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Executive Summary

Introduction

Brisbane City Council (BCC) periodically updates its flood studies to reflect the current conditions of the
catchment and current industry practice flood modelling techniques. The most recent flood study of the
Kedron Brook catchment was completed by CPO Flood Management in 2014.

Kedron Brook is located in the northern suburbs of Brisbane, encompassing a catchment area of
approximately 100 km2. The Brook begins west of the city in Ferny Hills and passes through Arana Hills,
Everton Park, Gordon Park, Wavell Heights, Nundah and Toombul. The creek discharges into Schulz
Canal and the Kedron Brook Floodway which outlets into Moreton Bay at Nudgee Beach.

Project Objectives

The primary objectives of the project are as follows:

¶ Update the Kedron Brook flood models (hydrologic and hydraulic) with the latest topographical
data and incorporate the most recent major development / infrastructure works as well as the
current planning scheme (City Plan 2014).

¶ Adequately calibrate and verify the flood models to recent historical storm events to confirm
that the models are suitable for the purposes of simulating design flood events.

¶ Estimate design and very rare / extreme flood hydrology in accordance with AR&R 2019,
incorporating increased rainfall intensities due to projected climate variability effects.

¶ Determine flood levels for the design and very rare / extreme events, accounting for the effects
of Minimum Riparian Corridor (MRC); floodplain development / filling in accordance with current
planning policy and sea-level rise due to projected climate variability effects.

¶ Produce flood extent mapping for the selected range of design and very rare / extreme events.

Project Elements

The flood study consists of two main components: Model Set-up and Calibration, and Design and
Extreme Event Modelling. All study elements were undertaken in accordance with Council’s Flood Study
Procedure Version 9.0 (FSPV9.0).

Model Set-up and Calibration
Hydrologic and hydraulic models of the Kedron Brook catchment have been developed using the URBS
and TUFLOW modelling software, respectively.

The URBS hydrological model used in the previous 2014 flood study, was reviewed and updated for
this study. The sub-catchment delineation was updated considering topographical features, major
hydraulic structures and the inclusion of some detention basins. A total of 86 sub-catchments resulted
from this review. Similarly, catchment parameters, such as the percentage impervious and catchment
slope, were refined. Calibration of the hydrologic model against three historical events and verification
against two events was then completed.

Following the February 2022 flood event, Council developed a TUFLOW hydraulic model to assist with
the assessment of short, medium and long term flood recovery projects and their impacts within the
Kedron Brook catchment. The 2022 Kedron Brook TUFLOW model was reviewed and updated for this
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study. The model is a fully two-dimensional model including a 5m grid resolution and 1m sub-grid
sampling. The adopted Manning’s n roughness for design flood event modelling was adjusted to include
the City Plan 2014 land-use classifications as per FSPV9.0. The Manning’s n roughness values within
the waterway areas were reviewed and updated based on the latest aerial imagery.

Joint calibration of the hydrologic and hydraulic models using data available from the May 2015, March
2017 and February 2022 flood events was undertaken. Calibration of -peak flood levels focused on 51
Maximum Height Gauge locations and 5 Stream Gauges which were assessed in accordance with the
calibration targets in FSPV9.0, noting calibration of timing and volume of the flood was limited to the 3
Stream Gauges that were not tidally affected.

Model parameters (routing, losses, Manning’s n) for design simulations were confirmed based on the
joint calibration. The models were then verified against the October 2010 and June 2016 flood events
using the proposed parameters adopted for design.

Design and Extreme Event Modelling
The calibrated hydrologic and hydraulic models were used to simulate a range of design flood events.
Design, very rare and extreme flood magnitudes were estimated for the full range of events from 50%
AEP to Probable Maximum Flood (PMF). These analyses assumed ultimate catchment hydrological
conditions in accordance with Council City Plan 2014. A fixed tidal boundary was used at the
downstream model extent to represent the tidal conditions in Moreton Bay based on the predicted tide
levels at the Brisbane River Mouth (Brisbane Bar) gauge.

The inclusion of climate change in design modelling was represented by increases to rainfall intensity
and sea level. An increase in rainfall intensity of 9.8% was applied which represents RCP4.5 for the
adopted 2100 future year horizon. The tailwater level was also increased by 0.8m to account for sea
level rise under climate change conditions.

Two waterway scenarios were considered, as follows:
¶ Scenario 1 – Existing Waterway Conditions: Based on the current waterway conditions. Some

minor modifications were made to the TUFLOW model developed as part of the calibration /
verification.

¶ Scenario 3 – Ultimate Conditions: Includes an allowance for the minimum riparian corridor (as
per Scenario 2) and assumes development infill to the boundary of the “Modelled Flood
Corridor” in order to simulate potential development.

The “Modelled Flood Corridor” is the greater extent of Flood Planning Areas (FPAs) 1, 2 and 3 and the
Waterway Corridor.

The results from the TUFLOW modelling were used to determine / produce the following:
¶ Design flood discharges (Section 6.4.1)

¶ Design flood levels at 100 m intervals along the Adopted Middle Thread Distance (AMTD) line
(Appendices F, G, I and J)

¶ Scenario 1 design and very rare flood extent mapping (Volume 2 of 2)
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Glossary of Terms

Term Definition

2014 ALS Data This dataset is part of the SEQ 2014 LiDAR capture project and
covers an area of approximately 1392 km2 over Brisbane City. This
project was undertaken by Fugro Spatial Solutions Pty Ltd on behalf
of the Queensland Government.

2019 ALS Data This dataset is part of the Brisbane-Ipswich LiDAR 2019 Project,
acquired by Aerometrex Pty Ltd on behalf of the Queensland
Government.

AHD Australian Height Datum (AHD) is the reference level for defining
reduced levels adopted by the National Mapping Council of Australia.
The level of 0.0 mAHD is approximately mean sea level.

Annual Exceedance Probability
(AEP)

The probability that a given rainfall total or flood flow will be exceeded
in any one year.

AR&R Data Hub The Australian Rainfall and Runoff Data Hub is a tool that allows for
easy access to the design inputs required to undertake flood
estimation in Australia. Background on the development and use of
this data can be found in Australian Rainfall and Runoff (2019).

Brisbane Bar Location at the mouth of the Brisbane River

Catchment The area of land draining through the main stream (as well as
tributary streams) to a particular site. It always relates to an area
above a specific location.

Digital Elevation Model (DEM) A three-dimensional model of the ground surface elevation.

Design Event, Design Storm A hypothetical flood / storm representing a specific likelihood of
occurrence (for example the 100-year ARI).

ESTRY ESTRY is the 1D hydrodynamic solver used by TUFLOW.

Floodplain Area of land subject to inundation by floods up to and including the
Probable Maximum Flood (PMF) event.

Flood Classification (BOM
Definition)

Minor - Causes inconvenience. Low-lying areas next to water
courses are inundated. Minor roads may be closed and low-level
bridges submerged. In urban areas inundation may affect some
backyards and buildings below the floor level as well as bicycle and
pedestrian paths. In rural areas removal of stock and equipment may
be required.

Moderate - In addition to the above, the area of inundation is more
substantial. Main traffic routes may be affected. Some buildings may
be affected above the floor level. Evacuation of flood affected areas
may be required. In rural areas removal of stock is required.
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Glossary of Terms (cont)

Term Definition

Major - In addition to the above, extensive rural areas and/or urban
areas are inundated. Many buildings may be affected above the floor
level. Properties and towns are likely to be isolated and major rail
and traffic routes closed. Evacuation of flood affected areas may be
required. Utility services may be impacted.

Flood Frequency Analysis (FFA) Flood Frequency Analysis (FFA) refers to procedures that use
recorded and related flood data to identify underlying probability
model of flood peaks, at a particular location in the catchment.

Flood Planning Area (FPA) Flood Overlay Code development control mechanism that
recognises the susceptibility of flooding in terms of frequency, flow
velocity and flood depth. There are five FPAs (1 to 5), where FPA1
is subject to the most stringent development assessment
requirements.

HEC-RAS Hydraulic modelling software package developed by USACE.

Hydrograph A graph showing how the discharge or stage / flood level at any
particular location varies with time during a flood.

Manning’s ‘n’ The Gauckler–Manning coefficient, used to represent hydraulic
roughness in 1D / 2D flow equations.

MIKE11 Hydraulic modelling software package developed by DHI.

Minimum Riparian Corridor
(MRC)

An area where future revegetation of the creek riparian zone has
been assumed for modelling purposes. Modelled as dense
vegetation (nominal Manning’s n=0.15) and typically extending for a
maximum of 15 m on either side of the low-flow channel.

Modelled Flood Corridor The “Modelled Flood Corridor” is the greater extent of the Waterway
Corridor (WC) and Flood Planning Areas (FPAs) 1, 2, 3 and
represents a zone of assumed no filling.

Probable Maximum Flood (PMF) An extreme flood deemed to be the largest flood that could
conceivably occur at a specific location.

Probable Maximum Precipitation
(PMP)

The theoretical greatest depth of precipitation that is physically
possible over a particular catchment.

Probable Maximum Precipitation
Flood (PMPF)

The flood derived from the PMP under “AEP neutral” assumptions.

Triangular Irregular Network
(TIN)

Series of non-overlapping triangles from which the 3d vertices (x,y,z)
are used as an approximation of the 3d surface.

TUFLOW Hydraulic modelling software package developed by BMT

URBS Hydrologic modelling software package developed by D.G. Carroll
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List of Abbreviations

Abbreviation Definition

1D One dimensional, in the context of hydraulic modelling

2d Two dimensional, in the context of hydraulic modelling

AMTD Adopted Middle Thread Distance

ALS Airborne Laser Scanning

AR&R 1987 Australian Rainfall and Runoff (1987)

AR&R 2019 Australian Rainfall and Runoff (2019)

BCC Brisbane City Council

CBD Central Business District

CL Continuing rainfall loss (mm/hr)

DEA AR&R 1987 Design Event Approach Australian Rainfall and Runoff (1987)

DEA AR&R 2019 Design Event Approach Australian Rainfall and Runoff (2019)

DTMR Department of Transport and Main Roads (Queensland)

FPA Flood Planning Area

ICC Ipswich City Council

IFD Intensity Frequency Duration

IL Initial rainfall loss (mm)

ILs Initial loss for the rainfall event (mm)

ILb Initial loss for the rainfall burst (mm)

IWL Initial Water Level (mAHD)

mAHD metres above AHD

MBC City of Moreton Bay

MHG Maximum Height Gauge

MRC Minimum Riparian Corridor

MSQ Maritime Safety Queensland

POT Peak Over Threshold

RCBC Reinforced Concrete Box Culvert

RCP Reinforced Concrete Pipe

RCP4.5 Representative Concentration Pathway 4.5

RCP8.5 Representative Concentration Pathway 8.5

QUDM Queensland Urban Drainage Manual

WC Waterway Corridor
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1.0  Introduction

1.1 Catchment Overview

Located in the northern part of Brisbane, the Kedron Brook catchment is bounded by the catchments
of Enoggera/Breakfast Creek to the south and Nundah/Downfall Creek and Cabbage Tree Creek to the
north. The majority of the catchment lies within the Brisbane City Council (BCC) limits. A portion of the
upper catchment lies within the City of Moreton Bay (MBC) area. The total catchment area of Kedron
Brook is approximately 100 square kilometres.

The Kedron Brook catchment comprises the suburbs of Ferny Grove, Keperra, Upper Kedron, Arana
Hills, Mitchelton, Everton Park, Gaythorne, Alderley, Stafford, Grange, Lutwyche, Gordon Park, Kedron,
Wooloowin, Toombul, Hendra, Nudgee and Nundah. Much of the catchment has been urbanised. This
urbanisation predominantly includes medium-to-high density residential developments and pockets of
industrial estates. The very upper reaches feature some low density residential and rural developments.
Remaining undeveloped areas include the forested reserves at Upper Kedron, Ferny Grove and
Enoggera and the wetland areas of Nudgee and the Brisbane Airport (Australia Trade Coast region).
The location of the Kedron Brook catchment is shown in Figure 1.1.

1.2 Study Background

As part of Council’s Maintain and Enhance Program, flood studies are periodically updated to capture
recent changes in the catchment; updates to planning and policy documents as well as the acquisition
of more recent data.

The most recent Council flood study of Kedron Brook was completed in 2014 (Brisbane City Council,
2014). For the purpose of this report, the previous flood study is termed the 2014 Flood Study. The
Study included a MIKE FLOOD hydraulic model and an URBS hydrological model.

Following the February 2022 flood event, City Projects Office (CPO) within Council developed a fully
2-dimensional (with the exception of the structures which have been coded in 1D) TUFLOW model to
assist with the assessment of short, medium and long term projects and their flood impacts within the
catchment. Council also commissioned post-February 2022 flood event LiDAR to be captured for the
majority of the Kedron Brook waterways to assist with an assessment of geomorphic change caused
by flooding.

The 2022 TUFLOW model was developed primarily based on the information available in the 2014
Kedron Brook Flood Study MIKEFLOOD model and the 2011 Kedron Brook 2MT Sites Impact
Assessment TUFLOW model. The topography was updated with the 2022 LiDAR, and a number of
recently constructed structures including bikeway bridges were added to the model.

For the CPO 2022 assessment, limited updates were made to the 2014 URBS model. The model was
updated with LIMB 2020 IFDs and the 2019 ARR temporal patterns and the model parameters were
reverted to the URBS model default values.

The present study adopts the TUFLOW model and URBS model utilised for the 2022 CPO assessment.
Review and updates were undertaken as required.
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Since the completion of the 2014 Flood Study, there have been a number of significant changes /
updates as follows:

¶ 2019 Airborne Laser Scanning (ALS) data, superseding older ALS data

¶ 2022 LiDAR commissioned by Council post February 2022 flood event
¶ Council City Plan 2014 superseding Council City Plan 2000
¶ Australian Rainfall and Runoff 2019 (AR&R 2019) (Ball, et al., 2019) superseding Australian

Rainfall and Runoff 1987 (AR&R 1987) (Institution of Egineers Australia, 1987)
¶ Development of the Council specific IFD (LIMB 2020)
¶ Upgrades to several waterways, major hydraulic structures, and additional new structures

throughout the catchment.

1.3 Scope of the Flood Study

The update of the Kedron Brook Flood Study has been undertaken in accordance with the current
Council Flood Study Procedure document V9.0 (FSPV9.0, 2022) and incorporates current industry
practice flood modelling techniques.

A summary of the scope of the flood study is outlined below.

¶ Acquire data for use in the study including reports, flood models, hydrometric data, topographic
data (LiDAR and field survey), hydraulic structure drawings and Council base mapping / GIS
layers.

¶ Review and update the existing URBS hydrologic model of the catchment, considering
allowance for catchment development based on the current planning scheme (City Plan 2014).

¶ Review and update the existing TUFLOW hydraulic model incorporating the Airport Link
structures, adjusting the material layer for design flood event modelling to include the City Plan
2014 land-use classifications as per FSPV9.0. Adjust the Manning’s n roughness values within
the waterway areas as required based on the latest aerial imagery. Incorporate recent major
development / infrastructure works and the latest LiDAR dataset.

¶ Select historical storm events for the calibration and verification process. Calibrate and verify
the flood models to confirm that the models are suitable for the purposes of simulating design
flood events.

¶ In accordance with AR&R 2019, estimate the design, very rare and extreme flood magnitudes
for the full range of events from the 50% AEP to PMF including an allowance for increased
rainfall intensities due to projected climate variability effects.

¶ Utilise the calibrated flood models and the AR&R 2019 design hydrology to determine design
flood levels for the design, very rare and extreme events including an allowance for sea-level
rise due to projected climate variability effects.

¶ Adjust the hydraulic model, incorporating both Minimum Riparian Corridor (MRC) and floodplain
development / filling to determine design flood levels for the design and very rare events
including an allowance for sea-level rise due to projected climate variability effects.

¶ Produce flood extent mapping for the selected range of design and very rare events.
¶ Produce Hydraulic Structure Reference Sheets (HSRS) to capture the flooding and hydraulic

characteristics of the major hydraulic structures.
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1.4 Study Limitations

The results from this flood study are largely derived from the hydrologic and hydraulic models developed
for this study. It is important to be aware of the limitations of these models, which include (but are not
limited to) the following:

¶ The models have only been calibrated / verified at locations where Stream Gauge / Maximum
Height Gauge (MHG) / flood mark records exist. This should be considered when reviewing the
accuracy of results outside the influence of the gauge locations. Refer to Figure 3.7 for the
hydrometric gauge locations.

¶ The calibration and verification procedure has been done with the best and latest available
data, however for the March 2017 and May 2015 events, a significant volume discrepancy
between the volume recorded by the streamflow and rainfall gauges was identified. This
discrepancy could be due to a potential major blockage in the upper catchment, a highly mobile
creek bed, unrecorded spatial distribution of rainfall or malfunctioning of rainfall or streamflow
gauges.

¶ These models are catchment scale and have been developed to simulate the flooding
characteristics at a broad scale. As a result, smaller localised flooding and drainage
characteristics may not be apparent in the results.

¶ The 2019 and 2022 ALS data has been used to represent the hydraulic model floodplain
topography. Detailed checks have not been undertaken on the accuracy of the ALS data. It is
assumed that the data is representative of the topography and “fit for purpose.”

¶ The accuracy of the model results is directly linked to the following:
ü The accuracy limits of the data used to develop the model (e.g. ALS, survey

information, structure data, etc.).
ü The accuracy and quality of the hydrometric data used to calibrate / verify the models.
ü The number of observed records, including MHG readings throughout the catchment.
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2.0 Catchment Description

2.1 Catchment and Waterway Characteristics

Kedron Brook is located in the northern suburbs of Brisbane, encompassing a catchment area of
approximately 100 km2. The Brook begins west of the city in Ferny Hills and passes through Arana Hills,
Everton Park, Gordon Park, Wavell Heights, Nundah and Toombul. The creek discharges into Schulz
Canal and the Kedron Brook Floodway which outlets into Moreton Bay at Nudgee Beach.

The main Kedron Brook watercourse originates to the west of Brisbane in the mountain ranges of
Brisbane Forest Park in the suburb of Ferny Hills. It traverses state forests and the developed, well-
established northern suburbs of Brisbane and reaches Moreton Bay through the Airport Floodway to
the north-west of Brisbane Airport. Kedron Brook crosses major north-south arterial roads and rail lines,
including the Gateway Motorway.

Tributaries of Kedron Brook include Cedar Creek, Ross Park tributary, Mitchelton Tributary (Kedron
Brook Tributary C), Sandy Creek, Wavell Heights tributary (Kedron Brook Tributary B), Eagle Junction
tributary (Kedron Brook Tributary A), Pound Creek and Cannery Creek. The catchment areas of each
tributary are listed in Table 2-1. Figure 2.2 indicates the major creeks and tributaries within the
catchment.

Table 2-1: Catchment Area of Kedron Brook Tributaries

Tributary Area (km2)

Cedar Creek 15.9

East Cedar Creek 3.6

Kedron Brook Tributary C 2.3

Sandy Creek 6.1

Kedron Brook Tributary B 5.0

Kedron Brook Tributary A 2.8

Pound Creek 3.1

Cannery Creek 4.7

Kedron Brook and Cedar Creek are hydraulically steep in their upper reaches. From the confluence of
these streams the waterway gradually transitions to more moderate grades before flattening out in the
lower reach and featuring a wide floodplain. The lower part of the waterway is tidally influenced and has
been modified from its original meandering configuration to man-made channels, including Schulz
Canal and the Airport Floodway. Pound Creek and Cannery Creek are tidal tributaries located at the
lower end of the catchment.
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2.2 Channel History

Prior to the construction of Brisbane Airport, flow from Kedron Brook fed directly into Serpentine Creek,
which discharged into Moreton Bay. The floodplain was significantly altered by filling and waterway
realignments in conjunction with the construction of Brisbane Airport in the 1940s. Schulz Canal was
also constructed in the 1940s extending from the Sandgate Road crossing to link Kedron Brook with
the Serpentine Creek system. Further works were undertaken between Sandgate Road and Hedley
Avenue following the 1974 flood.

Airport redevelopment works in the early 1980s led to further modification of the tidal reaches of Kedron
Brook. An engineered tidal channel, Airport Floodway, was constructed as part of the flow diversion
works when the airport was redeveloped. The Airport Floodway is 6km in length, features a bed level
of approximately -2m AHD and varies in width from 90m at the upstream end to 230m at the outlet to
Moreton Bay. There had been some sedimentation within the Floodway since construction and in 1995
it underwent maintenance dredging to preserve its hydraulic capacity.

Major channel works were also undertaken in the non-tidal reaches of the brook between Webster and
Shaw Roads. This work was also prompted by the 1974 floods which caused significant damage to
areas adjacent the creek. Flood mitigation works involved the construction of a large trapezoidal
channel designed to convey major flood flows with minimal impact to the community.

The construction of Airport Link tunnel infrastructure brought about a number of changes within the
Kedron Brook catchment at Lutwyche Road and the Sandgate Road tunnel portals. Works surrounding
the Lutwyche Road tunnel portal were limited to additional bridges across the channel.

The Sandgate Road portal included several modifications including new culvert structures, foot bridges,
embankment widening and re-alignment of the Eagle Junction tributary (Kedron Brook Tributary A). To
facilitate connection to the tunnel portal, the Sandgate Road bridge was widened as well as the East-
West Arterial Road towards the Brisbane Airport.

Eagle Junction tributary was required to be re-aligned to avoid clashing with the tunnel portal. The
re-alignment of the channel included additional culverts and footpath bridges to provide better access
for pedestrians and cyclists. The project additionally removed mangroves along Kedron Brook between
Sandgate Road and Widdop Street to mitigate impacts of the new infrastructure. The removed
mangroves and other vegetation have now grown back along the banks of the channel.

2.3 Land Use

The Kedron Brook catchment comprises medium to high-density residential development in its middle
and lower reaches with some rural areas around the source. Light industry exists in some lower reach
areas with a significant portion of the land being owned by Brisbane Airport Corporation.

The predominant land use zoning is Low-density Residential. Figure 2-1 provides a breakdown of the
catchment land use by percentage and Appendix C provides a map indicating the distribution of the
land use throughout the catchment. The percentage figures are relative to the catchment area within
Council (76.5% of the total catchment) and are based upon City Plan 2014.

Residential areas occupy approximately 36% of the catchment area with the next largest being
Environmental Management and Conservation (20%) and then Special purpose (18%) of which
Brisbane Airport is the primary land occupier followed by the Gallipoli Barracks Military Base.
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Sport and Recreation occupies 7% of the catchment area and Recreation and Open Space makes up
5% of the catchment area with the primary areas being adjacent to the creek and subject to regular
flooding except for the Eagle Farm and Doomben racecourses. The largest pervious area located at
the top of the catchment corresponds to Samford Conservation Park, however it lies within City of
Moreton (MBC) limits.

The catchment has undergone some changes since the previous flood study was completed in 2014.
Urbanisation of the catchment typically results in more impervious area. These areas do not allow
infiltration into the sub-surface layers and examples include buildings (e.g. residential, educational,
commercial, industrial, etc.) and pavements (roads, carparks, hardstands, footpaths, etc.). Currently, it
is estimated that impervious areas account for 30% of the total catchment area. Based on City Plan
2014, it is estimated that the future impervious area will increase to 42% of the total catchment area.

Figure 2-1: Kedron Brook Catchment – Existing Land Use
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