Refers to the difference in water level (or depth) betwaen two modeliing
scenarios, usually measured in metres and a change in extent (e.g.
“was wet now dry”)

Refers to the probability or risk of a flood of a given size occurring or
being exceeded in any given year. A 90% AEP flood has a high
probability of occurring or being exceeded; it would ocour quite often
and would be relatively small. A 1% AEP flood has a low probabiiity of
occurrence or being exceeded; it would be fairly rare but it would be of
extrema magnitude.

A common national surface level datum approximately comesponding to
mean sea level, Introduced in 1971 to eventually supersede all earlier
datums.

Refers to the average ime interval between a given flood magnitude
occurring or being exceeded. A 10 yvear ARI flood is expected to be
exceeded on average once every 10 years. A 100 year ARI flood is
expected to be exceeded on average once every 100 years. The AEP
is the ARl expressed as a percentage.

Information in map or digital form showing the extent and usags of land,
including streets, lot boundaries, water courses efe.

The area draining to a site. It always relates to a particular location and
may include the catchments of tributary streams as well as the main
stream.

A design flood is a probabilistic or statistical estimate, being generally
based on some form of probability analysis of flood or rainfall dafa. An
average recurrence interval or exceedance probability is atiributed to
the estimate.

The rate of flow of water measured in terms of volume over time. It is to
be distinguished from the speed or velocity of flow, which is a measure
of how fast the water is moving rather than how much is moving.

Relatively high stream flow which overtops the natural or artificial banks
in any part of a stream, river, estuary, lake or dam, and/or overland
runoff before entering a watercourse and/or coastal inundation resufting
from elevated sea levels and/or waves overtopping coastiine defences.

A statistical analysis of observed flood magnitudes to dstermine the
probability of a given flood magnitude.

Potential risk to life and imb caused by flooding. Flood hazard
combines the flood depth and velocity.
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Fleodplain

Flood storages

Geographical information

systems (GIS)

Hydraulles

Hydrograph

Hydrology

Intensity frequency
duratlon {IFD) analysls

LIDAR

Peak flow

Probabllity

Probable Maximum Flood

RORB

Runoff

Stage

Stage hydrograph

Topography
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Area of land which is subject to inundation by floods up to the probable
maximum flood event, i.e. flood prone land.

Those parts of the floodplain that are important for the temporary storage,
of floodwaters during the passage of a flood.

A system of software and procedures designed fo support the
management, manipulation, analysis and display of spatially referenced
data.

The term given to the study of water flow in a river, channel! or pipe, in
particular, the evaluation of flow parameters such as stage and velocity.

A graph that shows how the discharge changes with iime at any
particular location.

The term given to the study of the rainfall and runoff process as it relates
1o the derivation of hydrographs for given floods.

Statistical analysis of rainfall, describing the rainfall intensity (mmshr),
frequency (probability measured by the AEP), duration (hrs). This analysis
is used to generate design rainfall estimates.

Spot land surface heights collected via aerial light deteclion and ranging
(LIDAR) survey. The spot heighis are converied ip a gridded digital
elevation model dataset for use in modelling and mapping.

The maximum discharge occurring during a flood event.

A statistical measure of the expected frequency or occurrence of flooding.
For a fuller explanation see Average Recurrence Inferval.

The flood that may be expected from the most severe combination of
critical meteorological and hydrologic conditions that are reasonably
possible in a particular drainage area.

A hydrological modelling tool used in this study fo calculate the runoff
generated from historic and design rainfal! events.

The amount of rainfall that actually ends up as stream or pipe flow, also
known as rainfall excess.

Equivalent to ‘water [evel. Both are measured with reference fo a
specified datum.

A graph that shows how the water level changes with time. It must be
referenced to a particutar location and datum.

A surface which defines the grot:nd level of a chosen area.
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1 INTRODUCTION

1.1 Overview

Water Technology has been commissioned by Golden Piaing Shire Council (Council) to undertake the
Teesdale Flood Risk Identification Study. The investigation area covers the Native Hut Creek and tributaries
in the township of Teesdale. Teesdale is identified as a Priority Flood Risk Area in the Corangamite Regional
Floodplain Management Strategy {2018), which identifies both riverine and flash flood risks for the town and
states that "flooding associafed with Native Hut Creek has damaged several residential properties”.

Previous flood investigations covering Teesdale include CCMA investigations undertaken in 2008 and 2019.
The 2008 study utilised RORB hydrologic modelling and HEC-RAS one-dimensional hydraulic modelling,
while the 2019 study utilised HEC-RAS two-dimensional hydraulic modelling. A regional flood study of the
Barwon River catchment which covers the study area was also completed in 2016 (GHD, 2016).

The CCMA modelling completed in 2019 indicates that the current flood mapping which is the basis for the
Floodway Overlay (FO) and Land Subject to Inundation Overlay (LSIO) in the Golden Plains Planning
Scheme understates the flood hazard in Teesdale. The Flood Risk Identification Study is being camied out to
ensure that the planning scheme mapping accurately reflects flood hazard to ensure that growth in
Teesdale is managed appropriately into the future. As such, updated flood mapping suitabls for inclusion in
the Golden Plains Planning Scheme is a key output required from the study.

In additien, the study will produce fiood intelligence information for use in emergency management siiuations,
assess the cument flood impact/exposure in terms of annual average damages caused by flooding in
Teesdale, investigate structural and non-struclural mitigation options to reduce damages, investigate
and make recommendations for establishing a fiood waming system for the fown.

This report is one of a series documenting the outcomes of the Teesdale Flood Risk Ideniification Study. Each
reporting stage is shown below:

®  RO1- Data Review and Validation

RO2 — Joint Validation Modeliing Report

R03 — Design Hydrology and Hydraulic Modelling Report - This Report
R04 — Flood Intelligence and Flood Waming Report

RO5 - Flood Damages and Mitigation Assessment Report

R0O6 — MFEP Documentation

RO7 — Final Summary Report
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1.2 Study Area

Teesdale is located approximately 8.5 km north of Inverleigh and is sitzated on the banks of Native Hut Creek.
The Native Hut Cresk catchment begins approximately 22.5 km north of Teesdals near the town of Meredith.
The creek meanders south across agricultural land, the vast majority of which has been historically cleared of
large vegetation in line with its use as farmland.

The catchment within and upstream of the study area is mostly cleared agricultural land and the main waterway
{Native Hut Creek) has several onstream dams of varying size along its alignment. The Native Hut Creek
catchment draining to Teesdale is approximately 110 km2. The entire catchment is located within the Golden
Plains municipal area. The study area is focussed on the township of Tessdale and includes the following
waterway structures:

®  Two large on-stream dams approximately 3km upstream of the township.

= An indicative assessment of the impact of the upstream dams was completed in R01 — Data Collation
and Validation. The assessment found the dams would have minimal impact on peak flow rafe or
flood levels in a significant storm event.

B Road crossings, formal or informal, at the following roads:
= Tolson Road/Stones Road
= Sutherland Street
= Bannockbum-Shelford Road
= Barkers Road

B Several off-stream dams throughout the town.

1.3 Previous Reporting and Context

This report follows report R0O2 — Joint Validation Modelling Report. The Joint Vafidation Modelliing Report
details the hydrologic and hydraulic model builds and modelling completed for three historic flood events:

m  February 1973 - largest recent flood (anecdotally)
B April 2001 = significant event causing overbank flooding of Nafive Hut Creek within Teesdale

B January 2011 —a very recent, less severe event selected for vafidation due to the availability of anecdotal
community evidence

The Joint Validation Modelling Report and mode! results produced were used to finali'se the design mode!
parameters, which are detailed herein. The models achieved good agreement with community observations
of the January 2011 event, which was largely contained within the bed and banks of Native Hut Creek.
Observations from the 1973 event were sparse given the time passed since that event however a photograph
confirmed widespread flooding in the area of Pantics Road which was reflected in the modelling. The April
2001 event again had few available observations. Two observations from the 2001 event were conflicting,
however based on the available evidence the modelling is considered to represent that event well.

This report should be read in conjunction with the Joint Validation Modelling Report. Key model parameters
are repeated herein however the full details of the model builds are contained within the previous report.
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2 METHODOLOGY

2.1 Overview

The Teesdale Flood Risk Identification Study has adopted a hydrologic/hydrautic modelling approach with the
hydrology modelling completed using RORB software and hydraulic calculations completed within TUFLOW.
Hydrologic modal parameters wera sourced from recent studies in the area and the ARR datahub, and
validated against community observations in a joint model validation approach. Joint mode! validation
consisted of producing streamflow hydrographs in RORB, running the TUFLOW mode! with the hydrographs
as inflow boundaries and comparing the results to community observations. After some iteration, a good
agreement between the model results and community observations was achieved and those model parameters
were adopted for design modelling.

2.2 Hydrologic Model Parameters

The design hydrologic model (RORB) parameters are summarised in Table 1 below. The Joint Validation
Modelling Report details the model! build and parameter selection in more detail.

Table 1 RORB Model Parameters Summary
Parameter/input Value/Description
Kc/Dav Ratio 125
Kc — Tawarri area 2.55
K¢ — Learmonth Street area 3.1
Kc — Main Native Hut Creek caichment | 32.90
m 08
Burst Rainfall Intensity-Frequency-Duration (1FD) information obtained from

the Bureau of Meteorology, spatially compiled to produce a
Native Hut Creek IFD table applied in conjunction with subarea
weighting to account for spatial variation.

Pre-Burst Rainfall Initial losses adjusted to account for pre-burst rainfall by
subfracting the median pre-burst depth from the storm initial
loss.

Initial Loss (storm) 17 mm

Conlfinving Loss 3.2 mm/hr

Reach Types Type 1 (Natural) where no clear waterway present
Type 2 (Excavated, unlined) where a waterway is clearly
present

Storages N/A

/O Reaches N/A
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2.3 TUFLOW Model Summary

Table 2 summarises the key model parameters/inputs adopted for the TULFLOW modelling. Further details
on the TUFLOW model inputs are dascribed in detail in Section 4 of the Joint Validation Modelling Report.

Table 2 Key TUFLOW Parameters Summary

Parameter Walue

Model Build 2023-03-AA-iSP-wH4

Model Precision Single Precision

Grid Cell Size | 3 metres

Sub Grid Sampling Not adopted

Solution Scheme HPC — Comparison with Classic to be completed
Inflows Source-Area boundaries coupled with streamlines
Outflow Height-Flow Slope of 0.3%

Hydraulic Roughness Manning’s ‘", varies with land use

1-Dimensional elements Culveris and pipes linked to 2-D domain

Golden Plains Shire | 21 April 2023
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3 RESULTS
3.1 Design Hydrology

The RORB model was ran for the 50%, 20%, 10%, 5%, 2%, 1%, 0.5%, 0.2% AEP and PMF events. Flows for
the design events {excluding PMF) have been extracted from the model at the Bannockbum-Shelford bridge
and are presented in Figura 1 below.

Native Hut Crask flows applied to the TUFLOW mode! were extractad from the RORB model at a print location
upstream of Teesdale and at other print locations throughout the study area as required. This enables the
model to account for local inflows while avoiding duplicate routing of flows in both the hydrologic and hydraulic

models.
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Flgure 1 Deslgn hydrographs, Native Hut Creek at Bannockbumn-Shelford bridge
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Critical Events and Temporal Pattemns

As discussed in the Joint Validation Modelling Report, temporal pattemns were selected from the “Southemn
Slopes (Vic) region”. Given the size of the catchment and in line with the recommendations of ARR20119, areal
temporal patterns were adopted in the first instance. Areal temporal pattems are only available for durations
12 hours and longer. As the 12-hour duration event was shown to be critical for most design event magnitudes,
point temporal pattemns were also run to ensure that the critical event had been caplured. In two cases, the
point temporal pattem produced a critical flow for the 9-hour event. In both cases the point tsmporal pattem
was adopted as the design event.

The critical event durations, temporal patterns, source of pattem and peak flow rate at the bridge are shown
in Table 3 below.

Table 3 Critical durations, temporal patterns and sources, and peak flows for modalisd events

Duration Temporal Pattern Temporal Pattern Souice Peak Flow at Bridge (sl

50% 9 Hours 4 Point 74
20% | 12 Hours 4 Areal 228
10% 9 Hours 7 Point 40.6
5% 12 Hours 4 Areal 606
2% 12 Hours 4 Areal 920
1% 12 Hours 4 Area! 1177
05% | 12Hours 4 Areal 1522
02% | 12Hours 5 Areal 184.9
3.2 Climate Change Assessment

The 10% and 1% AEP events were modelled with increases in rainfall intensity assodiated with climate change.
Modelling considered Representative Concentration Pathways (RCP) 4.5 and 8.5 under projections to the
years 2050 and 2100 in line with the ARR guidelines with rainfall scaling factors obtained from the ARR
datahub. The resultant rainfall depths and resulant peak flows at the Bannockbum-Shelford Road bridge
modelled are shown in Table 4 below.

The model results shown in Table 4 indicate that climate change scenarios cause an increase in flow at the
Shelford-Bannockbum Road bridge. The 1% AEP flows under an RCP8.5, 2100 scenario are increased 44%
and are between present day 0.2% and 0.5% AEP flows. Similarly, the 10% AEP flows for the same climate
scenario are increased 59% and are between present day 5% and 2% AEP flows.

The increased rainfall depths were applied 1o the RORB madel and the produced hydrographs which were
applied to the TUFLOW model as inflow boundaries. TUFLOW results for the RCPB8.5, 2100 1% AEP event
ara shown in Section 4 below.

As expected, the increased rainfall intensity RCP8.5, 2100 scenario produces an increase in flood levels
across the study area. In the township, levels increase in the order of 0.15 to 0.25 metres upstream of the
bridge where the floodplain is relatively wide. Downsiream of the bridoe, increases in flood levels are between
0.4 and 0.5 metres where the floodplain is more confined. Flood level increase mapping is shown in Figure 5
below.
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Table 4 Climats change asssssment summary
D R 54.11 54.11 54.11 541N
ease 54% 7.8% 7.3% 18.4%
Pro R Dep 57.03 58.33 58.06 64.06
P at Bridge 46.79 50.06 49.50 64.66
o 15.19 23.24 2185 5917
D R 85.06 85.06 85.06 85.06
case 5.4% 7.8% 7.3% 18.4%
Pro R D 89.65 81.69 91.27 100.71
P 0 137.39 14297 141.83 169.21
O 18.75 | 21.49 20.52 [ 43.79
3.3 Probable Maximum Flood

The Probable Maximum Flood (PMF) rainfall depth was interpolated between depths estimated by the
Generalised Short Duration Method (GDSM) and the Generalised Southeast Australia Method (GSAM). The
rainfall depths were modelled utilising the ‘rare’ temporal patterns obtained from the ARR datahub and
distributed spatially in line with the 0.2% AEP event. An Initial loss of Omm and a continuing loss of 1mm/hr
was applied. All ten temporal patterns were simulated in the ensemble for the PMF. The maximum flow from
the ensemble, (9 hour duration, temporal pattern 9) was selected as the design PMF event.

4 FLOOD MAPPING

The peak modelled flood depth in 2 1% AEP event and climate change (2100 under an RCP8.5 gcenario) are
shown in Figure 3 and Figure 4 below. Detailed mapping of all modelled events is provided in PDF form as an
appendix and GIS deliverables (grids and extents) will be provided to Council and CCMA.

Flood hazard mapping has been prepared in line with ARR2019 and the Austmalian Disaster Resilience
Guideline 7-3 Flood Hazard (AIDR 2017). The hazard classifications are based on the peak depth, velocity
and product of depth and velocity. The classifications are shown in Figure 2 below.

Golden Plains Shire | 21 April 2023
Teesdale Flood Risk ldenfification Study Page 12

Item 7.1 - Attachment 1 Page 97



Council Meeting Attachments 22 April 2025

BCEE WATER TECHNOLOGY

WATEY, COASTRAL & EEVIROIMETAL CESTHIAETS

a5

B8

Bapthir)
&

4

Golden Plains Shire | 21 April 2023
Teesdals Flood Risk Identification Study Page 13

ltem 7.1 - Attachment 1 Page 98



Council Meeting Attachments 22 April 2025

WATER TECHNOLG(:‘:Tr

TR, COASTAL & EUVIRTENTETAL NS TIIAST

* e e T

—— —— H

Flgure 3 1% AEP Flood Depths in Teeadals (Exieting Conditions)
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Flgure 4 1% AEP Flood Depths In Teeadale under projected RCPBS to 2100
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Figure 5 Flood level Increass under RCPS.5 projections to 2100 for the 1% AEP event
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5 SENSITIVITY TESTING

Sensitivity testing of flood models consists of altering an input or parameter and comparing results to the base
case, revealing the sensitivity of the model resutts to that input or parameter. Sensitivity testing of the mode!s
have been undertaken for a range of parameters and inputs as described below. Sensitivity testing of the
models was completed for the 1% AEP event only.

Afflux mapping of the sensitivity tests compared to the design mapping is shown for each sensitivity test was
undertaken in the hydraulic modsl.

5.1 Losses

Loss parameters were tested in the hydrologic (RORB) model as detailed in Table 5 below.

Table 5 Hydrologic loss sensitivity test scenarios
Design Inigial Loss Test Contihding Loss Test
Initial Loss {mm) 17 0 17
Continuing Loss (mm/hr) 3.3 3.3 1

The resultant peak flows at the Bannockbum-Shelford Road bridge are shown in Table 6. Lowering the
continuing loss value from 3.2 mm/hr to 1 mm/hr had a significant impact on the modelled peak flow rates due
to the critical storm duration of 12 hours resulting in a large proportion of the previously lost rainfall excess now
forming runoff.

Table 6 Losses senslitivity testing results

Scenario Peak Flow at Bridge gmris) = locrease in Flowy

Design 1M17.7 méfs i

Initial Loss Test 125.7 m¥'s 6.8%

Continuing Loss Test 1651 m¥s 40.3%
5.2 Hydraulic Roughness

Sensitivity to adopted roughness within the hydraulic mode! was tested by both lowering and raising the
Mannings ‘n' roughness. The roughness valupes in the model were muliiplied by 0.75 and 1.5 for the low and
high tests respectively.

Flood levels across the floodplain changed significantly, indicating the hydraufic model is sensitive to the
salection of this parameter. The area upstream of the Bannockbum-Shelford Road bridge appears to be the
least sensitive area in the model, indicative of the influence the road and bridge has on fiood behaviour in that
area as well as the width of the flow path. Flood leve!s unstream of the bridge raised in the order of 0.1 to 0.2
metres in the high roughness scenario, compared to raises of around 0.4 metres downstream of the bridge.
The low roughness scenario resulted in lower flood levels of around 0.1 melres upstream and 0.2 metres
downstream of the bridge.
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Golden Plains Shire | 21 April 2023
Teesdale Flood Risk Idenfification Study Page 18

Item 7.1 - Attachment 1 Page 103



Council Meeting Attachments 22 April 2025

.I_E WATER TECHNOLPGY

| el | TR, COASTAL & ENVERTHNTNTAL SRS IANT

5.3 Structure Blockage

Blockage factors were applied to the two bridges in fown as follows:
B 20% blockage applied to the bridge opening (i.e. undemeath the deck); and
®  100% blockage applied to the bridge railing.

The results show very minor impacts localised to the immediate area of the bridges. Both bridges show a slight
raising of flood levels on the upstream side of the bridge. The Bannockbum-Shelford Road bridge also shows
minor afflux with increases of up to 0.04 metres on the downstream westem side of the bridge adjacent to the
kindergarten. This is a result of the blockage causing additional overtopping of the road on that side. The
kindergarten buildings remain out of the flood extent.

Figure 8 Blockage sensitivity testing afflux manping

54 Boundary Conditions

The model has a single outflow boundary, which adopted a slope of 0.3% based on the slope of Native Hut
Creek at the boundary location. Changing the downstream boundary slope to 5% lowers fiood levels in the
vicinity of the boundary. Flood levels in Teesdale are unaffected by the change, confiming the boundary was
set a sufficient distance from the township. Flood levels at the boundary were lowered by 1.3 metres, quicldy
tapering to less than 10cm ~150 metres upstream of the boundary, and less than 1cm approximately 600
metres upstream of the boundary.
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Flgure 9 Boundary slope sensltivity testing afflux mapping
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6 SUMMARY

Design modelling and sensitivity testing of the hydrologic and hydraulic models built as part of the Teesdale
Flood Risk Identification Study has been completed and detailed in this report. Design flood mapping is
provided as a separate appendix to this report.

The models have been simulated for the 50%, 20%, 10%, 5%, 2%, 1%, 0.5%, 0.2% and PMF events. The
10% and 1% were simulated with projected climate change increased rainfall intensity under RCP4.5 and
RCP8.5 for the years 2050 and 2100.

Flood mapping has been produced in line with indusiry standards and the current Australian Rainfall and
Runoff guidelines. The mapping is fit for the purposes of informing land use planning in Teesdale. The mapping
will be used to assess average annual flood damages for the township and the models uilised o assess
potential structural mitigation options. Flood intelligence products will be developed to infoom emengency
management planning and response.

Sensitivity testing shows the models are particularly sensitive to continuing loss in the hydrology and hydraulic
roughness in the hydraulic model. For the 1% AEP event, structure blockage and boundary conditions were
shown to be uninfluential on results in the township.

The flood mapping produced will inform draft planning scheme amendment mapping to update the planning
scheme in line with the new intelligence.
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GLOSSARY OF TERMS

Afflux Refers to the difference in water level (or depth) between two modelling
scenarios, usually measured in metres and a change in extent (e.g.
“was wet now dry”)

Annual Exceedance Refers to the probability or risk of a flood of a given size occurring or

. being exceeded in any given year. A 80% AEP flood has a high

Probability (AEP) probability of occurring or being exceeded; it would occur quite often
and would be relatively small. A 1% AEP flood has a low probability of
occumrence or being exceeded; it would be fairy rare but it would be of
extreme magnitude.

Australian Height Datum A common national surface level datum approximately comesponding to
mean sea level. Introduced in 1971 to eventually supersede all earlier

(AHD) datums.

Average Recurrence Refers to the average time interval between a given flood magnitude

Interval occuming or being exceeded. A 10 year ARI flood is expected to be
exceeded on average once every 10 years. A 100 year ARI flood is

(ARI) expected fo be exceeded on average once every 100 years. The AEP
is the ARl expressed as a percentage.

Cadastre, cadastral base Information in map or digital form showing the extent and usace of land,
including streets, lot boundaries, water courses efc.

Catchment The area draining to a site. It always relates to a particular location and
may include the catchments of tributary streams as well as the main
stream.

Design flood A design flood is a probabilistic or statistical estimate, being generally
based on some form of probability analysis of flood or rainfall data. An
average recurrence interval or exceedance probability is atiributed io
the estimate.

Discharge The rata of flow of water measured in terms of volume over time. It is to
be distinguished from the speed or velocity of flow, which is a measure
of how fast the water is moving rather than how much is moving.

Flood Relatively high stream flow which overtops the natura! or artificial banks
in any part of a stream, river, estuary, lake or dam, and/or overland
runoff before entering a watercourse and/or coastal inundation resulting
from elevated sea levels and/or waves overtopping coastiine defences.

Flood frequency A statistical analysis of observed flood magnitudes fo dstermine the

analyslis probability of a given flood magnitude.

Flood hazard Potential risk to life and limb caused by fiooding. Flood hazard
combines the flood depth and velocity.
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Fleodplain Area of land which is subject to inundation by floods up to the probable
maximum flood event, i.e. flood prone land.

Flood storages Those parts of the floodplain that are important for the temporary storage,
of floodwaters during the passage of a floed.

Geographical information A system of software and procedures designed to support the
management, manipulation, analysis and display of spatially referenced

systems (GIS) data.

Hydraulles The term given to the study of water flow in a river, channel or pipe, in
particular, the evaluation of flow parameters such as stage and velocity.

Hydrograph A graph that shows how the discharge changes with ima at any
particular location.

Hydrology The term given to the study of the rainfall and runoff process as it relates
to the derivation of hydrographs for given floods.

Intensity frequency Statistical analysis of rainfall, describing the rainfall intensity {mm/hr),

duratlon {IFD) analysls frequency (probability measured by the AEP), duration (hrs). This analysis
is used to generate design rainfall estimates.

LIDAR Spot land surface heights collected via aerial light defection and ranging
(LIDAR) survey. The spot heighis are converted to a gridded digital
elevation model dataset for use in modelling and mapping.

Peak flow The maximum discharge oceurring during a flond event.

Probabllity A statistical measure of the expected frequency or cccurrence of flooding.
For a fuller explanation see Average Recumence Interval.

Probable Maximum Fleod The flood that may be expected from the most severe combination of
critical meteorological and hydrologic conditions that are reasonably
possible in a particular drainage area.

RORB A hydrological modelling tool used in this study to calculate the runoff
generated from historic and design rainfal! events.

Runoff The amount of rainfall that actually ends up as stream or pipe flow, also
known as rainfall excess.

Stage Equivalent to ‘water level. Both are measured with reference to a
specified datum.

Stage hydrograph A graph that shows how the water level changes with §me. It must be
referenced to a particutar location and datum.

Topography A surface which defines the grotnd level of a chosen area.
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1 INTRODUCTION

1.1 Overview

Water Technology has been commissioned by Golden Flains Shire Council (Council) to undertake the
Teesdale Flood Risk Identification Study. The investigation area covers the Native Hut Creek and tributaries
in the township of Teesdale. Teesdale is identified as a Priority Fiood Risk Area in the Corangamite Regional
Floodplain Management Strategy (2018), which identifies both riverine and flash flood risks for the town and
states that "flooding assocfated with Native Hut Creek has damaged several residential properties”.

Previous flood investigations covering Teesdale include CCMA investigations undertaken i1 2008 and 2019.
The 2008 study utilised RORB hydrologic modelling and HEC-RAS one-dimensional hydraufic modslling, while
the 2019 study utilised HEC-RAS two-dimensional hydraulic modelling. A regional flood study of the Barwon
River catchment which covers the study area was also completed in 2016 (GHD, 2016).

The CCMA modelling completed in 2019 indicates that the cumrent flood mapping which is tha basis for the
current Floodway Overlay (FO) and Land Subject to Inundation Overiay (L.S10) in the Golden Plains Pianning
Scheme understates the flood hazard in Teesdale. The Flood Risk Identification Study is being earried out to
ensure that the planning scheme mapping accurately reflects flood hazard to ensure that growth in Teesdale
is managed appropriately into the future. As such, updated flood mapping suitabie for inclusion in the Golden
Plains Planning Scheme is a key output required from the study.

In addition, the study will produce flood intelligence information for use in emergency management situations,
assess the current flood impact/exposure in terms of annual average damages caused by flooding in Teesdale,
investigate structural and non-structural mitigation options to reduce damages, invesligate and make
recommendations for establishing a flood waming system for the town.

This report is one of a serias documenting the outcomes of the Teesdale Flood Risk ldentification Study. Each
reporting stage is shown below:

®  RO1 - Data Review and Validation

RO2 — Joint Validation Modelling Report

R03 — Design Hydrology and Hydraulic Modelliing Report

R04 — Flood Intelligence and Flood Waming Report — This Report
RO5 - Flood Damages and Mitigation Assessment Report

R0O6 — MFEP Documentation

RO7 — Final Summary Report

1.2 Study Area

Teesdale is located approximately 8.5 km north of Inverleigh and is situated on the banks of Native Hut Creek.
The Native Hut Creek catchment begins approximately 22.5 km north of Teesdale near the town of Meredith.
The creek meanders south across agricultural land, the vast majority of which has been historically cleared of
large vegetation in line with its agricultural use.

The catchment within and upstream of the study area is mostly cleared agricultural land, and the main
waterway (Native Hut Creek) has several onstream dams of varying size along is alignment. The Native Hut
Creek catchment, draining to Teesdale is approximately 110 km”. The enfire catchment is located within the
Golden Plains municipal area. The study area is focussed on the township of Teesdale and includes the
following waterway structures:
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B Two large on-stream dams approximately 3km upstream of the township.

m  An indicative assessment of the impact of the upstream dams was complstaed in R01 — Data Collation
and Validation. The assessment found the dams would have minimal impact on peak flow rate or
flood levels in a significant storm event.

B Road crossings, formal and informal, at the following roads:
= Tolson Road/Stones Road
= Sutherland Street
®  Bannockbum-Shelford Road
= Barkers Road
® Several off-stream dams throughout the town.

1.3 Previous Reporting

This report follows report R03 — Design Modelling Report. R03 detailed the design event modelling for the
range of modelled events (50% AEP to PMF). The previous report also detailed climate change modelling
under a range of scenarios in addition to model sensitivity testing.

This report discusses the Flood Intelligence products developed as part of the study. It also provides an
assessment of the Total Flood Waming System components cumenily in place for Teesdale, with
recommendations for further improvement to the flood waming system.
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2  BACKGROUND: TOTAL FLOOD WARNING SYSTEM

The Total Flood Waming System (TFWS) is intended to encompass all of the elements required to produce
an appropriate timely response to flooding. The elements of the core TFWS are shown in Figure 2-1 below.
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The information produced by a flood investigation
generally relates to the "monitoring and prediction™
and ‘interpretation® elements. Flood mapping,
damages and intelligence produced by the study will
be valuable in interpreting incoming data. Some of
the elements of the study (for example the “Flood/No
Flood™ fool produced in the Municipal Flood
Emergency Plan) can aid with prediction.

Message construction, communication, and
protective behaviour are outside the scope of a fiood
investigation however would generally be completed
from within an Incident Conirol Centre (if one has
been set up) and the applicable Incident
Management Team controlling the incident. Formal
flood waming messages in Victoria fall within the
remit of the Bureau of Meteorclogy and fall within two
classes: Flood Watches and Flood Warnings.

Flood Watches are general wamings covering a
large area and are not specific to particular
waterways or townships. They can be delivered well
before flooding is expected fo arise and are often
based on forecast rainfalls.

Figure 21 Total Flood Waming $ystem elements?!
Flood Wamings, on the other hand, are specific fo a location and will predict how high the water will peak at
that location. Flood Wamings are often related to Flood Class Levels {see Section & below).

Review of the available information should take place after any event, or any other discovery of new flood
information as appropriate. Historic events should be added to the available information, particularly the MFEP,
as they oceur.

Monitoring, in the context of flooding, generally refers to monitoring rainfall and stream levels but may include
other aspects such as storage levels and catchment conditions to name a few. Locations to monitor will depend
on the available data sources and the catchment of interest.

The following sections will discuss the cumrent and ideal monitoring capability for Native Hut Creek; a draft
rating curve of Native Hut Creek at Teesdale to assist in future data collection and prediction where possible;
flood behaviour and impacts at the modelled AEPs; flood travel times; and flood classification levels for
Teesdale.
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3  RATING CURVE DEVELOPMENT

A rating curve has been exiracted from the TUFLOW hydraulic model at the Bannockbum-Shelford Road
bridge. This location represents the most appropriate location for a gauge on Mative Hut Creek due to the
confined nature of the waterway corridor at this location, with flow contained in most events. In events larger
than around a 2% AEP event, flows will overtop the road. Gauge boards on the upstream side of the road
placed at the low point where overtopping commences along with a location further from the bridae would
ensure gauge readings could be undertaken during large events, however the mode! indicates readings at this
lacation may be slightly higher than those taken upstream of the bridge opening. Manual gauge readings may
therefore overestimate the flow in Native Hut Creek at high flow rates.

The rating curve has besn developed utilising a least squares polynomial fit across the mode! results for flow
and height at the upstream side of the bridge. Model results for the 10%, §%, and 0.5% AEP events informed
the curve. A clear inflexion point can be seen just above 30 m¥s, where the fioodplain upstream of the bridge
is engaged and small increases in water level comrespond to significant increases in flow.

The curve is shown in Figure 3-1 and Figure 3-2 below. Also plotied are the flows and heights extracted from
the model for all modelled events except the PMF. An example rating table, in the same format as that currently
used by the Department of Energy, Environment and Climate Action, is provided in Appendix A. The exampie
table is based on a gauge zero of 99.037 mAHD, which was taken from the TUFLOW model. Should the gauge
site be developed, a gauge zero will be required and the stage heights can be linked using mAHD as a datum.
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Figure 3-1  Native Hut Creek at BEannockbum-Sheiford Road bridae, low fliows
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Figure 3-2 Mative Hut Creek at Bannockbum-Chelford Road bridge, high flows
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4 FLLOOD BEHAVIOUR AND IMPACTS

4.1 Overview

When Native Hut Creek flows, water first breaks the banks at 4 Stones Road, flowing towards the west and
over Stones Road before re-joining the creek upstream of Squires Road/Sutherland Street. Model resulls
indicate this occurs at relatively low flow rates in the creek of around 10m3/s (~50% AEP). Barker Strest
overtops shortly after, with the minor culvert’s capacity overcome in minor events. At higher flowrates of around
40m?3/s (10% AEP), flows break out near the Stones Road/Tolsons Road bridge on the south side of the creek,
flowing through residential properties and over Sutherland Street, re-joining the waterway approximately 200m
north of the Bannockburn-Shelford Road bridge.

The elevated Bannockburn-Shelford Road overtops at around 90m®s (~2% AEP), with overtopping
commencing at a low point on the road 90 metres east of the bridge. As flows increase, another low point
approximately 90 metres to the west begins 1o overtop. The depression on the west side of Teesdale-Inverleigh
Road fills and the road is overtopped. The floodplain downstream of the bridge namows towards Barker Street
and remains relatively confined until the confluence with the Learmonth Sireet tributary, downstream of which
numerous breakouts occur as the creek flows away from Teesdale.

42 Flood Impacts Summary

Table 4-1 provides a summary of key flood behaviour and impacts with a summary of roads inundated.
Behaviours and impacts are shown in the likely order of inundation, i.e. from more frequent, lower magnitude
events to less frequent larger flood events.

Note the table below refers to Stones Road, however it should be noted that this is aleo Tolsons Road. The
inundation of Stones Road joins Tolsons Road at approximately 10% AEP and there are no properties or
otherwise between the two inundation points, thus they have been combined.

Table 4-1 Flood Impacts Summary

Flood Event Characteristics — Flood Behaviour

Reoadways Ihundated

50% AEP Breakout occurs upstream of Stones Road, Learmonth St (<0.1m)
~800 ML/d flowing along the north side of Natfve Hut Creek Siones Road (<0.2m)
~7.4mils and filling local depressions. The breakout rejoins Barker Street (<0.3m)
99'99 m AHD at Native Hut Creek at Pantics Road. Russel St (<0.1m)
Bannockburn-Shelford
Road bridge
20% AEP Breakout upstream of Stones Road becomes Learmonth St (<0.1m)
~1,950 ML/d more significant with deep flows on the north side Stones Road (>0.5m)
~23 m¥s of Native Hut Creek. Breakout from dam at 95 Pantics Road (<0.1m)
101.05 m AHD st Tolson Road ﬂows over paddocks south of Native Barker Street (>0.5m)
Rannackburn-Shelford Hut Creek, rejeining before Sutherfand Street. St (~0.1m)
Road bridge Stones Road and Barker Sireet flooded to Russe! -
hazardous depths.
Minor breakouts on west side of Native Hut Cresk,
north and south of Bannockbum-Shslford Road.
Significant breakouts around and downstream of
Barker Street and around Native Hut Drive.
Golden Plains Shire | 5 May 2023
Teesdale Flood Risk ldenfification Study Page 10

ltem 7.1 - Attachment 1

Page 119



Council Meeting Attachments

22 April 2025

BB

Flood Event

WATER TECHNOLPG

BATET, COASTAL & EUVERTONNNTAL SRS IANT

Characteristics — Flood Behaviour

Roaduays nundated

10% AEP Floodplain fully engaged with breakout flows on = Leamomnth St {<0.1m)
~3.400 ML/d both sides of Native Hut Creek throughout the = Siones Road {(>0.5m)
~40.5 m¥s town. = Mercer Tce (~0.5m)
101.53 m AHD at Turtle Bend inundated with isolated islands. = Pantics Road (<0.3m)
Bannockburn-Shelford Teesdale Kindergarten driveway and carpark | = Barker Sireef (>1m)
Road bridge Inundated. Access via community hall possible. |« Suthertand Street
{~0.3m)
87 Pantics Road inundated above floor. = Russel St(<0.3m)
5% AEP Generally as above with deeper, faster flowing = Learmonth St (<D.1m)
~5,200 ML/d water. Hazardous depths across floodplain. = Stones Road (~1m)
~60.5 m¥/s = Pantics Road (>0.3m)
101.78 m AHD st Teesdale Kindergarten driveway and carpark | = Mercer Tce (~0.9m)
Bannockburn-Shelford inundated to hazardous depths. Access via = Barker Street (>1.0m)
Road bridge community hall possible. = Sutherand Street
(~0.5m)
= Teesdale-Inverieigh
Road (<0.3m)
» Russel St {<0.3m)
2% AEP Generally as above with deeper, faster flowing s  Learmonth St (~0.1m)
~7,850 ML/d water. Hazardous depths across fioodplain. s  Bannockbum-Shelord
~92 m¥s Road (<0.1m)
102.08 m AHD at Bannockbum-Shelford Road overiopped. = Jollys Road {<0.1m)
Bannockburn-Shelford » Stones Road (>1m)
Road bridge . ;
? :44 Teesdale-Inverleigh Road inundated above f;;.?m“,m)ms'"'
oor. = Mercer Tce (>1m)
» Barker Street (>1.0m)
= Sutherfand Strast
(~0.8m)
= Teesdale-Inverieigh
Road (~0.4m)
=  Russal St (<).3m)
1% AEP Generally as above with deeper, faster flowing =  Learmonth St (~0.1m)
~10,150 ML/d water. Hazardous depths across fioodplain. =  Pannockbum-Shatford
~118 m¥/s Road (<0.3m})
102.25 m AHD at » Jollys Road {<0.1m)
Bannockburn-Shelford = Stones Road {>1m)
Road bridge = Pantics Road (>0.5m,

~750m length)
= Mercer Tce (>tm)
= Barker Street (>1.0m}
= Sutherfand Stract (>1m}

= Tesedals Inverlsich
Road (~0.8m)

= Russel St {<0.3m)
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Characteristics — Flood Behawviour

Roaduays nundated

0.5% AEP Bannockbum-Shelford Road overtopped to depths Learmonth St (~0.1m)
~13,100 ML/d greater than 0.3 metres. Bannockbum-Shetford
~ 52 mYs Road (>0.3m)
102.48 m AHD at Generally as above with deeper, faster flowing Joilys Road (<0.1m)
Bannockburn-Shelford water. Hazardous depths across floodplain. Stones Road (>1m)
Road bridge Pantics Road (>0.5m,
~750m length)
Mercer Tce (>Tm)
Barker Sireet (>1.0m}
Suthertand Street (>1m)
Teesdale-Inverieigh
Road (~0.5m)
Russel St {<0.3m)
Teesdale ethbridge
Road {<0.1m)
0.2% AEP Generally as above with deeper, faster flowing Learmonth St (~0.1m)
~16,000 ML/d water. Hazardous depths across floodplain. Bannockbum-Shetford
102.67 m AHD at Jollys Road (<0.1m)
Bannockburn-Shelford Siones Road (>1m)
Road bridge Pantics Road (>0.5m,
~750m length)
Mercer Tca (>1m)
Barker Stest (>1.0m)
Sutherfand Street (>1m)
Teesdale-Inverleigh
Road (>1m)
Teosdaial athbridoa
Road {(<0.1m)
Golden Plains Shire | 5 May 2023
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5 FLLOOD PEAK TRAVEL TIME

With no active or historic gauges on Native Hut Creek, flood peak travel times have been exiracted from the
RORB mode! built for the study. The model is sensitive o selection of the K. routing parameter with respect to
flood timing. Flood timing is also expected to be influenced by antecedent catchment conditions. Civen no
gauge monitoring is possible, flood peak timing at Teesdale has been estimated from the start of significant
rainfall.

The modslled hydrographs for the 10% AEP and 1% AEP rainfal! events are shown in Figure 51 and
Figure 5-2. The below graphs show all modelled events for the AEP between 3 hours and 72 hours in duration
for all ten temporal pattems. A total of 100 hydrographs were produced for each AEP. Also shown on the
graphs is the critical peak flow, selected in accordance with the recommendations of ARR.

The graphs show the significant range in peak fiows and timing produced by rainfall depths of a certain AEP
when that rain falls over different durations and pattems within the duration. This illustrates the difficulty in
accurately predicting flood peaks and timing from rainfall afone.

The graphs show that flood peaks can manifest around 7 hours from the start of intense rainfall, with the
majority of events peaking between 7 hours and ~30 hours from the start of the rainfall burst. Some events
peak beyond 30 hours from the start of rainfall however these become rarer and may contain "embedded
bursts” where rainfall intensity within the burst increases for a period of time.

- 10% AEP Modeled Hydrographs
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Figure 51 10% AEP hydrographs from all 120 modelled rainfall events
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Figure 5.2 1% AEP hydroaranhs from 2l 100 modelled rainfall events

Similar graphs for the remaining AEPs modelled were used fo develop Table 5-1 belowr of expected rises and
peak times in the Native Hut Creek at Teesdale from the start of rainfall.

Table 5-1 Flood peak timing for Teesdale

Location From Locatian To Typical Comiments Duration
Travel Time
Teesdale (Native Hut Creek)
Start of rainfall Teesdale 2-5hours Begin to rise from normal | Generally
{catchment) tevels <24 hours
Start of rainfall Teesdale 7 - 30 hours To peak — mmay be longer
{catchment) dependent on rainfall
temporal pattemn
Golden Plains Shire | 5 May 2023
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6 FILLOOD/NO FLOOD TOOL

In the absence of a waming system, an estimate of the magnitude of flooding in Native Hut Creek at Teesdale
may be obtained by monitoring the depth of rainfall in a given event, taken from the start of the event.

The Flood/No Flood tool in Figure 6-1 below provides a graphical representation of the Intensity-Frequency-
Duration relationships for various AEP events as presented in R03 — Design Modelling.

To use the table, plot the total rainfall depth obtained against elapsed fime since the start of the event. Exclude
very light rain or drizzle when determining the event start point. Plotiing of rainfall data should occur periodically
as the event progresses. The likelihood and potential severity of flooding can be esfimated by checking the
rainfall and adopting the nearest curve AEP event as being likehy.

It may be appropriate to step up or down a level depending on catchment antecedent conditions, for exampla
if the rainfall for a 12 hour duration indicates a 5% AEP event will occur, but the calchment is dry with most
farm dams empty, it may be appropriate to “step down” to a 10% AEP event or even lower. Similarly a very
wet catchment will produce a greater response and may justify a “step up® in estimated AEP for response

purposes.
The tool can provide a quick estimate as to whether there will be a flood and how severe that fiood may be,

however it must be stressed that the tool cannot provide accurate flood predictions and should not be relied
upon entirely. Should life or property be in danger a cautious approach should be taken.

Golden Plains Shire | 5 May 2023
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Figure 81  Teesdale Flood™No Flood Tool
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7 FLOOD CLASSIFICATION LEVELS

While no gauge exists at Teesdale, recommended Flood Classification Levels (FCLs} have been developed
utilising the theoretical gauging site and rating curve developed for the Bannockbum-Shelford Road bridge
and the Bureau of Meteorology’s definitions of FCLs. The bureau defines FCLs as per the below!:

Minor flooding

If the water level reaches the minor flood level, it causes inconvenience. Low-lying areas next to
water courses are inundated. Minor roads may be closed and low-level bridges submerged. In urban
areas flooding may affect some backyards and buildings below floor level as well as bicycle and
pedestrian paths. In rural areas removal of livestock and equipment may be required.

nrlapats {Jon: "ng

If the water level reaches the moderate flood level, the area of inundation is larger. Main traffic routes
may be affected. Some buildings may be affected above floor level. Evacuation may be required. In
rural areas removal of livestock is necessary.

Major flooding

If the water level reaches the major flood level large areas are inundated. Many buildings may be
affected above floor level. Properties and towns are likely to be isolated and major rail and traffic
routes closed. Evacuation may be required. Utility services may be affected.

The results of the modelling have been assessed against the above criteria and flood class levels have been
sel for the proposed gauge location at the Bannockbum-Shelford Road bridge. The proposed flood class levels
are detalled in Table 7-1 below.

Table 71 Proposed Flood Class Levels for Teesdale

Fleod Class Level at Bridge Description

Minor 101.05 mAHD The 20% AEP event matches the above minor flooding definition quite
well, as Stones Road requires closure and low-lying areas next to
Native Hut Creek are inundated.

Moderate 101.53 m AHD The 10% AEP event floods Pantics Road to potentially hazardous
levels and may require evacuation of vilinerable residents on that road.
The area of inundation is significant. No buildings are flooded above
floor level in this event.

Major 102.25 mAHD The 1% AEP flood level is likely to require closure of the Bannockbum-
Shelford Road bridge, potentially isolating parts of the town. Detours
are likely to require careful management. Flooding of this magnitude is
likely to be accompanied by flooding in neighbouring catchments.

1 hitp:/fwanar. bom.gov. au/australia/fiood/knowledna-cantre/ahout-waminn-carnvice shiml

Golden Plains Shire | 5 May 2023
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8  MONITORING CAPABILITY FOR NATIVE HUT CREEK

8.1 Existing Capability

Currently, there is no formal flood warning system in place for the Native Hut Creek catchment. Additionally,
there are no streamflow or rainfall gauges within the catchment. Due o this, official flood waming capability for
the catchment and fownship is limited to the issue of a Flood Watch for the Barwon, Leigh and Moorabhool
Rivers area. Note a flood watch is not necessarily guaranteed to be issued prior to flooding.

The closest rain gauges that record sub-daily rainfalls and report to the Bureau of Meteorology’s website are
detailed in Table 8-1 below, with the distance measured from the Bannockbum-Shefford Road bridge.

Table 8-1 Nearby hourly rain gauges (Bureau of Meteorology)

Site Number Distance from Teesdake
87168 She Qaks AWS 15.2 km North-East
89104 Mt Mercer 25.6 km North
90167 Winchelsea 24.4 km South

8.2 Ideal (Potential) Capability

Flood data monitoring for Native Hut Creek would benefii from the placement of a rain gauge and siream
gauge within the catchment. Rainfall in the north of the catchment is expecied to be captured quite well by the
Sheosks gauge, however Teesdale itself lies between a number of gauges which may not reflect rainfall in the
immediate vicinity of the township.

A sub-daily rain gauge within Teesdale would therefore improve the monitoring capability for the township and
lower areas of the catchment. A Teesdale rain gauge would provide the additional benefit of allowing for
monitoring of flash flooding conditions within the township, which is known to have caused issues recently,
based on feedback recesived during community consultation sessions for this project.

In addition to a rain gauge within the township, a stream gauge on Native Hut Creek immediately upstream of
the Bannockburn-Shelford Road bridge would greatly improve monitoring and data gathering for the towunship.
Outputs from this Flood Risk Identification Study have been linked, where possible, to a gauge height at this
proposed location. A stream gauge here would also gather stream height data in future fiood events, allowing
more detailed catchment analysis and calibration of models to improve confidence in the flood infeligence
products.

Stream gauging in the catchment upstream is not expected to provide significant benefit to Teesdale. This is
due to the following factors:

m  The catchment shape and size already produce fast response times. Upper or mid catchment gauging
may not provide sufficient lead time in an event to enable suitable response actions o be implemented.

B There is a significant tributary which enters Native Hut Creek immediately upstream of the Stones
Road/Tolsons Road bridge. Any mid/upper catchment gauging would not be able to take account of this
tributary and could therefore underestimate peak flows at Teesdale should the tributary influence flooding
in a particular event.

In summary, a rain gauge at Teesdale and a stream gauge at the Bannockbum-Shelford Road bridge would
improve flood monitoring and data gathering capabilities in Teesdale significantly. The rain gauge wou'd play
a direct role in waming of impending floods while the stream gauge would provide invaluable data to
benchmark other monitoring information against.

Golden Plains Shire | 5 May 2023
Teesdale Flood Risk Identification Study Page 18

Item 7.1 - Attachment 1 Page 127



Council Meeting Attachments 22 April 2025

.I_E WATER TECHNOLPGY

| el | TR, COASTAL & ENVERTHNTNTAL SRS IANT

In heavy rainfall events where Native Hut Creek rises quickly, a stream gauge may only provide waming time
sufficient to enact response actions other than evacuation. A more cost effeclive option may therefore be to
install a gauge without telemetry, or to have the site ready for deployment of a Poriable Automatic Logaing
System (PALS) to monitor levels in Native Hut Creek during expected flow events. One potential issue with
the PALS option is the demand for PALS units during events for which heavy rainfall is forecast. PALS
ownership and deployment arrangements should therefore be confirmed prior to pursuing this oplion.

Golden Plains Shire | 5 May 2023
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9 SUMMARY

Preferred monitoring capability and infrastructure to support a Total Flood Wamning System for Teesdale has
been discussed, with a sub-daily rain gauge and stream gauge suggested. Both the rain gauge and stream
gauge are proposed within Teesdale itself and would improve the monitering and data gathering capabifity for
flood conditions in the town. A rating curve has been developed for Native Hut Creek at the Bannockbumi-
Shelford Road bridge, which can act as a starting rating table shou!d the site ba adopted until gauging can
occur.

A number of flood intelligence products have been developed to improve flood response capability for the
town, including a flood impact summary table, flood peak timing estimates and the development of a quick
“flood/no flood” tool designed to estimate the magnitude of flooding based on observed rainfall.

Flood Class Levels have been recommended based off the Bureau of Meteorology’s definilions and flood
mapping completed for Teesdale. The Flood Class Levels utilise the proposed stream gauge site as their basis.

Much of the flood intelligence information contained in this report will be included in a draft revision of the
Golden Plains Municipal Flood Emergency Plan (MFEF) for SES and Councli approval.

Golden Plains Shire | 5 May 2023
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Table A-1  Rating Tab!a for Natlve Hut Creek at Bannockburn-She!ford Road bridas In ML

0.00 0.89 2.43 4.36 6.62 914 119 149 180 214

249 286 25 364 406 448 4932 537 SE4 631

0 68.0 728 720 832 835 939 994 05 111 116

g 122 128 134 134 140 153 159 156 172 179

( 185 192 199 206 213 220 227 234 241 249

256 263 n 279 206 2594 3 310 317 325

333 2 ) 350 358 366 374 s 383 3 408

417 425 434 443 452 460 469 478 478 as7

506 515 524 533 543 552 561 571 580 530

593 809 619 629 6328 648 658 668 7] 638

698 708 713 725 739 749 750 770 781 791

£02 812 823 833 844 B55 8566 B76 887

909 920 931 942 953 964 976 9a7 998 1010

1020 1030 1040 1060 1070 1080 1000 1100 1110 1120

1140 1159 1160 1170 1180 1200 1210 1220 1230 1240

1260 1270 1220 12920 1300 1320 1220 1240 1350 1370

1380 1390 1400 1420 1430 1449 1450 1470 1480 1500

1520 1520 1550 1560 1580 1600 1610 1630 1650 1660

1680 1700 1710 1730 1750 1770 1720 1800 1820 1840

1850 1870 1890 1910 1920 1940 196D 1980 2000 2010

2030 2050 2070 2000 2110 2120 2140 2160 218D 2200

2220 290 2260 2280 2300 2320 2340 2360 2380 2390

2410 2430 2450 2470 2400 2510 2530 2580 2580 2600

2620 2620 2660 2660 2700 2700 2800 2800 2900 2900

3010 3010 3110 3110 3220 3220 3230 3330 3450 3450

3560 620 2680 3740 Ealnd 38 2920 2000 2060 4130

3 4190 4260 4320 4200 2470 4540 4510 26590 4760 4830
4910 4980 5060 5140 5220 5300 5380 5450 5540 5630

5710 5710 5880 5280 | 6060 6060 6240 6240 6420 6420

6610 6610 6800 6800 | 7000 7000 7200 7200 7400 7400

7610 7720 783D 7940 BOED 8360 nmn 83gn /500 8510

B730 8850 8960 9090 Lralil 9330 9450 9580 9710 9830
9950 10100 10200 20400 10500 10600 10200 10000 11000 11200
11300 11300 11600 11600 11900 11900 12200 12200 12500 12500
12800 12800 13100 13100 13500 13500 13200 13800 14100 14100
14500 14600 14800 15000 15200 15400 15500 15700 15900 16100
16300 16500 16700 16800 17000 17200 17400 17500 | 17800 18000
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GLOSSARY OF TERMS

Afflux Refers to the difference in water level (or depth) between two modelling
scenarios, usually measured in metres and a change in extent (e.g.
“was wet now dry”)

Annual Exceedance Refers to the probability or risk of a flood of a given size occurring or

. being exceeded in any given year. A 80% AEP flood has a high

Probability (AEP) probability of occurring or being exceeded; it would occur quite often
and would be relatively small. A 1% AEP flood has a low probabiity of
occumrence or being exceeded; it would be fairdy rare but it would be of
extreme magnitude.

Australian Height Datum A common national surface level datum approximately commesponding o
mean sea level. Introduced in 1971 to eventually supersede all earlfier

(AHD) datums.

Averange Annual A measure of average flood damages expressed as a dollar cost per

Damages (AAD) year. Takes into account the expected damages of each event along
with the event’s probability of occumring in any year.

Average Recurrence Refers to the average time interval between a given flood magnitude

Interval oceurring or being exceeded. A 10 year ARI flood is expected o be
exceeded on average once every 10 years. A 100 year ARI flood is

(ARI) expected to be exceeded on average once every 100 years. The AEP
is the ARI expressed as a percentage.

Cadastre, cadastral base Information in map or digital form showing the extent and usage of land,
including streets, ot boundaries, water courses ete.

Catchment The area draining to a site. It always relates to a parficular location and
may include the catchments of tributary streams as well as the main
stream.

Dasign flood A desion flond is a probabilistic or statisfical estimate, being generally
based on some form of probability analysis of flood or rainfall data. An
average recurrence interval or exceedance probability is aftributed to
the estimate.

Discharge The rate of flow of water measured in terms of volume over time. Itis to
be distinguished from the speed or velocity of flow, which is a measure
of how fast the water is moving rather than how much is moving.

Flood Relatively high stream flow which overtops the natural or arfificial banks
in any part of a stream, river, estuary, lake or dam, and/or overiand
runoff before entering a watercourse and/or coastal inundation resutting
from elevated sea levels and/or waves overtonping coastiine defences.

Flood frequency A statistical analysis of observed flood magnitudes to determine the

analysis probability of a given flood magnitude.
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Fleodplain
Flood storages
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Hydraulics
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Hydrology

Intensity frequency
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Peak flow
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Probable Maximum Flood

RORB

Runoff
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Potential risk to life and limb caused by flooding. Flood hazard
combines the flood depth and velocity.

Area of land which is subject to inundation by floods up to the probable
maximum flood event, i.e. flood prone land.

Those parts of the floodplain that are important for the temporary storage,
of floodwaters during the passage of a flood.

A system of sofiware and procedures designed to support the
management, manipulation, analysis and display of spatially referenced
data.

The term given to the study of water flow in a river, channel or pipe, in
particular, the evaluation of flow parameters such as sfage and velocity.

A graph that shows how the discharge changes with time at any
particutar location.

The term given to the study of the rainfall and runoff process as it relates
to the derivation of hydrographs for given floods.

Statistical analysis of rainfall, describing the rainfall intensity {(mm/hr),
frequency (probability measured by the AEP), duration (hrs). This analysis
is used fo generate design rainfall estimates.

Spot land surface heights collected via aerial Fght detection and ranging
(LIDAR) survey. The spot heighls are converted fo a gridded digital
elavation model dataset for use in modelling and mapping.

The maximum discharge occurring during a flood event.

A statistical measure of the expected frequenecy or oceurrence of Mloading.
For a fuller explanation see Average Recumrence Inferval

The flood that may be expected from the most severe combination of
critical meteorological and hydrologic conditions that are reasonably
possible in a particular drainage area.

A hydrological modelling tool used in this study to calculate the runoff
generated from historic and design rainfall events.

The amount of rainfall that actually ends up as stream or pipe flow, also
known as rainfall excess.

Equivalent to ‘water level'. Both are measured with reference to a
specified datum.
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Stage hydrograph A graph that shows how the water level changes with ime. It must be

referenced to a particular location and datum.

Topography A surface which defines the ground leve! of a chosen area.
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1 INTRODUCTION

1.1 Overview

Water Technology has been commissioned by Golden Flains Shire Council (Council) to undertake the
Teesdale Flood Risk Identification Study. The investigation area covers the Native Hut Creek and tributaries
in the township of Teesdale. Teesdale is identified as a Priority Fiood Risk Area in the Corangamite Regional
Floodplain Management Strategy (2018), which identifies both riverine and flash flood risks for the town and
states that "flooding assocfated with Native Hut Creek has damaged several residential properties”.

Previous flood investigations covering Teesdale include CCMA investigations undertaken i1 2008 and 2019.
The 2008 study utilised RORB hydrologic modelling and HEC-RAS one-dimensional hydraufic modslling, while
the 2019 study utilised HEC-RAS two-dimensional hydraulic modelling. A regional flood study of the Barwon
River catchment which covers the study area was also completed in 2016 (GHD, 2016).

The CCMA modelling completed in 2019 indicates that the cumrent flood mapping which is tha basis for the
current Floodway Overlay (FO) and Land Subject to Inundation Overlay (LSI0) in the Golden Flains Pianning
Scheme understates the flood hazard in Teesdale. The Flood Risk Identification Study is being earried out to
ensure that the planning scheme mapping accurately reflects flood hazard to ensure that growth in Teesdale
is managed appropriately into the future. As such, updated flood mapping suitabie for inclusion in the Golden
Plains Planning Scheme is a key output required from the study.

In addition, the study will produce flood intelligence information for use in emergency management situations,
assess the current flood impact/exposure in terms of annual average damages caused by flooding in Teesdale,
investigate structural and non-structural mitigation options to reduce damages, investigate and make
recommendations for establishing a flood waming system for the town.

This report is one of a series documenting the cutcomes of the Teesdale Flood Risk Identification Study. Each
reporting stage is shown below:

®  RO1- Data Review and Validation

RO2 — Joint Validation Modeliing Report

R03 — Design Hydrology and Hydraulic Modelling Report

R04 — Flood Intelligence and Flood Waming Report — This Report

ROS5 - Flood Damages and Mitigation Assessment Report — This Report
R0O6 — MFEP Documentation

RO7 — Final Summary Report

1.2 Study Area

Teesdale is located approximately 8.5 km north of Inverleigh and is situated on the banks of Native Hut Creek.
The Native Hut Creek catchment begins approximately 22.5 km north of Teesdale near the town of Meredith.
The cresk meanders south across agricultural land, the vast majority of which has been historically cleared of
large vegetation in line with its agricuttural use.

The catchment within and upstream of the study area is mostly cleared agricuftural land, and the main
waterway (Native Hut Creek) has several onstream dams of varving size along its alignment. The Nafive Hut
Cresk catchment, draining to Teesdala is approximately 110 km?. The enfire catchment is located within the
Golden Plains municipal area. The study area is focussed on the township of Teesdale and includes the
following waterway structures:

Golden Plains Shire | 5 May 2023
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B Two large on-stream dams approximately 3km upstream of the township.

m  An indicative assessment of the impact of the upstream dams was complstad in R01 — Data Collation
and Validation. The assessment found the dams would have minimal impact on peak flow rate or
flood levels in a significant storm event.

B Road crossings, formal and informal, at the following roads:
= Tolson Road/Stones Road
= Sutherland Street
®  Bannockbum-Shelford Road
= Barkers Road

®  Several off-stream dams throughout the town.

1.3 Previous Reporting

This report follows report R04 — Flood Intelligence and Waming. The previous report presented the flood
intelligence products developed for Teesdale informed by the modelling and analysis undertaken earlier in the
project.

This report presents the results of the flood damages assessment for Teesdale, presenting the esiimated
average annual cost of flooding for the township. Mitigation options are alzo considered with the aim o reduce
current and future flood risk and damages.
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2 FLOOD BEHAVIOUR

2.1 Overview

Flooding in Teesdale occurs as a result of both local rainfall (i_e. overland/stormmwater inundation) and riverine
flooding when Native Hut Creek breaks its banks. The Teesdale Flood Risk Identification Study considers the
impacts and behaviour of riverine flooding only (in accordance with project scope). A separate drainage
investigation is also underway which will investigate inundation from local runoff in the town.

Native Hut Creek enters Teesdale at the northwest comner of the town, near the ends of River Drive and Eagle
Court. The floodplain in this area is reasonably namow and contained, atthough the northem portions of
properties along Eagle Drive and Squires Road become inundated in large events of around a 5% to 2% AEP.
East of the Squires Road/Bruce Street intersection the floodplain again becomes narrow, with the majority of
flow contained within the waterway. Approximately 200m upstream of the Stones Road/Tolson Road bridge
flows break out of the waterway corridor in even low magnitude (frequent) events.

The floodplain from the Stones Road/Tolson Road breakout through town is generally wide spread, with deep,
high hazard flows observed in the floodplain in events greater (rarer) than a 10% AEP (rarer).

2.2 Roads

Inundation of roads presents a risk to pedestrians and vehicles safety, as the safe limiis of depth and velocity
are often exceeded and extremely difficult to observe or measure during an event. Isolation of community
members also creates a need or desire to use inundated roads. Community and emergency services members
may therefore inadvertently traverse roads which are extremely unsafe and should not be attempted.

The results of the flood modelling and mapping show a number of roads within Teesdale are overtopped in
flocds of varying magnitude. Table 2-1 shows the roads impacted by flooding and the lowest magnitude {i.e.
most frequent) event at which the road is impacted within Teesdale.

Table 24 Roads Overtopped within Teesdale

Besign Event Gvertoppec

Barker Street 50% AEP
Stones Road/Tolson Road 50% AEP
Russell Street 50% AEP
Learmonth Street 50% AEP
Pantics Road/Squires Road 20% AEP
Mercer Terrace 10% AEP
Sutherland Street 10% AEP
Teesdale-Inverleigh Road 5% AEP
Bannockbum-Shelford Road 2% AEP
Jollys Road 2% AEP
Teesdale-Lethbridge Road 0.5% AEP
Bruce Street PMF

Road inundation mapping for the 1% AEP event is shown in Figure 2-1 below. Mapping for 2l events has been
supplied to Council and Corangamite CMA with the project deliverables and has been included in a draft
update to the Golden Plains Municipal Flood Emergency Plan.
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Figure 21 1% AEP Road Inundafion and Denths
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2.3 Properties

Properties bordering Native Hut Creek are generally large lots. The majority of lofs bordering the creeic prior
o the Stones Road/Tolson Road breakout are long lols with the dweflings positioned away from the creel.
Throughout town the lot shapes and orientations have more variety however most lots are large enough to
have some flood free land in even very rare events.

Historical development of the town has largely avoided the placement of dwellings within the floodplain. In the
0.2% (1 in 500) AEP event, only two dwellings in town are flooded above floor. One dweliing, located at 37
Pantics Road, is inundated above floor in a 10% AEP event or larger. Another dwelling located at 844 Teesdale
Inverleigh Road is inundated abova floor in a 2% AEP event or larger. This is likely a combination of low
historical development pressure in the town combined with some large flood events in the past.

Table 2-2 summarises property inundation in Teesdale under various modelled design events. It should be
noted that Table 2-2 does not include above floor flooding of sheds, agricuttural structures efc. in the above
floor flooding figures. A number of these structures are within the flocd extent and may be subject to above
floor inundation as these buildings often have their floor level at or close fo ground level.

In accordance with the above section 2.2, a number of properties which are not necessarily direcily impacted
by flooding (at the dwelling) are liable to be isolated during large events in Native Hut Creel. The majority of
properties liable to be isolated are on Pantics Road.

Tabla2-2 Summary of propaertics flooded in Teesdale

AEF Dwe » o Qo Above » e E . ed b 0O

50% 0 63
20% 0 73
10% 1 90
5% 1 23
2% 2 102
1% 2 108
0.5% 2 111
0.2% 2 112
The two dwellings impacted by above floor flooding are shown in Figure 2-2 balow.
Golden Plains Shire | 5 May 2023
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Figqura 2.2  Dwaeliings jmnactad by ahovg flaor flanding
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3 DAMAGES ASSESSMENT

A flood damage assessment was undertaken for the study area under existing conditions. The flood damage
assessment determined the monetary flood damage for the range of modelled design events (i.e. 20%, 10%,
5%, 2% 1%, 0.5%, 0.2% AEP and PMF floods).

Model results for all mapped flood events were processed to calculate the number and the locations of
properties and roads affected. These included properties inundated above floor, properties inundated below
floor, properties which wers notimpacted but the grounds of the property were, and the lengths of flood affected
roads. It should be noted that only sealed roads were assessed due to the availability of associated costs for
flood damages.

Flood damages were calculated and summed for each property and road ufilising the damage curves in
Table 3-1 below.

Table 3-1 Damaga Curves Utilised in Assessment

Damage Category Damage vs Depth Curve

Residential Stage damage curves based on NSW Office of Environment and Heritage 2007
methodology? (factored up to 2022 CPI)

Commercial Stage damage curves based on ANUFLOOD 1992 methodology {increased by

60% as per RAM 2000 methodology?, and factored up to 2022 CPI)
External Below Floor | Damage curve from NSW DPIE 1992 methodology (factored up to 2022 CPI)

A summary of the flood damage assessment is shown below in Figure 3-1. The assessment reveals an AAD
for Teesdale of $113,366 per year. The AAD value for Teesdale is quite low given the small population of the
town and the central presence of Native Hut Creek. This is reflective of the fact that few dwellings have been
placed within the floodplain.

Flgurs 3-1 Ex!sting Conditfons Average Annual Damages {AAD)

1 NSW Office of Environment and Heritage (2007} Floodplain Risk Management Guidelines: Residential
Flood Damages

2 Rapid appraisal msthod {RAM) for floodplain management, Victorian Department of Natural Resources and
Environment, 2000
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4 STRUCTURAL MITIGATION ASSESSMENT

4.1 Overview

Three potential structural mitigation options were tested in the hydraulic model for all design events. The three
options considered were as follows:

®  Raising of Pantics Road to above the 1% AEP flood level with 300mm freeboard;
m  Additional culverts under Bannockbum-Shelford Road adjacent to the bridge; and
®  Clearing Native Hut Creek of vegetation and large wood.

The results of the modelling were then processed o determine the AAD for each mitigation opfion fo enable a
comparison with the existing conditions. High level cost estimates for each option were developed and ufilised
to prepare a cost-benefit assessment. For each cost-benefit analysis, a 30-year project timeline was adopted
with a discount rate of 6%.

The three oplions, their respective model results and cost benefit analyses are described in detail below. Cost
estimates for the works have been based on Water Technology’s experience of works on walerways and
developments with supplementation from Rawlinsons Construction Cost Guide 2023 and Rawlinsons
Australian Construction Handbook 2021 where required. Estimates from the 2021 edition have been increased
by 20% due to the significant rises in construction costs (labour and materials) since then. A 30% contingency
has been included in the total cost estimates for each option to account for administration, project management
and unforeseen contingencies.

Each option has had its cost/benefit assessed in terms of the net present value of the option over a 30 year
timeframe. The net present value of each option was assessed according to the below equation.

NPV = z a+ t)"

Where:

R = Reduction in AAD ($)

M = Annual Maintenance Cost (3)
i = Discount/Interest Date

C = Capital Cost ($)

n =Year (from 1 to 30)

4.2 Option 1: Raising of Pantics Road

This option, shown in Figure 4-1, involves raising Pantics Road to approximately 200mm above the 1% AEP
flood level. This, combined with the upgrade of cubverts under the road to include backflow prevention valves,
aims to protect properties on the west side of the road atong with the road itself.
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Figure 41  Witlg=aiion Option 1: Ralsing of Paniics Road
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Figure 42  Existing and Proposed Pantice Road Long Saction
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421 Option 1 Flood Impact

The levee/road prevents inundation of the Pantics Road and properties on its westemn side in modelled events
up to a 0.5% AEP event. The 0.2% AEP event overtops the conceptual levee, however depths are not as high
in this scenario as the existing conditions. A flood level difference map for the 1% AEP event are presentad in
Figure 4-3 below, comparing the mitigation option to the existing conditions.
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Figure 4-3 1% AEP Flood Level Afflux — Ra'sing of Pantics Road

The levee has the following impact in events where it doesn't overtop (i.e. events lower in magnitude than the
0.5% AEP):

B Pantics Road is flood free, providing an access/egress route to many properties

B Properties west of Pantics Road are flood free, including 87 Pantics Road which has a building flooded
over floor in a 10% AEP event

®  Flocd levels and extents to the east and north of Pantics Road are increased by varying amounts, with
the worst increases being around Sutheriand Sireet (~0.16m) and Squires Road {up to 0.25m)

m  The dwelling at 169 Squires Road becomes inundated ahove floor in a 0.2% AEP event —a change
from the existing conditions where this dwelling was not inundated in any events other than the PMF

As can be seen from the mapping, the levee results in significant raising of flood levels in adjacent areas. This
combined with the impact at 169 Squires Road means the proposal is unfkely to gain support from the
community or approval authorities given more properties are negatively impacted than benefiting from the
proposal. In general, flood mitigation proposals must demonstrate no negative impacts fo gain support and
funding from government.
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422 Option 1 Cost/Benefit Assessment

Costs associated with levee construction are generally driven by the required levee dimensions, primarily
height and width which in tumn drive the total materials, machinery and labour required to construct the levee.
In the case of the proposed Pantics Road raising, the leves is intended to also function as a road, resulting in
a surfaced, wide top levee. Culverts will also be required to allow local drainage, although culvert €izing has
not been undertaken.

On average, the levee requires raising of ground levels by 0.784 metres fto reach the heights shown in
Figure 4-1. The levee/road is a total of 882 mefres long. Lane widths have been assumed to be 3 mefres thus
1o total assumed width is 6 metres. Slopes of verges have been assumed at 1V:5H to allow mowing. The tofal
volume of fill required is therefore estimated to be 6,900 m3.

An estimated cost has been prepared based on the quantities shown in Table 4-1 below. The total preliminary
cost estimate for the works is $905,556. No ongoing maintenance has been included as it is assumed that
such work would form part of council’s ongoing capital works regime and should be similar to the existing
allocation, however this assumption should be confirmed as part of detailed cost estimation should the option
be further progressed.

Table 441 Option 1 Cost Estimate

Quantity [ S:umi Suvivtotai (51
Removal of existing road 5,280 | m2 $3.80 $20,064.00
surface
Fill — compacted material 6,900 | m3 $40.00 $276,000.00
suitable for levee and
roadbase
Crushed rock/metal base 5,280 | m2 $12.95 $68,376.00

course including grading,
rolling and consolidating to

receive paving 150 mm thick

Prime and two coats sprayed 5,280 | m2 $11.20 $59,136.00
bitumen seal

Hot Bituminous Concrete 25 5,280 | m2 $22.30 $117,744.00
mm thick

Supply and install 450 RCP 48 | m $258.00 $12,384.00
with anti backflow valves

Driveway crossovers 10 | each $5,000.00 $50.,000.00
Design and Labour $120,749.80
Contingency $181,111.20
Total $905,556.00

The model results were processed to assess the new AAD for Teesdale under the mitinated scenario. The
resultant AAD was $100,819 per year, providing an annual reduction of $12,547. The reduction in AAD is a
result of seven properties now having flood immunity for events up to and inchding a 0.5% AEP flood.

The resultant net present value for option 1 was -$732,848.66, meaning the project will cost more than it will
save, on average, over a 30-year period.
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423 Option 1 Discussion and Recommendation

While the conceptual levee does provide a significant benefit to properties on the west side of Pantics Road,
adverse flood impacts caused by the levee cannot be ignored and are very difficult to justify. The savings
afforded by this option are offset somewhat by additional flooding on properties on the flood side of the leves.

One factor that has not been considered in this assessment is the impact that the raised road may have on
local runoff. While the cost estimate has included culverts with backflow valves, a detailed assessment of the
upstream catchments and required capacity of those culverts has not been undertaken. It may be that the
oplion worsens inundation from lecal runoff in such a way that the riverine benefits are lost completely.

The option has a significant cost associated with it and does not reduce flood damages sufficiently fo offset
this cost, leaving the project over half a million dollars in deficit after the 30 year test period. Further analysis
indicates that with the saving of $12,547 in AAD, the tolal project cost would need to be reduced to $172,707.34
1o achieve an even cost/benefit ratio, i.e. NPV =0.

The financial analysis here does not account for isolation of properties during floods. In existing conditions,
Pantics Road floods to depths beyond the limits ¢f safety for most vehicles. Raising the road increases its fiood
immunity and therefore increases safety for residents of the road.

Further analysis and testing of various flood immunity levels for the road may provide a more favourable option,
although it is noted that any reduction in road flood immunity is likely to reduce the savings in AAD. H is unlkely
that any road height will produce a favourable benefit/cost ratio. Due to this further investigation of raising
Pantics Road is not recommended. Future development in the area should consider the construction of a new
road that does not traverse the floodplain, ensuring (rear) access to the properlies along Pantics Road.

4.3 Option 2: Additional culverts under Bannockbum-Shelford Road

The Bannockburmn-Shelford Road bridge lacks sufficient capacity to pass 2% AEP flows without overtopping
the road. The existing bridge is approximately 18m wide with the soffit approximately 3.5 above the invert of
the waterway. In a 1% AEP event there is a 0.6m drop in water level (head) acress the read, indicating a large
amount of energy is being lost as water passes over the road. Given the significant head drop across the mad,
adding addifional flow capacity may prevent overtopping of the road in a 1% AEP event. This option was
pursued iteratively, with the final run including 20 box culverts of dimension 2.1 x 0.9 mefres on the east side
of the bridge.

The final iteration of 20 x 2.1m x 0.9m culverls was amived at after previous attempis to alleviate flooding of
the road in a 1% AEP were unsuccessful. Previous runs had inclueded 10x 2. 1m x 0.6m cu'lverts and 20 x 2.1m
x 0.6m culverts. The project team decided to have a final attempt at mitioating flooding with 20 culverts, desnite
the significant capital cost associated with such works.

In addition to the culverts themselves, this option requires excavation on the upstream side of the new culvert
crassing to allow water to reach the proposed culverts at the nominated invert.

4.3.1 Optlon 2 Flood Impact

Modelling results indicate that the addition of 37.8m? of flow area was not enough to afleviate inundation of the
road in a 1% AEP event. The option did have some benefit to the area upstream of the road with minimal
impacts downstream. Flood levels were reduced by 0.33m immediately upstream of the culvert, tapering
quickly to less than 0.15m. At a distance of around 250m from the culverts, the impact i negfigible.

Downstream of the culvarts, increased flood levels are localised to within 40m of the culvert outlat and are
generally less than 0.1m. It is noted, however, that this occurs on private land and a shed does exist in the
flow path. Negofiations with the impacted landholder would have to occur prior to further consideration of this

option.
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The resultant change to flood levels in a 1% AEP event is shown in Figure 4-4 below.

Flgure 4-4 1% AEP Flood Level Afflux — Additional Culverts

4.3.2 Option 2 Cost/Benefit Assessment

The assessed reduction in AAD associated with Option 2 is $538 per year. This reduction is a result of the
modest reductions in flood depths upstream of the crossing. Given no significant change to road inundation
was achieved the minor change in AAD is not surprising.

The capital cost of implementing the option is shown in Table 4-2 below, with a fotal estimated cost of
$478,712.50. No ongoing estimated costs have been assumed; however it is noted that at some point in time
the culverts will require replacement which will be a significant renewal coet.

Tahle 4-2  Option 2 Cost Estimate

Remove road surface 450 | m2 $3.80 $1,710.00
Excavate road and 1000 | m3 $20.70 $20,700.00
approaches for culveris

Supply and install 2.1 x 270 | metres $1,080.00 $291,600.00
0.9 RCBC

Supply and install 2 | units $40,000.00 $80,000.00
headwall suitable for

above

Supply and install road 100 | m $395.00 $39,500.00
barriers at headwalls
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Item Quangity Units 8l Subtotal i

Backfill and resurface road 450 | m2 $46.45 $20,902.50
Design and Labour $90,882.50
Contingency $136,323.75
Total $681,618.75

Given the insignificant reduction in AAD achieved, it is not surprising that the opfion resulis in a significant
financial deficit. The resultant net present value for option 2 was -$674,213.27, meaning the project witl cost
more than it will save, on average, over a 30-year period.

433 Option 2 Discussion and Recommendation

While some additional benefit may be realised by adding more culverts, increasing their size and/or lowering
their invert lavels, the cost/benefit ratio is unlikely to reach a level where the proposal becomes viable
economically. Furthermore, by increasing the flow conveyance to the point where overtopping of the
Bannockbum-Shelford Road is prevented, impacts downstream in the form of increased flood levels and
potentially newly impacted properties become more and more likely.

Based on the cost/benefit ratio above, this option is not financially viable. In addition to the signiiicant estimaied
cost for the works, the area of works is within an area of culiural heritage sensitivity and appears to require
excavation in previously undisturbed areas. A Cultural Heritage Management Pian (CHMP) is likely to be
required. The cost of developing and endorsing a CHMP has not been included in the above eslimates. The
cost/benefit ratio is therefore likely to be even worse than that siated.

Water Technology recommends that this option is not pursued or investigated further.

1.4 Option 3: Waterway Vegetation Clearing

There is a common perception in flood affected communities that waterway vegetation eontributes fo flooding
by resisting flow of water. While this was not raised in the community conzultation sessions held for the study,
discussions with the Corangamite CMA suggested a mitigation analysis of waterway clearing may be
warranted.

Clearing of the waterway was tested by lowering its roughness in the hydraulic model, representing smoother
post clearing conditions. The model topography was not altered, i.e. a constructed channe! was not considered.
The modelling assumes the clearing will be maintained in perpetuity, i.e. that the works will be repeated as
necessary to maintain the low roughness bit not so regularly as to keep the waterway completely bare of
vegetation and weeds.

The modeliing adopted a manning’s roughness value of 0.045 within the waterway. Design modeliing had
adopted to the value of 0.07 adopted for design and vafidation modelliing. The value of 0.045 comesponds fo
a waterway with winding banks, some pools, shoals, weeds and stones. The waterway throughout the model
extent had its roughness lowered, being approximately 11 linear kilometres of waterway.

4.41 Option 3 Flood Impact

As saen in the sensitivity analysis undertaken and detailed in R03 Design Modelling Report, the hydraulic
model is highly sensitive to selection of the roughness parameters. It is therefore unsurprising that lowering
the roughness of the waterway has a significant impact on fiood levels through Teesdale. Flood leve!ls were
lowered by around 0.2 to 0.3 metres in confined areas of the waterway. The works had less impact in areas of
engaged floodplain where a greater proportion of flow is outside the waterway coridor. Flood levels in the area
between the Stones/Tolson Road breakout and the Bannockbum-Shelford Road bridge were lowered by less
than 0.1 metres. Downstream of the bridge, flood leve!s were lowered between 0.1 and .25 metres generally.
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The increased waterway conveyance benefits the two dwellings liable to above floor inundation. 87 Pantics
Road is no longer inundated above floor in a 10% AEP event (although it is in a 5% AEP event) while 844
Teesdale Inverleigh Road is now inundated above floor in the 1% AEP event but not the 2% AEP event.

The 1% AEP flood level afflux results are shown in Figure 4-5 below.
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Flgure 4-5 1% AEP Fleod Level Affiee — Clearing of Native Hut Creek
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4.4.2 Option 3 Cost/Benefit Assessment

Many assumptions are required to estimate the cost of Option 3. Watenway works, based on clearing works
completed by contractors working closely with Water Technofogy recently, are estimated to cost around
$35,000 per kilometre of waterway to be cleared. To clear the entire 11km of modelled waterway would cost
around $385,000 based on this estimate.

The modelling involved clearing a 20 wide bufier along the waterway for 11km, resulting in a total of 22 hectares
of vegetation “cleared” in the model. A detailed site assessment would be required to determine how much of
the land to be cleared is nalive vegetation. Also required would be a tree assessment to determine how many
large trees are to be cleared and any threatened fauna that may be living in the area.

In order to preduce an estimate of costs, it has been assumed that 50% of the land 1o be cleared confains
native vegetation and requires offsetling. An estimated 50 large trees have also been assumed. While pricing
for native vegetation offsets is not slandardised and can be difficuil to budget for without quotas, the Melhoume
Strategic Assessment (Environmental Mitigation Levee) Act 2020 provides a levy with standard pricing in Feu
of developers in those areas purchasing offsets direclly. Taking costs from the cumrent MSA Levee? pricing as
a guide, the estimates in Table 4-3 below were produced.

Table 4-3 does not address potential fencing replacement requirements, as these are impossible to predict
without detailed planning. Any costs associated with fencing or other unforeseen issues are intended fo be
captured in the contingency.

Table 4-3  Option 3 Cost Estimate

ltem Quandtity Unids SiUnib Sudtotal (5}

Clear Waterway 11 | km $35,000.00 $385,000.00
Native Vegetation Offsets 11 | ha $166,874.00 $1,835,614.00
Large Trees 50 | No. $23,185.00 $1,159,750.00
Contingency $1,014,109.20
Total $4,384.473.20

In addition to the above capital costs, maintenance is estimated to cost approximately $3,500 per lam per year
being 10% of the capital clearing cost. Total maintenance therefore equats $38,500 per year.

The cleared scenario produces a resultant AAD of $96,003 per year, comesponding to a reduction of $17,363
per year. Given the reduction in AAD is less than the estimated maintenance, it can already be seen that the
project will not achieve net savings.

The resultant net present value for option 3 was -$4,685,420.44, meaning the project will cost more than it will
save, on average, over a 30-year period. Removing the ongoing maintenance cost reduces the NPV
to -$4,155,474.44 which is still a significant deficit.

443 Option 3 Discussion and Recommandation
Modelling limitations

While the cost/benefit analysis above has attempted to quantify the significant costs associated with clearing
of Native Hut Creek, there is no guarantee that the proposal could be approved. There are a number of
significant approval hurdles associated with Option 3. These include, but aren’t necessarily limited to:

3 Melboume Strategic Assessment (Environmental Mitigation Levy) Act 2020, cusTent pricing accessed on 9/5/2023
from hitps:/Awww.msa.vic.gov.au/requiatory-requirement=/habiat-comnensation
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B  Granting of a Planning Permit

®  Cultural Heritage Management Plan endorsament

®  Achievability of native vegstation offsst requirements

m Potential triggering of other environmental legislation such as the Flora and Fauna Guarantee Act 1988,

Environmental Protection and Biodiversity Conservation Act 1999 or others.

All of the above have costs associated with their application, investigation, assessment etc. that have not been
directly accounted for in the above cost estimate, noting however that the 30% contingency is a significant
figure and may account for some or all of these costs.

Even if all of the above challenges were surmountable, the option s financially irrational in addition to being
ecologically damaging. Clearing waterways of vegetation degrades and destroys habiiat and increases the
rick of erosion. Waterway erosion creates the need for significant investment to protect assets threatened by
the shifting banks. Eroded material is transported as sediment and deposited downstream, smothering
downstream habitats and further degrading the habitat quality of the system.

Further analysis indicates that with the saving of $17,363 in AAD, the total project cost would need to be
reduced to $238,098.76 to achieve an even cost/benefit ratio, i.e. NPV = 0, with no ongoing maintenance
costs. This is an unachievable budget to undertake the works and approvals required.

Water Technology recommends that this option is not pursued or investigated further.

45 Cost-Benefit Summary

Table 4-4 summarises the three mifigation methods assessed from financial performance. For each oplion the
benefit/cost ratio has been calculated as the sum of AAD reductions in present value terms minus the capital
and maintenance cost in present value terms. A benefit/cost ratio of 1 equales to a net present value of §0.
Ideally cost benefit ratio should be greater than 1, however it should be acknowledged that achieving high
CBR for flood mitigation works is highly unlikely and should not be the only factor considered. Community
safety, resilience and vulnerability must also be taken into account.

Table4-4  Cost-Beneflt Eummary

Optien 1 Optien 2 Qqation 3
Capital Cost {$) $730,345.20 $478,712.50 $4,304,473.20
Maintenance Cost ($/year) $0.00 $0.00 $38,500.00
Reduction in AAD ($/year) $12,547.00 $538.00 $17,363.00
Net Present Value (§, total) -$657,637.85 -£471,307.02 -$4,155,474.44
Benefit/Cost Ratio 0.236 0.015 0.054

Table 4-4 clearly demonstrates that none of the mitigation methods investigated achieve favourable financial
outcomes. None of the options are recommended for further investigation.
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5 NON-STRUCTURAL MITIGATION

5.1 Planning Controls

Mitigation of potential future flood impacts can be achieved by updating the local planning scheme o reflect
the flood intelligence produced by the Teesdale Flood Risk Identification Study (this study). Updating the
planning scheme mapping allows development applications within the flioodplain to be assessed in line with
current national, state, regional and local policies. The ullimate effect of this will be to ensure inappropriate
davelopment within the floodplain does not occur, reducing the number of future buildings and occupants
exposed to flood risk. As seen by the damages assessment above, there are few dwellings within the Native
Hut Creek floodplain. By implementing planning controls this can be maintained and flood average annual
damages for Teasdale can remain low, avoiding significant natural disaster impacts in the future.

Draft planning scheme mapping has been developed in line with the project brief and as discussed in a project
meeting on the 4™ April 2023. The mapping has not considered the use of the Urban Floodway Zone given the
lack of urbanisation in Teesdale, in addition to the highly restrictive nature of that zoning.

The draft flood related overlays have been developed based on the 1% AEP behaviour for the year 2100, as
projected under Representative Concentration Pathway RCP8.5. Flood modelling of the scenario was
undertaken in line with Australian Rainfall and Runoff 2019 and is detailed in R04 — Design Modelling Raport.
The Land Subject to Inundation Overlay (LSIO) has adopled the projected flood exient while the Floodway
Overlay (FO) has been applied to those areas where any of the following are exceeded:

®  Flood depths 2 0.3 metres, and/or
B Flood velocities = 2.0 m/s, and/or
®m  Product of depth and velocity 2 0.3 m?/s

The above FO threshold aligns with the “H2" hazard classification threshold as defailed in the Austalian
Disaster Resilience Guideline 7-3 Flood Hazard (AIDR 2017). It is also the Corangamite Catchment
Management Authorily’s threshold of choice for delinealing the high hazard poriion of the fioodplain.

The resultant draft planning scheme mapping is shown in Figure 5-1 below.
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5.2 Discussion — Adoption of Increased Rainfall Intensity

521 Policy Context

As discussed above, the draft planning mapping has been developed based on modefiing which accounted
for projected increased rainfall intensity to 2100 under RCPE.5. Clause 13.01 of the Victorian Planning
Provisions is specific when dealing with sea level rise. The clause includes the strategy fo plan for sea level
rise of not less than 0.8 metres by 2100 and allow for the combined effects of tides, storm surpes, coastal
processes and local conditions such as topography and geology when assessing risks and coastal impacts
associated with climate change. The Planning Provisions are not so specific when dealing with riverine flood
risk, with Clause 12.03-1S including a strategy to identify the 1% AEP floodplain in planning schemes.

Notwithstanding the above, Clause 13.01 of the Provisions deals with climate change and includes the
strategies to respond fo the risks associated with climate change in planning and management decision making
processas and to identify at risk areas using the best availabls dafa and cfmate change scisnce. Thus the
Provisions have established the following:

®  The 1% AEP flood is the Design Flood Event against which planning decisions should be made and should
be identified in the planning scheme;

m  Areas at risk from climate change should be identified using the best available science; and
® A planning horizon to the year 2100 is appropriate in the context of coastal inundation.

It follows that a planning horizon to the year 2100 should therefore be appropriate for riverine inundation. Areas
projected to be subject to riverine inundation in 2100, as identified using the best avaitable science, should be
identified. The Planning Scheme is the most appropriate means by which to identify these areas, as has
recently been done using Schedules to the Land Subject to Inundation Overlay to identify coastal areas subject
to inundation in a 1% AEP storm surge event with (.8 metres of sea level riset.

5.2.2 Effect of Increased Rainfall Intensity

To understand the implications of adopling this seenario for the planning mapping, a comnarison of draft
planning scheme mapping has been undertaken for the increased intensity scenario compared to the present
day 1% AEP event.

By delineating the flood related planning scheme overlavs based on the projacted scenarios, a cautious
approach is adopted. The actual impact of this approach, however, is minimal. Table 5-1 shows the number
of properties impacted by flood related overlays in the present day 1% compared fo the cfimate change
scenario. The figures in Table 5-1 exclude public reserves such as Turtle Bend and the waterway parcels.

Tabla 5-1 Properties impacted by flood related overiays, present day vs 2100 RCPS.5

Present Day 15 AEP 2180 1= AEP under RCPa.5

Total Parcels Affected

Parcels Intersecting LSIO

Parcels Intersecting FO

The most significant difference in the mapping is an additional breakout which oeours in the increased reinfall
scenario but not in the present day scenario. The breakout crosses Stones Road and flows through two parcels
not impacted by flooding in the present day scenario and can be seen in Figure 5-2 below.

4 Greater Geslong Planning Scheme Amendment C3%4ggee
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Inclusion of the 2100 mapping in the Planning Scheme does not imply that results from the 2100 RCP8.5
modelling will be used to inform all responses to development within the Teesdale floodplain. Inclusion of the
mapping instead triggers a permit application referral and gives the Corangamite CMA the opportunity to
respond to the iisks associated with climate change in planning and management decision making processes
as required by the Scheme. If the Scheme mapping were not based on the 2100 RCP3.5 1%) AEP extent, that
opportunity may ba missad.
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6 SUMMARY

Flood damages, in the form of Average Annual Damages (AAD), have been assessed for the township of
Teesdale based on fiood modelling of Native Hut Creek undertaken as part of the Teesdale Flood Risk
Identification Study. The average annual cost in Teesdale as a resuft of flooding from Native Hut Creek equates
to $113,366 per year. In the 1% AEP flood event, two dwellings are inundated above floor and 114 properties
are impacted by floodwaters.

Thres structural mitigation options were tested to reduce flood impacts and associated damage costs within
the town. The options were:

® Raising Pantics Road to form a levee,
m  Placement of additional culverts under Bannockbum-Shelford Road bridge, and
®  Clearing the waterway.

Each option was tested in the hydraulic mode), with the mode! resulls processed and an updated AAD
calculated for the mitigation option. Cost estimates of each option were assessed against the option’s reduction
in AAD from the existing case to inform net present value analysis.

Based on the above assessment methodology, none of the options tested were shown to be financially viable.
In addition to not being financially viable, clearing of Native Hut Creek was identified as having numerous legal
approvals that are highly unlikely to be obtained regarndless of investiment. Raising of Pantics Road was found
{0 have potential issues with local stormwater however ths was not investigated as the financial viability does
not invite further investigation. It is important to consider that fulure infrustructure upgrades to road and
drainage may present an opportunity for improved drainage and flood resilience within the fownship. While this
may not meaningfully reduce damages in measurable financial terms it may support improved resilience and
safe access in minor events.

Non-structural mitigation in the form of town planning controls have also been presented. The Planning
Scheme mapping has been based on model results with increased rainfall intensity under projected RCP8.5
1o the year 2100. A comparison of the resultant maps to those that would have resultad from the “present day”
modelling results was presented, with the increased rainfall scenario impacting three additional properties in
{otal. The mapping has delineated the floodway overlay based on the Corangamite Catchment Management
Authority’s preferred delineation criteria.
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EXECUTIVE SUMMARY

Water Technology were engaged by Golden Plains Shire to deliver the Teesdale Flood Risk Ideniification
Study. The project has been funded through the Risk and Resilience Grants Program, with equal parts funding
from Local, State and Federal Government.

The study has reviewed the available flood data for Native and Hut Creek, and produced fiood modelling and
mapping in line with current industry best practices and the recommendations of Australian Rainfall and Runoff
2019. Flood modelling and mapping has been produced for the 50%, 20%, 10%, 5%, 2%, 1%, 0.5%, 0.2%
and Probable Maximum Flood (PMF) events.

In addition to the flood modelling and mapping, flood intelligencs products detailing the flood behaviour and
impacts in Teesdale have been developed and included in a draft update to the Golden Plains Municipal
Emergency Management Plan (MFEP). Intelligence products developed include the following:

B A rating table for a proposed gauge on Native Hut Creek at the Bannockbum-Shelford Road bridge
8 Summaries of flood behaviour and impacts in concise tables;

®  Flood peak timing estimates from the beginning of rainfall;

® A simple tool to link rainfall to potential fiood impacts, and;

m  Recommended Flood Class Levels for the proposed gauge in line with the Bureau of Meteorology’s Flood
Class definitions.

Additional components to improve the flood waming capability for Teesdale were recommended, with two
additional gauges proposed to improve the town’s flood monitoring capacity.

The Average Annual Damages (AAD) caused by flooding in Teesdale were assessed in line with industry
standard methods. Flooding in Teesdale is estimated to cost, on average, $113,366 per year. Three mitigation
opfions to reduce the AAD were investigated and their benefit/cost ratios estimated. The options investigated
were raising Pantics Road, placing additional culverts under Bannockbum-Shelford Road, and clearing Native
Hut Creek of vegetation. None of the options investigated achieved a favourable financial benefit/cost rafio.

Non-structural mitigation in the form of planning scheme mapping has also been developed and is
recommended for inclusion in the Golden Flaine Pianning Scheme. The mapping i based on the 195 AEP
flood with projected increased rainfall intensity to 2100 under Representative Concentration Pathway RCP8.5.
Draft planning scheme amendment documentation has been provided to Council with the proposed mapping.

The study outputs will support floodplain management in Teesdale info the future by providing a sound basis
for the implementation of planning controls to ensure development within the floodpiain is appropriate and
responds to the risk. Future flood events can be responded to in a more proactive way through utilisation of
the intelligence products produced.
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1 INTRODUCTION

1.1 Overview

Water Technology has been commissioned by Golden Plaing Shire Council (Council) to undertake the
Teesdale Flood Risk Identification Study. The investigation area covers the Native Hut Creek and tributaries
in the township of Teesdale, as shown in Figure 1-1. Teesdale is identified as a Priority Flood Risk Area in the
Corangamite Regional Floodplain Management Sirategy (2018}, which identifies both riverine and fiash flood
risks for the town and states that “flooding associated with Nafive Hut Creek has damaged several residential
properties”.

Previous flood investigations covering Teesdale include CCMA investigations undertaken in 2008 and 2019.
The 2008 study utilised RORB hydrologic modeliing and HEC-RAS one-dimensional hydraulic modeiling, whila
the 2019 study utilised HEC-RAS two-dimensional hydrau'ic modelling. A regional flood study of the Barwon
River catchment which covers the study area was also completed in 2016 (GHD, 2016).

The CCMA modelling completed in 2019 indicates that the cument flood mapping which is the basis for the
current Floodway Overlay (FO) and Land Subject to Inundaton Overlay (LSIO) in the Golden Plains Planning
Scheme understates the flood hazard in Teesdale. The Flood Risk ldentification Study is being carried out to
ensure that the planning scheme mapping accurately reflects flood hazard to ensure that growth in Teesdale
is managed appropriately into the future. As such, updated flood mapping suitable for inclusion in the Golden
Plzins Planning Scheme is a key output requirement of the study.

In addition, the study will produce fiood intelligence information for use in emergency management silations,
assess the current flood impact/exposure in terms of annual average damages caused by flooding in Teesdale,
investigate structural and non-structural mitigation options to reduce damages, investigate and make
recommendations for establishing a flood waming system for the town.

This report is one of a series documenting the outcomes of the Teesdale Flood Risk Identification Studv. Each
reporting stage is shown below:

RO1 - Data Review and Validation

RO2 — Joint Validation Modelling Raport

R03 — Design Hydrology and Hydraulic Modelling Report
R0O4 - Flood Intelligence and Flood Warming Report

RO5 — Flood Damages and Mitigation Assessment Report
R06 — MFEP Documentation

RO7 — Final Summary Report — This Report

1.2 Study Area

Teesdale is located approximately 8.5 km north of Inverleigh and is sftuated on the banks of Native Hut Cresk.
The Native Hut Creek catchment begins approximately 22.5 km north of Teesdale near the town of Meredith.
The creek meanders south across agricultural land, the vast majority of which has been historically cleared of
large vegetation in line with its agricuttural use.

The catchment within and upstream of the study area is mostly cleared agricultural land, and the main
waterway (Native Hut Creek) has several onstream dams of varying size along its alignment. The Native Hut
Creek catchment, draining to Teesdale is approximately 110 km?. The entire catchment is located within the
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Golden Plains municipal area. The study area is focussed on the township of Teesdale and includes the
following waterway structures:

m  Two large on-siream dams approximately 3km upstream of the township.

m  An indicative agsessment of the impact of the upstream dams was completed in R01 — Data Coilation
and Validation. The assessment found the dams would have minimal impact on peak flow rate or
flood levels in a significant storm event.

B Road crossings, formal and informal, at the following roads:
= Tolson Road/Stones Road
= Sutherland Street
™ Bannockbum-Shelford Road
® Barkers Road

B Several off-stream dams throughout the town.

1.3 Previous Reporting

This report follows R01 to R0O6 and summarises the completed project. This summary report will not detve into
technical detail, instead focussing on project outputs and deliverables produced by the study. Readers will be
directed to individual reports should additional information be required. The chapters and sections of this report
broadly follow the previous reporting from R01 to RO6 with a summary of the key points in each detailed report.
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Figura 11 Tee=dale Flood Risk IdentiTeation Study - Studv Area
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2 DATA COLLATION AND REVIEW

The first stage of the project included the collation and review of available data relevant to flooding in Teesdale.
This included the following:

®m  Previous flood studies and reporis covering the area (see Table 2-1 below)

Table 2-1 Flood related studics complsted in Teesdals and Mative Hut Creck Region

Victorian Flood Data Transfer Project (2001) DNRE/SKM 2001
Hydrologic and Hydraulic assessment (2008) CCMA 2008
Regicnal Flood Mapping — Barwon River, Thompson Creek and GHD 2016
Woady Yaloak Creck

Updated Hydrologic and Hydraulic assessment (2019) CCMA 2019

Historical flood events and accompanying anecdolal evidence

2 Anecdotal evidence was the best available data for historical floods — no surveyed or otherwise
measured flood heights were uncovered as part of the study

m Evidence was gathered for the February 1973, April 2001 and January 2011 events, which were then
solected for validation medelling based on the information available.

®  Recorded streamflow

B The catchment has no streamflow gauges
B Recorded rainfall

®  Includes both daily and sub-daily rainfall
B Road and drainage infrastructure

B Some data was supplied by council with gaps infilled by survey for major structures and site visits for
minor structures

B Topographic data
™ Multiple LIDAR data sets were available and were verified against survey captured for the project

The initial community consultation session also formed part of the data collation aspect of the project. The
consultation session was held at the Teesdate Community Hall and had 17 residents in attendance. Information
relevant to the study was gathered during the session however was limited to anecdotal evidence of flood
behaviour in historic events.

The Data Collation Report (R01) also confirmed and detailed the modelling methodology for the following
stages of the project.
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3 JOINT VALIDATION MODELLING

3.1 Qverview

The Joint Validation Modelling Report (R02) describes in detall the hydrologic (RORE) and hydraulic
{TUFLOW) model builds and parameter selection adopied for the study. The report also details the validation
modelling of historic events. Model performance and alignment with the anecdotal evidence was ufilised to
determine the RORB routing parameter Kc. Other parameters were selecied based in consideration of adopied
values from nearby flood studies and regional approximations in the absence of local calibration data,

3.2 RORB Summary

3.21 Model Build

The RORB hydrologic mode! build follfowed the following steps:

1. Catchment delineation utilising 10m resolution Viemap DEM based on a flow accumulation and tracing
method

2. Subareas and reaches defined from the above, with nodes placed at or near the centroid of each subarea
and the junction of reaches

3. Reach slopes defined from the LiDAR dataset, with reach types assigned as “excavated (unfined)” where
a walerway was clearly visible on aerial imagery and LiDAR

4, Interstation areas delineated for two local catchments that flow through Teesdale where hydrographs and
mapping were required

5. Fraction impervious (Fl) assigned to zones in the planning scheme in accordance with Tabla 3-1 below

Table 31 Adopted Fraction Impervious

Farming Zone ‘ 0.01-0.05

LDRZ 02

PCRZ/PPRZ 0.01 (one area assigned 0.1 due to buildings on site}
PUZ 0.05 — 0.5 (based on aerial imagery)

Roads 07

Township Zone 0.4

Transport Zone 0.0 — 0.7 (based on aerial imagery)

3.2.2 Model Parameters

RORB model parameters were assigned as follows:

® Initial and Continuing Loss were adopted from the ARR datahub after comparison with nearby cafibrated
losses

B The “m" parameter was left at the recommended 0.8
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B Arange of Kc values were selected for validation against historicel events, with a Ke/Dav ratio of 1.257
selected for design modelling

3.23 Rainfall

3231 Historic Events

Validation events utilised daily rainfall records from available gauges surrounding the Native Hut Creek
catchment. Sub-daily records were obtained from the Sheoaks station (87168) for the April 2001 and January
2011 events and from the Warrambine Basin No. 3 station (890094) for the February 1973 event. Daily records
informed the spatial pattern and total rainfall across the catchment with the sub-daily record informing the
temporal pattemn of each event.

3.23.2 Deslgn Events

Design rainfall depths for the range of AEPs and durations were downloaded from the Bureau of Melecrology's
IFD (Intensity-Frequency-Duration) Design Rainfall Data SystemZ2. Given the size of the catchment, spatial
variation in design rainfall was considered by deriving the spatial patiern in accordance with the method shown
in section 5.5.4 of ARR2019 Book 2 Chapter 6.

Pre-burst rainfall was accounted for by subtracting the median pre-burst depth from the storm initial loss (as
provided by the ARR datahub and verified against nearby calibrated models) to produce the burst initial loss
according to the below equation:

1L, =11; — pre-burst depth

Consideration was given to the Victorian Specific Information of the ARR datahub, which recommends the use

of 75" parcentile pre-burst depths when applying datahub values for other hydrolegic inputs®. The median pre-
burst depth was selected for the following reasons:

® The catchment sits at the border between loss regions 2 and 3, and the Victorian Specific Information
relates only to loss region 3.

m  While the adopted losses came from the ARR Datahub, their adoption considered validated loss values
from the neighbouring Inverieigh Flood Study, which is considered to be hydrologicaPy similar.

B The adopted losses were reconciled with Regiona! Flood Frequency Esfimation (RFFE).

1 Pearss st al., 2002
2 hitp:/Asww. bom.gov.aufwater/designRainfalls/revised-ifd/
3 hitps://data.arr-coftwara.orafvic_specific
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Figure 3-1  RORB model lavourt
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3.3 TUFLOW Summary

331 Model Parameters and Design

The TUFLOW model design and parameter selection is described in detail in R02 — Joint Validation Report. A
short summary of the modelling logic and selected parameters s provided below however readers wishing to
know more about the model build should refer to the full repori

The key TUFLOW model parameters, along with the design approach for kev components of the mode!, are
shown in Table 3-2 below. The TUFLOW model extent and boundary areas are shown in Figure 3-2 below.

Table 3-2 Koy TUFLOW model parameters

Parameter Valuefppreach

Model Build 2023-03-AA-iSP-wt4

Model Precision Single Precision

Grid Cell Size 3 metres

Sub Grid Sampling Not adopted

Solution Scheme HPC

Inflows Source-Area boundaries coupled with streamlines
Outflow Height-Flow Slope of 0.3% based on waterway slope

Hydraulic Roughness Manning's ‘n’, varies with land use
1-Dimensional elements | Culverts and pipes linked to 2-D domain
Topography 2021 LiDAR dataset utilised after comparison and validation

Extent The model extent was eat ench that the entire flandpiain in Teesdala wnaild ha
captured and main flow boundaries would be a sufficiznt distance from the
town to have no influence on model results within the town

Roughness Assigned based on land use {planning zones), see Table 3-2

Hydraulic Structures Culverts and pipes were represented as 1-dimensional elements linked to the
2-dimensional domain

Bridges were represented as laverad flow constrictions with’n the 2-
dimensional domain based on susvey captured as part of the

Table 3-2 Hydraul'c Roughness

Land use / Topographic description Roughness coefficient ifanning's ni
Pasture and Grasses 0.05
Sealed Roads (entire reserve) 0.02
Unsealed Roads (entire reserve) 0.03
Township Zone 0.20
Low Density Residential 0.06
Medium Density Bushland 0.08
Vegetated Ephemeral Waterway (Native Hut Creek) | 0.07

Golden Plains Shire | 12 May 2023
Teesdale Flood Risk Iden%fication Study Paga 12

ltem 7.1 - Attachment 1

Page 177



Council Meeting Attachments 22 April 2025

WATER TECHI'\IOL‘"'GYr

TR COASTAL & VIR TENTETAL SRS TAST

f' 700 ey 8 T Ll Tl

m oty

Figure 3-2 TUFLOW Extent and Mode! Boundaries
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34 Validation Modelling Results

The results of the validation modelling were used 1o ensure the models were performing as expecled, and to
inform the selection of the RORB parameter Ke. The model results were presented to community members at
the second community consultation session held in March 2023. Feedback gathered during the session clearly
supported the use of a Ke/Dav ratio of 1.25 over the lower ratio ufiised in nearby modelling by the CCMA for
the January 2011 and April 2001 events. Litile feedback was gathered for the February 1973 event other than
a photograph showing widespread flooding near Pantics Road.

Community feedback is summarised as follows:

® The January 2011 event was contained within the bed and banks of the waterway, with pholographic
evidence demonstrating no breakout at 75 Sutherland Street.

m  Strong anecdotal evidence suggested only shallow inundaticn of Turtle Bend during April 2001.

® A community member recalled Bannockbum-Shelford Road was closed during April 2001, however this
was not recreated in the model. Other participants informed the modelling team that after April 2001, a
creek clean up removed significant amounts of rubbish and debris from the waterway occurred. As a
result it is possible that the bridge was partially blocked, or that the road closure was a result of runoff
rather than riverine inundation.

Modelling results for the April 2001 and January 2011 events are shown below.

Golden Plains Shire | 12 May 2023
Teesdale Flood Risk Iden%fication Study Paga 14

Item 7.1 - Attachment 1 Page 179



Council Meeting Attachments 22 April 2025

-I_ Sl WATER TECHNOLGGY

{ g
| "Serrrvmesy dhass] Pary sty Bt £1f MU I Tt

Figure 3-3  April 2001 Fiood Depths, K:=Pearas (Township}

Golden Plains Shire | 12 May 2023
Teesdale Flood Risk Identfication Study Paga 15

Item 7.1 - Attachment 1 Page 180



Council Meeting Attachments 22 April 2025

.I— Sl WATER TECHI'\IOLPGTr

{ E
| “SETIYRRY k] TR TSR ) AT R i R T ]

Flgure 3-4  January 2011 Fioed Depths, K.=Pearse (Township)
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Flaure 3-5 Photo provided by the recidents of 75 Sutherland Street Teesdale durinag the 2011 flnod showinn
flows rontalnad within Mathes Hut Crasl
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4 DESIGN MODELLING RESULTS

4.1 Hydrology

The RORB hydrologic model was ran for the 50%, 20%, 10%, 5%, 2%, 1%, 0.5%, 0.2% and PMF events.
Critical event hydrographs at the Bannockburn-Shelford Road bridge for the design events {(excluding the PMF)
are shown in Figure 4-1 below.

- // \

T AT —, .f"—"“’lm_"‘"ﬁ-—‘
T LT et AT a0 AT e—l) T T

Figure 41 Design hydrographs, Native Hut Creek at Bannockbum-Shelford bridoe
The impact of increased rainfall intensity associated with climate change was investigated for the 10% and 1%
AEP events, with four scenarios modelled for both AEPs:
B Projected flows to 2050 under RCP4.5
B Projected flows to 2100 under RCP4.5
B Projected flows to 2050 under RCP8.5
m Projected flows to 2100 under RCP8.5

The resultant impact on flows at the Bannockbum-Shelford Road bridge are shown in Table 4-1 below. The
1% AEP flows under an RCP8.5, 2100 scenario are increased 44% and are between present day 0.2% and
0.5% AEP flows. Similarly, the 10% AEP flows for the same climate scenario are increased 59% and are
between present day 5% and 2% AEP flows.
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Table 4-1 Climate change assessment summary

10% AEP RCP4.5 2050 RCP4.5 2400 RCPRE § 2660 RCPE 5 2400

IFD Rainfall (mna}

% Increasg

Projected Rainfall Depth (imny

Peak Flow at Bridge

Increase in Flow (%)
1% AEP RCP4 5 2050 RCPR4.5 2108 RCP3.& 2080 RCRG.& 210D
IFD Rainfall

Y% Increase

Projected Rainfall Depth (maa)

Peak Flow at Bridge

Increase in Flow (%)

4.2 Hydraulics

Hydrographs extracted from the RORB model at locations comresponding fo the source-area infiow locations
shown in Figure 3-2 were applied to the TUFLOW model. Peak flood depths for the 1% AEP and the 2100 1%
AEP under RCP8.5 are shown in Figure 4-2 and Figure 4-3 below.

Figure 4-4 shows the difference in flood levels between the existing concditions 1% AEP event and the 2100
1% AEP under RCP8.5. In the township, flood levels increase in the order of 0.15 to 0.25 metres upstream of
the bridge where the floodplain is relatively wide. Downstream of the bridge, increases in flood levels are
between 0.4 and 0.5 melres, where the floodptain is more confined,
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Flgure 4-3 1% AEP Flood Depths In Teesdalo under projocted RCPS.S5 to 2180
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Figure 44 Flood level increase under RCP3.5 proiections 1o 2100 for the 1% AEP event
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43 Sensitivity Testing
Model sensitivity testing was conducted on the hydrologic and hydraulic models for the following parameters:

m  Losses {hydrology)

B Hydraulic roughness

®  Structure (bridge) blockage
E Boundary conditions (slope}

The models were shown to be sensitive to continuing loss and hydraufic roughness. Reducing continuing loss
from 3.3 to 1 mm/hr caused a 40.3% increase in flows for the 1% AEP event. Alterations to hydraulic roughness
impacted flood levels across the modelling area. The area upstream of the Bannockbum-Shelford Road bridge
appears to be the least sensitive area in the model to changes in roughness. This is indicative of the influence
the road and bridge has on flood behaviour in that area as well as the width of the flow path. Flood levels
upstream of the bridge increased in the order of 0.1 to 0.2 metres in the high roughness scenario, compared
to raises of around 0.4 metres downstream of the bridge. The low roughness scenario resulted in lower flood
levels of around 0.1 metres upstream and 0.2 metres downstream of the bridge.

Golden Plains Shire | 12 May 2023

Teesdale Flood Risk Iden%fication Study Paga 23
o B = =2

Item 7.1 - Attachment 1 Page 188



Council Meeting Attachments

22 April 2025

WATER TECHNOLPGY

ATEY, COATTAL & EUVIRTNTHTAL SESTY

5 FLOOD INTELLIGENCE AND WARNING

5.1

Qverview

In line with the project brief, components of the Total Flood Waming System were assessed, and addiiional
components recommended with the aim of improving fiood waming and monitoring capability for Teesdale.
The following flood intelligence products were produced:

® A rating curve for a potential gauging station on Native Hut Creek at the Bannockbum-Shelford Road

bridge.

Summary table of flood behaviour, impacts and roads inundated.
Average flood peak travel time estimations.

“Flood/No Flood® tool, providing a rough link between observed rainfall and flood magnitude.
Recommeanded Flood Class Levels for Teesdale based on the potential gauging station.

The majority of the products were included in a draft update to the Golden Piains Municipal Flood Emergency
Plan in addition to the Flood Intelligence and Warning Report (R04). The flood impacts summary table, flood
peak traval time estimates and Flood/No Flood tool have been reproduced herein for reference.

Table 51

Fleod Event

Flood Impacts Summary

Characteristics — Flood Behaviour

Reoadways Inundated

50% AEP Breakout occurs upstream of Stones Road, = | earmonth St (<0.1m)
~600 ML/d flowing along the north side of Native Hut Creek » Stones Road {<0.3m)
~7.4 mia and filling local depressions. The breakout rejoins | « RBarker Street (<0.3m)
99.99 m AHD at Native Hut Creek at Pantics Road. = Russel St (<0.1m)
Bannockburn-Shalford
Road bridge
20% AEP Breakout upstream of Stones Road becomes =  Learmonth St (<0.1m)
~1,950 ML/d more significant with deep flows on the north side | »  Stones Road (>0.5m)
~23 mdls of Native Hut Creek. Breakout from dam at 85 = Pantics Roed (<0.1m)
101.05 m AHD at Tolson Road flows over paddocks south of Native | | pyor streot (>0.5m)
Rannackburn-Shelford Hut Creek, rejcining before Sutheriand Street, . ! S (0. 1m)
Road bridge Stones Road and Barker Street flooded to .

hazardous depths.

Minor breakouts on west side of Native Hut Cresk,

north and south of Bannockbum-Shelford Road.

Significant breakouts around and downstream of

Barker Street and around Native Hut Drive.
10% AEP Floodplain fully engaged with breakout flows on = Learmonth St {<0.1m)
~3,400 ML/d both sides of Native Hut Creek throughout the = Siones Road (>0.5m)
~40.5 m®fs town. =  Mercer Tee (~0.5m)
101.53 m AHD at Turlfle Bend inundated with izolated islands. = Pantics Road (<0.2m}
Bannockburn-Shelford Teesdale Kindergarten driveway and carpark » Barker Street (>1m)
Road bridge inundated. Access via community hall possible. | = Suthertand Street

(~0.2m)
87 Pantics Road inundated above floor. * Russel St (<0.3m)
Golden Plains Shire | 12 May 2023
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Characteristics — Fload Behaviour

Roadways hiwindated

5% AEP Generally as above with deeper, faster flowing = Learmonth St (<0.1m)
~5,200 ML/d water. Hazardous depths across floodplain. » Siones Road {(~1m)
~60.5 m*/s = Pantics Road (>0.3m)
101.78 m AHD at Teesdale Kindergarten driveway and carpark | = Mercer Tee (~0.9m)
Bannockburn-Shelford inundated to hazardous depths. Access via = PBarker Strest (>1.0m)
Road bridge community hall possible. = Suthertand Street
(~0.5m)
= Teesdale-Inverieigh
Road (<0.3m)
= Russel 5t {<0.3m)
2% AEP Generally as above with deeper, faster fiowing =  Leammonih St (~0.1m)
~7,950 ML/d water. Hazardous depths across floodplain. = Bannockbum-Shelford
~02 m¥s Road {<0_1m)
102.08 m AHD at Bannockbumn-Shelford Road overtopped. * Jollys Road (<0.1m)
Bannockburn-Shelford = Stones Road (>1m)
Road brid - ;
* 844 Teesdale-Inverleigh Road Inundated above | * Crtom oy
floor. = Mercer Tce (>Im)
= Barker Street (>1.0m)
= Sutherfand Street
(~0-8m)
=  Teesdale-Inverieigh
Road (~0.4m)
» Russel St{<0.3m)
1% AEP Generally as above with deeper, faster flowing = Learmonth St (~0.1m)
~10,150 ML/d water. Hazardous depths across fioodplain. » Rannockbum-Sheliond
~118 m%s Road {<0.3m)
102.25 m AHD at * Jolys Road (<0.1m)
Bannockburn-Shelford » Stones Road (>1m)
Road bridge » Pantics Road (>0.5m,

~750m length)
= Mercer Tce (>1m)
» Barker Street (>1.0m)
s Sutheriand Street (>1m)

= Teesdala-Inverleigh
Road {(~0.6m)

* Russel St (<0.3m)
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Fleod Event Characteristics — Flood Behaviour Roadways hiwlindated
0.5% AEP Bannockbum-Shelford Road overiopped fo depths | =  Learmonth St (~0.1m)
~13,100 ML/ greater than 0.3 metres. »  Bannockburn-Shelford
~52 m¥s Road (>0.2m)
102.48 m AHD at Generally as above with deeper, faster flowing = Jollys Road (<0.1m)
Bannockburn-Shelford water. Hazardous depths across floodplain. = Siones Road {(>1m)
Road bridge = Pantics Road (>0.5m,
~750m length)

= Mercer Tee (>1m)
= Barker Street (>1.0m)
= Sutherfand Street (>1m)

» Teesdale-Inverieigh
Road (~0_8m)

= Russol St (<0.3m)
= TeesdalaLethbri

Road (<0.1m)
0.2% AEP Generally as above wilth deeper, faster fiowing » Learmonth St (~0.1m)
~16,000 ML/d water. Hazardous depths across floodpiain. = Bannockburn-Shelford
~185 m¥s Road {(<0.5m)
102.67 m AHD at = Joltys Road {<0.1m)
Bannockburn-Shelford » Stones Road (>1m)
Road bridge = Pantics Road (>0.5m,
~750m length)

= Mercer Tce (>1m)

» Barker Street (>1.0m)

= Suthertand Street (>1m)

=  Teesdala Inverlsigh
Road (>1m)

» Teesdalz-Lethbridoe
Road (<0.1m)

Table 5-2  Flood peak timing for Teesdale

Location From Locaticsn Fe Typdcal Comments Duration

Travel mmg
Teesdale (Native Hut Creek)
Start of rainfall Teesdale 2 -5 hours Begin to rice from normal | Generally
{catchment) fevels <24 hours
Start of rainfall Teesdale 7 - 30 hours To peak — may be longer
{catchment) dependent on rainfall

temporal pattem
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6 FLOOD DAMAGES AND MITIGATION
6.1 Flood Damages Summary

Following completion of draft design modelling, floor level survey was commissioned for houses within or close
to the draft 0.2% AEP flood extent. Fiood model results for the range of exisiing conditions events were
processed to calculate the Average Annual Damages (AAD) for Teesdals, which iotals $113,366. The
damages figure takes into account flooding of roads, properties and buildings. The damages assessment table
is shown in Figure 6-1 below.

Figurs 81 Existing Condittons Average Annual Damages {AAD)
6.2 Flood Mitigation

6.21 Overview

Three optiens for structural flood mitigation were tested in the hydraulic mode! for all AEP events, and the
resultant impact on flood damages assessed. Reductions in AAD (i.e. savings) were discounted by 6% per
year over 30 years, with the total net present value of savings in that period compared to the estimated capital
and maintenance costs of the mitigation works. The resuttant total project cost was then produced along with
a benefit/cost ratio to determine if the concept is financially sound.

The options tested are as follows:

B Raising of Pantics Road to above the 1% AEP flood level with 300mm freeboard:
E Additional culverts under Bannockbum-Shelford Road adjacent to the bridoe; and
B Clearing Native Hut Creek of vegetation and large wood.

Each option is discussed below along with the results of tha benefit/cost analysis.

6.2.2 Option 1: Raising of Pantics Road

For this option, raising of Pantics Road to 300mm above the 1% AEP flood level was investioated,. The raised
road is intended to act as a levee, preventing flooding of both the road and properfies on the west side of the
road. The impact of the raised road on 1% AEP flood levels is shown in Figure 6-2 below.
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Figure 6:2 1% AEP Flood Level Afflux — Raising of Pantics Road

The raised road successfully prevents flooding of the trafficable surface and area to the west, however in doing
so flood levels are raised for more properties than are protected by the levee. While a dwelling is protected
from above floor flooding in events between a 10% AEP and 0.2% AEP, a different dwelling floods above floor
in the 0.2% AEP event (where it does not in the existing conditions).

The resultant AAD under option 1 was $100,819 per year, providing an annua! reducton of $12,547. The
reduction in AAD is a result of seven properties now having fiood immunity for events up to and including a
0.5% AEP flood.

The option is estimated to require capital investment of $905,556. The resultant net present value for opfion 1
was -$732,848.66, meaning the project will cost more than it will save, on average, over a 30-year period.

6.2.3 Option 2: Additional culverts under Rannockhum-Shelford Road

This option was iteratively modalled to attempt to alleviate flooding of Bannockbum-Shelford Road in the 2%
and 1% AEP events. After several iterations, a new bank of culverts was included under the road on the east
side of Native Hut Creek. The new bank consisted of 20 x 2.1m x 0.9m culverts, and also involved some
manipulation of ground levels to allow flow to reach the new culverts.

The new culverts had little impact on flood levels and were unable to prevent evertopping of the road in the
1% or 2% AEP events. The impact of the culverts on 1% AEP flood levels is shown in Figure 6-3 below.
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Figure 6-3 1% AEP Flood Level Affux — Additional Culverts

The assessed reduction in AAD associated with Option 2 is $538 per year. This is a miniscule amount and
reflects the lack of significant change the culverts were able to produce, with the read remaining overtopped
in the same events as existing conditions. Slight reductions in extent and flood levels resuft in the minor
reduction in AAD.

Option 2 is estimated to require capital investment of $681,620. The resulant net present value for option 2
was $674,213.27, meaning the project will cost more than it will save, on average, over a 20-year period.

6.24 Option 3: Waterway Vegetation Clearing

Option three tested a commonly perceived atlitude in some flood affected communities: that clearing the
waterway of vegetation and large wood will allow water to pass through faster and prevent inundafion of
properties. The option was tested by lowering the hydraulic roughness applied to Native Hut Creek in the
model. Approximately 11km of waterway were “cleared” in the model by reducing the hydraufic roughness
across the entire waterway corridor.

As shown during sensitivity testing, the mode! is highly sensitive to selection of the hydraulic roughness
parameter. Reducing roughness to simulate waterway clearing therefore had a significant impact on flood
levels in Teesdale. Flood levels were lowered by around 0.2 to 0.3 metres in confined areas of the waterway.
The works had Iess impact in areas of engaged floodp!ain where a greater proportion of flow is outzside the
waterway corridor. Flood levels in the area between the Stones/Tolson Road breakout and the Bannockbum-
Shelford Road bridge were lowered by less than 0.1 metres. Downstream of the bridge, fiood levels were
lowsrad between 0.1 and 0.25 metres generally.

The increased waterway conveyance benefits the two dwellings [iable to above floor inundation. 87 Pantics
Road is ne longer inundated above floor in a 10% AEP event (although is still above floor in a 5% AEP event)
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while 844 Teesdale Invereigh Road is now inundated above fioor in the 1% AEP event but not the 2% AEP
event.

The 1% AEP floed level afflux results are shown in Figure 64 below.

e | R = Eb

Figure 6«4 1% AEP Flood Leve! Afflux - Clearing of Native Hut Creek

The resultant reduction in assessed AAD is $17,363 per year. The works have been estimated to cost
$4,394,473 upfront with maintenance of $38,500 per year in follow up vegetation management. The cost
estimate includes the physical excavation works and makes allowances for required permits and native
vegetation offsets which are significant and represent the bulk of the cost.
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Given the estimated maintenance costs more per year than the amount saved in AAD, the project can not
reach a positive cost/bensfit ratio. The resultant net present value for option 3 was -$4,685,420.44, meaning
the project will cost more than it will save, on average, over a 30-year period. Removing the ongoing
maintenance cost reduces the NPV o -$4,155,474.44 which is still a significant deficil.

Notwithstanding the significant financial cost associated with the project, there remains a polentially
insurmountable hurdle of permitting and approvals required prior to undertaking the works. Clearing of the
waterway is likely to destroy significant habitat, which would need io be quantified. In addition, waterway
clearing often creates ongoing erosion issues which can threaten private land when the waterway course and
shape changes. Sediment deposition downstream also confributes to further habitat degradation.

6.2.5 Cost-Benefit Summary

Table 6-1 summarises the three mitigation methods assessed from financial performance. For each option the
benefit/cost ratio has been calculated as the sum of AAD reductions in present value terms minus the capital
and maintenance cost in present value terms. A benefit/cost ratio of 1 equates to a net present value of $0.
Ideally cost benefit ratio should be greater then 1, however it should be acknowledged that achieving high
CBR for flood mitigation works is highly unlikely and should not be the only factor considered. Community
safety, resilience and vulnerability must also be taken info account.

Table 8-1 Cost-Beneflt Summary

Optian 1
Capital Cost {$) $730,345.20 $478,712.50 $4,364,473.20
Maintenance Cost ($/year) $0.00 $0.00 $38,500.00
Reduction in AAD ($/year) $12,547.00 $538.00 $17,363.00
Net Present Value ($, total) -$557,637.86 -$471,307.02 -$4,155474.44
Benefit/Cost Ratio 0.236 0.015 0.054

Table 6-1 clearly demonstrates that none of the mitigation methods investigated achieve favourable financial
outcomes. None of the options are recommended for further investigation.

6.3 Planning Scheme Mapping

Inclusion of flood mapping in the planning gchemsa is a key non-structural mitigation measure to prevent flood
risk from increasing into the future. The project has produced flood mapping suitable for inclusion in the
planning scheme, as shown in Figure 6-5 below.

The mapping has been based on the 2100, RCP8.5 1% AEP event. Floodway delineation s based on the
following criteria based on the Corangamite Catchment Management Authority’s preferred delineation:

m  Flood depths 2 0.3 metres, and/or
B Flood velocities = 2.0 m/s, and/or
®  Product of depth and velocity = 0.3 m?/s

The resultant draft planning scheme mapping is shown in Figure 8-5 below.
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7 SUMMARY

The Teesdale Flood Risk Identification Study has produced detailed flood modelling of Native Hut Creek
through Teesdale. The mapping produced is fit for the purposes of flood emergency planning and response,
statutory and strategic planning in the town. The study has also investigated the current flood impacis in terms
of averags annual damages and investigated structural mitigation to reduce those damages. Flood intelligence
products have been produced and included in a draft update to the Golden Plains Municipal Emergency
Management Plan. Options for improving flood warning and intelligence gathering have been recommended,
with two additional gauges suggested for considerafion,

The following actions are recommended for consideration by Golden Plains Shire and Corangamite Catchment
Management Authority:

®  That the findings of the study be considered by the relevant authorities;

m  The additions to the draft Municipal Flood Emergency Plan are adopted into a working version of the plan;
B Flood mapping produced by the study is shared with the community;
|

The draft planning scheme mapping is considered for adoption in the Golden Plains Shire planning
scheme;

Community education regarding flood damages and risk is carmied out;

®  The viability of addiional gauges as recommended in the Flood Waming assessment are invesfigated in
partnership with the Bureau of Meteorology;

®  The model files and other deliverables of the study are filed by both authorities for future use.

Future flood events in Native Hut Creek shou!d be monitored carefully and compared fo the results of this
study, with flood levels marked and surveyed where possible. Where flood behaviour appears to disagree with
the findings of the study, the reason for the discrepancy should be investigated and an update to the study
should be considered.
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Melbourne

15 Business Park Drive
Notting Hill VIC 3168
Telephone (03) 8526 0800

Brisbane

Lavel 5, 43 Peel Street
South Brisbane QLD 4101
Telephone (07) 3105 1460

Perth

Ground Floor, 430 Roberts Road
Subiaco WA 6008
Telephone (08) 6555 0105

Wangaratta

First Floor, 4C Rowan Street
Wangaratta VIC 3677
Telephone (03) 5721 2650

Wimmera

597 Joel South Road
Stawell VIC 3380
Telephone 0428 510 240

Sydney

Suite 3, Level 1, 20 Wenbworth Street
Pamramatta NSW 2150
Telephone (02) 9354 0300

Adelaide

11188 Greenh Road
Eastwood SA 5063
Teiephone (08) 8378 8000

New Zealand

7/3 Empire Street
Cambridge New Zealand 3434
Telephone +64 27 777 0989

Geelong

51 Littla Fyans Straat
Geelong VIC 3220
Telephone  (03) 8526 0800

Gold Coast

Suite 37, Level 4, 194 Varsity Parads
Varsity Lakes QLD 4227
Telephone (07) 5676 7602

watertech.com.au
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Planning and Environment Act 1987

Golden Plains Planning Scheme
Amendment C104GPLA
Explanatory Report

Cverview

The amendment implements the Teesdale Flood Risk Identification Study (Water
Technology Pty Ltd, 2023}, the ‘Study’, by applying new flood mapping to land
identified as flood prone in the township of Teesdale by inserting a new Schedule 2
to the Floodway Overlay (FO2) and Schedule 2 to the Land Subject to Inundation
Overlay (.S102).

The amendment also comrects a past error by providing Schedule 2 for existing FO
and LSIO land across the municipality, except for land in Inverleigh whose flood
controls are already in Schedule 1; LSIO1 and FO1. Existing LSIO and FO mapped
areas will be correctly identified as FO2 and LSIO2. The schedules for these areas
were inadvertently removed from the Golden Plains Planning Scheme when
Amendment C80gpla was gazetted on 5 September 2019.

Where you may inspect this amendment

The amendment can be inspected free of charge at the Golden Plains Shire Council
website at https://www.goldenplains.vic.gov.au/resident/planning/strategic-planning-
projects

And/or

The amendment is available for public inspection, free of charge, during office hours
at the following places:

Bannockbumn Customer Service Centre The Well
2 Pope Street 19 Heales Street
Bannockbum VIC 3331 Smythesdale VIC 3351

The amendment c¢an also be inspected free of charge at the Department of
Transport and Planning website at http-//www._planning.vic.gov.au/public-inspection
or by contacting the office on 1800 789 386 to arrange a fime to view the
amendment documentation.

Submissions

Any person may make a submission to the planning authority about the amendment.
Submissions about the amendment must be received by 10 March 2025.
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Figure 1: Teasdale amendment overlay areas showing the extents of the pronosed FO2 and LSID2. Nofa the
overfay evients {haf ara oulsids the studic area ramain inchannar,
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Figure 2: Teescale emendment overlay areas showing the extent of the current FO compared o the proposed
FO2. A small section of the FO i= shown as removed from the south east extent of the flood shudy boundary.
Nofa the overlay extents outside the study area remain unchanged.,
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Figure 3: Teesdale amendment overiay areas showng the extert of the currenrt LSO compared in the propo=ed
LSI02. Note that the missing gap between them indicates the new extent of the propesed FO2 not shown on
this map. Note the overfay extents outsicle the study area remain unchanged.

What the amendment does

The amendment implements the findings of the Study which was adopted by the
Council at its ordinary meeting on 24 October 2023. It is also correcting an error by
updating LSIO-FO maps across the Shire to LSIO02 and FO2.

Specifically, the amendment seeks to:

Overlays maps
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GOLDEN PLAINS PLANNING SCHEME - LOCAL PROVISION

AMENDMENT C104gpla
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