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Flood Study Report Disclaimer 
 
Stantec on behalf of Brisbane City Council (ñCouncilò) has prepared this report as a general reference source 
only and has taken all reasonable measures to ensure that the material contained in this report is as accurate 
as possible at the time of publication. However, the Council makes no representation and gives no warranty 
about the accuracy, reliability, completeness or suitability for any particular purpose of the information and the 
user uses and relies upon the information in this report at their own sole risk and liability. Council is not liable for 
errors or omissions in this report. To the full extent that it is able to do so in law, the Council disclaims all liability, 
(including liability in negligence), for any loss, damage or costs, (including indirect and consequential loss and 
damage), caused by or arising from anyone using or relying on the information in this report for any purpose 
whatsoever.  
 
Flood information and studies regarding the Brisbane City Council local government area are periodically 
reviewed and updated by the Council. Changes may be periodically made to the flood study information. These 
changes may or may not be incorporated in any new version of the flood study publication. It is the responsibility 
of the user to ensure that the report being referred to is the most current and that the information in such report 
is the most up-to-date information available.  
 
This report is subject to copyright law. No part may be reproduced by any process except in accordance with 
the provisions of the Copyright Act 1968. 
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Introduction  

Stantec was engaged by BCC to undertake the Lota Creek Flood Study. Following the February 2022 

flooding event, BCC undertook a review of flood studies within the LGA and identified several flood 

studies that potentially needed to be updated. As the last Lota Creek Flood Study was completed in 

2014, the study was required to be updated in line with catchment development since 2014, changes 

in planning and policy documents, as well as the inclusion of more recent data.  

 

Project Objectives  

The primary objectives of the project are as follows: 

¶ Update the Lota Creek 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); in accordance with current planning policy. 

¶ 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: 

 

Hydrological and Hydraulic Model Development and Calibration 

 

Hydrological and hydraulic models were developed using URBS and TUFLOW, respectively. The URBS 

runoff-routing model is based on a network of sub-catchments whose centroidal inflows are routed along 

a prescribed routing path to generate runoff. URBS allows for increased compatibility with hydraulic 

modelling, as the channel routing can be matched to the hydraulic model, while also allowing for varying 

sub-catchment routing parameters to achieve calibration to recorded events. The adopted URBS model 

incorporates a total of 97 individual sub-catchments. TUFLOW is a grid based, 2D, hydrodynamic free-

surface solver capable of simulating flood, tide, storm tide and coastal hydraulics and incorporates a 

1D scheme using 1D/2D dynamic links. In this study, the underground stormwater network and culvert 

crossings were modelled in 1D and the surface topography was modelled as a 2D grid, representing 

overland flow paths. The adopted TULFOW model incorporates all the major tributaries within the Lota 

Creek catchment. 

 

The calibration and verification process used was based on Councilôs Flood Study Procedure (FSP)-

V9.0 document to suit the study objectives and requirements. Joint calibration of the URBS and 

TUFLOW models was undertaken for the May 2009, March 2017 and February 2022 severe storm 

events while verification of the URBS and TUFLOW models was undertaken of the January 2013 and 

May 2015 severe storm events. The results of the calibration and verification indicated that the URBS 
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and TUFLOW models was able to adequately represent the historical flooding events within the required 

tolerances and as such, the models were deemed appropriate for design flood event estimation.  

 

Design Event and Very Rare / Extreme Event Modelling 

 

The calibrated/verified hydrological and hydraulic models were used to simulate a range of design flood 

events. Design, very rare and extreme flood magnitudes were estimated from the 50% AEP event to 

the PMF event. These analyses assumed ultimate catchment hydrological conditions in accordance 

with BCC City Plan 2014. 

 

Two waterway scenarios were considered as follows: 

 

¶ Scenario 1: Existing Waterway Conditions. Scenario 1 is based on the current waterway 
conditions. Some minor modifications were made to the TUFLOW model developed as part of 
the calibration / verification; refer to Section 6.3 for further details. 

 

¶ Scenario 2: Minimum Riparian Corridor. Scenario 2 includes an allowance for a riparian 
corridor along the edge of the channel and is modelled as the óUltimate Scenarioô for planning 
purposes. 

 

The results from the TUFLOW modelling were used to produce a variety of information including: 

¶ Peak flood discharges at selected locations. 

¶ Peak flood levels at 100m intervals along the AMTD line. 

¶ Peak flood extent mapping for Scenario 1. 

¶ The Hydraulic Structure Reference Sheet for a variety of key hydraulic structures. 
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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). 
 

Average Recurrence Interval 
(ARI) 

The long-term average number of years between the occurrence of 
a flood as big as (or larger than) the selected event. For example, 
floods with a discharge as great as (or greater than) the 20-year ARI 
design flood will occur on average once every 20 years. 
 

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 

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. 
 

Manningôs ónô The GaucklerïManning 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 Manningôs n=0.15) and typically extending for a 
maximum of 15 m on either side of the low-flow channel. 
 

Modelled Flood Corridor The ñModelled Flood Corridorò 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 
Design Flood (PMPDF) 
 

The flood derived from the PMP under ñAEP neutralò assumptions. 

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) 

FPA Flood Planning Area 

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 

MHG Maximum Height Gauge 

MRC Minimum Riparian Corridor 

MSQ Maritime Safety Queensland 

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 

The Lota Creek Catchment is located in the south-east of the Brisbane City Council (BCC) Local 

Government Area (LGA) and covers an area of approximately 18 km2. Within the Lota Creek catchment 

are the suburbs of Chandler, Gumdale, Ransome, Wakerley, Manly and Lota. The creek flows from 

Chandler in the south with a north-easterly flow direction until it discharges into Moreton Bay. Generally, 

flows within the Lota Creek catchment travel within poorly defined natural and constructed drainage 

channels. The lower end of the catchment downstream of Rickertt Road features a wide floodplain with 

an average slope of approximately 0.05%. Road crossings within the catchment are known to be low 

lying with flooding causing road closures in severe storm events.  

Figure 1-1 shows the catchment extent and locality.  

 

The majority of the upstream catchment is made up of residential (environmental management) land 

uses, while the lower catchment is made up of low-density residential and conservation land uses. A 

review of aerial imagery from 2009 up until 2023 shows that minimal change has occurred across the 

catchment. In Gumdale and Wakerley, a small number of low density residential developments occurred 

sometime between 2009 and 2013. 
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Figure 1-1: Locality Plan 
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1.2 Study Background 

Stantec was engaged by BCC to undertake the Lota Creek Flood Study. It is understood that following 

the February 2022 flooding event, BCC had undertaken a review of flood studies within the LGA and 

identified several flood studies that potentially needed to be updated. As the last Lota Creek Flood 

Study was completed in 2014, the study was required to be updated in line with catchment development 

since 2014, changes in planning and policy documents, as well as the inclusion of more recent data.  

 

The previous Lota Creek Flood Study was undertaken based on information available at the time with 

limited survey available to supplement LiDAR which was identified to be poor in some locations. As part 

of the previous study, it is believed that flood levels may have been overestimated in some tributaries, 

due to poor topographic representation.  

 

Since completion of the previous flood study, the catchment has undergone minor development, 

including several sub-divisions in Wakerley and Gumdale, as well as upgrades to Tilley Road and Green 

Camp Road in recent years. The update of the flood study will include recent development. 

 

To supplement LiDAR and GIS information, BCC has undertaken survey of key structures and locations 

within the catchment to ensure a robust and reliable outcome from the modelling. This Lota Creek Flood 

Study has been updated in line with the AR&R 2019 guidance and Councilôs Flood Study Procedure 

(FSP)-V9.0 document, with the following exceptions: 

¶ Scenario 2 was modelled as the óUltimate Scenarioô for planning purposes. 

¶ Scenario 3 was modelled as a sensitivity test for the 1% AEP event only. 

 

1.3 Scope of the Flood Study 

The scope of the Lota Creek Flood Study has been completed in accordance with the project brief 

including: 

¶ Acquisition of all required data including previous reports, models, hydrometric data, 

topographic data, hydraulic structure  drawings and surveys and BCC base mapping and GIS 

layers.  

¶ The development of a new URBS hydrological model of the catchment, replacing the existing 

XP-RAFTS model used as part of the 2014 Flood Study. The hydrological model incorporates 

a revised sub-catchment delineation, review and update of the sub-catchment parameters 

including imperviousness values. Imperviousness values and related sub-catchment 

parameters are based on the ultimate catchment condition as per the City Plan 2014. 

¶ Update of the existing TUFLOW (classic) hydraulic model which includes addition/revision of 

any necessary hydraulic structures, update of the Manningôs n roughness values and 

delineation where necessary, inclusion of recent development/ infrastructure works and update 

of the model base topography to be based on 2019 LiDAR data. The updated hydraulic model 

utilises TUFLOW HPC feature with the inclusion of sub-grid sampling for a more refined 

outcome.  

¶ The hydrological and hydraulic models have been jointly calibrated. Joint calibration has been 

undertaken to the May 2009, March 2017 and February 2022 flooding events while the 

hydraulic model has also been verified against the January 2013 and May 2015 flooding events. 

Calibration has been undertaken based on discharge hydrograph comparison between the 

hydrological and hydraulic model as well as continuous recording stream height values. The 

verification of the hydraulic model also includes comparison of levels from debris marks and 

Maximum Height Gauges (MHGs) within the catchment. 
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¶ The calibrated hydrological and hydraulic models were used for design event modelling for a 

variety of events based on AR&R 2019 guidance and Councilôs Flood Study Procedure (FSP)-

V9.0 document. For this study, the latest BCC specific IFDs have been adopted. Within the 

hydraulic model, two catchment condition scenarios have been modelled including an existing 

scenario and a scenario which incorporates a Minimum Riparian Corridor (MRC) along the 

creek to represent ultimate catchment conditions. 

¶ Based on the outcomes of the modelling undertaken, a variety of outputs have been provided 

including the flood report and associated mapping. The reporting has been undertaken in 

accordance with Councilôs Flood Study Procedure (FSP)-V9.0 document.  

 

1.4 Study Limitations 

While this study has been undertaken based on current best practice, it is important to be aware of the 

limitations associated with the use of the models and associated outputs. These limitations include: 

¶ The hydrology and hydraulic models have been calibrated and verified at locations where 

stream gauge and MHG records existing. This should be taken into account when considering 

the accuracy of results outside the influence of gauge locations. 

¶ These models are catchment scale and have been developed to simulate the flooding 

characteristics at a broad scale. As a result, smaller more localised flooding characteristics 

may not be apparent in the results. 

¶ 2019 LiDAR data has been used as the basis for the hydrological and hydraulic models, with 

some minor modifications undertaken in places where survey information was available. 

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 ófit for purposeô.  

¶ The accuracy of the model results is directly linked to the following:  

o The accuracy limits of the data used to develop the model (e.g. ALS, survey 

information, bridge data, etc.). 

o The accuracy and quality of the hydrometric data used to calibrate / verify the models. 

o The number of historical stream gauge / MHG locations throughout the catchment. 
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2.0 Catchment Description  

2.1 Catchment and Waterway Characteristics 

2.1.1 Overview  

The Lota Creek catchment has nine tributaries as identified within the Adopted Middle Thread Distance 

(AMTD) line. The location of the tributaries is shown in Figure 2-1 with each tributary further discussed 

in the upcoming sections.  

2.1.2 Lota Creek 

The Lota Creek tributary forms the main flow path into which all other smaller tributaries flow. The 

upstream end of Lota Creek starts at Old Cleveland Road and travels in a northerly direction towards 

Molle Road via a well defined channel. This channel includes several road crossings and a crossing on 

private land. Downstream of Molle Road, the creek begins to flatten out into a wide floodplain. From 

Molle Road to the creek outlet, the area is heavily vegetated with tea-tree swamps and mangrove areas. 

For the majority of the creek downstream of Molle Road until the Whites Road boardwalk, there is no 

defined channel. From the Whites Road boardwalk, Lota Creek becomes more defined and meanders 

through mangrove areas until it passes underneath a railway bridge and then discharges into Moreton 

Bay. In total, the Lota Creek tributary is approximately 6,500 metres long.  

2.1.3 Tributary A 

Tributary A is located in the upstream end of the Lota Creek catchment and extends from upstream of 

Old Cleveland Road to just upstream of Molle Road. In total this section of the creek is approximately 

2,500 metres in length. Between Old Cleveland Road and New Cleveland Road, flows travel in a north-

easterly direction through residential areas without a clearly defined drainage channel. Downstream of 

New Cleveland Road the flow path becomes more formalised and begins to widen towards Molle Road. 

Within this tributary there are five major road crossings and some minor private property crossings.  

2.1.4 Tributary B 

Tributary B is the second largest tributary and flows from Tilley Road until it reaches Lota Creek, just 

downstream of Rickertt Road. Tributary B covers a length of approximately 5,300 metres. From Tilley 

Road, flows travel in a northerly direction through residential areas without a clearly defined drainage 

channel until New Cleveland Road. Downstream of New Cleveland Road, flows travel through a heavily 

vegetated area until reaching the Lota Creek tributary. Tributary B passes through a major culvert 

crossing on Greencamp Road where 4 x 3.35 metre wide by 1.35 metre high culverts are present.  

2.1.5 Tributary E 

As part of this study, Tributary E has been extended a further 1,200 metres in order to capture the 

existing open channel and key hydraulic structures. In total, the tributary covers a length of 

approximately 1,600 metres. This tributary is located in the lower end of the overall catchment and flows 

from Whites Road through to Lota Creek, just downstream of the railway bridge. This tributary flows 

within a well-defined drainage channel and features seven culvert crossings. 
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2.1.6 Tributary F 

Tributary F is approximately 1,000 metres in length and extends from just south of Chesterfield Street 

to Lota Creek just downstream of Molle Road. Flows within this tributary generally travel in an easterly 

direction without a clearly defined flow path. The tributary has three major culvert crossings along its 

length.  

2.1.7 Tributary G 

Tributary G is approximately 1,600 metres in length and extends from just upstream of Old Cleveland 

Road to the confluence with Lota Creek, just upstream of Formosa Road. Flows within this section travel 

within a wide overland flow path without a clearly defined drainage channel. The tributary has four major 

culvert crossings along its length. 

2.1.8 Tributary J 

Tributary J is located in the middle section of the Lota Creek catchment with a total length of 

approximately 390 metres. The tributary flows from just downstream of Tilley Road to the confluence 

with Tributary B. This tributary is surrounded by low density residential land uses and flows through a 

heavily vegetated area.  

2.1.9 Tributary K 

Tributary K is located south of Tributary J with a total length of approximately 280 metres. This tributary 

conveys flows from Tilley Road to the confluence with Tributary B. Flows travel in an easterly direction 

without a clearly defined drainage channel. This tributary is surrounded by residential land uses and 

flows through a heavily vegetated area. 

2.1.10 Tributary  L 

Tributary L, with a total length of 370 metres, conveys flows in an easterly direction from just 

downstream of Watervale Parade to the confluence with Tributary B. Within this tributary there are 

several pedestrian bridges which pass over a fairly well defined natural channel. Flows pass underneath 

Tilley Road via a large set of box culverts before joining with Tributary B.  
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Figure 2-1: Tributary Locations 
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2.2 Land Use 

Most of the upstream catchment is made up of residential land uses. Within the lower end of the 

catchment, more low-density residential zonings are present as well as conservation zones. The 

breakdown of the land uses within the catchment is detailed in Table 2.1 and shown graphically in 

Appendix C.  

 

Table 2.1 ï Lota Creek Catchment Land Use Breakdown  

Land Use (Zoning) Total Area (ha) Total Area (%) 

Character Residential 2.45 0.13% 

Community purposes 2.61 0.14% 

Conservation 262.33 14.45% 

Education Purposes 20.16 1.11% 

Emerging Community 50.66 2.79% 

Environmental Management 786.62 43.32% 

Health Care Purposes 2.06 0.11% 

Low Density Residential 233.68 12.87% 

Low Impact Industry 0.13 0.01% 

Major Health Care 8.14 0.45% 

Major Sports Venue 23.18 1.28% 

Neighbourhood Centre 1.34 0.07% 

Open Space 101.85 5.61% 

Rural 38.37 2.11% 

Special Purpose 21.32 1.17% 

Sport and Recreation 10.61 0.58% 

Road Reserve / Unzoned 250.16 13.78% 
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3.0 Available Data  

3.1 Previous Studies 

3.1.1 Overview 

A variety of previous flood studies undertaken in the Lota Creek catchment have been obtained. These 

range from previous flood studies to derive flooding behaviour within the catchment as well as 

stormwater quality management plans. The studies obtained are discussed in the upcoming sections.  

3.1.2 Lota Creek Stormwater Management Plan (1999) 

This study represented Phase 3 of the first Lota Creek Flood Study, completed by Sinclair Knight Mertz 

(SKM) in 1998. Phase 1 of the study was undertaken by Connell Wagner in 1997 while Phase 2 was 

undertaken by the Water Engineering group of Brisbane City Council in 1998. This study represented 

an extension of previous works undertaken and utilised a XP-RAFTS hydrologic model and a MIKE11 

hydraulic model. The primary purpose of this study was to derive design flood levels along Lota Creek 

and its surrounding tributaries. Both models were calibrated to historic flooding events.  

3.1.3 Lota Creek Catchment Stormwater Management Plan (2000) 

This Stormwater Management Plan, undertaken by Water and Environment City Design in 2000 focuses 

on stormwater quality issues and potential water quality management strategies for existing and future 

areas within the catchment.  

3.1.4 Lota Creek Flood Study (2014) 

The Lota Creek Flood Study, undertaken by Brisbane City Council in 2014 represents the first major 

update to design flood conditions since the previous modelling in 1999. This flood study focuses on 

updating the previous hydrological model in line with catchment conditions and the development of a 

TUFLOW model to replace the previously used MIKE11 model. The hydrological and hydraulic models 

were calibrated to four historical flooding events. The primary objectives of the flood study were to 

define flooding behaviour for a variety of design flood events, quantify the impacts associated with filling 

in particular areas of the floodplain and quantify the impacts of climate change within the catchment.  

 

3.2 Topographic Survey Data 

3.2.1 Field Survey 

Topographic survey was acquired for use in this flood study from field survey undertaken in 2023. This 

survey included the following: 

¶ 73 cross sections within waterways  

¶ 32 detailed hydraulic structure surveys; and  

¶ 145 spot levels of a variety of features including survey control points, maximum height 

gauges and other key topographic features.  

 

Additionally, the survey contained georeferenced site photos of hydraulic structures and waterways. In 

total, up to 320 site photos have been acquired as part of the survey and site visits.  
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3.2.2 LiDAR 

Several LiDAR datasets were utilised for this project. These included datasets that were captured in 

2009, 2014 and 2019. Generally, these datasets are captured on a 1m grid size and cover the entirety 

of the study area.  

3.3 Aerial Photography 

A variety of aerial images were obtained for use as part of this study. The images were captured at 

various times including 2009, 2013, 2015, 2017 and 2022.  

 

3.4 Existing Hydrologic and Hydraulic Models 

Data from several hydrologic and hydraulic models were obtained for use and reference in the 

development of the latest models. The model details are shown in Table 3.1.  

 

Table 3.1 ï Previous Hydroligical and Hydraulic Models Obtained 

Model Type Year Developer 

Lota Creek Hydrological 
Model 

XP-RAFTS 1999 SKM 

Lota Creek Hydrological 
Model 

XP-RAFTS 2014 BCC 

Lota Creek Hydraulic Model MIKE11 1999 SKM 

Lota Creek Hydraulic Model TUFLOW 2014 BCC 

 

3.5 Intensity Frequency Duration (IFD) Data 

As part of this study, LIMB 2020 datasets have been provided in an ascii grid format for use in place of 

traditional AR&R data. A review of this data indicates that the data provided sits on average 10% lower 

than traditional AR&R data obtained from the AR&R Data Hub.  

 

3.6 Hydrometric Data and Storm Selection 

3.6.1 Selection of Historical Storm Events 

As part of the study, joint calibration of the hydrological and hydraulic models to the following historical 

flooding events was undertaken as per the project brief: 

¶ May 2009 

¶ March 2017  

¶ February 2022  

 

Additionally, the hydraulic model was validated to the following historical flooding events as per the 

project brief: 

¶ January 2013  

¶ May 2015 
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3.6.2 Availability of Historical Data for Selected Storms 

3.6.2.1 Overview  

A variety of information relating to historical flooding events have been obtained. The locations of the 

gauges utilised as part of this study are shown in Figure 3-1. Further details of each type of hydrometric 

gauge are further discussed in the upcoming sections. 

3.6.2.2 Continuous Recording Rainfall Stations  

Seven rainfall stations were utilised for the calibration and verification events. Table 3.2 shows the 

station details and availability of data for each of the historical flood events.  

 

Table 3.2 ï Rainfall Station Records 

Station ID Location 

Data Availability 

May 2009 
January 

2013 
May 2015 March 2017 

February 
2022 

540129 Doughboy Parade V V V V V 

540322 
Wynnum Bowls 

Club V V V V V 

540282 Harman Street V V V V V 

540279 Rickertt Road V V V V V 

540370/540791* 
Chandler 
Resource 

Recovery Centre 
V V V V V 

540384 
Leslie Harrison 

Dam O V V V V 

540128 
Old Cleveland 

Road V V V V V 

*previous station ID 540370 - replaced by station 540791 in 2016 

3.6.2.3 Continuous Recording Stream Gauges 

Within the Lota Creek catchment, only one stream gauge is present. This gauge has been in 

commission since 1999 and is located upstream of Rickertt Road on Lota Creek. The gauge only 

provides information relating to water surface level and as such no flow ratings have been given to the 

gauge for derivation of flow hydrographs. The detail of the gauge is shown in Table 3.3 with flooding 

classifications for the gauge based on the Bureauôs (BoM) three tiered classification scheme shown in 

Table 3.4. 

.



Lota Creek Flood Study 2024 (Volume 1)  12 

For Information Only ς Not Council Policy 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3-1: Hydrometric Gauge Locations 
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Table 3.3 ï Stream Gauge Records 

Gauge ID Location 

Data Availability 

May 2009 January 2013 May 2015 March 2017 
February 

2022 

540279 Rickertt Road V V V V V 

 

Table 3.4 ï Rickertt Road Stream Height Gauge Flooding Classifications 

BOM Flood Classification Level (mAHD) 

Minor 2.80 

Moderate 3.20 

Major 3.50 

3.6.2.4 Maximum Height Gauges (MHGs) 

Within the Lota Creek catchment, there are seven active maximum height gauges (MHGs). MHGs 

record the maximum water level experienced in a flooding event at a particular location. The details of 

the MHGs and the available data are shown in Table 3.5. 

 

Table 3.5 ï Maximum Height Gauge Records 

Gauge ID Location 

Data Availability 

May 2009 
January 

2013 
May 2015 March 2017 

February 
2022 

LT_001* 
Lota Creek Mouth 

(Lota Creek) O O O O O 

LT_100** 
Keyes Street (Lota 

Creek) O O O O O 

LT_110 
Rickertt Road (Lota 

Creek) O V V V V 

LT_120 
Molle Road (Lota 

Creek) V V V V V 

LT_130 
New Cleveland 

Road (Tributary A) V O V V V 

LT_135 
London Road 
(Tributary A) V V V V V 

LT_140 
Old Cleveland Road 

(Tributary A) V V V V V 
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LT_220 
Greencamp Road 

(Tributary B)  O V V V V 

*MHG has been decommissioned 

** While this gauge is active, the recorded levels are considered erroneous and have been disregarded 

3.6.2.5 Debris Marks  

A variety of debris marks were obtained in GIS format. The debris marks show maximum water levels 

experienced in a flooding event. The debris marks were obtained only for the February 2022 flooding 

event with details shown in Table 3.6. On average, the difference between the recorded levels and the 

ground levels is 0.53m. While it is possible that the levels have been recorded from debris on 

walls/fences, it is considered that the other sources of information including stream gauges and MHGs 

are more reliable. The location of the debris marks is shown in Figure 3-2.
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Figure 3-2: February 2022 Debris Mark Locations 
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Table 3.6 ï February 2022 Debris Mark Details 

ID Ground Level (mAHD) Recorded Level (mAHD) 
Difference (m) (Recorded 

Level minus Ground 
Level) 

01 1.51 1.87 0.36 

02 2.20 2.29 0.09 

03 1.83 2.39 0.56 

04 2.02 2.21 0.19 

05 1.54 2.33 0.79 

06 10.94 10.78 -0.16 

07 11.21 11.34 0.13 

08 -0.07 1.75 1.82 

09 2.94 3.60 0.66 

10 2.86 3.62 0.76 

11 2.69 3.86 1.17 

12 14.13 14.28 0.15 

13 8.35 8.94 0.59 

14 8.63 8.75 0.12 

15 9.57 9.51 -0.06 

16 11.77 13.41 1.64 

17 16.58 16.99 0.41 

18 12.19 12.52 0.33 

3.6.2.6 Tidal Data  

Tidal data has been obtained for a selection of gauges with details shown in Table 3.7. Of these gauges 

the Brisbane River Mouth gauge (540495) has the most complete dataset with tidal information 

available across all the calibration and verification events. Comparison between the two gauge datasets 

for the February 2022 event shows minimal variation in tidal level between the Brisbane River Mouth 

and Brisbane Bar. Details of the model setup for the tidal information is discussed in Section 5.2.8. 

 



Lota Creek Flood Study 2024 (Volume 1)  17 

For Information Only ς Not Council Policy 

Table 3.7 ï Tidal Gauge Records 

Gauge ID Location 

Data Availability 

May 2009 
January 

2013 
May 2015 

March 
2017 

February 
2022 

540495 
 

Brisbane 
River Mouth 

(Whyte Island) 
V* V V V V 

40647 Brisbane Bar O O O O V 

*assumed to be from the Brisbane River Mouth gauge as no ID information provided with data 

3.6.3 Characteristics of Historical Events 

3.6.3.1 May 2009 Event  

The May 2009 flood event was a minor (as classified by the BoM three tier scheme) localised flooding 

event which caused major flooding in areas across Southeast Queensland. The flooding was caused 

by a low-pressure system and particularly impacted small creek systems where water levels could rise 

very quickly. Creek systems in Ipswich and North Brisbane were particularly badly affected during the 

evening of May 20th. The rainfall characteristics for the nearby rainfall stations surrounding the 

catchment are shown in Table 3.8 with cumulative rainfall for these stations shown in Figure 3-3. 

Table 3.8 ï Rainfall Details May 2009 Event  

Station ID Location 

Burst Rainfall (mm) 

Peak 1hr Burst Peak 6hr Burst Peak 12hr Burst Peak 24hr Burst 

540129 Doughboy 
Parade 34 85 131 163 

540322 Wynnum Bowls 
Club 22 62 99 123 

540282 Harman Street 22 65 112 140 

540279 Rickertt Road 23 68 122 155 

540370/540791* 
Chandler 
Resource 

Recovery Centre 
14 58 101 132 

540384 Leslie Harrison 
Dam O O O O 

540128 Old Cleveland 
Road 25 69 116 155 

*previous station ID 540370 - replaced by station 540791 in 2016 
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Figure 3-3: Cumulative Rainfall for May 2009 Event  

 

Figure 3-4 provides a comparison of the IFD curves for three nearby rainfall stations against the BCC 

IFD curve for a location in the middle portion of the catchment. The equaivalent AEP event for rainfall 

experienced at the Rickertt Road rainfall station (540279) would be: 

¶ 1 hour: less than 50% AEP; 

¶ 6 hour: less than 50% AEP; 

¶ 12 hour: 20% AEP; and 

¶ 24 hour: 20% AEP.  
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Figure 3-4: IFD Curve for May 2009 Event  

3.6.3.2 January 2013 Event 

The January 2013 flooding event was a less than minor (as classified by the BoM three tier scheme) 

widespread rainfall event caused by Tropical Cyclone Oswald which produced heavy rainfalls across 

eastern Queensland and New South Wales. At the Rickertt Road stream gauge and rainfall station 

(540279), 176mm of rainfall was recorded within a 24 hour period. The rainfall characteristics for the 

nearby rainfall stations surrounding the catchment are shown in Table 3.9 with cumulative rainfall for 

these stations shown in Figure 3-5. 
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Table 3.9 ï Rainfall Details January 2013 Event  

Station ID Location 

Burst Rainfall (mm) 

Peak 1hr Burst Peak 6hr Burst Peak 12hr Burst Peak 24hr Burst 

540129 Doughboy 
Parade 30 98 111 138 

540322 Wynnum Bowls 
Club 29 96 109 133 

540282 Harman Street 32 105 120 145 

540279 Rickertt Road 32 120 140 176 

540370/540791* 
Chandler 
Resource 

Recovery Centre 
27 86 99 124 

540384 Leslie Harrison 
Dam 21 76 88 114 

540128 Old Cleveland 
Road 35 107 124 152 

*previous station ID 540370 - replaced by station 540791 in 2016 
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Figure 3-5: Cumulative Rainfall for January 2013 Event  

 

Figure 3-6 provides a comparison of the IFD curves for three nearby rainfall stations against the BCC 

IFD curve for a location in the middle portion of the catchment. The equaivalent AEP event for rainfall 

experienced at the Rickertt Road rainfall station (540279) would be: 

¶ 1 hour: less than 50% AEP; 

¶ 6 hour: 10% AEP; 

¶ 12 hour: 10% AEP; and 

¶ 24 hour: 20% AEP.  
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Figure 3-6: IFD Curve for January 2013 Event  

3.6.3.3 May 2015 Event 

The May 2015 flooding event was one of the largest on record within the Lota Creek catchment with a 

stream level of 3.15 mAHD being recorded at the Rickertt Road gauge (540279). The event was classed 

as a minor event (as classified by the BoM three tier scheme). The event was caused by a low-pressure 

system which caused heavy rainfall in the Southeast Queensland area. This event produced between 

177mm and 208mm of rainfall within a 24 hour period. The rainfall characteristics for the nearby rainfall 

stations surrounding the catchment are shown in Table 3.10 with cumulative rainfall for these stations 

shown in Figure 3-7.  
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Table 3.10 ï Rainfall Details May 2015 Event  

Station ID Location 

Burst Rainfall (mm) 

Peak 1hr Burst Peak 6hr Burst Peak 12hr Burst Peak 24hr Burst 

540129 Doughboy 
Parade 54 110 156 177 

540322 Wynnum Bowls 
Club 27 67 101 119 

540282 Harman Street 24 71 103 125 

540279 Rickertt Road 40 97 142 170 

540370/540791* 
Chandler 
Resource 

Recovery Centre 
59 127 165 193 

540384 Leslie Harrison 
Dam 28 78 119 151 

540128 Old Cleveland 
Road 59 140 184 208 

*previous station ID 540370 - replaced by station 540791 in 2016 
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Figure 3-7: Cumlative Rainfall for May 2015 Event  
 

Figure 3-8 provides a comparison of the IFD curves for three nearby rainfall stations against the BCC 

IFD curve for a location in the middle portion of the catchment. The equaivalent AEP event for rainfall 

experienced at the Rickertt Road rainfall station (540279) would be: 

¶ 1 hour: 50% AEP; 

¶ 6 hour: 20% AEP; 

¶ 12 hour: 10% AEP; and 

¶ 24 hour: 20% AEP.  
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Figure 3-8: IFD Curve for May 2015 Event  

3.6.3.4 March 2017 Event  

The March 2017 flooding event was a significant rainfall event across southern Queensland and 

northern New South Wales with a minor classification given for Lota Creek (as classified by the BoM 

three tier scheme). The event was caused by Tropical Cyclone Debbie and made worse by large 

amounts of rainfall occuring within the catchment in the weeks prior. The rainfall characteristics for the 

nearby rainfall stations surrounding the catchment are shown in Table 3.11 with cumulative rainfall for 

these stations shown in Figure 3-9. 
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Table 3.11 ï Rainfall Details March 2017 Event  

Station ID Location 

Burst Rainfall (mm) 

Peak 1hr Burst Peak 6hr Burst Peak 12hr Burst Peak 24hr Burst 

540129 Doughboy 
Parade 27 69 123 177 

540322 Wynnum Bowls 
Club 41 84 139 204 

540282 Harman Street 41 84 140 213 

540279 Rickertt Road 43 89 155 227 

540370/540791* 
Chandler 
Resource 

Recovery Centre 
48 105 170 229 

540384 Leslie Harrison 
Dam 35 87 145 207 

540128 Old Cleveland 
Road 28 71 130 193 

*previous station ID 540370 - replaced by station 540791 in 2016 
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Figure 3-9: Cumulative Rainfall for March 2017 Event  

 

Figure 3-10 provides a comparison of the IFD curves for three nearby rainfall stations against the BCC 

IFD curve for a location in the middle portion of the catchment. The equaivalent AEP event for rainfall 

experienced at the Rickertt Road rainfall station (540279) would be: 

¶ 1 hour: 50% AEP; 

¶ 6 hour: 20% AEP; 

¶ 12 hour: 10% AEP; and 

¶ 24 hour: 5% AEP.  
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Figure 3-10: IFD Curve for March 2017 Event  

3.6.3.5 February 2022 Event 

The February 2022 flooding event was one of Australiaôs worst recorded flood disasters caused by a 

slow moving low-pressure system which passed through Southeast Queensland and northern NSW. At 

the Rickertt Road stream gauge and rainfall station (540279), 338mm of rainfall was recorded within a 

24 hour period with a major flooding classification given (by the BoM three tier scheme). This was 

preceded by an extended period of rainfall in which up to 900mm of rainfall was experienced in the 

week leading up to the first Lota Creek stream peak of 3.57 mAHD at the Rickertt Road gauge (540729) 

on the evening of the 25th February. This event was characterised by multiple ópeaksô with another major 

peak experienced on the evening of the 27th February with a stream level of 3.59 mAHD being recorded. 

The rainfall characteristics for the nearby rainfall stations surrounding the catchment are shown in Table 

3.12 with cumulative rainfall for these stations shown in Figure 3-11.  
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Table 3.12 ï Rainfall Details February 2022 Event  

Station ID Location 

Burst Rainfall (mm) 

Peak 1hr Burst Peak 6hr Burst Peak 12hr Burst Peak 24hr Burst 

540129 Doughboy 
Parade 47 156 202 303 

540322 Wynnum Bowls 
Club 49 152 200 294 

540282 Harman Street 40 144 197 292 

540279 Rickertt Road 60 152 209 338 

540370/540791* 
Chandler 
Resource 

Recovery Centre 
62 158 217 335 

540384 Leslie Harrison 
Dam 68 170 210 318 

540128 Old Cleveland 
Road 44 131 195 316 

*previous station ID 540370 - replaced by station 540791 in 2016 
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Figure 3-11: Cumulative Rainfall for February 2022 Event  

 

Figure 3-12 provides a comparison of the IFD curves for three nearby rainfall stations against the BCC 

IFD curve for a location in the middle portion of the catchment. The equaivalent AEP event for rainfall 

experienced at the Old Cleveland Road rainfall station (540128) would be: 

¶ 1 hour: 20% AEP; 

¶ 6 hour: 2% AEP; 

¶ 12 hour: 2% AEP; and 

¶ 24 hour: greater than 1% AEP.  
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Figure 3-12: IFD Curve for February 2022 Event  
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4.0 Hydrologic Model Development  and Calibration  

4.1 Overview 

The hydrological modelling for this study was performed using the Unified River Basin Simulator (URBS) 

(version 6.65 (beta)). The URBS runoff-routing model is based on a network of sub-catchments whose 

centroidal inflows are routed along a prescribed routing path to generate runoff. URBS allows for 

increased compatibility with hydraulic modelling, as the channel routing can be matched to the hydraulic 

model, while also allowing for varying sub-catchment routing parameters to achieve calibration to 

recorded events. The following sections detail the model development and results for the calibration 

and verification events. Section 6.0 will detail changes to the hydrological model for the design event 

analysis.  

 

Sub-catchment routing has been modelled using the óSplitô modelling approach. The Split modelling 

approach separates catchment and channel routing in each sub-catchment. First, the rainfall on a sub-

catchment is routed through the catchment to the creek/river channel. This inflow from the sub-

catchment into the channel is assumed to occur at the centroid of the sub-catchment. The lag of the 

sub-catchment storage is assumed proportional to the square root of the sub-catchment area. Next, the 

inflow is routed along a reach using a non-linear Muskingum method, whose lag time is assumed 

proportional to the length (or derivative) of the reach. The storage-discharge used for the routing 

reservoir is based on the following equation: 

 Ὓ  
 Ѝ  

 ὗά 

where: 

Ὓ  catchment storage 

 ‍  catchment lag parameter 

ὃ  area of sub-catchment 

 Ὂ  fraction of sub-catchment forested  

Ὗ  fraction of urbanisation of sub-catchment 

ὗ  outflow 

ά  catchment non-linearity parameter 

 

As mentioned, the routing along a reach uses the Muskingum method, which is based on the following 

equation: 

Ὓ
  
 
    

 

where: 

Ὓ  channel storage  

‌  channel lag parameter 

Ὢ  reach length factor  

ὲ  Muskingum non-linearity parameter (exponent)  

ὒ  length of reach  

Ὓ  channel slope 

ὼ  Muskingum translation parameter  

ὗ  inflow at upstream end of reach  

ὗ  outflow at downstream end of channel reach  

ὲ  Manningôs n or channel roughness 
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4.2 URBS Sub-Catchment Data 

4.2.1 General 

This section describes the sub-catchment information used within the URBS model. URBS allows for 

differing levels of detail depending on the type of the catchments and detail required for the study. For 

this study, the following URBS sub-catchment parameters were used:  

Area:  Sub-catchment area 

UL:  Urban low density  

UM:  Urban medium density  

UH:  Urban high density 

UD:  Urban disturbed 

UR:  Urban rural 

UF:  Urban forest 

I:  Impervious fraction 

These parameters allow for modelling the effect of development / urbanisation in the catchment. The 

Urbanisation Index (U) is used to determine the decrease in catchment lag and the Impervious Fraction 

(I) is used to determine the increase in runoff volume as a result of development. The Urbanisation 

Index (U) for each sub-catchment is determined with respect to the urbanisation indices; UL, UM, UH, 

UD, UR, UF. These represent the fraction of the sub-catchment area occupied by that specific URBS 

urbanisation category. For example, a value of UL = 0.1 equates to 10% of the sub-catchment area 

being occupied by the UL urbanisation category. The adopted sub-catchment parameters for the 

calibration and verification events is shown in Appendix B.  

4.2.2 Sub-Catchment Delineation 

Sub-catchments for the study area were delineated using CatchmentSIM (version 3.58) software. This 

was completed by first delineating streams automatically using GIS software and then adjusting 

manually to allow for cross drainage flow paths to be represented. The streams were then input into 

CatchmentSIM and artificially óburnedô into the underlying topography. This allows for sub-catchments 

to be delineated appropriately. In total, 97 sub-catchments were delineated within the study area as 

shown in Figure 4-1. 

 

When delineating the sub-catchments, the following factors were considered: 

¶ Location of hydraulic model inflows. 

¶ Location of major tributaries and the AMTD line. 

¶ Location of hydrometric gauges. 

¶ Location of major hydraulic structures.  

¶ Location of man-made óbarriersô including roads and railways.  

 

Where possible the sub-catchment delineation also aimed to achieve the following: 

¶ Have similar sized sub-catchments. 

¶ Limit sub-catchments with an area less than 5 hectares and an area greater than 50 hectares. 

¶ Ensure no sub-catchments were excessively elongated or oddly shaped that forces the centroid 

to sit outside the sub-catchment boundary. 

¶ Ensure there are multiple sub-catchments upstream of calibration/verification locations.  
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Figure 4-1: Hydrological Model Sub-Catchments
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4.2.3 Land Use and Impervious Area 

As previously mentioned, the effect of development / urbanisation in the catchment was modelled using 

Urbanisation Indices (U) and an Impervious Fraction (I). The Urbanisation Indices were calculated by 

first assigning each catchment an impervious fraction and then determining the most appropriate value 

for each urbanisation category. In general, the following process was used to determine the parameters: 

1. Assign each land use category an appropriate impervious percentage (%). This was done using 

the values shown in Table 4.1. These values were determined as part of the calibration process 

to historical flooding events. Each sub-catchment was then assigned a weighted impervious 

percentage based on the land use. Each sub-catchment was reviewed using aerial imagery 

and land cover GIS layers to ensure the assigned impervious values were representative. 

2. Urbanisation indices were then calculated for each sub-catchment based on the assigned 

Urbanisation Index shown in Table 4.1.  

3. The values of the Urbanisation Indices were adjusted as required to ensure that the impervious 

value of the sub-catchment reasonably matched the sum of the impervious Urbanisation Indices 

(UL, UM and UH).  

4. Following the above steps, a detailed review of the assigned values against aerial imagery 

taken at the time of the calibration / verification event was undertaken to ensure appropriate 

values were used. Any sub-catchments which didnôt align with aerial imagery were manually 

adjusted.  

 

Table 4.1 ï Assigned Land Use Impervious Values and Urbanisation Index for Calibration 

Brisbane City Plan Zoning 

Assigned Impervious 
Value (%) 

Assigned Urbanisation 
Index 

Level 1 Zone Level 2 Zone 

Centre Neighbourhood centre 90 UL 

Community facilities Community purposes 50 UM 

Community facilities Education purposes 40 UM 

Community facilities Health care purposes 40 UL 

Community facilities Major health care 50 UL 

Community facilities Major sports venue 40 UL 

Emerging communities Emerging community 30 UM 

Environmental management 
and conservation 

Conservation 0 UF 

Environmental management 
and conservation 

Conservation (District) 0 UF 

Environmental management 
and conservation 

Environmental management 15 UR 
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Brisbane City Plan Zoning 

Assigned Impervious 
Value (%) 

Assigned Urbanisation 
Index 

Level 1 Zone Level 2 Zone 

General residential 
Character residential 

(Character) 
50 UL 

General residential Low density residential 10 UL 

Industry Low impact industry 90 UH 

Recreation and open space Open space 5 UR 

Recreation and open space Open space (District) 5 UR 

Recreation and open space Open space (Local) 5 UR 

Rural Rural 5 UR 

Special purpose 
Special purpose (Transport 

infrastructure) 
50 UM 

Special purpose 
Special purpose (Utility 

services) 
50 UM 

Sport and recreation 
Sport and recreation 

(District) 
15 UR 

Sport and recreation Sport and recreation (Local) 15 UR 

Road and Road Reserve (not zoned) 85 UM 

 

Using the above process, the 2017 and 2022 calibration events as well as the 2015 verification event, 

all use the same catchment files while the 2009 calibration event and the 2013 verification event use 

event specific catchment files. It is noted that most of the development within the Lota Creek catchment 

occurred between 2009 and 2013. The process used to develop the catchment file for the design, very 

rare and extreme events is detailed in Section 6.2.3.1. 
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4.3 Baseflow 

Streamflow consists of two components based on response timing following a rainfall event. Water that 

enters the stream quickly is termed as quickflow and is sourced from rainfall excess, after rainfall losses 

have been considered. Water that takes time to reach a stream or river is termed as baseflow and is 

sourced primarily from groundwater discharge into the river. Baseflow has varying contributions to 

streamflow based on a variety of factors, with the baseflow hydrograph having the following 

characteristics: 

¶ The low flow before the start of a flood event is assumed to consist entirely of baseflow. 

¶ The rapid rise of river during a rainfall event increases the volume of water held as bank storage, 

which returns to the main streamflow after a delay and creates a baseflow peak after the main 

flood peak. 

¶ The recession of the baseflow peak continues after the recession of the streamflow peak. 

¶ The baseflow recession generally follows an exponential decay function. 

¶ The baseflow hydrograph rejoins the total hydrograph as the quickflow ceases.  

 

Baseflow is included in the URBS model, based on the following equation: 

ὄὊὸ ὄὊ ὸ ρ ὄὙ ὗὊ ὄὅ  

where: 

ὄὊὸ ὄὥίὩὪὰέύ ὥὸ ὸὭάὩ ὸ  

ὄὊ ὸ ρ ὄὥίὩὪὰέύ ὥὸ ὴὶὩὺὭέόί ὸὭάὩ ὸ ρ 

ὄὙ ὄὥίὩὪὰέύ ὙὩὧὩίίὭέὲ ὅέὲίὸὥὲὸ ὨὥὭὰώ ὺὥὰόὩ  

ὗὊ  ὗόὭὧὯὪὰέύ ὧέάὴέὲὩὲὸ έὪ ὸὬὩ ὬώὶέὫὶὥὴὬ 

ὄὓ ὄὥίὩὪὰέύ ὩὼὴέὲὩὲὸ ρ Ὢέὶ ὰὭὲὩὥὶ έὶ ρȢπ Ὢέὶ ὲέὲ ὰὭὲὩὥὶ  

ὄὅ ὄὥίὩὪὰέύ ὅέὲίὸὥὲὸ ὨὥὭὰώ ὺὥὰόὩ  

 

For this study, a linear relationship between quickflow and baseflow was adopted (i.e., BM = 1). For BM 

=1, the Baseflow Constant (BC) can be calculated using the following equation: 

 

ὄὅ ὄὊὍ ρ ὄὙȾ ρ ὄὊὍ 

where: 

ὄὊὍὄὥίὩὪὰέύ ὭὲὨὩὼ 

 

A baseflow index of 0.45 was adopted which was determined as part of the calibration process in which 

the BFI was varied from 0.1 to 0.5. A BR value of 0.4 was adopted based on the observed recession of 

the hydrograph at the Rickertt Road gauge. As such, a BC value of 0.491 was adopted based on the 

above equation.  

 

4.4 URBS Channel Data 

URBS allows the user to define the catchment and channel with differing levels of detail depending on 

the type of catchment and requirements for the study. For this study the following parameters were 

utilised:  

L: Channel length  

Sc: Channel slope  

Cs: Catchment slope 

These parameters were automatically processed using the CatchmentSIM model. These values were 

then reviewed to ensure that all channel data was appropriately defined. 
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4.5 Event Rainfall 

4.5.1 Observed Rainfall 

Recorded rainfall for each of the calibration and verification events, at a variety of rainfall stations was 

incorporated into the URBS model at 5 minute intervals. It is noted that the rainfall stations only recorded 

information when 1 mm or more of rain has fallen. For the majority of the records, they were not recorded 

on a regular interval and were adjusted as required.  

 

To develop the spatial distribution of rainfall across the catchment, Thiessen polygons were generated 

based on the availability of rainfall data for each calibration / verification event. Each sub-catchment 

was then assigned to the rainfall station, dependent on which Thiessen polygon covers the sub-

catchment. Where sub-catchments bridged across two or more Thiessen polygons, the sub-catchment 

was assigned to the rainfall station polygon which contained the greatest portion of the sub-catchment 

area.  

 

The spatial distribution (Thiessen polygons) for the calibration and verifications events is shown in 

Appendix A for reference. It is noted that the distribution for the January 2013, May 2015, March 2017 

and February 2022 events was the same while the May 2009 event has a unique distribution.  

4.5.2 Rainfall Losses  

The Initial Loss (IL) and Continuing Loss (CL) methodology was used to simulate the rainfall losses. By 

default, the URBS model assumes there is no initial loss and 100% runoff for the impervious areas. 

Therefore, rainfall losses are only calculated for the pervious portion of the sub-catchment.  

 

The IL (measured in mm) is known to be the amount of rainfall that occurs before the start of surface 

runoff. The initial loss captures the immediate reductions in runoff volume such as interception storage 

(e.g. vegetation, trees); depression storage (e.g. low points in undulating terrain, surface puddles) and 

the initial infiltration capacity of the soil, whereby a dry soil has a larger capacity than a saturated soil.  

 

The CL (measured in mm per hour) is the average loss rate throughout the remainder of the rainfall 

event and is predominantly dependant on the underlying soil type and porosity. It is generally expected 

that this should be fairly constant between rainfall events.  

 

The calibration loss factors will be highly dependent on the antecedent ground conditions prior to each 

of the historical rainfall events. Therefore, it is expected that the IL is likely to differ between each 

calibration event. Iterative testing of the initial and continuing losses was completed to match flow and 

water levels at major streamflow gauges and will be discussed further in the upcoming sections.  

 

4.6 Stream Gauge Rating Curve 

In order to undertake the hydrological calibration, the stream gauge at Rickertt Road was used 

(540729). For the URBS model to convert gauged water levels into discharge, a rating curve is required.  

It is noted that BCC hydrometric stations donôt contain records of rating curves for stream gauges. As 

such, it was required to generate a rating curve at Rickertt Road for use within the URBS model. This 

was undertaken using the TUFLOW hydraulic model, with details of the model set-up further discussed 

in Section 6.4.4. Figure 4-2 shows the adopted rating curve used within the URBS modelling.  

 



Lota Creek Flood Study 2024 (Volume 1)  39 

For Information Only ς Not Council Policy 

 
Figure 4-2: Adopted Rating Curve for Lota Creek at Rickertt Road (540729)  

 

4.7 Calibration and Verification Procedure 

4.7.1 General 

The calibration and verification process used was based on Councilôs Flood Study Procedure (FSP)-

V9.0 document to suit the study objectives and requirements. The general requirements were to 

produce a hydrologic model sufficiently robust to accurately predict design discharges without the need 

to run the hydraulic model. This requirement meant that the approach adopted was to undertake a 

separate hydrologic calibration to ensure the URBS model was suitable to be used as a óstandaloneô 

model. The general approach adopted for the calibration and verification is indicated in Section 4.7.3.  

4.7.2 Tolerances 

For this study, tolerances and model performance criteria for calibration events were adopted based on 

Councilôs Flood Study Procedure (FSP)-V9.0 document. This criteria is shown in Table 4.2.  

 

 

 



Lota Creek Flood Study 2024 (Volume 1)  40 

For Information Only ς Not Council Policy 

Table 4.2 ï Adopted Model Peformance Criteria 

Class Score Peak Ratio Volume Ratio 
Nash-

Sutcliffe 
Event 

Magnitude 
Quality of 

Rainfall Data 

Excellent 5 < +/- 10% < +/- 15% Ó 0.95 Major Post -2008 

Good 4 < +/- 15% < +/- 25% Ó 0.90 Moderate Post ï 1994 

Fair 3 - - Ó 0.85 Minor Post - 1955 

Poor 2 < +/- 50% < +/- 50% Ó 0.50 - Pre - 1955 

No Data / 
Exclude 

1 > +/- 50% > +/- 50% < 0.50 -  

 

Peak ratio (PR) represents the calculated (modelled) peak flow divided by the estimated (rated) peak 

flow. The estimated peak flow is calculated using the recorded peak height and the gauge site rating 

curve. Volume ratio (VR) represents the calculated (modelled) event volume divided by the estimated 

event volume. The estimated event volume is calculated by converting the recorded water level 

hydrograph to a rated flow using the gauge site rating curve. Nash-Sutcliffe (NS) represents the 

calibration event modelled hydrograph goodness of fit (ie shape and timing). Nash-Sutcliffe can range 

from -Ð to 1, with a NS value of 1 being a perfect fit. The magnitude of the flood event was classified 

using the BOM flood warning classification scale of Minor, Moderate and Major.  

 

Each category is given the specified score which can then be used to assign the calibration event an 

overall score and class based on an average. This process is considered systematic and robust, and is 

therefore appropriate for model parameter selection. 

4.7.3 Methodology 

The methodology applied to the calibration and verification of the URBS model was as follows:  

1) Input the observed rainfall data and apportion the rainfall to each sub-catchment. This was 

undertaken using the Thiessen Polygon methodology as described in Section 4.5. 

2) Using the TUFLOW model, establish an appropriate rating curve at the stream gauge location 

and convert the stage recordings to flow. This was detailed in Section 4.6.  

3) Run the calibration events (May 2009, March 2017, February 2022) through the URBS model 

and compare the simulated results against the observed (rated) flow records.  

4) Iteratively adjust the model parameters (as required) and re-run the model to achieve the best 

possible fit with the observed data. The predominant model parameters adjusted included the 

IL (mm), CL (mm/hr), channel lag parameter (Ŭ), catchment lag parameter (ɓ), catchment non-

linearity parameter (m) and baseflow parameters (BFI / BC / BR). 

5) Adopt a single set of model parameters based on the calibration results noting that the IL could 

change for calibration events due to catchment conditions prior to the simulation period.  

6) Run the verification events (January 2013, May 2015) through the calibrated URBS model and 

compare the simulated results against the observed (rated) flow records.  

7) Adjust the initial loss (as required) to represent the event specific rainfall lost at the start of the 

verification event.  

8) Repeat steps 2 to 7 (as necessary) following the results of the hydraulic model simulations. If 

required, adjust the reach length factor (f) to better replicate the results of the hydraulic model. 

Refer to Section 5.0 for more detail on the hydraulic modelling. 
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4.8 Simulation Parameters 

Table 4.3 shows the start and end time for the calibration and verification events as well as the time 
step adopted in the URBS model. Sensitivity testing of the adopted time step showed that the calibration 
and verification events were not sensitive to increases or decreases in the time step. The adopted start 
and finish times have been selected based on a review of rainfall data ensuring that the burst of the 
storm was included while not unnecessarily extending run times.   

 

Table 4.3 ï Hydrological Model Simulation Details  

Event Start Time Finish Time 
Duration 
(hours) 

Time Step (mins) 

May 2009 20/05/2009 12:00:00 AM 23/05/2009 12:00:00 AM 72 5 

January 2013 27/01/2013 12:00:00 AM 29/01/2013 12:00:00 AM 48 5 

May 2015 1/05/2015 12:00:00 AM 4/05/2015 12:00:00 AM 72 5 

March 2017 30/03/2017 12:00:00 AM 5/04/2017 12:00:00 AM 144 5 

February 2022 25/02/2022 12:00:00 AM 2/03/2022 12:00:00 AM 120 5 

 

4.9 Selection of Initial Loss Values  

When selecting initial loss values for each calibration/verification event, a review of antecedent rainfall 

was undertaken to ensure the selected value was reasonable. Table 4.4 shows the antecedent rainfall 

for a variety of time periods prior to the simulated start period. For the February 2022 and May 2009 

events that have a higher antecedent rainfall, the selected initial loss value is lower than the AR&R 

initial loss (26mm) due to the catchment being saturated prior to the simulation start time. The May 

2015 and March 2017 events have a lower antecedent rainfall and as such, a higher initial loss rate has 

been selected. The January 2013 event is noted to not follow the same trend. 

Table 4.4 ï Antecedent Rainfall at Rickertt Road Gauge (540729) 

Event Start Time 

Antecedent Rainfall (mm) 
Selected Initial 
Loss Value (IL) 

(mm) 
1-day  3-day 5-day 

February 
2022 

25/02/2022 
12:00:00 AM 

53 121 123 15 

May 2009 
20/05/2009 

12:00:00 AM 
81 91 91 20 

January 
2013 

27/01/2013 
12:00:00 AM 

40 88 90 100 

May 2015 
1/05/2015 

12:00:00 AM 
53 56 56 45 

March 2017 
30/03/2017 

12:00:00 AM 
11 11 11 65 
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4.10 Hydrologic Model Calibration Results 

4.10.1 May 2009  

Figure 4-3 provides a comparison between the URBS results and the rated flow (established using the 

adopted rating curve) at the Rickertt Road gauge. Table 4.5 shows the outcomes of the calibration in 

regard to the model performance criteria. As shown, the results indicate a ógoodô fit to the observed 

(rated) flow with the modelled peak flow being slightly higher than the observed at approximately 15%. 

The overall volume is within 5% of the observed (rated) volume with a Nash-Sutcliffe rating of 0.90. 

Further results from the calibration are provided in Section 5.4 with a discussion on the overall 

calibration and verification results in Section 5.8. 

The adopted URBS parameters as part of the calibration for this event are indicated below: 

¶ Sub-catchment routing 

o Catchment lag parameter ‍ = 4.0 

o Catchment non-linearity parameter ά  = 0.65  

¶ Channel routing 

o Channel lag parameter ‌ = 0.015  

o Muskingum non-linearity parameter ὲ = 1.0 

o Muskingum translation parameter ὼ = 0.25 

¶ Rainfall losses 

o Impervious area: IL = 0mm, CL = 0 mm/hr (URBS default) 

o Pervious area: IL = 20 mm, CL = 0.5 mm/hr 

¶ Baseflow 

o Baseflow Index (BFI) = 0.45 

o Minimum Persistent Baseflow Value (B0) = 0 

o Daily Baseflow Recession Factor (BR) = 0.4 

o Baseflow Constant Applied to Runoff (BC) = 0.491  

o Baseflow Exponent Applied to Runoff (BM) = 1 
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Figure 4-3: May 2009 URBS Model Calibration - Lota Creek at Rickertt Road (540279) 

 

Table 4.5 ï May 2009 URBS Model Calibration - Peformance Criteria Results  

Class Peak Ratio Volume Ratio 
Nash-

Sutcliffe 
Event 

Magnitude 
Quality of 

Rainfall Data 
Score 

Excellent < +/- 10% < +/- 15% Ó 0.95 Major Post -2008 5 

Good < +/- 15% < +/- 25% Ó 0.90 Moderate Post ï 1994 4 

Fair - - Ó 0.85 Minor Post - 1955 3 

Poor < +/- 50% < +/- 50% Ó 0.50 - Pre - 1955 2 

No Data / 
Exclude 

> +/- 50% > +/- 50% < 0.50 -  1 

Average score 4.2 - Good 
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4.10.2 March 2017 

Figure 4-4 provides a comparison between the URBS results and the rated flow (established using the 

adopted rating curve) at the Rickertt Road gauge. Table 4.6 shows the outcomes of the calibration 

regarding the model performance criteria. As shown, the results indicate a ófairô fit to the observed 

(rated) flow. The modelled flow is approximately 25% higher than the observed (rated) flow with a 9.0 

m3/s difference. The Nash-Sutcliffe rating of 0.66 indicates a ópoor fitô. This is attributed to the first peak 

of the calculated hydrograph which doesnôt match the recorded values. It is noted that the stream 

gauges only record values when the water level changes by 50 mm indicating that the water level was 

relatively static during this period or some of the recorded values are missing. 

Further results from the calibration are provided in Section 5.4 with a discussion on the overall 

calibration and verification results in Section 5.8. 

The adopted URBS parameters as part of the calibration for this event are indicated below: 

¶ Sub-catchment routing 

o Catchment lag parameter ‍ = 4.0 

o Catchment non-linearity parameter ά  = 0.65  

¶ Channel routing 

o Channel lag parameter ‌ = 0.015  

o Muskingum non-linearity parameter ὲ = 1.0 

o Muskingum translation parameter ὼ = 0.25 

¶ Rainfall losses 

o Impervious area: IL = 0mm, CL = 0 mm/hr (URBS default) 

o Pervious area: IL = 65 mm, CL = 0.5 mm/hr 

¶ Baseflow 

o Baseflow Index (BFI) = 0.45 

o Minimum Persistent Baseflow Value (B0) = 0 

o Daily Baseflow Recession Factor (BR) = 0.4 

o Baseflow Constant Applied to Runoff (BC) = 0.491  

o Baseflow Exponent Applied to Runoff (BM) = 1 

 

 



Lota Creek Flood Study 2024 (Volume 1)  45 

For Information Only ς Not Council Policy 

 

Figure 4-4: March 2017 URBS Model Calibration - Lota Creek at Rickertt Road (540279) 

 

Table 4.6 ï May 2017 URBS Model Calibration - Peformance Criteria Results  

Class Peak Ratio Volume Ratio 
Nash-

Sutcliffe 
Event 

Magnitude 
Quality of 

Rainfall Data 
Score 

Excellent < +/- 10% < +/- 15% Ó 0.95 Major Post -2008 5 

Good < +/- 15% < +/- 25% Ó 0.90 Moderate Post ï 1994 4 

Fair - - Ó 0.85 Minor Post - 1955 3 

Poor < +/- 50% < +/- 50% Ó 0.50 - Pre - 1955 2 

No Data / 
Exclude 

> +/- 50% > +/- 50% < 0.50 -  1 

Average score 3.4 - Fair 
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4.10.3 February 2022 

Figure 4-5 provides a comparison between the URBS results and the rated flow (established using the 

adopted rating curve) at the Rickertt Road gauge. Table 4.7 shows the outcomes of the calibration 

regarding the model performance criteria. As shown, the results indicate a ógoodô fit to the observed 

(rated flow). The modelled flow is just under 3% higher than the observed (rated) flow and the modelled 

volumes are 7% higher than the observed (rated) volume. For both peaks within the 2022 event, the 

timing is exactly the same with modelled peak flows occurring at the same time as observed (rated) 

peaks. This outcome is considered to be very good considering that this particular event produces four 

different peaks throughout the event. Further results from the calibration are provided in Section 5.4 

with a discussion on the overall calibration and verification results in Section 5.8. 

The adopted URBS parameters as part of the calibration for this event are indicated below: 

¶ Sub-catchment routing 

o Catchment lag parameter ‍ = 4.0 

o Catchment non-linearity parameter ά  = 0.65  

¶ Channel routing 

o Channel lag parameter ‌ = 0.015  

o Muskingum non-linearity parameter ὲ = 1.0 

o Muskingum translation parameter ὼ = 0.25 

¶ Rainfall losses 

o Impervious area: IL = 0mm, CL = 0 mm/hr (URBS default) 

o Pervious area: IL = 15 mm, CL = 0.5 mm/hr 

¶ Baseflow 

o Baseflow Index (BFI) = 0.45 

o Minimum Persistent Baseflow Value (B0) = 0 

o Daily Baseflow Recession Factor (BR) = 0.4 

o Baseflow Constant Applied to Runoff (BC) = 0.491  

o Baseflow Exponent Applied to Runoff (BM) = 1 
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Figure 4-5: February 2022 URBS Model Calibration - Lota Creek at Rickertt Road (540279) 

 

Table 4.7 ï February 2022 URBS Model Calibration - Peformance Criteria Results  

Class Peak Ratio Volume Ratio 
Nash-

Sutcliffe 
Event 

Magnitude 
Quality of 

Rainfall Data 
Score 

Excellent < +/- 10% < +/- 15% Ó 0.95 Major Post -2008 5 

Good < +/- 15% < +/- 25% Ó 0.90 Moderate Post ï 1994 4 

Fair - - Ó 0.85 Minor Post - 1955 3 

Poor < +/- 50% < +/- 50% Ó 0.50 - Pre - 1955 2 

No Data / 
Exclude 

> +/- 50% > +/- 50% < 0.50 -  1 

Average score 4.8 ï Good 
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4.11 Hydrologic Model Verification Results 

4.11.1 January 2013 

In order to verify the January 2013 event, the URBS parameters adopted from the previously discussed 

calibration events were simulated within the URBS model. Figure 4-6 provides a comparison between 

the URBS results and the rated flow (established using the adopted rating curve) at the Rickertt Road 

gauge. Table 4.8 shows the outcomes of the verification in regard to the model performance criteria. A 

calculated Nash-Sutcliffe rating of 0.19 was calculated. The calculated peak flow and volume are both 

higher with differences of approximately 11% and 6% compared to the observed (rated) flows, 

respectively. Further results from the verification are provided in Section 5.5 with a discussion on the 

overall calibration and verification results in Section 5.8. 

 

The adopted URBS parameters as part of the calibration for this event are indicated below: 

¶ Sub-catchment routing 

o Catchment lag parameter ‍ = 4.0 

o Catchment non-linearity parameter ά  = 0.65  

¶ Channel routing 

o Channel lag parameter ‌ = 0.015  

o Muskingum non-linearity parameter ὲ = 1.0 

o Muskingum translation parameter ὼ = 0.25 

¶ Rainfall losses 

o Impervious area: IL = 0mm, CL = 0 mm/hr (URBS default) 

o Pervious area: IL = 100 mm, CL = 0.5 mm/hr 

¶ Baseflow 

o Baseflow Index (BFI) = 0.45 

o Minimum Persistent Baseflow Value (B0) = 0 

o Daily Baseflow Recession Factor (BR) = 0.4 

o Baseflow Constant Applied to Runoff (BC) = 0.491  

o Baseflow Exponent Applied to Runoff (BM) = 1 
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Figure 4-6: January 2013 URBS Model Verification - Lota Creek at Rickertt Road (540279) 

 

Table 4.8 ï January 2013 URBS Model Verification - Peformance Criteria Results  

Class Peak Ratio Volume Ratio 
Nash-

Sutcliffe 
Event 

Magnitude 
Quality of 

Rainfall Data 
Score 

Excellent < +/- 10% < +/- 15% Ó 0.95 Major Post -2008 5 

Good < +/- 15% < +/- 25% Ó 0.90 Moderate Post ï 1994 4 

Fair - - Ó 0.85 Minor Post - 1955 3 

Poor < +/- 50% < +/- 50% Ó 0.50 - Pre - 1955 2 

No Data / 
Exclude 

> +/- 50% > +/- 50% < 0.50 -  1 

Average score 3.6 - Fair 
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4.11.2 May 2015 

In order to verify the May 2015 event, the URBS parameters adopted from the previously discussed 

calibration events were simulated within the URBS model. Figure 4-7 provides a comparison between 

the URBS results and the rated flow (established using the adopted rating curve) at the Rickertt Road 

gauge. Table 4.9 shows the outcomes of the verification in regard to the model performance criteria. 

Using the adopted parameters, a ópoorô fit is observed for peak ratios and the Nash-Sutcliffe rating. The 

calculated peak flow and volume are both higher with differences of approximately 38% and 23% 

compared to the observed (rated) flows, respectively. Further results from the verification are provided 

in Section 5.5 with a discussion on the overall calibration and verification results in Section 5.8. 

 

The adopted URBS parameters as part of the calibration for this event are indicated below: 

¶ Sub-catchment routing 

o Catchment lag parameter ‍ = 4.0 

o Catchment non-linearity parameter ά  = 0.65  

¶ Channel routing 

o Channel lag parameter ‌ = 0.015  

o Muskingum non-linearity parameter ὲ = 1.0 

o Muskingum translation parameter ὼ = 0.25 

¶ Rainfall losses 

o Impervious area: IL = 0mm, CL = 0 mm/hr (URBS default) 

o Pervious area: IL = 45 mm, CL = 0.5 mm/hr 

¶ Baseflow 

o Baseflow Index (BFI) = 0.45 

o Minimum Persistent Baseflow Value (B0) = 0 

o Daily Baseflow Recession Factor (BR) = 0.4 

o Baseflow Constant Applied to Runoff (BC) = 0.491  

o Baseflow Exponent Applied to Runoff (BM) = 1 
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Figure 4-7: May 2015 URBS Model Verification - Lota Creek at Rickertt Road (540279) 

 

Table 4.9 ï May 2015 URBS Model Verification - Peformance Criteria Results  

Class Peak Ratio Volume Ratio 
Nash-

Sutcliffe 
Event 

Magnitude 
Quality of 

Rainfall Data 
Score 

Excellent < +/- 10% < +/- 15% Ó 0.95 Major Post -2008 5 

Good < +/- 15% < +/- 25% Ó 0.90 Moderate Post ï 1994 4 

Fair - - Ó 0.85 Minor Post - 1955 3 

Poor < +/- 50% < +/- 50% Ó 0.50 - Pre - 1955 2 

No Data / 
Exclude 

> +/- 50% > +/- 50% < 0.50 -  1 

Average score 3.2 - Fair 

 

 

 

 



Lota Creek Flood Study 2024 (Volume 1)  52 

For Information Only ς Not Council Policy 

4.12 URBS Model Consistency Checks (Historical Events) 

The results of the URBS model consistency checks to the TUFLOW hydraulic model are presented in 

Section 5.7. As part of these checks, the hydrographs from the hydrological model and hydraulic model 

were compared to ensure the shape, peak flow, timing and overall volume was similar. In locations 

where adjustment was required, this was done by one or a combination of the following:  

¶ Adjusting catchment slope and stream length; or 

¶ Adjusting catchment impervious values and/or urbanisation indices. 
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5.0 Hydraulic Model  Development  and Calibration  

5.1 Overview 

A 1D/2D linked hydraulic model was constructed using the modelling program TUFLOW to simulate 

overland flow, channel flows and flooding in the study area. TUFLOW is a grid based, 2D, 

hydrodynamic, free-surface, solver capable of simulating flood, tide, storm tide and coastal hydraulics 

and incorporates a 1D scheme using 1D/2D dynamic links. In this study, the underground stormwater 

network and culvert crossings were modelled in 1D and the surface topography was modelled as a 2D 

grid, representing overland flow paths.  

 

For this study, the TUFLOW Heavily Parallelised Compute (HPC) engine and Sub Grid Sampling (SGS) 

feature was adopted. The TUFLOW build 2023-03-AE-iSP-w64 was adopted. The following sections 

detail the model development and results for the calibration and verification events. Section 6.0 will 

detail changes to the hydraulic model for the design event analysis.  

 

5.2 Calibration Hydraulic Model Development 

5.2.1 Model Extents 

The hydraulic model includes the full extent of all sub-catchments derived for the study area with the 

adopted extent shown in Figure 5-1 . It is noted that the adopted model extent has been based off the 

Lota Creek catchment and has assumed no interaction from the surrounding catchment including  the 

Tingalpa Creek. In extreme flooding events, it is likely that the Lota Creek catchment and Tingalpa 

Creek catchment will interact and should be considered for future use of the hydraulic model results. 

5.2.2 Utilised Hydraulic Model Data  

The hydraulic model has been built from óscratchô and is not based on any previous models undertaken. 

When developing some aspects of the hydraulic model, the model inputs from the Lota Creek 2014 

hydraulic model were used. This included some of the bridge (layered flow constriction) model files and 

stormwater network (1d_nwk) data.  

5.2.3 Base Terrain Data 

The base terrain data for the 2D domain is based on 2019 LiDAR of the region. This dataset was found 

to be the most accurate with older datasets not representing key hydraulic features and waterways 

correctly. Where necessary, some roads and creeks within the model were reinstated or refined using 

2d z-shapes (2d_zsh) to best represent topographical features. The ground elevation for the most 

recent 2019 LiDAR dataset is shown in Figure 5-2. To ensure that the hydraulic model was 

representative of ground conditions, a ócheck demô was imported into civil design software along with 

the obtained survey for review. This review found that the elevations picked up from the survey were 

accurately represented within the hydraulic model. 
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Figure 5-1: TUFLOW Model Schematisation 
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Figure 5-2: Hydraulic Model Ground Elevations 
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5.2.4 Waterways 

Within the hydraulic model, all nine tributaries as defined by the AMTD line (refer to Section 2.1 for 

details on the AMTD line) have been included. These have all been modelled within the 2D domain of 

the hydraulic models with details on the adopted dataset shown in Table 5.1 .  

 

Table 5.1 ï Waterways Inculded Within Hydraulic Model 

Waterway Modelled Length Downstream Confluence 
Dataset used for 

Representing Waterway 

Lota Creek 6.57 Moreton Bay 2019 LiDAR 

Tributary A 2.55 Lota Creek 2019 LiDAR 

Tributary B 3.32 Lota Creek 
2019 LiDAR, Survey cross 

sections 

Tributary E 1.66 Lota Creek 
2019 LiDAR, Survey cross 

sections 

Tributary F 1.10 Lota Creek 2019 LiDAR 

Tributary G 1.61 Lota Creek 2019 LiDAR 

Tributary J 0.39 Tributary B 
2019 LiDAR, Survey cross 

sections 

Tributary K 0.28 Tributary B 2019 LiDAR 

Tributary L 0.37 Tributary B 2019 LiDAR 

 

5.2.5 Land Use and Hydraulic Roughness 

The Manningôs ónô roughness values shown in Table 5.2 were adopted for the 2D domain of the hydraulic 

model. These roughness values have been adopted based on previous flood studies undertaken within 

the BCC LGA, as well as values provided within Table 6.2.2 - Valid Manning ónô Ranges for Different 

Land Use Types (Book 6, Chapter 2 of AR&R 2019). 

 

To develop the initial distribution of roughness values, the land use layers as defined by the BCC City 

Plan 2014 were used. Then, this initial distribution was adjusted to more accurately depict vegetation 

cover type and density based on site visits, aerial imagery and vegetation datasets provided by BCC. 

The final adopted roughness distribution is shown in Figure 5-3.  
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Table 5.2 ï Adopted TUFLOW Roughness Values  

Land Use / Ground Features Adopted Manningôs ónô 

Character Residential 0.15 

Community Facilities (Community Purposes) 0.10 

Community Facilities (Health Care Purposes) 0.15 

Community Facilities (Major Health Care) 0.06 

Community Facilities (Major Sports Venue) 0.06 

Conservation 0.10 

Environmental Management 0.06 

Community Facilities (Education Purposes) 0.06 

Emerging Communities 0.12 

Low Density Residential 0.12 

Low Impact Industry 0.10 

Neighbourhood Centre 0.10 

Open Space 0.04 

Rural 0.04 

Special Purpose 0.04 

Sport and Recreation 0.04 

Buildings 0.30 

Mangroves 0.13 

Open Waterways 0.03 

Thick Vegetation (Trees) 0.12 

Road Reserve 0.10 

Road Pavement 0.02 
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Figure 5-3: Hydraulic Model Adopted Roughness Distribution 
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5.2.6 Hydraulic Structures / Piped Drainage 

The major bridge and culvert structures within the model extents were included within the hydraulic 

model. These structures generally represent cross-drainage structures for motorways, railways, major 

roads, local roads, pedestrian / bikeway crossings and private access roads. In some areas, piped 

drainage along some streets and waterways was included to accurately determine flood levels. Table 

5.3 shows the total number of structures represented within the hydraulic model for each waterway as 

defined by the AMTD line. It is noted that not all of these structures have been included within the 

Hydraulic Structure Reference Sheets (HSRS). Details of the HSRS are provided in Section 6.4.6 with 

a full listing of the structures included in the HSRS presented in Appendix L.  

 

Table 5.3 ï Hydraulic Structures Included Within Hydraulic Model 

Waterway 

Hydraulic Structure Count  

Bridge Culvert / Pipe* Total 

Lota Creek 7 43 50 

Tributary A 0 21 21 

Tributary B 1 12 13 

Tributary E 6 16 22 

Tributary F 0 4 4 

Tributary G 0 9 9 

Tributary J 0 3 3 

Tributary K 0 3 3 

Tributary L 8 8 16 

*Indicates number of structures ï structures with multiple barrels are counted as a single structure 
 

5.2.7 Model Inflows  

Inflows into the hydraulic model were generated based on the URBS hydrological model. For this study, 

the hydraulic model utilises 2D óSource ï Areaô inflows applied to the downstream end of the digitised 

sub-catchments. This approach applies local flows to the lowest cells within the corresponding region 

of the hydraulic model then distributes flows between wet cells as the simulation progresses. The model 

uses a combination of ótotalô and ólocalô inflows to ensure that all waterways (as defined by the AMTD 

line) are accurately represented. The location of the hydraulic model inflows are shown in Figure 5-1. It 

is noted that in some locations, some inflows were artificially divided and proportioned based on the 

contributing sub-catchment area. This was done in order to accurately represent flow paths within the 
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sub-catchment as well as provide a balance between the number of sub-catchments generated and 

ensuring a reasonable sub-catchment size as part of the hydrological model development.  

5.2.8 Downstream Boundary  

For the calibration and verification events, a varying water level versus time (HT) boundary was adopted 

to represent the downstream boundary conditions at the Lota Creek outlet. As there is no tidal gauge 

present at the Lota Creek outlet, the nearby Brisbane River Mouth (Whyte Island) (540495) gauge was 

used for this study. In order to represent the difference in tidal levels between the Brisbane River mouth 

and the Lota Creek mouth the tidal levels were reduced by 90 mm in line with data obtained from 

Maritime Safety Queensland (MSQ). For the February 2022 event, tidal data was not available for the 

full modelling period and was supplemented using data from the nearby Brisbane Bar (40647) gauge.  

 

The location of the downstream boundary is shown in Figure 5-1. The tidal levels adopted for each of 

the calibration and verification events are shown in Figure 5-4, Figure 5-5, Figure 5-6, Figure 5-7 and 

Figure 5-8. 

 

 

Figure 5-4: May 2009 Hydraulic Model Calibration - Tidal Level Data (540495)  

 



Lota Creek Flood Study 2024 (Volume 1)  61 

For Information Only ς Not Council Policy 

 

Figure 5-5: March 2017 Hydraulic Model Calibration - Tidal Level Data (540495)  

 

 

Figure 5-6: February 2022 Hydraulic Model Calibration - Tidal Level Data (540495/40647)  
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Figure 5-7: January 2013 Hydraulic Model Verification - Tidal Level Data (540495)  

 

 

Figure 5-8: May 2015 Hydraulic Model Verification - Tidal Level Data (540495)  

5.2.9 Run Parameters 

5.2.9.1 Time Step 

The initial 2D time step was set to 2 seconds while the 1D time step was set to 1 second. While these 

timesteps were adopted, due to the TUFLOW HPC engine being used, the timestep is iteratively 

adjusted at the end of each time step based on hydraulic conditions to ensure stability.  
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5.2.9.2 Grid Size  

The hydraulic model has been set up on a grid size of 5 metres. This grid size was found to provide an 

appropriate level of resolution for the purposes of this study, whilst maintaining reasonable model 

simulation times.  

 

The Sub Grid Sampling (SGS) grid size was set to 1 metre. SGS stores and uses stage-storage curves 

representing the sub-2D-cell terrain data of the underlying topography data used to construct the model 

instead of each 2D cell and each 2D face having one elevation. This in turns allows models to convey 

flows more effectively with water not being ótrappedô by a coarse cell resolution. By setting the SGS grid 

size to 1 metre, the hydraulic model effectively has the conveyance of a hydraulic model with a 1 metre 

grid size. 

5.2.9.3 Initial Conditions 

For the calibration and verification events, a óglobalô initial water level (IWL) was applied based on the 

first value in the tidal data time series. Depending on what the tidal level was at the start of the simulation 

for each event, this global IWL generally filled the downstream end of the model when initialising the 

model.  

While this was appropriate for the downstream end of the model, for the calibration and verification 

events it was considered suitable to apply a sloped gridded initial water level for the remainder of the 

catchment which would approximately match the recorded water level at the Rickertt Road gauge at 

the start of the simulation. The gridded IWLs was based on the same hydraulic model used to generate 

the rating curve at the gauge and perform hydraulic structure verifications. For further details of this 

model refer to Section 6.4.4. The IWL at the Rickertt Road gauge for each of the calibration and 

verification events is shown in Figure 5-4. 

 

Table 5.4 ï Calibration and Verification Event Hydraulic Model Initial Conditions at Rickerrt Road Gauge 

Event Initial Water Level (mAHD) 

May 2009 1.88 

March 2017 1.53 

February 2022 2.01 

January 2013 1.51 

May 2015 1.63 
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5.3 Calibration Procedure  

5.3.1  Tolerances 

BCC flood studies aim to achieve the following tolerances for the hydraulic model calibration / 

verification: 

¶ Continuous recording stream gauges - within ± 0.15 m of the peak flood level. 

¶ MHGs - within ± 0.30 m of the peak flood level. 

¶ Debris marks - within ± 0.40 m of the peak flood level. 

¶ Good replication of the timing of peaks and troughs. 

5.3.2 Methodology 

The methodology applied to the calibration and verification of the TUFLOW model was as follows: 

1) Create a steady-state HEC-RAS models for each of the major bridge structures to understand 

head-losses at a variety of flows.  

2) Run the hydraulic model with a large, slowly increasing flow through the TUFLOW model to 

enable bridge structure head-loss checks against the HEC-RAS models.  

3) Iteratively adjust the bridge loss parameters (as required) to achieve a reasonable correlation 

with the HEC-RAS models.  

4) Using the flow inputs from the URBS model, run the calibration events through the TUFLOW 

model and compare the modelled results against the observed flood levels for the stream gauge 

at Rickertt Road (540729) as well as the MHGs throughout the catchment. 

5) Iteratively adjust the TUFLOW model parameters and re-run the model with the aim of achieve 

a good fit with the observed data. For this study, the model parameters that were adjusted 

included hydraulic structure losses and Manningôs ónô values. These model parameters are then 

to be adopted for subsequent verification and design event runs.  

6) Using the flow inputs from the URBS model, run the verification events through the TUFLOW 

model and compare the modelled results against the observed flood levels for the stream gauge 

at Rickertt Road (540729) as well as the MHGs throughout the catchment. 

 

5.4 Hydraulic Model Calibration Results 

5.4.1 May 2009 

The May 2009 flood event was modelled in TUFLOW for 72 hours from 20/05/2009 12:00:00 AM to 

23/05/2009 12:00:00 AM. Figure 5-9 provides a comparison between the TUFLOW, URBS and 

recorded flood levels at the Rickertt Road Gauge (540729). It is noted that for the URBS results, the 

water levels have been generated using the rating curve from Figure 4-2. Table 5.5 provides a 

comparison between the TUFLOW peak flood levels and the recorded peak flood levels at the MHGs 

throughout the catchments. 

 

At the Rickertt Road Gauge (540729), a peak flood level difference of 50 mm was observed between 

the TUFLOW modelled level and the recorded level, which is within the desired ± 0.15 m for continuous 

stream gauges. Generally, there is good correlation with the overall shape of the water level time series 

as well as the timing, with both peaks occurring at the same time. 

 

For the MHGs, all of the recorded peak levels are within the desired ± 0.30 m. Generally, the peak flood 

levels sit slightly lower than the recorded levels. 
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Figure 5-9: May 2009 TUFLOW Model Calibration - Lota Creek at Rickertt Road (540279) 

 

Table 5.5 ï May 2009 Calibration to Peak Flood Level Data  

Gauge ID Location 
Recorded Peak 

Water Level (mAHD) 
Modelled Peak 

Water Level (mAHD) 
Difference (m) 

LT_100 
Keyes Street (Lota 

Creek) 
N/A 1.76 N/A 

LT_110 
Rickertt Road (Lota 

Creek) 
2.93* 2.95 0.02 

LT_120 
Molle Road (Lota 

Creek) 
3.36 3.21 -0.15 

LT_130 
New Cleveland Road 

(Tributary A) 
6.52 6.37 -0.15 

LT_135 
London Road 
(Tributary A) 

8.22 8.23 0.01 

LT_140 
Old Cleveland Road 

(Tributary A) 
14.94 14.86 -0.08 

LT_220 
Greencamp Road 

(Tributary B) 
N/A 3.17 N/A 

*For the Rickertt Road Gauge Recorded Level, the level from the continuous stream gauge has been adopted as this was 

considered to be more accurate 
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5.4.2 March 2017  

The March 2017 flood event was modelled in TUFLOW for 144 hours from 30/03/2017 12:00:00 AM to 

05/04/2017 12:00:00 AM. Figure 5-10 provides a comparison between the TUFLOW, URBS and 

recorded flood levels at the Rickertt Road Gauge (540729). It is noted that for the URBS results, the 

water levels have been generated using the rating curve from Figure 4-2. Table 5.6 provides a 

comparison between the TUFLOW peak flood levels and the recorded peak flood levels at the MHGs 

throughout the catchments. 

 

At the Rickertt Road Gauge (540729), a peak flood level difference of 74 mm was observed between 

the TUFLOW modelled level and the recorded level, which is within the desired ± 0.15 m for continuous 

stream gauges. The timing of the peak levels are within 2 hours of each other, with the overall shape 

of the water level time series closely correlated.  

 

The modelled peak water levels at the MHGs all sit within the desired ± 0.30 m tolerance. On average 

there is a 40 mm difference between the recorded and modelled peak flood levels with the TUFLOW 

results generally sitting slightly higher than the recorded levels.  

 

Figure 5-10: March 2017 TUFLOW Model Calibration - Lota Creek at Rickertt Road (540279) 
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Table 5.6 ï March 2017 Calibration to Peak Flood Level Data  

Gauge ID Location 
Recorded Peak 

Water Level (mAHD) 
Modelled Peak 

Water Level (mAHD) 
Difference (m) 

LT_100 
Keyes Street (Lota 

Creek) 
N/A 2.05 N/A 

LT_110 
Rickertt Road (Lota 

Creek) 
3.01* 3.08 0.07 

LT_120 
Molle Road (Lota 

Creek) 
3.35 3.44 0.09 

LT_130 
New Cleveland Road 

(Tributary A) 
6.64 6.48 -0.16 

LT_135 
London Road 
(Tributary A) 

8.29 8.32 0.03 

LT_140 
Old Cleveland Road 

(Tributary A) 
14.87 14.96 0.09 

LT_220 
Greencamp Road 

(Tributary B) 
3.24 3.36 0.12 

*For the Rickertt Road Gauge Recorded Level, the level from the continuous stream gauge has been adopted as this was 

considered to be more accurate 

5.4.3 February 2022 

The February 2022 flood event was modelled in TUFLOW for 120 hours from 25/02/2022 12:00:00 AM 

to 02/03/2022 12:00:00 AM. Figure 5-11 provides a comparison between the TUFLOW, URBS and 

recorded flood levels at the Rickertt Road Gauge (540729). It is noted that for the URBS results, the 

water levels have been generated using the rating curve from Figure 4-2. Table 5.7 provides a 

comparison between the TUFLOW peak flood levels and the recorded peak flood levels at the MHGs 

throughout the catchments. Table 5.8 provides a comparison between the TUFLOW peak flood levels 

and the debris marks throughout the catchment. 

 

At the Rickertt Road Gauge (540729), a peak flood level difference of 120 mm was observed at the first 

main peak and 80 mm at the second peak. Both peaks are within the desired ± 0.15 m for continuous 

stream gauges. 

 

The modelled peak water levels at the MHGs all sit within the desired ± 0.30 m tolerance with an 

average difference of 0 mm between the recorded and modelled levels. Additionally, the majority of 

debris marks sit within the desired ± 0.40 m tolerance. The location of the debris marks is shown in 

Figure 3-2 for reference.  
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Figure 5-11: February 2022 TUFLOW Model Calibration - Lota Creek at Rickertt Road (540279) 

 

Table 5.7 ï February 2022 Calibration to Peak Flood Level Data  

Gauge ID Location 
Recorded Peak 

Water Level (mAHD) 
Modelled Peak 

Water Level (mAHD) 
Difference (m) 

LT_100 
Keyes Street (Lota 

Creek) 
N/A 2.72 N/A 

LT_110 
Rickertt Road (Lota 

Creek) 
3.59* 3.54 -0.05 

LT_120 
Molle Road (Lota 

Creek) 
4.06 4.03 -0.03 

LT_130 
New Cleveland Road 

(Tributary A) 
6.74 6.70 -0.04 

LT_135 
London Road 
(Tributary A) 

8.54 8.59 0.05 

LT_140 
Old Cleveland Road 

(Tributary A) 
15.13 15.17 0.04 

LT_220 
Greencamp Road 

(Tributary B) 
3.81 3.85 0.04 

*For the Rickertt Road Gauge Recorded Level, the level from the continuous stream gauge has been adopted as this was 

considered to be more accurate 
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Table 5.8 ï February 2022 Calibration to Debris Marks 

ID Recorded Level (mAHD) Modelled Level (mAHD) 
Difference (m) (Modelled 
Level minus Recorded) 

01 1.87 1.57 -0.30 

02 2.29 2.70 0.41 

03 2.39 2.75 0.36 

04 2.21 2.70 0.50 

05 2.33 2.91 0.59 

06 10.78 N/A N/A 

07 11.34 N/A N/A 

08 1.75 2.12 0.36 

09 3.60 3.53 -0.07 

10 3.62 3.53 -0.09 

11 3.86 3.90 0.05 

12 14.28 14.24 -0.04 

13 8.94 8.78 -0.16 

14 8.75 8.80 0.05 

15 9.51 9.83 0.32 

16 13.41 13.11 -0.29 

17 16.99 16.92 -0.08 

18 12.52 12.44 -0.08 
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5.5 Hydraulic Model Verification Results 

5.5.1 January 2013 

The January 2013 flood event was modelled in TUFLOW for 48 hours from 27/01/2013 12:00:00 AM to 

29/01/2013 12:00:00 AM. Figure 5-12 provides a comparison between the TUFLOW, URBS and 

recorded flood levels at the Rickertt Road Gauge (540729). It is noted that for the URBS results, the 

water levels have been generated using the rating curve from Figure 4-2. Table 5.9 provides a 

comparison between the TUFLOW peak flood levels and the recorded peak flood levels at the MHGs 

throughout the catchments. 

 

At the Rickertt Road Gauge (540729), a peak flood level difference of 130 mm was observed between 

the TUFLOW modelled level and the recorded level, which is within the desired ± 0.15 m for continuous 

stream gauges. The timing and overall shape of the water level time series did not correlate as well as 

the calibration events, with a 3.5 hour difference between the two peak flood levels.  

 

The modelled peak water levels at the MHGs all sit within the desired ± 0.30 m tolerance. It was 

observed that for the majority of MHGs, the modelled flood levels were lower than the recorded flood 

levels.  

 

 

Figure 5-12: January 2013 TUFLOW Model Verificaiton - Lota Creek at Rickertt Road (540279) 
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Table 5.9 ï January 2013 Verification to Peak Flood Level Data  

Gauge ID Location 
Recorded Peak 

Water Level (mAHD) 
Modelled Peak 

Water Level (mAHD) 
Difference (m) 

LT_100 
Keyes Street (Lota 

Creek) 
N/A 1.70 N/A 

LT_110 
Rickertt Road (Lota 

Creek) 
2.57* 2.44 -0.13 

LT_120 
Molle Road (Lota 

Creek) 
3.06 2.78 -0.28 

LT_130 
New Cleveland Road 

(Tributary A) 
N/A 6.09 N/A 

LT_135 
London Road 
(Tributary A) 

8.24 8.05 -0.19 

LT_140 
Old Cleveland Road 

(Tributary A) 
14.70 14.54 -0.16 

LT_220 
Greencamp Road 

(Tributary B) 
3.26 3.14 -0.12 

*For the Rickertt Road Gauge Recorded Level, the level from the continuous stream gauge has been adopted as this was 

considered to be more accurate 

 

5.5.2 May 2015 

The May 2015 flood event was modelled in TUFLOW for 72 hours from 01/05/2015 12:00:00 AM to 

04/05/2015 12:00:00 AM. Figure 5-13 provides a comparison between the TUFLOW, URBS and 

recorded flood levels at the Rickertt Road Gauge (540729). It is noted that for the URBS results, the 

water levels have been generated using the rating curve from Figure 4-2. Table 5.10 provides a 

comparison between the TUFLOW peak flood levels and the recorded peak flood levels at the MHGs 

throughout the catchments.  

 

At the Rickertt Road Gauge (540729), a peak flood level difference of 21 mm was observed between 

the TUFLOW modelled level and the recorded level, which is within the desired ± 0.15 m for continuous 

stream gauges. The timing of the peak levels are within 1.5 hours of each other, with the overall shape 

of the water level time series closely correlated.  

 

The modelled peak water levels at the MHGs all sit within the desired ± 0.30 m tolerance. On average 

there is a 140 mm difference between the recorded and modelled peak flood levels with the TUFLOW 

results generally sitting lower than the recorded levels.  

 



Lota Creek Flood Study 2024 (Volume 1)  72 

For Information Only ς Not Council Policy 

 

Figure 5-13: May 2015 TUFLOW Model Verificaiton - Lota Creek at Rickertt Road (540279) 

 

Table 5.10 ï May 2015 Verification to Peak Flood Level Data  

Gauge ID Location 
Recorded Peak 

Water Level (mAHD) 
Modelled Peak 

Water Level (mAHD) 
Difference (m) 

LT_100 
Keyes Street (Lota 

Creek) 
N/A 2.04 N/A 

LT_110 
Rickertt Road (Lota 

Creek) 
3.15* 3.13 -0.02 

LT_120 
Molle Road (Lota 

Creek) 
3.58 3.58 0.00 

LT_130 
New Cleveland Road 

(Tributary A) 
6.76 6.61 -0.15 

LT_135 
London Road 
(Tributary A) 

8.40 8.44 0.04 

LT_140 
Old Cleveland Road 

(Tributary A) 
15.02 15.07 0.05 

LT_220 
Greencamp Road 

(Tributary B) 
3.52 3.46 -0.06 

*For the Rickertt Road Gauge Recorded Level, the level from the continuous stream gauge has been adopted as this was 

considered to be more accurate 
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5.6 Hydraulic Structure Verification 

5.6.1 Bridge Head-loss Checks 

To verify the major hydraulic bridge structures loss coefficients, HEC-RAS models were created for 

each major structure and the head-losses for a variety of flows were calculated. The magnitude of flows 

selected were based on results from the February 2022 calibration event. Generally, HEC-RAS is 

regarded to model bridges in more detail and more closely represent flow behaviour.  

 

The bridge structures verified along with the head-loss comparison with the TUFLOW model, is shown 

in Table 5.11. The results from the TUFLOW model were obtained from a ódummyô TUFLOW model 

that was created based on the adopted calibration/verification hydraulic model. This same model was 

used to develop the rating curves for the assessment and is further discussed in Section 6.4.4 

 

For this study, a tolerance of 300mm has been used to determine whether the head-loss difference is 

acceptable in line with other BCC flood studies. If the structure was found to be outside the tolerance, 

the form loss coefficients and blockage factors (pier blockage) in the TUFLOW model were modified to 

sit closer to the HEC-RAS results.  

 

Based on the results from the head-loss check assessment, all the hydraulic structures sit within the 

tolerance. For the Lota Creek catchment, the hydraulic structures are generally small pedestrian bridges 

with no significant head-losses observed. For this reason, achieving the required tolerance required 

minimal changes.  

 

Table 5.11 ï Bridge Head-Loss Checks  

Flow (m3/s) HEC-RAS Head-Loss TUFLOW Head-Loss Difference (m) 

Structure 20 - New Cleveland Road Bridge - Tributary B 

2 0.01 0.00 -0.01 

4 0.03 0.00 -0.03 

6 0.07 0.01 -0.06 

8 0.19 0.03 -0.16 

10 0.11 0.05 -0.06 

12 0.04 0.06 0.02 

Structure 11- Rickertt Road Bridge - Lota Creek 

50 0.01 0.06 0.05 

60 0.01 0.03 0.02 

70 0.01 0.03 0.02 

80 0.01 0.03 0.02 

90 0.01 0.03 0.02 

100 0.01 0.03 0.02 

Structure 2 - Watervale Parade Bridge - Tributary L 

1 0.03 0.00 -0.03 

3 0.04 0.01 -0.03 

4 0.05 0.01 -0.04 

5 0.05 0.02 -0.03 

6 0.06 0.02 -0.04 
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Flow (m3/s) HEC-RAS Head-Loss TUFLOW Head-Loss Difference (m) 

7 0.06 0.02 -0.04 

8 0.06 0.02 -0.04 

Structure 15 - Watervale Parade Bridge (Moss Road Dog Park) - Tributary L 

1 0.04 0.00 -0.03 

3 0.04 0.01 -0.03 

4 0.04 0.01 -0.02 

5 0.04 0.02 -0.02 

6 0.04 0.02 -0.02 

7 0.04 0.02 -0.02 

8 0.04 0.02 -0.04 

Structure 1 - Lota Creek Boardwalk - Lota Creek 

50 0.01 0.01 0.00 

75 0.01 0.02 0.01 

100 0.01 0.02 0.01 

125 0.01 0.02 0.01 

150 0.01 0.01 0.00 

175 0.01 0.02 0.01 

Structure 19 - Lota Creek Trainline - Lota Creek 

50 -0.02 0.06 0.08 

75 -0.06 0.05 0.11 

100 -0.06 0.07 0.13 

125 -0.06 0.07 0.13 

150 -0.03 0.08 0.11 

175 0.02 0.10 0.08 

Structure 8 - Alexander Street Pedestrian Bridge - Tributary E 

10 0.00 0.00 0.00 

12 0.00 0.00 0.00 

14 0.00 0.00 0.00 

16 0.00 0.00 0.00 

18 0.00 0.00 0.00 

20 0.00 0.00 0.00 

Structure 7 - Alexander Street Railway Bridge - Tibutary E 

10 0.06 0.01 -0.05 

12 0.05 0.02 -0.03 

14 0.05 0.01 -0.04 

16 0.04 0.01 -0.03 

18 0.04 0.01 -0.03 

20 0.04 0.02 -0.02 

Structure 10 - Lota Creek Skatepark Bridge - Tributary E 

10 0.00 0.03 0.03 

12 0.00 0.03 0.03 

14 0.00 0.02 0.02 

16 0.00 0.01 0.01 

18 0.01 0.01 0.00 

20 0.01 0.01 0.00 
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Flow (m3/s) HEC-RAS Head-Loss TUFLOW Head-Loss Difference (m) 

Structure 13 - Ambool Street Bridge - Tributary E 

10 0.00 0.01 0.01 

12 0.00 0.00 0.00 

14 0.00 0.00 0.00 

16 0.00 0.00 0.00 

18 0.00 0.00 0.00 

20 0.00 0.00 0.00 

Structure 16 - Bowering Street Bridge (Kylies Crossing) - Tributary E 

10 0.00 0.01 0.01 

12 0.03 0.00 -0.03 

14 0.03 0.00 -0.03 

16 0.05 0.01 -0.04 

18 0.05 0.01 -0.04 

20 0.04 0.00 -0.04 

Structure 3 - Downstream of London Road Bridge - Lota Creek 

25 0.69 0.61 -0.08 

30 0.61 0.60 -0.01 

35 0.48 0.56 0.08 

40 0.36 0.52 0.16 

45 0.34 0.51 0.17 

50 0.28 0.51 0.23 

Structure 12 - Moses Road Bridge - Tributary L 

1 0.00 0.10 0.00 

1.5 0.00 0.10 0.00 

2 0.02 0.09 0.07 

2.5 0.06 0.09 0.03 

3 0.11 0.08 -0.03 

3.5 0.13 0.08 -0.05 

Structure 4 - Watervale Parade Pedestrian Bridge - Tributary L 

1 0.21 0.04 -0.17 

1.5 0.22 0.04 -0.18 

2 0.22 0.04 -0.18 

2.5 0.22 0.03 -0.19 

3 0.2 0.04 -0.16 

3.5 0.2 0.04 -0.16 

Structure 5 - Watervale Parade Pedestrian Bridge - Tributary L 

1 0.06 0.06 0.00 

1.5 0.07 0.06 -0.01 

2 0.08 0.07 -0.01 

2.5 0.08 0.08 0.00 

3 0.09 0.09 0.00 

3.5 0.1 0.09 -0.01 

Structure 17 - Torrens Crescent Bridge - Tributary L 

1 0.1 0.00 -0.10 

1.5 0.11 0.00 -0.11 
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Flow (m3/s) HEC-RAS Head-Loss TUFLOW Head-Loss Difference (m) 

2 0.13 0.02 -0.11 

2.5 0.14 0.01 -0.13 

3 0.18 0.01 -0.17 

3.5 0.11 0.01 -0.10 

Structure 14 - Torrens Crescent Bridge - Tributary L 

1 0.11 0.13 0.02 

1.5 0.12 0.15 0.03 

2 0.13 0.16 0.03 

2.5 0.14 0.17 0.03 

3 0.19 0.18 -0.01 

3.5 0.27 0.18 -0.09 

 

 

5.7 Hydrologic-Hydraulic Model Consistency Checks (Historical Events) 

To ensure that the hydrological and hydraulic models were jointly calibrated and producing comparable 

results, comparison checks were undertaken for a variety of locations. The comparison checks were 

undertaken by comparing hydrographs for each model, with the locations compared shown in Table 

5.12 .  

 

Table 5.12 ï Hydrologic-Hydraulic Model Consistency to Historical Events ï Locations 

Waterway Chainage  Location 
Hydrological Model 

Catchment ID  

Tributary A 500 
Upstream of Molle Road, 

Downstream of New 
Cleveland Road 

07 

Lota Creek 4700 Upstream of Archer Street 21 

Tributary G 300 
Downstream of Grassdale 

Road 
09 

Tributary F 400 
Upstream of Greencamp 

Road 
31 

Tributary B 1800 
Adjacent to Tall Trees 

Circuit 
28 

Lota Creek 3000 Upstream of Rickertt Road 47 

Lota Creek 1000 
Upstream of Lota Creek 

Boardwalk 
06 

Tributary E 600 Upstream of Coolana Street 57 

 

 

The results from the comparison are shown in Table 5.13 with the comparison plots for the February 

2022 event shown from Figure 5-14 to Figure 5-21. The remainder of the comparison plots for the other 

calibration/verification events are provided in Appendix D. 
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The results of the comparison indicate that for the five historical events modelled, there is a good 

correlation with peak flow, timing and shape with most locations.  

 

Upstream of the Lota Creek Boardwalk, while achieving a good correlation with peak flows for the 

majority of events, the overall shape and timing of the hydrographs for most events was observed to 

not match. This is likely due to the effects that the tidal boundary has on that particular location and the 

storage within the TUFLOW model that cannot be replicated within URBS. 

 

Table 5.13 ï Peak Flow Comparison, URBS and TUFLOW 

Location Model 

Peak Flow (m3/s) 

May 2009 March 2017 
February 

2022 
January 2013 May 2015 

Upstream of 
Molle Road, 
Downstream 

of New 
Cleveland 

Road 

URBS  7.22 11.94 30.64 1.75 20.44 

TUFLOW 7.58 12.15 32.14 1.67 17.03 

Upstream of 
Archer Street 

 

URBS  8.82 14.91 37.82 2.09 29.41 

TUFLOW 8.28 13.78 34.81 1.90 26.18 

Downstream 
of Grassdale 

Road 

URBS  3.75 5.86 16.55 1.25 11.95 

TUFLOW 3.05 5.12 13.15 0.80 10.41 

Upstream of 
Greencamp 

Road 
 

URBS  3.25 3.81 9.45 2.97 5.06 

TUFLOW 2.60 3.35 8.30 2.35 4.25 

Adjacent to 
Tall Trees 

Circuit 

URBS  5.37 7.08 19.25 3.47 12.52 

TUFLOW 5.01 6.90 18.81 3.36 12.16 

Upstream of 
Rickertt Road 

 

URBS  29.15 43.47 101.88 11.86 72.83 

TUFLOW 23.30 38.07 89.32 6.33 48.75 

Upstream of 
Lota Creek 
Boardwalk 

URBS  46.40 67.66 139.08 24.16 93.84 

TUFLOW 35.47 58.17 125.97 11.30 59.06 

Upstream of 
Coolana Street 

 

URBS  8.52 10.68 17.85 7.52 7.92 

TUFLOW 8.16 10.40 17.75 7.33 7.68 
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Figure 5-14: February 2022 Peak Flow Comparison, URBS and TUFLOW - Upstream of Molle Road, 

Downstream of New Cleveland Road 
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Figure 5-15: February 2022 Peak Flow Comparison, URBS and TUFLOW ï Upstream of Archer Street 
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Figure 5-16: February 2022 Peak Flow Comparison, URBS and TUFLOW ï Downstream of Grassdale 

Road 
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Figure 5-17: February 2022 Peak Flow Comparison, URBS and TUFLOW ï Upstream of Greencamp 

Road 
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Figure 5-18: February 2022 Peak Flow Comparison, URBS and TUFLOW - Adjacent to Tall Trees 

Circuit 
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Figure 5-19: February 2022 Peak Flow Comparison, URBS and TUFLOW ï Upstream of Rickertt Road 
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Figure 5-20: February 2022 Peak Flow Comparison, URBS and TUFLOW - Upstream of Lota Creek 

Boardwalk 
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Figure 5-21: February 2022 Peak Flow Comparison, URBS and TUFLOW ï Upstream of Coolana Street 

 

5.8 Discussion on Calibration and Verification 

Based on the results from the calibration and verification events, there is a quite reasonable correlation 

between the recorded levels and the modelled levels using the TUFLOW hydraulic model. The 

replication of peak flood levels within the desired tolerance for continuous stream recording gauges was 

achieved for all of the calibration and verification events. The replication of peak flood levels to within 

the desired tolerance at the MHGs was also achieved for all of the calibration and verification events as 

follows: 

¶ May 2009 ï successful replication of 6 out of 6 MHGs (100%) 

¶ March 2017 - successful replication of 6 out of 6 MHGs (100%) 

¶ February 2022 - successful replication of 6 out of 6 MHGs (100%) 

¶ January 2013 ï successful replication of 5 out of 5 MHGs (100%) 

¶ May 2015 - successful replication of 6 out of 6 MHGs (100%) 

 

A major initial challenge of the calibration and verification process involved the use of the rating curve 

to undertake the hydrological model calibration/verification, and then using the output flows from the 

hydrological model to undertake the hydraulic model calibration/verification. Due to rating curve being 

derived from the hydraulic model, any changes that occurred to the hydraulic model as part of the 

calibration process meant that the rating curve needed to be re-generated, which in turn meant that the 

calibration performance would change. This created a ófeedback loopô which required many iterations 

to be conducted when undertaking the calibration/verification. It was also observed that the rating curve 
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was extremely sensitive to changes in the hydraulic model, particularly for flows less than 20 m3/s. The 

process used to generate the rating curve and further discussion on the limitations of the developed 

rating curve is discussed in Section 6.4.4. 

 

Based on the results of the calibration events, despite being within the desired tolerances for the events, 

the falling limb of the modelled water levels were not as closely aligned as may have been desired. As 

part of the calibration process, the falling limb was a focus with multiple iterations conducted to better 

understand the flood mechanisms surrounding the Rickertt Road gauge and improve the overall 

calibration performance. To increase the conveyance through the bridge structure (downstream of the 

gauge) and allow for floodwaters to recede faster, a variety of sensitivity tests were undertaken 

including: 

¶ Decrease in Manningôs roughness values immediately surrounding the Rickertt Road bridge. 

¶ Decrease in Manningôs roughness values upstream of the Rickertt Road bridge. 

¶ Decrease in form loss coefficients and blockage factors (pier blockage) of the Rickertt Road 

bridge. 

¶ Formalisation of a flow path upstream and downstream of Rickertt Road within the existing 

creek. This was implemented with the use of a ó2d_zshô. Analysis of the LiDAR data shows that 

the existing flow path is extremely flat in this area with ground levels rising and falling without a 

clear continuous drainage path.  

 

The sensitivity testing showed that the model was not sensitive to small changes in roughness or 

changes in form loss coefficients and/or blockages of the structure. By formalising the flow path 

upstream and downstream of Rickertt Road bridge, this was observed to marginally improve the falling 

limb of the water level time series as well as improve timing of flows downstream of the crossing. This 

change also resulted in a minor reduction in water level but was considered appropriate to better match 

the shape of the water level time series for all calibration and verification events.  

 

Based on the results from the calibration and verification, it is considered that both the URBS and 

TUFLOW models are suitably reliable for the estimation of design flood levels throughout the Lota Creek 

catchment.  
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6.0 Design Event Analysis 

6.1 Design Event Scenarios 

Table 6.1 indicates the events and scenarios utilised in the modelling of the design events, noting that 

all design event scenarios were modelled using ultimate catchment hydrological conditions. 

 

For the purpose of this report, the term ódesign eventsô refers to the following events: 

¶ Frequent: 50 % AEP and 20 % AEP. 

¶ Intermediate: 10 % AEP and 5 % AEP. 

¶ Rare: 2 % AEP and 1 % AEP. 

 

Table 6.1 ï Design Event Scenarios 

Event 
Scenario 1 (Without 

Climate Change) 
Scenario 1 (Including 

Climate Change) 
Scenario 2 (Including 

Climate Change) 

50% AEP V V V 

20% AEP V V V 

10% AEP V V V 

5% AEP V V V 

2% AEP V V V 

1% AEP V V V 

 

The following describes the design event scenarios: 

Scenario 1: Existing Waterway Conditions 

Scenario 1 is based on the current waterway conditions. Some minor modifications were made to the 

TUFLOW model developed as part of the calibration / verification; refer to Section 6.3 for further details. 

 
Scenario 2: Minimum Riparian Corridor 
Scenario 2 includes an allowance for a riparian corridor along the edge of the channel. This involved 

firstly, reviewing the existing vegetation and land-use adjacent to the channel to determine an 

appropriate Manningôs ónô roughness value for the riparian corridor. In most locations the default 

value of n = 0.15 was used, however where the existing Manningôs ónô is higher than n = 0.15, the 

Manningôs ónô was left unchanged. For areas outside of the waterway corridor, a Manningôs n of 0.1 was 

adopted for the riparian corridor. Generally, a 30 m wide corridor (15m wide each side from the low flow 

channel) was defined by a new 2d materials layer within the TUFLOW model. In areas where the 15 m 

width was not available, the MRC was set to the maximum possible width (i.e. up to 15 m) up to the 

boundary of the waterway corridor. It is noted that the MRC extent was provided by BCC as part of this 

study and is shown in Figure 6-1. 
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Figure 6-1: Adopted Minimum Riparian Corridor 
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6.2 Design Event Hydrology  

This study utilises the AR&R 2019 approach for design flood estimation, which is detailed in the 

following sections. 

6.2.1 Suitability of Flood Frequency Analysis 

6.2.1.1 At-site Flood Frequency Analysis 

When undertaking design flood estimation, it is generally best determined by undertaking some form of 

flood frequency analysis (FFA) of annual maximums from observed long term stream flow records. 

When FFA is not suitable, then the other method used to estimate the design flood is the rainfall (event) 

based design storm concept, common to both AR&R 1987 and AR&R 2019.  

 

Within the Lota Creek catchment, as previously discussed the only stream height gauge is the Rickertt 

Road gauge (540729) which is operated by BCC and has been installed since June 1999 representing 

24 years of continuous stream height measurement. A requirement of a FFA is that the catchment is 

homogeneous and has not undergone change including development and/or urbanisation. From review 

of historical aerial photography, the Lota Creek catchment urbanisation has been steadily increasing 

over the period of record. It is likely that due to the urbanisation of the catchment, flooding behaviour 

has likely changed and as such, a FFA is not suitable for this study. It is also noted that despite having 

MHGs in the catchment, these are also not suitable due to the random nature of the sampling interval.  

6.2.1.2 Regional Flood Frequency Estimation 

Another flood frequency analysis method is the regional flood frequency estimation (RFFE). This flood 

estimation method uses flood characteristics from a group of gauged catchments to estimate flood 

characteristics in ungauged catchments. The RFFE method cannot be used for the Lota Creek 

catchment due to having more than 10% of catchment affected by residential and urban development.  

6.2.2 Adopted Methodology for the DEA AR&R 2019 

When undertaking design event estimation, AR&R recommends that a simple average (or median) of 

the flood characteristic of interest is used to represent the flood magnitude for any given AEP at a 

location within the catchment. When undertaking design event estimation in urban areas, AR&R 2019 

(Book 9, Section 6.4.5) advises that the flow rates, depths and extent of surface flows are highly 

sensitive to different temporal patterns and volumes of rainfall. Additionally, it advises that ñIt is 

recommended that ensembles of ten temporal patterns of design rainfall are used for investigation of 

the hydrology and hydraulic processes in urban areasò. Figure 6-2 shows the different types of 

modelling approaches for urban areas using AR&R 2019 (noting that AR&R 2016 and AR&R 2019 are 

the same in this regard). Based on these recommendations, the óoccasionalô method of running 

ensembles in the hydrological and hydraulic model has been adopted for this study. 
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Figure 6-2: Changes in Design Modelling Techniques for Urban Areas (AR&R 2019, Book 9, Figure 

9.6.9) 

The methodology used for the design hydrology for this study is as follows: 

¶ Obtain the relevant URBS input data from the AR&R Data Hub, using the catchment details. 

¶ Populate the URBS model from the AR&R Data Hub information. This is an automated process 

undertaken within URBS. Refer to Section 6.2.3 for further details on the URBS parameters 

used. 

¶ Run the ten temporal patterns (ensembles) within URBS for durations ranging from 30 minutes 

to 24 hours and AEPs ranging from the 50% AEP event to the 1% AEP event (both current 

climate and future climate conditions). The output results are used to create inflow hydrographs 

for the TUFLOW model. In total, 110 simulations per AEP are modelled.  

The selection of the design flood characteristics of interest including water surface level and flow is 

further discussed in Section 6.3.2.  

6.2.3 URBS Model Set-up 

The calibrated URBS model was adopted and updated to simulate the design events. The following 

sections detail the parameters used and the adjustments made to the calibration model to simulate the 

design events.  

6.2.3.1 Catchment Development  

The design events were modelled using the ultimate catchment hydrological conditions in line with 

Councilôs Flood Study Procedure (FSP)-V9.0 document. These conditions assume that the state of 

development within the catchment is at its ultimate condition, with reference to the current adopted 

planning scheme. Depending on the developed state of the catchment, an increase in development will 

typically increase the impervious land use factors. The ultimate catchment hydrological conditions 

assume negligible attenuation effects resulting from any statutory development controls applied to 

catchment development to reduce the urbanised runoff (e.g., detention basins). 

To develop the catchment files for the design event modelling a similar process was used as detailed 

in Section 4.2.3, with the only change being different impervious values in line with Councilôs Flood 

Study Procedure (FSP)-V9.0 document. The assigned impervious values for the design event modelling 

are shown in Table 6.2 and Appendix C. Appendix B shows the URBS catchment parameters that were 

adopted for the design event modelling. 
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Table 6.2 ï Assigned Land Use Impervious Values and Urbanisation Index for Design Event Modelling 

Brisbane City Plan Zoning 

Assigned Impervious 
Value (%) 

Assigned Urbanisation 
Index 

Level 1 Zone Level 2 Zone 

Centre Neighbourhood centre 90 UL 

Community facilities Community purposes 50 UM 

Community facilities Education purposes 50 UM 

Community facilities Health care purposes 50 UL 

Community facilities Major health care 70 UL 

Community facilities Major sports venue 60 UL 

Emerging communities Emerging community 70 UM 

Environmental management 
and conservation 

Conservation 5 UF 

Environmental management 
and conservation 

Conservation (District) 5 UF 

Environmental management 
and conservation 

Environmental management 15 UR 

General residential 
Character residential 

(Character) 
70 UL 

General residential Low density residential 60 UL 

Industry Low impact industry 90 UH 

Recreation and open space Open space 5 UR 

Recreation and open space Open space (District) 5 UR 

Recreation and open space Open space (Local) 5 UR 

Rural Rural 5 UR 

Special purpose 
Special purpose (Transport 

infrastructure) 
75 UM 

Special purpose 
Special purpose (Utility 

services) 
75 UM 

Sport and recreation 
Sport and recreation 

(District) 
2 UR 

Sport and recreation Sport and recreation (Local) 20 UR 

Road and Road Reserve (not zoned) 85 UM 
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6.2.3.2 Design IFD Data  

As part of this study, LIMB datasets have been provided in an ascii grid format for use in place of 

traditional AR&R data. A review of this data for the Lota Creek catchment shows a significant variation 

from the top of the catchment to the bottom. As such, for the design event hydrology, a gridded IFD 

dataset was created based on the LIMB data with each sub-catchment being assigned a unique IFD. 

Table 6.3 shows the adopted current climate IFD data for a location in the middle of the Lota Creek 

catchment (Catchment ID ï 47). 

Table 6.3 ï Adopted Design Event IFD Data (Catchment ID ï 47) 

Duration (hrs) 

Rainfall Intensity (mm/hr) 

50% AEP 20% AEP 10% AEP 5% AEP 2% AEP 1% AEP 

0.5 66.42 86.28 99.34 111.82 128.00 140.30 

1.0 41.94 55.25 64.54 73.85 86.53 96.35 

1.5 31.51 41.82 49.17 56.63 66.95 75.02 

2.0 25.68 34.26 40.41 46.67 55.38 62.23 

3.0 19.32 25.94 30.67 35.48 42.16 47.44 

4.5 14.63 19.77 23.40 27.06 32.07 36.05 

6.0 12.08 16.40 19.41 22.41 26.47 29.70 

9.0 9.27 12.69 15.02 17.30 20.33 22.73 

12.0 7.71 10.62 12.57 14.47 16.95 18.90 

18.0 5.93 8.27 9.81 11.29 13.21 14.69 

24.0 4.91 6.91 8.23 9.48 11.10 12.33 

 

For design events that include a provision for climate change/sea level rise, IFDs were scaled up by 

9.8%. The 9.8% factor is representative of RCP 4.5 at Climate Future Year 2100. This planning horizon 

was selected in line with Councilôs Flood Study Procedure (FSP)-V9.0 document. At present, the AR&R 

Data Hub only provides guidance on rainfall intensity increases as far as 2090. Therefore, to obtain a 

value for Year 2100, a linear extrapolation was undertaken based on the values of Year 2080 and Year 

2090.  

6.2.3.3 Rainfall Losses  

The burst initial loss (ILb) is the portion of the storm initial loss (ILs) which occurs within the burst where 

the ILs is assumed to be the depth of rainfall prior to the commencement of surface runoff. To calculate 

the ILb ,the following equation can be used: 

Ὅὒ  Ὅὒ ὴὶὩ ὦόὶίὸ ὶὥὭὲὪὥὰὰ 
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For this study, a ILb of 0 mm was adopted for impervious areas, which is the URBS default value. For 

pervious areas, the above equation was used to calculate burst initial losses where the storm initial loss 

is 26 mm (from AR&R Data Hub). A sensitivity assessment of this initial loss selection has been 

undertaken and is further discussed in Section 6.2.4.  

A continuing loss (CL) of 0 mm/hr and 0.5 mm/hr has been adopted for the impervious and pervious 

areas, respectively. The impervious area CL is the URBS default value while the pervious area CL has 

been adopted based on the results of the calibration and verification process. It is noted that the AR&R 

Data Hub provides a CL (pervious) value of 1.7 mm/hr which is slightly above the adopted value. The 

adopted value is considered appropriate as it has been derived as part of the calibration process. 

6.2.3.4 Areal Reduction Factors  

As part of this study, an Areal Reduction Factor (ARF) of 1 has been adopted in line with Councilôs 

Flood Study Procedure (FSP)-V9.0 document. This is due to this value producing slightly conservative 

results with the Lota Creek catchment being considered a small to medium sized catchment.  

6.2.3.5 Baseflow  

Baseflow was included in the design event hydrology based on the results from the calibration in 

which the following parameters were adopted: 

¶ ὄὊὍὄὥίὩὪὰέύ ὭὲὨὩὼπȢτυ; 

¶ ὄπ ὓὭὲὭάὭόά ὖὩὶίὭίὸὩὲὸ ὄὥίὩὪὰέύ ὠὥὰόὩπ; 

¶ ὄὙ  ὄὥίὩὪὰέύ ὙὩὧὩίίὭέὲ ὅέὲίὸὥὲὸ ὨὥὭὰώ ὺὥὰόὩπȢτ; 

¶ ὄὅ ὄὥίὩὪὰέύ ὅέὲίὸὥὲὸ ὨὥὭὰώ ὺὥὰόὩπȢτωρ ; 

¶ ὄὓ ὄὥίὩὪὰέύ ὩὼὴέὲὩὲὸρ 

A comparison was made against the Baseflow Volume Factor (BFVF) from the AR&R Data Hub using 

the following equation: 

ὄὊὠὊὄὊὍ Ⱦ ρ ὄὊὍ 

Based on this equation, a BFI of 0.45 equates to a Baseflow Volume Factor of 0.818, which is 

considerably higher than the generic value of 0.484 as provided by the AR&R Data Hub. Despite being 

higher than the value provided by the AR&R Data Hub, the BFVF of 0.818 is considered appropriate as 

it has been derived as part of the calibration process. URBS uses the BFVF to adjust the Baseflow 

Constant (BC) based on the following equation: 

ὄὅ ὄὊὍ ρ ὄὙȾ ρ ὄὊὍ 

or 

ὄὅ ρ ὄὙ ὄὊὠὊ 

 

AR&R recommends that for design event estimation, the BFVF is adjusted based on the values 

provided in Table 6.4. The scaled BFVF and resultant Baseflow Constant (BC) values used in the design 

event modelling is shown in Table 6.5. It is noted that for design events in excess of the 1% AEP event, 

the 1% AEP values have been adopted. 
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 Table 6.4 ï BFVF Scaling Factors for Various AEPs (AR&R 2019, Book 5, Chapter 4, Table 5.4.1) 

AEP (%) Scaled Baseflow Volume Factor 

86.47 2.6 

63.21 2.0 

50.00 1.6 

18.13 1.2 

10.00 1.0 

5.00 0.8 

2.00 0.7 

1.00 0.6 

 

Table 6.5 ï Adjusted Baseflow Volume Factors (BFVF) for URBS and Resultant Baseflow Constant 

(BC) 

AEP (%) BFVF (Unadjusted) 
Scaled Baseflow 
Volume Factor 

BFVF (Adjusted) BC Value 

86.47 0.818 2.60 2.127 1.276 

63.21 0.818 2.00 1.636 0.982 

50.00 0.818 1.60 1.309 0.785 

18.13 0.818 1.20 0.982 0.589 

10.00 0.818 1.00 0.818 0.491 

5.00 0.818 0.80 0.654 0.393 

2.00 0.818 0.70 0.573 0.344 

1.00 0.818 0.60 0.491 0.294 
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6.2.4 Sensitivity of ILb (Pervious) Value 

As previously mentioned, the burst initial loss has been adopted based on the ILs  minus the pre-burst 

rainfall. A sensitivity test was undertaken to understand the changes to hydrologic behaviour 

considering the following two ILb options: 

¶ Option 1 - ILb (pervious) = ILs (pervious) minus the AR&R 2019 pre burst rainfall, where the ILs 

(pervious) = 26 mm (from the AR&R Data Hub).  

¶ Option 2 - ILb (pervious) = 0 mm.  

 

Table 6.6 shows the peak flows when using the two IL options. The results indicate that for events 

between the 20% AEP and 1% AEP events, the peak flows are on average between 0-5% lower in 

Option 1 when compared to Option 2. For the 50% AEP event, the peak flows are on average 

approximately 20% lower in Option 1 when compared to Option 2.  

 

Based on the results of this sensitivity, it is considered that the hydrological model isnôt overly sensitive 

to the selected ILb value and the adopted approach (Option 1) was used.  
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Table 6.6 ï Sensitivity of Initial Loss Selection 

Location 
Hydrological 

Model 
Catchment ID 

IL Option 

URBS Design Flow (m/3/s)(1) 

50% AEP 20% AEP 10% AEP 5% AEP 2% AEP 1% AEP 

Upstream of 
Molle Road, 
Downstream 

of New 
Cleveland 

Road 

07 

1 8.80 14.51 20.16 24.17 25.70 30.18 

2 10.72 15.51 20.16 24.17 27.15 31.30 

Archer 
Street 

21 

1 10.96 18.40 25.21 30.42 32.88 38.65 

2 13.92 19.93 25.21 30.42 34.46 40.25 

Grassdale 
Road 

09 

1 4.66 8.00 9.80 12.13 14.12 16.55 

2 5.86 8.57 10.21 12.29 14.85 17.29 

Greencamp 
Road 

31 

1 2.95 4.84 6.35 7.76 8.50 9.97 

2 3.54 5.05 6.35 7.76 8.83 10.31 

Adjacent to 
Tall Trees 

Circuit 
28 

1 5.50 9.58 11.83 14.28 17.37 20.40 

2 6.96 10.12 12.31 14.93 18.10 21.22 

Rickertt 
Road 

47 

1 31.30 50.40 67.76 80.77 89.94 103.12 

2 37.03 52.14 67.76 80.77 92.51 107.01 

Upstream of 
Lota Creek 
Boardwalk 

06 

1 44.59 70.49 90.72 107.78 127.51 146.77 

2 52.02 73.24 90.72 107.78 127.51 146.77 

Coolana 
Street 

57 

1 8.66 13.10 16.73 19.63 22.54 25.66 

2 9.48 13.73 16.73 19.63 23.01 26.22 

(1) Does not include increased design rainfall due to projected climate variability effects 
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6.3 Design Event Hydraulic Modelling 

6.3.1 Overview 

The TUFLOW model was used to determine design flows and flood levels for the scenarios in Table 

6.1. Design event runs include the 50% AEP to the 1% AEP events. These events were simulated for 

durations ranging from 30 minutes to 24 hours in line with the DEA AR&R 2019 as discussed previously. 

6.3.2 Methodology 

Each storm duration from 30 minutes to 24 hours was modelled with the ten ensembles (TP01 to TP10), 

which resulted in 110 simulation per AEP event. The total number of TUFLOW simulations required to 

complete the Design Event modelling was 1980, comprising the following: 

¶ Scenario 1, with and without climate change ï 1320 simulations. 

¶ Scenario 2, with climate change ï 660 simulations. 

 

To select a design event for a location of interest, to extract design flows and design flood levels, the 

following process was used: 

¶ For each design AEP event, the median flood level for all locations within the TUFLOW model 

extents was determined for each of the eleven storm durations (30 minutes to 24 hours). This 

was undertaken using TUFLOW post processing tools. For each of the eleven storm durations, 

a median flood level surface is produced. A separate grid of the ósourceô median design 

temporal pattern is also generated for each of the eleven durations from which the median 

design temporal pattern at any location within the model can be determined by GIS inspection. 

¶ A single design flood level surface is then produced for each design AEP using TUFLOW post 

processing tools by extracting the peak flood level of the eleven median flood level surfaces 

(max-max). A separate ósourceô grid of the critical duration is also produced from which the 

critical duration at any location within the model can be determined by GIS inspection. 

¶ The design flow for each AEP at any location in the model can then be determined from the 

TUFLOW time varying results with respect to the critical duration and the median ensemble 

which have generated the peak flood level at that location.  

6.3.3 Design Event Hydraulic Model Development 

6.3.3.1 Model Extent 

The Design Event hydraulic model adopts the same model extent as the TUFLOW model developed 

for the calibration and verification events. 

6.3.3.2 Base Terrain Data 

The Design Event hydraulic model adopts the same base terrain data as the TUFLOW model developed 

for the calibration and verification events. 

6.3.3.3 Land Use and Hydraulic Roughness 

The Design Event hydraulic model adopts the same hydraulic roughness distribution as the TUFLOW 

model developed for the calibration and verification events. It is noted that Scenario 2 adopts a modified 

roughness distribution which includes allowance for the MRC as described in Section 6.1. 

6.3.3.4 Hydraulic Structures / Piped Drainage 

The Design Event hydraulic model adopts the same hydraulic structures including piped drainage and 

bridges as the TUFLOW model developed for the calibration and verification events. 
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6.3.3.5 Model Inflows 

Inflow locations applied to the hydraulic model were the same as the TUFLOW model developed for 

the calibration and verification events. The design inflows were taken from the hydrological model for 

each AEP, duration and ensemble. 

6.3.3.6 Downstream Boundary 

The Design Event TUFLOW model adopts a fixed tailwater level (HT) as the downstream model 

boundary. The locations of the model boundaries were the same as the TUFLOW model developed for 

the calibration and verification events. The adopted levels for the Design Events and are as follows: 

¶ Current Conditions: MHWS = 0.98 mAHD. 

¶ Future Climate Conditions (Year 2100): MHWS +0.8m (Sea Level Rise) = 1.78 mAHD. 

6.3.3.7 Run Parameters 

The Design Event hydraulic model adopts the same time step and grid size as the TUFLOW model 

developed for the calibration and verification events.  

 

6.4 Results and Mapping 

6.4.1 Design Discharge Results 

A full range of durations from 30 minutes to 24 hours were simulated for the 50% AEP event to the 1% 

AEP event as mentioned. Table 6.7 shows design discharges (flows) for selected major waterway 

crossings for the Scenario 1 (including climate change) conditions. This information is from the 

TUFLOW hydraulic model. 

 

Table 6.7 ï Design Discharge at Selected Major Waterway Crossings (Scenario 1 + CC)  

Location 

Design Discharge (m3/s)* 

50% AEP 20% AEP 10% AEP 5% AEP 2% AEP 1% AEP 

Lota Creek 

Molle Road at Ch 3600 (S120) 0.4 0.4 0.4 0.4 0.4 0.4 

New Cleveland Road at Ch 

3850 (S115) 16.6 22.7 23.1 23.2 23.3 23.3 

Formosa Road at Ch 4200 

(S46) 3.4 4.1 4.6 4.9 5.0 5.2 

Archer Street at Ch 4700 (S47) 8.7 8.9 9.0 9.1 9.2 9.3 

Grassdale Road at Ch 5100 

(S41) 10.3 12.6 12.7 12.7 12.7 12.7 

London Road at Ch 5700 (S51) 6.5 7.2 7.4 7.5 7.5 7.6 

Boston Road at Ch 6200 (S38) 1.9 1.9 1.9 1.9 1.9 1.9 
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Location 

Design Discharge (m3/s)* 

50% AEP 20% AEP 10% AEP 5% AEP 2% AEP 1% AEP 

Old Cleveland Road at Ch 6550 

(S36) 5.7 9.3 12.6 15.1 16.7 19.5 

Tributary A 

New Cleveland Road at Ch 

1150 (S54) 4.9 5.0 5.5 6.3 7.3 7.9 

Old Cleveland Road at Ch 2150 

(S34) 4.0 6.1 7.6 8.6 9.2 9.9 

Old Cleveland Road at Ch 2200 

(S31) 3.8 5.8 7.2 8.1 8.8 9.8 

Old Cleveland Road at Ch 2250 

(S32) 5.9 10.1 13.1 15.7 17.9 21.0 

Charleton Street at Ch 2550 

(S30) 5.3 8.4 8.8 8.9 9.0 9.1 

Tributary B 

Green Camp Road at Ch 750 

(S107) 9.7 15.4 20.2 24.9 29.7 35.0 

Formosa Road at Ch 2600 

(S45) 1.0 1.1 1.1 1.1 1.1 1.1 

Grassdale Road at Ch 3100 

(S44) 0.1 0.1 0.1 0.1 0.1 0.1 

Tributary E 

Coolana Street at Ch 600 (S27) 9.4 13.9 17.1 18.1 18.3 18.5 

Alexander Street at Ch 1050 

(S24) 9.1 9.9 10.3 10.6 10.8 11.0 

Brookside Place at Ch 1400 

(S25) 8.0 12.2 15.1 17.8 20.5 23.2 

Brookside Place at Ch 1550 

(S23) 5.4 8.2 10.5 12.4 13.8 15.6 

Tributary F 

Green Camp Road at Ch 350 

(S121) 2.9 4.9 5.7 6.0 6.2 6.4 

New Cleveland Road at Ch 500 

(S118) 0.7 0.8 0.8 0.8 0.9 0.9 

Archer Street at Ch 700 (S119) 0.8 0.8 0.8 0.8 0.8 0.8 

Tributary G 
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Location 

Design Discharge (m3/s)* 

50% AEP 20% AEP 10% AEP 5% AEP 2% AEP 1% AEP 

Grassdale Road at Ch 350 

(S42) 0.3 0.3 0.3 0.3 0.3 0.3 

Boston Road at Ch 1300 (S39) 0.8 0.9 0.9 0.9 0.9 1.0 

Old Cleveland Road at Ch 1400 

(S37) 1.5 2.4 3.0 3.6 4.3 5.1 

Tributary L 

Tilley Road at Ch 50 (S110) 4.3 6.3 7.8 9.9 11.7 12.4 

*Includes increased design rainfall due to projected climate variability effects. Where a hydraulic structure is made up of two 

modelled structures, the peak flow represents the sum of the peak flows and assumes the peak flows occur at the same time. 

 

6.4.2 Design Flood Levels 

Tabulated design flood levels for the 50% AEP event to the 1% AEP events have been developed for 

all the modelled waterways within the Lota Creek catchment. These flood levels are contained within 

the following appendices: 

¶ Scenario 1 including climate change: 50% AEP event to the 1% AEP event ï Appendix E. 

¶ Scenario 2 including climate change: 50% AEP event to the 1% AEP event ï Appendix F. 

 

The design flood levels have been extracted along the AMTD line for all waterways. Where the AMTD 

line did not intersect the flood surface, a null value was output, indicated by a N/A value. The critical 

storm duration and median ensemble for each tabulated location is provided in Appendix I (Scenario 1 

only).  

6.4.3 Return Periods of Historic Events 

The estimated magnitude (expressed as AEP (1 in x)) of the calibration / verification events has been 

calculated at a variety of locations within the catchment. The selected locations are shown in Table 6.8. 

For each location, a flood frequency curve was developed using the Scenario 1 modelling with present 

day design rainfall (i.e. no future climate variability allowance). To develop the flood frequency curve, a 

logarithmic line of best fit was created. Using the line of best fit, the calibration and verification events 

were then assigned an approximate AEP. Figure 6-3, Figure 6-4, Figure 6-5, Figure 6-6, Figure 6-7, 

Figure 6-8, Figure 6-9 and Figure 6-10 show the flood frequency curves developed as well as the 

calculated AEP estimates for each selected location. It is noted that some locations in the lower end of 

the catchment may be impacted by tailwater in the calibration / verification events and not the local 

flows which could artificially increase the AEP estimates. 
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Table 6.8 ï Locations of Calculated Return Periods of Historic Events 

Waterway Chainage  Location 

Tributary A 0 Upstream of Molle Road 

Lota Creek 4700 Upstream of Archer Street 

Tributary G 300 Downstream of Grassdale Road 

Tributary F 400 Upstream of Greencamp Road 

Tributary B 1800 Adjacent to Tall Trees Circuit 

Lota Creek 3000 Upstream of Rickertt Road 

Lota Creek 900 Upstream of Lota Creek Boardwalk 

Tributary E 600 Upstream of Coolana Street 

 
 

 
Figure 6-3: Flood Frequency Curve ï Tributary A - Upstream of Molle Road 
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Figure 6-4: Flood Frequency Curve - Lota Creek - Upstream of Archer Street 

 

 
Figure 6-5: Flood Frequency Curve - Tributary G - Downstream of Grassdale Road 
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Figure 6-6: Flood Frequency Curve - Tributary F - Upstream of Greencamp Road 

 

 

Figure 6-7: Flood Frequency Curve - Tributary B - Adjacent to Tall Trees Circuit 
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Figure 6-8: Flood Frequency Curve - Lota Creek - Upstream of Rickertt Road 

 

 
Figure 6-9: Flood Frequency Curve - Lota Creek - Upstream of Lota Creek Boardwalk 
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Figure 6-10: Flood Frequency Curve - Tributary E ï Upstream of Coolana Street  

6.4.4 Rating Curves 

In order to undertake calibration of the hydrological and hydraulic models, a rating curve for the stream 

gauge at Rickertt Road (540729) was developed. The rating curve is used to convert gauged water 

levels into discharge estimates. In reaches where there are significant storage effects, the rating curve 

on the rising limb of a flood hydrograph will be different to the rating curve on the falling limb. This 

results in a óloopedô rating curve, as shown in Figure 6-11. Under these conditions the peak water level 

will not correspond to the peak discharge. 
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Figure 6-11: Storage Effects on the Rating Curve ï (a) Flood Hydrograph (b) Corresponding Rating 

Cuvre (Cunge et al., 1980) 

 

To develop the rating curve for this study, a ódummyô TUFLOW model was created based on the adopted 

design hydraulic model. Instead of using a specific historical or design event, a slow moving, steadily 

increasing hydrograph was created for each sub-catchment and applied to the hydraulic model. For this 

model, a nominally low tailwater level of -0.5 mAHD was adopted. 

 

In addition to the rating curve derived at the stream gauge at Rickertt Road, rating curves have been 

derived at a number of locations within the catchment and are provided in Appendix K. These locations 

are generally in the vicinity of hydraulic structures and are shown in Table 6.9. 

 

Table 6.9 ï Locations of Derived Rating Curves 

Waterway Chainage  Location 

Lota Creek 300 Downstream of Lota Creek Railway Line (S19) 

Lota Creek 700 Downstream of Lota Creek Boardwalk (S1) 

Lota Creek 2700 Upstream of Rickertt Road (S11) 

Lota Creek 3600 Downstream of Molle Road (S120) 

Lota Creek 4650 Downstream of Archer Street (S47) 

Tributary B 600 Downstream of Greencamp Road (S107) 

Tributary B 2100 Downstream of New Cleveland Road (S116) 

Tributary E 600 Downstream of Coolana Street (S27) 

Tributary E 1350 Downstream of Brookside Place (S25) 
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It is noted that the adopted rating curves generally lie between the rising limb (rating curve) and the 

falling limb (rating curve). In the lower end of the catchment, changes to tidal conditions will likely 

affect the suitability of the adopted rating curves and as such, care should be taken when using the 

rating curves in these areas. 

6.4.5 Hydrologic-Hydraulic Model Consistency Check (Design Events) 

Comparison checks on flows were undertaken between the URBS and TUFLOW model for the 50%, 

10% and 1% AEP events, for selected locations shown in Table 6.10. The comparion checks were 

undertaken using the Scenario 1 modelling with present day design rainfall (i.e. no future climate 

variability allowance). Comparisons were undertaken using the 360 minute, TP06 storm as this was 

considered a mid-range storm that was largely representative of flooding behaviour within the 

catchment. The comparison plots are shown in Figure 6-12, Figure 6-13, Figure 6-14, Figure 6-15, 

Figure 6-16, Figure 6-17, Figure 6-18, Figure 6-19 and Appendix D. 

 

Table 6.10 ï Hydrologic-Hydraulic Model Consistency to Design Events ï Locations 

Waterway Chainage  Location 
Hydrological Model 

Catchment ID  

Tributary A 500 
Upstream of Molle Road, 

Downstream of New 
Cleveland Road 

07 

Lota Creek 4700 Upstream of Archer Street 21 

Tributary G 300 
Downstream of Grassdale 

Road 
09 

Tributary F 400 
Upstream of Greencamp 

Road 
31 

Tributary B 1800 
Adjacent to Tall Trees 

Circuit 
28 

Lota Creek 3000 Upstream of Rickertt Road 47 

Lota Creek 1000 
Upstream of Lota Creek 

Boardwalk 
06 

Tributary E 600 Upstream of Coolana Street 57 
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Figure 6-12: Design Events Peak Flow Comparison, URBS and TUFLOW - Upstream of Molle Road, 

Downstream of New Cleveland Road 

 



Lota Creek Flood Study 2024 (Volume 1)  109 

For Information Only ς Not Council Policy 

 
Figure 6-13: Design Events Peak Flow Comparison, URBS and TUFLOW ï Upstream of Archer Street 
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Figure 6-14: Design Events Peak Flow Comparison, URBS and TUFLOW ï Downstream of Grassdale 

Road 
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Figure 6-15: Design Events Peak Flow Comparison, URBS and TUFLOW ï Upstream of Greencamp 

Road 
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Figure 6-16: Design Events Peak Flow Comparison, URBS and TUFLOW - Adjacent to Tall Trees 

Circuit 
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Figure 6-17: Design Events Peak Flow Comparison, URBS and TUFLOW ï Upstream of Rickertt Road 
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Figure 6-18: Design Events Peak Flow Comparison, URBS and TUFLOW - Upstream of Lota Creek 

Boardwalk 
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Figure 6-19: Design Events Peak Flow Comparison, URBS and TUFLOW ï Upstream of Coolana Street 

 

In the upper catchment, upstream of Molle Road, it was observed that TUFLOW flows are higher in 

magnitude than the URBS flows while downstream of Grassdale Road TUFLOW flows are lower in 

magnitude to the URBS flows. This is attributed to a breakout flow that occurs between Archer Street 

and New Cleveland Road (sub-catchment ID 42 into sub-catchment ID 45). This effect is exacerbated 

in the higher order events such as the 1% AEP event where the breakout flow is higher. In the 1% AEP, 

360min, TP06 event, the total volume of the breakout flow is approximately 2,100 m3. 

 

Upstream of Archer Street, along the Lota Creek tributary, there is generally a good agreement in the 

magnitude of peak flows while the timing of flows is slightly shifted between 10-30 minutes. This is 

attributed to the attenuation of flows upstream surrounding Old Cleveland Road. In the 1% AEP, 

360min, TP06 event, flows are attenuated by approximately 10 minutes immediately upstream and 

downstream of Old Cleveland Road.  
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Upstream of Rickertt Road, near the gauge, the timing of peak flows from URBS to TUFLOW is delayed 

by 2.5 hours in the 50% (360min, TP06) AEP event, while in the 1% (360min, TP06) AEP event, the 

timing is delayed by less than 20 minutes. This is attributed to the significant storage effects of the 

overall floodplain. In lower order AEP events, flows generally remain within the floodplain while in higher 

order events, flows are not contained within the floodplain and follow the URBS flows more closely. 

These attenuation effects are more accurately represented in the hydraulic model. In the lower part of 

the Lota Creek catchment, the comparison upstream of the Lota Creek Boardwalk shows a similar 

outcome to the Rickertt Road results in which the timing of peak flows is delayed due to the storage 

effects of the overall floodplain. 

 

Along Tributary E, upstream of Coolana Street, there is a very good comparison between the URBS 

and TUFLOW hydrographs for all three events due to the well defined flow paths and limited attenuation 

in the area. 

6.4.6 Hydraulic Structure Reference Sheets 

Details of flood level and flow data derived for the major hydraulic strucutres modelled are summaried 

within the Hydraulic Structure Reference Sheets (HSRS) and included in Appendix L. It is noted that 

the flood levels and flow values are representative of present day design rainfall and as such there is 

no future climate variability allowance. 

6.4.7 Flood Mapping 

The flood mapping undertaken for this project has been provided separately in Volume 2 and includes 

the Scenario 1 (including climate change) flood extent mapping for 50%, 20%, 10%, 5%, 2% and 1% 

AEP events. It is noted that the design flood surfaces produced have been post-processed to remove 

flood óislandsô from the results with an area less than 2000m2. 
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7.0 Very Rare and Extreme Event Analysis  

7.1 Very Rare and Extreme Event Scenarios 

Table 7.1 indicates the events and scenarios utilised in the modelling of the design events, noting that 

all very rare and extreme event scenarios were modelled using ultimate catchment hydrological 

conditions. These conditions have been previously described in 6.1. 

 

Table 7.1 ï Very Rare and Extreme Event Scenarios 

Event 
Scenario 1 (Without 

Climate Change) 
Scenario 1 (Including 

Climate Change) 
Scenario 2 (Including 

Climate Change) 

0.5% AEP V V V 

0.2% AEP V V V 

0.05% AEP V V V 

PMF V V O 

 

 

7.2 Extreme Event Terminology 

For the Extreme Event analysis, the term Probable Maximum Flood (PMF) has been used to define the 

flood event which is produced through the modelling of the Probable Maximum Precipitation (PMP) 

hyetographs; whereby the PMP hyetographs are derived using the BOM Generalised Short Duration 

Method (GSDM). This methodology is considered more aligned with the Probable Maximum 

Precipitation Design Flood (PMPDF); however, the conservative values adopted for the rainfall losses 

(refer Section 7.4) are unlikely to be considered óprobability neutralô and the most appropriate definition 

of this event most likely lies between the PMPDF and the PMF. The use of óPMFô also provides 

consistency with the terminology used in recent BCC flood studies and City Plan 2014. 

  

7.3 Very Rare Event Hydrology 

The DEA AR&R 2019 methodology was used for the 0.5% AEP, 0.2% AEP and 0.05% AEP events, 

similar to the methodology discussed in Section 6.2. IFD data for the Very Rare events were derived 

using a similar process to the Design Events. Table 7.2 shows the adopted current climate IFD data for 

a location in the middle of the Lota Creek catchment (Catchment ID ï 47). 
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Table 7.2 ï Adopted Very Rare Event IFD Data (Catchment ID ï 47) 

Duration (hrs) 

Rainfall Intensity (mm/hr) 

0.5% AEP 0.2% AEP 0.05% AEP 

0.5 157.98 184.58 228.86 

1.0 108.76 127.84 158.37 

1.5 84.55 99.17 123.33 

2.0 69.77 81.56 101.36 

3.0 53.33 62.01 76.89 

4.5 40.30 46.98 57.92 

6.0 33.14 38.66 47.47 

9.0 25.47 29.56 36.30 

12.0 21.13 24.58 30.19 

18.0 16.47 19.20 23.63 

24.0 13.87 16.21 20.05 

 

 

7.4  Extreme Event Hydrology 

7.4.1 General 

The Probable Maximum Precipitation (PMP) Generalised Short Duration Method (GSDM) and Revised 

Generalised Tropical Storm Method (GTSMR) were used to determine design hyetographs for the 

extreme event modelling. The PMP GSDM was used for modelling storm durations ranging from 0.5 

hours to 6 hours and the GTSMR for the 24 hour storm durations. Between 6 hours and 24 hours, the 

PMP rainfall depth was determined by interpolating between the GSDM 6 hour and the GTSMR 24 hour 

values with the GTSMR temporal pattern applied. 

 

The PMP GSDM and GTSMR has been undertaken using CatchmentSIM (Version 3.61) and Storm 

Injector (Version 1.3.8) software. The use of this software allows the calculation of GSDM rainfall depths 

to be sub-automated and the GSDM ellipses to be positioned correctly. It is noted that while this 

software has been used to generate the inputs, the URBS engine has still been used to model the PMP 

event.  
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7.4.2 Generalised Short Duration Method (GSDM) 

The PMP GSDM was used to determine design hyetographs for storm durations ranging from 0.5 hours 

to 6 hours. Table 7.3 shows the initial GSDM PMP estimates based on the terrain category, elevation 

adjusted factor and moisture adjustment factor, as indicated : 

¶ Terrain Category ï Smooth 0.0 / Rough 1.0 

¶ Elevation Adjustment Factor (EAF) ï 1.0 

¶ Moisture Adjustment Factor (MAF) ï 0.85 

 

Table 7.3 ï GSDM Initial PMP Estimate 

Duration 
(hrs) 

Initial Depth (mm) PMP Estimate (mm) 

Smooth (DS) Rough (DR) Initial Rounded 

0.25 202 202 172 170 

0.5 298 298 253 250 

0.75 380 380 323 320 

1.0 446 446 379 380 

1.5 509 571 485 490 

2.0 571 667 567 570 

2.5 608 737 626 630 

3.0 638 804 683 680 

4.0 707 918 780 780 

5.0 760 1009 858 860 

6.0 806 1075 914 910 

 

The GSDM PMP rainfall is spatially distributed across the catchment by overlaying a series of ellipses 

on the catchment. Figure 7-1 shows the location of the Lota Creek catchment in relation to the ellipses 

and Table 7.4 shows the average rainfall depth between each successive ellipses for the modelled PMF 

storm durations. 
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Figure 7-1: GSDM Spatial Distibution  

 

Table 7.4 ï GSDM Mean Rainfall Depths Between Ellipses 

Ellipse 

Mean Rainfall Depth Between Ellipses (mm) 

0.25hr 0.5hr 0.75hr 1.0hr 1.5hr 2.0hr 2.5hr 3.0hr 4.0hr 5.0hr 6.0hr 

A 197 286 361 419 541 633 698 766 876 965 1020 

B 172 255 322 381 486 570 628 685 785 862 919 

C 159 235 306 357 459 532 593 642 730 802 858 

D N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A 

E N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A 

F N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A 
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7.4.3 Generalised Tropical Storm Method Revised (GTSMR) 

The PMP GTSMR coastal methodology was used to determine design hyetographs for the 24 hour 

storm duration. Between 6 hours and 24 hours, the PMP rainfall depth was determined by interpolating 

between the GSDM 6 hour and the GTSMR 24 hour values.  

 

Table 7.5 shows the initial PMP depth based on the values of the Decay Amplitude Factor, Topographic 

Adjustment Factor and Moisture Adjustment Factor. The adopted values for these factors are indicated 

below: 

¶ Decay Amplitude Factor (DAF) - 0.99 

¶ Topographic Adjustment Factor (TAF) ï 1.31 

¶ Moisture Adjustment Factor (MAF) ï 0.73 

 

Table 7.5 ï GTSMR PMP Rainfall Depths 

Duration (hrs) Initial Depth (mm) PMP Estimate (mm) 
Final PMP Estimate 

(nearest 10 mm) 

9 n/a n/a 1090(1) 

12 n/a n/a 1140(1) 

18 n/a n/a 1240(1) 

24 1357.2 1275.9 1280 

(1) Interpolated values 

7.4.4 Rainfall Losses for PMF 

The following rainfall losses were adopted for the URBS modelling of the PMP: 

¶ Pervious Area: IL = 0 mm, CL = 0 mm/hr. 

¶ Impervious Area: IL = 0 mm, CL = 0 mm/hr (URBS default). 

 

7.5 Very Rare and Extreme Event Hydraulic Modelling 

7.5.1 Overview 

The TUFLOW model was used to determine design flows and flood levels for the scenarios in Table 

7.1. For the Very Rare Events, they were simulated for durations ranging from 30 minutes to 24 

hours, similar to the Design Events, while the Extreme Event (PMP) was simulated for the GSDM 

durations. 

7.5.2 Methodology 

7.5.2.1 Very Rare Events 

The methodology used to simulate Very Rare Events within the hydraulic model is similar to that of the 

Design Events, discussed previously in Section 6.3.2. The total number of TUFLOW simulations 

required to complete the Very Rare Event modelling was 990, comprising the following: 

¶ Scenario 1, with and without climate change ï 660 simulations. 

¶ Scenario 2, with climate change ï 330 simulations. 
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7.5.2.2 Extreme Events 

The methodology used to simulate the PMF Extreme Event consisted of simulating the eleven GSDM 

PMF events and the four GSTMR PMF events within the hydraulic model. A PMF design flood surface 

was developed using TUFLOW post processing tools by extracting the peak flood level of the fifteen 

flood level surfaces (max-max). A separate ósourceô grid of the critical duration is also produced from 

which the critical duration at any location within the model can be determined by GIS inspection. 

7.5.3 Very Rare and Extreme Event Hydraulic Model Development 

7.5.3.1 Model Extents 

No changes were made from the Design Event hydraulic model. 

7.5.3.2 Base Terrain Data 

No changes were made from the Design Event hydraulic model. 

7.5.3.3 Land Use and Hydraulic Roughness 

No changes were made from the Design Event hydraulic model. 

7.5.3.4 Hydraulic Structures / Piped Drainage 

No changes were made from the Design Event hydraulic model. 

7.5.3.5 Model Inflows 

No changes were made from the Design Event hydraulic model. The design inflows were taken from 

the hydrological model for each AEP, duration and ensemble. 

7.5.3.6 Downstream Boundary 

The Very Rare and Extreme Event TUFLOW model adopts a fixed tailwater level (HT) as the 

downstream model boundary. The locations of the model boundaries were the same as the Design 

Event TUFLOW model. The adopted levels for the Very Rare Events are as follows: 

¶ Current Conditions: HAT = 1.55 mAHD. 

¶ Future Climate Conditions (Year 2100): HAT +0.8m (Sea Level Rise) = 2.35 mAHD. 

 

The adopted level for the Extreme Event is as follows: 

¶ Current Conditions: HAT = 1.55mAHD. 

7.5.3.7 Run Parameters 

No changes were made from the Design Event hydraulic model. 

 

7.6 Results and Mapping 

7.6.1 Design Discharge Results 

A full range of durations from 30 minutes to 24 hours were simulated for the 0.5% AEP event to the 

0.05% AEP. The PMF event was run for all GSDM durations. Table 7.6 shows design discharges (flows) 

for selected major waterway crossings for the Scenario 1 (including climate change) conditions. This 

information is from the TUFLOW hydraulic model. 
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Table 7.6 ï Design Discharge at Selected Major Waterway Crossings (Scenario 1)  

Location 

Design Discharge (m3/s)* 

0.5% AEP 0.2% AEP 0.05% AEP PMF 

Lota Creek 

Molle Road at Ch 3600 (S120) 0.3 0.2 0.2 0.4 

New Cleveland Road at Ch 3850 (S115) 23.3 23.4 23.5 24.3 

Formosa Road at Ch 4200 (S46) 5.3 5.4 5.6 5.7 

Archer Street at Ch 4700 (S47) 9.3 9.4 9.5 10.6 

Grassdale Road at Ch 5100 (S41) 12.7 12.7 12.8 12.7 

London Road at Ch 5700 (S51) 7.7 7.7 7.8 9.1 

Boston Road at Ch 6200 (S38) 1.9 1.9 1.9 2.0 

Old Cleveland Road at Ch 6550 (S36) 22.0 23.6 24.8 26.5 

Tributary A 

New Cleveland Road at Ch 1150 (S54) 8.3 8.5 8.7 9.6 

Old Cleveland Road at Ch 2150 (S34) 10.4 10.6 10.8 11.1 

Old Cleveland Road at Ch 2200 (S31) 10.9 11.7 12.1 12.3 

Old Cleveland Road at Ch 2250 (S32) 24.5 29.5 37.1 52.9 

Charleton Street at Ch 2550 (S30) 9.2 9.4 9.6 10.3 

Tributary B 

Green Camp Road at Ch 750 (S107) 40.6 51.5 69.2 90.1 

Formosa Road at Ch 2600 (S45) 1.1 1.1 1.1 1.1 

Grassdale Road at Ch 3100 (S44) 0.1 0.1 0.1 0.1 

Tributary E 

Coolana Street at Ch 600 (S27) 15.7 15.8 16.2 21.2 
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Location 

Design Discharge (m3/s)* 

0.5% AEP 0.2% AEP 0.05% AEP PMF 

Alexander Street at Ch 1050 (S24) 10.8 11.2 11.6 13.8 

Brookside Place at Ch 1400 (S25) 26.8 32.3 42.3 116.8 

Brookside Place at Ch 1550 (S23) 18.1 21.7 28.0 68.1 

Tributary F 

Green Camp Road at Ch 350 (S121) 6.5 6.7 6.9 8.1 

New Cleveland Road at Ch 500 (S118) 0.9 0.9 0.9 1.0 

Archer Street at Ch 700 (S119) 0.8 0.8 0.8 0.9 

Tributary G 

Grassdale Road at Ch 350 (S42) 0.3 0.3 0.4 0.4 

Boston Road at Ch 1300 (S39) 1.0 1.0 1.1 1.1 

Old Cleveland Road at Ch 1400 (S37) 6.0 7.2 9.3 18.1 

Tributary L 

Tilley Road at Ch 50 (S110) 14.6 17.9 23.2 40.2 

*Includes increased design rainfall due to projected climate variability effects. Where a hydraulic structure is made up of two 

modelled structures, the peak flow represents the sum of the peak flows and assumes the peak flows occur at the same time. 

 

7.6.2 Design Flood Levels 

Tabulated design flood levels for the 0.5%, 0.2% and 0.05% AEP events have been developed for all 

the modelled waterways within the Lota Creek catchment. These flood levels are contained within the 

following appendices: 

¶ Scenario 1 including climate change: 0.5%, 0.2% and 0.05% AEP events ï Appendix G. 

¶ Scenario 2 including climate change: 0.5%, 0.2% and 0.05% AEP events ï Appendix H. 

 

The design flood levels have been extracted along the AMTD line for all waterways. Where the AMTD 

line did not intersect the flood surface, a null value was output, indicated by a N/A value. The critical 

storm duration and median ensemble for each tabulated location is provided in Appendix I (Scenario 1 

only).  
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7.6.3 Flood Mapping 

The flood mapping undertaken for this project has been provided separately in Volume 2 and includes 

the Scenario 1 (including climate change) flood extent mapping for the 0.5%, 0.2% and 0.05% AEP 

events. It is noted that the design flood surfaces produced have been post-processed to remove flood 

óislandsô from the results with an area less than 2000m2. 
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8.0 Summary of Study Findings  

This flood study report details the calibration and verification, design, very rare and extreme events for 

the Lota Creek Catchment. Lota Creek is made up of the main Lota Creek waterway as well as eight 

other smaller tributaries. A new hydrological model has been developed for the study using URBS 

software. A hydraulic model has been developed using TUFLOW software which builds on previous 

models undertaken within the catchment.  

 

Hydrometric information was sourced from the available rainfall, stream and maximum height gauge 

records. Joint calibration of the URBS and TUFLOW models was undertaken for the May 2009, March 

2017 and February 2022 severe storm events while verification of the URBS and TUFLOW models was 

undertaken for the January 2013 and May 2015 severe storm events. The results of the calibration and 

verification indicated that the URBS and TUFLOW models were able to adequately represent the 

historical flooding events within the required tolerances and as such, the models were deemed 

appropriate for design flood event estimation.  

 

Design Event floods were simulated for events ranging from the 50% AEP up to the 1% AEP as well as 

Very Rare and Extreme Event flood events ranging from the 0.2% AEP up to the PMF event. These 

events were estimated based on ultimate catchment development conditions and AR&R guidance. 

Design rainfall included an allowance for increased rainfall intensity due to the projected climate 

variability effects.  

 

Two waterway scenarios were considered as follows: 

¶ Scenario 1: Existing Waterway Conditions - Scenario 1 is based on the current waterway 
conditions. Some minor modifications were made to the TUFLOW model developed as part of 
the calibration / verification; refer to Section 6.3 for further details. 

 

¶ Scenario 2: Minimum Riparian Corridor - Scenario 2 includes an allowance for a riparian 
corridor along the edge of the channel and is modelled as the óUltimate Scenarioô for planning 
purposes. 

 

The results from the TUFLOW modelling were used to produce a variety of information including: 

¶ Peak flood discharges at selected locations. 

¶ Peak flood levels at 100m intervals along the AMTD line. 

¶ Peak flood extent mapping for Scenario 1. 

¶ Flood information for a variety of key hydraulic structures.
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Appendix A: Rainfall Distribution 
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A.1 
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A.2 
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Appendix B: URBS Model Parameters 
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URBS Sub-catchment Parameters ï May 2009 

S/C 
Area 
(km2) 

UL UM UH UD UR UF I 

01 0.070 0.2 0.0 0.1 0.0 0.2 0.5 0.28 

02 0.303 0.0 0.0 0.0 0.0 0.0 1.0 0.08 

03 0.104 0.1 0.1 0.0 0.5 0.3 0.0 0.15 

04 0.029 0.1 0.0 0.0 0.0 0.0 0.9 0.06 

05 0.163 0.0 0.0 0.0 0.0 0.0 1.0 0.11 

06 0.196 0.1 0.0 0.0 0.0 0.0 0.9 0.12 

07 0.052 0.0 0.0 0.1 0.0 0.6 0.3 0.10 

08 0.300 0.1 0.0 0.0 0.0 0.1 0.8 0.06 

09 0.065 0.0 0.0 0.1 0.0 0.7 0.2 0.18 

10 0.067 0.1 0.0 0.1 0.0 0.5 0.3 0.18 

11 0.523 0.0 0.0 0.1 0.0 0.4 0.5 0.14 

12 0.243 0.0 0.0 0.0 0.0 0.2 0.8 0.06 

13 0.156 0.0 0.0 0.1 0.0 0.4 0.5 0.17 

14 0.080 0.1 0.0 0.1 0.0 0.0 0.8 0.28 

15 0.453 0.1 0.1 0.0 0.0 0.2 0.6 0.17 

16 0.300 0.1 0.0 0.1 0.0 0.4 0.4 0.22 

17 0.418 0.1 0.0 0.1 0.0 0.5 0.3 0.18 

18 0.106 0.0 0.0 0.1 0.0 0.6 0.3 0.17 

19 0.125 0.0 0.0 0.1 0.0 0.4 0.5 0.16 

20 0.088 0.0 0.0 0.1 0.0 0.6 0.3 0.21 

21 0.093 0.0 0.0 0.1 0.0 0.4 0.5 0.14 

22 0.189 0.0 0.0 0.1 0.0 0.5 0.4 0.16 

23 0.047 0.0 0.0 0.1 0.0 0.4 0.5 0.17 

24 0.059 0.0 0.0 0.1 0.0 0.5 0.4 0.19 

25 0.211 0.0 0.0 0.1 0.0 0.5 0.4 0.16 

26 0.301 0.1 0.0 0.1 0.0 0.4 0.4 0.17 

27 0.309 0.1 0.0 0.1 0.0 0.4 0.4 0.20 

28 0.321 0.2 0.1 0.0 0.1 0.2 0.4 0.24 

29 0.264 0.2 0.0 0.2 0.2 0.2 0.2 0.40 

30 0.450 0.1 0.0 0.0 0.2 0.3 0.4 0.05 

31 0.155 0.1 0.0 0.0 0.1 0.5 0.3 0.10 

32 0.123 0.1 0.0 0.1 0.0 0.4 0.4 0.20 

33 0.231 0.0 0.0 0.1 0.0 0.4 0.5 0.12 

34 0.254 0.0 0.0 0.1 0.0 0.5 0.4 0.16 

35 0.038 0.3 0.0 0.2 0.0 0.2 0.3 0.48 

36 0.106 0.1 0.0 0.1 0.0 0.5 0.3 0.22 

37 0.072 0.2 0.0 0.1 0.0 0.3 0.4 0.32 

38 0.310 0.1 0.0 0.1 0.0 0.4 0.4 0.19 

39 0.161 0.1 0.0 0.1 0.0 0.4 0.4 0.24 

40 0.120 0.1 0.0 0.0 0.0 0.5 0.4 0.24 

41 0.124 0.0 0.0 0.1 0.0 0.4 0.5 0.15 

42 0.081 0.0 0.0 0.1 0.0 0.5 0.4 0.16 

43 0.174 0.0 0.0 0.1 0.0 0.4 0.5 0.17 
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URBS Sub-catchment Parameters ï May 2009 

S/C 
Area 
(km2) 

UL UM UH UD UR UF I 

44 0.287 0.0 0.0 0.1 0.0 0.5 0.4 0.14 

45 0.416 0.0 0.0 0.1 0.0 0.4 0.5 0.14 

46 0.335 0.1 0.0 0.0 0.0 0.3 0.6 0.10 

47 0.086 0.0 0.0 0.0 0.0 0.0 1.0 0.04 

48 0.097 0.1 0.0 0.0 0.0 0.1 0.8 0.08 

49 0.062 0.0 0.0 0.0 0.0 0.2 0.8 0.04 

50 0.309 0.0 0.0 0.0 0.0 0.4 0.6 0.17 

51 0.413 0.0 0.0 0.0 0.0 0.2 0.8 0.06 

52 0.409 0.1 0.0 0.0 0.2 0.2 0.5 0.10 

53 0.121 0.1 0.0 0.0 0.0 0.0 0.9 0.07 

54 0.202 0.0 0.0 0.0 0.0 0.2 0.8 0.08 

55 0.208 0.3 0.0 0.1 0.0 0.4 0.2 0.37 

56 0.233 0.1 0.0 0.1 0.0 0.1 0.7 0.16 

57 0.058 0.1 0.1 0.1 0.0 0.3 0.4 0.33 

58 0.468 0.2 0.1 0.1 0.0 0.4 0.2 0.41 

59 0.094 0.3 0.0 0.1 0.0 0.2 0.4 0.43 

60 0.156 0.2 0.0 0.1 0.0 0.3 0.4 0.31 

61 0.054 0.4 0.0 0.1 0.0 0.3 0.2 0.45 

62 0.113 0.4 0.0 0.1 0.0 0.4 0.1 0.50 

63 0.194 0.0 0.1 0.0 0.0 0.0 0.9 0.06 

64 0.519 0.1 0.0 0.0 0.0 0.3 0.6 0.14 

65 0.449 0.0 0.0 0.1 0.0 0.5 0.4 0.14 

66 0.359 0.0 0.0 0.1 0.0 0.4 0.5 0.12 

67 0.179 0.0 0.0 0.1 0.0 0.5 0.4 0.17 

68 0.091 0.2 0.0 0.2 0.0 0.2 0.4 0.40 

69 0.026 0.2 0.0 0.3 0.0 0.2 0.3 0.51 

70 0.182 0.1 0.0 0.0 0.6 0.1 0.2 0.10 

71 0.346 0.1 0.0 0.0 0.3 0.2 0.4 0.10 

72 0.230 0.0 0.0 0.0 0.0 0.5 0.5 0.12 

73 0.349 0.0 0.0 0.0 0.0 0.4 0.6 0.11 

74 0.077 0.1 0.0 0.0 0.0 0.6 0.3 0.10 

75 0.173 0.0 0.0 0.0 0.0 0.7 0.3 0.11 

76 0.060 0.3 0.0 0.2 0.0 0.2 0.3 0.50 

77 0.072 0.5 0.0 0.2 0.0 0.2 0.1 0.65 

78 0.277 0.2 0.0 0.2 0.0 0.2 0.4 0.42 

79 0.390 0.1 0.0 0.0 0.0 0.0 0.9 0.05 

80 0.125 0.0 0.0 0.1 0.0 0.4 0.5 0.15 

81 0.067 0.2 0.2 0.2 0.2 0.1 0.0 0.60 

82 0.108 0.1 0.0 0.1 0.0 0.4 0.4 0.20 

83 0.073 0.0 0.0 0.1 0.0 0.2 0.7 0.13 

84 0.054 0.1 0.0 0.1 0.0 0.2 0.6 0.24 

85 0.218 0.2 0.0 0.2 0.0 0.3 0.3 0.42 

86 0.062 0.1 0.1 0.2 0.0 0.2 0.4 0.40 

87 0.086 0.3 0.0 0.2 0.0 0.5 0.0 0.48 

88 0.090 0.3 0.1 0.2 0.2 0.2 0.0 0.60 



Lota Creek Flood Study 2024 (Volume 1)  137 

For Information Only ς Not Council Policy 

URBS Sub-catchment Parameters ï May 2009 

S/C 
Area 
(km2) 

UL UM UH UD UR UF I 

89 0.121 0.4 0.0 0.2 0.3 0.1 0.0 0.60 

90 0.070 0.1 0.1 0.1 0.0 0.4 0.3 0.35 

91 0.090 0.2 0.1 0.1 0.0 0.5 0.1 0.44 

92 0.151 0.5 0.0 0.2 0.0 0.2 0.1 0.65 

93 0.131 0.5 0.0 0.2 0.0 0.2 0.1 0.65 

94 0.074 0.3 0.3 0.2 0.0 0.0 0.1 0.39 

95 0.066 0.4 0.1 0.2 0.0 0.0 0.3 0.31 

96 0.083 0.1 0.0 0.0 0.0 0.3 0.6 0.13 

97 0.198 0.0 0.0 0.1 0.0 0.4 0.5 0.19 
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URBS Sub-catchment Parameters ï January 2013 

S/C 
Area 
(km2) 

UL UM UH UD UR UF I 

01 0.070 0.2 0.0 0.1 0.0 0.2 0.5 0.28 

02 0.303 0.0 0.0 0.0 0.0 0.0 1.0 0.08 

03 0.104 0.2 0.2 0.0 0.0 0.2 0.4 0.40 

04 0.029 0.1 0.0 0.0 0.0 0.0 0.9 0.06 

05 0.163 0.0 0.0 0.0 0.0 0.0 1.0 0.11 

06 0.196 0.1 0.0 0.0 0.0 0.0 0.9 0.12 

07 0.052 0.0 0.0 0.1 0.0 0.6 0.3 0.10 

08 0.300 0.1 0.0 0.0 0.0 0.1 0.8 0.06 

09 0.065 0.0 0.0 0.1 0.0 0.7 0.2 0.18 

10 0.067 0.1 0.0 0.1 0.0 0.5 0.3 0.18 

11 0.523 0.0 0.0 0.1 0.0 0.4 0.5 0.14 

12 0.243 0.0 0.0 0.0 0.0 0.2 0.8 0.06 

13 0.156 0.0 0.0 0.1 0.0 0.4 0.5 0.17 

14 0.080 0.1 0.0 0.1 0.0 0.0 0.8 0.28 

15 0.453 0.1 0.1 0.0 0.0 0.2 0.6 0.17 

16 0.300 0.1 0.0 0.1 0.0 0.4 0.4 0.22 

17 0.418 0.1 0.0 0.1 0.0 0.5 0.3 0.18 

18 0.106 0.0 0.0 0.1 0.0 0.6 0.3 0.17 

19 0.125 0.0 0.0 0.1 0.0 0.4 0.5 0.16 

20 0.088 0.0 0.0 0.1 0.0 0.6 0.3 0.21 

21 0.093 0.0 0.0 0.1 0.0 0.4 0.5 0.14 

22 0.189 0.0 0.0 0.1 0.0 0.5 0.4 0.16 

23 0.047 0.0 0.0 0.1 0.0 0.4 0.5 0.17 

24 0.059 0.0 0.0 0.1 0.0 0.5 0.4 0.19 

25 0.211 0.0 0.0 0.1 0.0 0.5 0.4 0.16 

26 0.301 0.1 0.0 0.1 0.0 0.4 0.4 0.17 

27 0.309 0.1 0.0 0.1 0.0 0.4 0.4 0.20 

28 0.321 0.2 0.1 0.1 0.0 0.2 0.4 0.34 

29 0.264 0.4 0.0 0.2 0.0 0.2 0.2 0.60 

30 0.450 0.1 0.0 0.2 0.0 0.3 0.4 0.15 

31 0.155 0.1 0.1 0.0 0.0 0.5 0.3 0.20 

32 0.123 0.1 0.0 0.1 0.0 0.4 0.4 0.20 

33 0.231 0.0 0.0 0.1 0.0 0.4 0.5 0.12 

34 0.254 0.0 0.0 0.1 0.0 0.5 0.4 0.16 

35 0.038 0.3 0.0 0.2 0.0 0.2 0.3 0.48 

36 0.106 0.1 0.0 0.1 0.0 0.5 0.3 0.22 

37 0.072 0.2 0.0 0.1 0.0 0.3 0.4 0.32 

38 0.310 0.1 0.0 0.1 0.0 0.4 0.4 0.19 

39 0.161 0.1 0.0 0.1 0.0 0.4 0.4 0.24 

40 0.120 0.1 0.0 0.0 0.0 0.5 0.4 0.24 

41 0.124 0.0 0.0 0.1 0.0 0.4 0.5 0.15 

42 0.081 0.0 0.0 0.1 0.0 0.5 0.4 0.16 

43 0.174 0.0 0.0 0.1 0.0 0.4 0.5 0.17 

44 0.287 0.0 0.0 0.1 0.0 0.5 0.4 0.14 

45 0.416 0.0 0.0 0.1 0.0 0.4 0.5 0.14 
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URBS Sub-catchment Parameters ï January 2013 

S/C 
Area 
(km2) 

UL UM UH UD UR UF I 

46 0.335 0.1 0.0 0.0 0.0 0.3 0.6 0.10 

47 0.086 0.0 0.0 0.0 0.0 0.0 1.0 0.04 

48 0.097 0.1 0.0 0.0 0.0 0.1 0.8 0.08 

49 0.062 0.0 0.0 0.0 0.0 0.2 0.8 0.04 

50 0.309 0.0 0.0 0.0 0.0 0.4 0.6 0.17 

51 0.413 0.0 0.0 0.0 0.0 0.2 0.8 0.06 

52 0.409 0.1 0.1 0.0 0.1 0.2 0.5 0.25 

53 0.121 0.1 0.0 0.0 0.0 0.0 0.9 0.07 

54 0.202 0.0 0.0 0.0 0.0 0.2 0.8 0.08 

55 0.208 0.3 0.0 0.1 0.0 0.4 0.2 0.37 

56 0.233 0.1 0.0 0.1 0.0 0.1 0.7 0.16 

57 0.058 0.1 0.1 0.1 0.0 0.3 0.4 0.33 

58 0.468 0.2 0.1 0.1 0.0 0.4 0.2 0.41 

59 0.094 0.3 0.0 0.1 0.0 0.2 0.4 0.43 

60 0.156 0.2 0.0 0.1 0.0 0.3 0.4 0.31 

61 0.054 0.4 0.0 0.1 0.0 0.3 0.2 0.45 

62 0.113 0.4 0.0 0.1 0.0 0.4 0.1 0.50 

63 0.194 0.0 0.1 0.0 0.0 0.0 0.9 0.06 

64 0.519 0.1 0.0 0.0 0.0 0.3 0.6 0.14 

65 0.449 0.0 0.0 0.1 0.0 0.5 0.4 0.14 

66 0.359 0.0 0.0 0.1 0.0 0.4 0.5 0.12 

67 0.179 0.0 0.0 0.1 0.0 0.5 0.4 0.17 

68 0.091 0.2 0.0 0.2 0.0 0.2 0.4 0.40 

69 0.026 0.2 0.0 0.3 0.0 0.2 0.3 0.51 

70 0.182 0.3 0.2 0.2 0.0 0.1 0.2 0.70 

71 0.346 0.2 0.1 0.1 0.0 0.2 0.4 0.35 

72 0.230 0.0 0.0 0.0 0.0 0.5 0.5 0.12 

73 0.349 0.0 0.0 0.0 0.0 0.4 0.6 0.11 

74 0.077 0.1 0.0 0.0 0.0 0.6 0.3 0.10 

75 0.173 0.0 0.0 0.0 0.0 0.7 0.3 0.11 

76 0.060 0.3 0.0 0.2 0.0 0.2 0.3 0.50 

77 0.072 0.5 0.0 0.2 0.0 0.2 0.1 0.65 

78 0.277 0.2 0.0 0.2 0.0 0.2 0.4 0.42 

79 0.390 0.1 0.0 0.0 0.0 0.0 0.9 0.10 

80 0.125 0.0 0.0 0.1 0.0 0.4 0.5 0.15 

81 0.067 0.4 0.2 0.2 0.0 0.3 0.0 0.80 

82 0.108 0.1 0.0 0.1 0.0 0.4 0.4 0.20 

83 0.073 0.0 0.0 0.1 0.0 0.2 0.7 0.13 

84 0.054 0.1 0.0 0.1 0.0 0.2 0.6 0.24 

85 0.218 0.2 0.0 0.2 0.0 0.3 0.3 0.42 

86 0.062 0.2 0.2 0.2 0.0 0.2 0.2 0.60 

87 0.086 0.3 0.0 0.2 0.0 0.5 0.0 0.48 

88 0.090 0.5 0.1 0.2 0.0 0.2 0.0 0.75 

89 0.121 0.4 0.2 0.3 0.0 0.1 0.0 0.85 

90 0.070 0.1 0.1 0.1 0.0 0.4 0.3 0.35 
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URBS Sub-catchment Parameters ï January 2013 

S/C 
Area 
(km2) 

UL UM UH UD UR UF I 

91 0.090 0.2 0.1 0.1 0.0 0.5 0.1 0.44 

92 0.151 0.5 0.0 0.2 0.0 0.2 0.1 0.65 

93 0.131 0.5 0.0 0.2 0.0 0.2 0.1 0.65 

94 0.074 0.3 0.3 0.2 0.0 0.0 0.1 0.39 

95 0.066 0.4 0.1 0.2 0.0 0.0 0.3 0.31 

96 0.083 0.1 0.0 0.0 0.0 0.3 0.6 0.13 

97 0.198 0.0 0.0 0.1 0.0 0.4 0.5 0.19 
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URBS Sub-catchment Parameters ï May 2015, March 2017 and February 2022 

S/C 
Area 
(km2) 

UL UM UH UD UR UF I 

01 0.070 0.2 0.0 0.1 0.0 0.2 0.5 0.28 

02 0.303 0.0 0.0 0.0 0.0 0.0 1.0 0.08 

03 0.104 0.2 0.2 0.0 0.0 0.2 0.4 0.40 

04 0.029 0.1 0.0 0.0 0.0 0.0 0.9 0.06 

05 0.163 0.0 0.0 0.0 0.0 0.0 1.0 0.11 

06 0.196 0.1 0.0 0.0 0.0 0.0 0.9 0.12 

07 0.052 0.0 0.0 0.1 0.0 0.6 0.3 0.10 

08 0.300 0.1 0.0 0.0 0.0 0.1 0.8 0.06 

09 0.065 0.0 0.0 0.1 0.0 0.7 0.2 0.18 

10 0.067 0.1 0.0 0.1 0.0 0.5 0.3 0.18 

11 0.523 0.0 0.0 0.1 0.0 0.4 0.5 0.14 

12 0.243 0.0 0.0 0.0 0.0 0.2 0.8 0.06 

13 0.156 0.0 0.0 0.1 0.0 0.4 0.5 0.17 

14 0.080 0.1 0.0 0.1 0.0 0.0 0.8 0.28 

15 0.453 0.1 0.1 0.0 0.0 0.2 0.6 0.17 

16 0.300 0.1 0.0 0.1 0.0 0.4 0.4 0.22 

17 0.418 0.1 0.0 0.1 0.0 0.5 0.3 0.18 

18 0.106 0.0 0.0 0.1 0.0 0.6 0.3 0.17 

19 0.125 0.0 0.0 0.1 0.0 0.4 0.5 0.16 

20 0.088 0.0 0.0 0.1 0.0 0.6 0.3 0.21 

21 0.093 0.0 0.0 0.1 0.0 0.4 0.5 0.14 

22 0.189 0.0 0.0 0.1 0.0 0.5 0.4 0.16 

23 0.047 0.0 0.0 0.1 0.0 0.4 0.5 0.17 

24 0.059 0.0 0.0 0.1 0.0 0.5 0.4 0.19 

25 0.211 0.0 0.0 0.1 0.0 0.5 0.4 0.16 

26 0.301 0.1 0.0 0.1 0.0 0.4 0.4 0.17 

27 0.309 0.1 0.0 0.1 0.0 0.4 0.4 0.20 

28 0.321 0.2 0.1 0.1 0.0 0.2 0.4 0.34 

29 0.264 0.4 0.0 0.2 0.0 0.2 0.2 0.60 

30 0.450 0.1 0.0 0.2 0.0 0.3 0.4 0.25 

31 0.155 0.1 0.1 0.0 0.0 0.5 0.3 0.24 

32 0.123 0.1 0.0 0.1 0.0 0.4 0.4 0.20 

33 0.231 0.0 0.0 0.1 0.0 0.4 0.5 0.12 

34 0.254 0.0 0.0 0.1 0.0 0.5 0.4 0.16 

35 0.038 0.3 0.0 0.2 0.0 0.2 0.3 0.48 

36 0.106 0.1 0.0 0.1 0.0 0.5 0.3 0.22 

37 0.072 0.2 0.0 0.1 0.0 0.3 0.4 0.32 

38 0.310 0.1 0.0 0.1 0.0 0.4 0.4 0.19 

39 0.161 0.1 0.0 0.1 0.0 0.4 0.4 0.24 

40 0.120 0.1 0.0 0.0 0.0 0.5 0.4 0.24 

41 0.124 0.0 0.0 0.1 0.0 0.4 0.5 0.15 

42 0.081 0.0 0.0 0.1 0.0 0.5 0.4 0.16 

43 0.174 0.0 0.0 0.1 0.0 0.4 0.5 0.17 

44 0.287 0.0 0.0 0.1 0.0 0.5 0.4 0.14 

45 0.416 0.0 0.0 0.1 0.0 0.4 0.5 0.14 
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URBS Sub-catchment Parameters ï May 2015, March 2017 and February 2022 

S/C 
Area 
(km2) 

UL UM UH UD UR UF I 

46 0.335 0.1 0.0 0.0 0.0 0.3 0.6 0.10 

47 0.086 0.0 0.0 0.0 0.0 0.0 1.0 0.04 

48 0.097 0.1 0.0 0.0 0.0 0.1 0.8 0.08 

49 0.062 0.0 0.0 0.0 0.0 0.2 0.8 0.04 

50 0.309 0.0 0.0 0.0 0.0 0.4 0.6 0.17 

51 0.413 0.0 0.0 0.0 0.0 0.2 0.8 0.06 

52 0.409 0.2 0.1 0.0 0.0 0.2 0.5 0.30 

53 0.121 0.1 0.0 0.0 0.0 0.0 0.9 0.07 

54 0.202 0.0 0.0 0.0 0.0 0.2 0.8 0.08 

55 0.208 0.3 0.0 0.1 0.0 0.4 0.2 0.37 

56 0.233 0.1 0.0 0.1 0.0 0.1 0.7 0.16 

57 0.058 0.1 0.1 0.1 0.0 0.3 0.4 0.33 

58 0.468 0.2 0.1 0.1 0.0 0.4 0.2 0.41 

59 0.094 0.3 0.0 0.1 0.0 0.2 0.4 0.43 

60 0.156 0.2 0.0 0.1 0.0 0.3 0.4 0.31 

61 0.054 0.4 0.0 0.1 0.0 0.3 0.2 0.45 

62 0.113 0.4 0.0 0.1 0.0 0.4 0.1 0.50 

63 0.194 0.0 0.1 0.0 0.0 0.0 0.9 0.06 

64 0.519 0.1 0.0 0.0 0.0 0.3 0.6 0.14 

65 0.449 0.0 0.0 0.1 0.0 0.5 0.4 0.14 

66 0.359 0.0 0.0 0.1 0.0 0.4 0.5 0.12 

67 0.179 0.0 0.0 0.1 0.0 0.5 0.4 0.17 

68 0.091 0.2 0.0 0.2 0.0 0.2 0.4 0.40 

69 0.026 0.2 0.0 0.3 0.0 0.2 0.3 0.51 

70 0.182 0.3 0.2 0.2 0.0 0.1 0.2 0.70 

71 0.346 0.2 0.1 0.1 0.0 0.2 0.4 0.35 

72 0.230 0.0 0.0 0.0 0.0 0.5 0.5 0.12 

73 0.349 0.0 0.0 0.0 0.0 0.4 0.6 0.11 

74 0.077 0.1 0.0 0.0 0.0 0.6 0.3 0.10 

75 0.173 0.0 0.0 0.0 0.0 0.7 0.3 0.11 

76 0.060 0.3 0.0 0.2 0.0 0.2 0.3 0.50 

77 0.072 0.5 0.0 0.2 0.0 0.2 0.1 0.65 

78 0.277 0.2 0.0 0.2 0.0 0.2 0.4 0.42 

79 0.390 0.1 0.0 0.0 0.0 0.0 0.9 0.14 

80 0.125 0.0 0.0 0.1 0.0 0.4 0.5 0.15 

81 0.067 0.4 0.2 0.2 0.0 0.3 0.0 0.80 

82 0.108 0.1 0.0 0.1 0.0 0.4 0.4 0.20 

83 0.073 0.0 0.0 0.1 0.0 0.2 0.7 0.13 

84 0.054 0.1 0.0 0.1 0.0 0.2 0.6 0.24 

85 0.218 0.2 0.0 0.2 0.0 0.3 0.3 0.42 

86 0.062 0.2 0.2 0.2 0.0 0.2 0.2 0.60 

87 0.086 0.3 0.0 0.2 0.0 0.5 0.0 0.48 

88 0.090 0.5 0.1 0.2 0.0 0.2 0.0 0.75 

89 0.121 0.4 0.2 0.3 0.0 0.1 0.0 0.85 

90 0.070 0.1 0.1 0.1 0.0 0.4 0.3 0.35 
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URBS Sub-catchment Parameters ï May 2015, March 2017 and February 2022 

S/C 
Area 
(km2) 

UL UM UH UD UR UF I 

91 0.090 0.2 0.1 0.1 0.0 0.5 0.1 0.44 

92 0.151 0.5 0.0 0.2 0.0 0.2 0.1 0.65 

93 0.131 0.5 0.0 0.2 0.0 0.2 0.1 0.65 

94 0.074 0.3 0.3 0.2 0.0 0.0 0.1 0.39 

95 0.066 0.4 0.1 0.2 0.0 0.0 0.3 0.31 

96 0.083 0.1 0.0 0.0 0.0 0.3 0.6 0.13 

97 0.198 0.0 0.0 0.1 0.0 0.4 0.5 0.19 
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URBS Sub-catchment Parameters ï Design Events 

S/C 
Area 
(km2) 

UL UM UH UD UR UF I 

01 0.070 0.2 0.0 0.1 0.0 0.2 0.5 0.39 

02 0.303 0.0 0.0 0.0 0.0 0.0 1.0 0.09 

03 0.104 0.2 0.2 0.0 0.0 0.2 0.4 0.40 

04 0.029 0.1 0.0 0.0 0.0 0.0 0.9 0.08 

05 0.163 0.0 0.0 0.0 0.0 0.0 1.0 0.13 

06 0.196 0.1 0.0 0.0 0.0 0.0 0.9 0.16 

07 0.052 0.0 0.0 0.1 0.0 0.6 0.3 0.11 

08 0.300 0.1 0.0 0.0 0.0 0.1 0.8 0.07 

09 0.065 0.0 0.0 0.1 0.0 0.7 0.2 0.18 

10 0.067 0.1 0.0 0.1 0.0 0.5 0.3 0.19 

11 0.523 0.0 0.0 0.1 0.0 0.4 0.5 0.14 

12 0.243 0.0 0.0 0.0 0.0 0.2 0.8 0.06 

13 0.156 0.0 0.0 0.1 0.0 0.4 0.5 0.17 

14 0.080 0.1 0.0 0.1 0.0 0.0 0.8 0.32 

15 0.453 0.1 0.1 0.0 0.0 0.2 0.6 0.23 

16 0.300 0.1 0.0 0.1 0.0 0.4 0.4 0.25 

17 0.418 0.1 0.0 0.1 0.0 0.5 0.3 0.19 

18 0.106 0.0 0.0 0.1 0.0 0.6 0.3 0.17 

19 0.125 0.0 0.0 0.1 0.0 0.4 0.5 0.16 

20 0.088 0.1 0.0 0.1 0.0 0.5 0.3 0.21 

21 0.093 0.0 0.0 0.1 0.0 0.4 0.5 0.15 

22 0.189 0.0 0.0 0.1 0.0 0.5 0.4 0.16 

23 0.047 0.1 0.0 0.1 0.0 0.4 0.4 0.17 

24 0.059 0.1 0.0 0.1 0.0 0.4 0.4 0.20 

25 0.211 0.1 0.0 0.1 0.0 0.4 0.4 0.17 

26 0.301 0.1 0.0 0.1 0.0 0.4 0.4 0.18 

27 0.309 0.1 0.0 0.1 0.0 0.4 0.4 0.22 

28 0.321 0.2 0.1 0.1 0.0 0.2 0.4 0.46 

29 0.264 0.4 0.0 0.2 0.0 0.2 0.2 0.60 

30 0.450 0.1 0.0 0.2 0.0 0.3 0.4 0.30 

31 0.155 0.1 0.2 0.0 0.0 0.4 0.3 0.32 

32 0.123 0.1 0.0 0.1 0.0 0.4 0.4 0.21 

33 0.231 0.0 0.0 0.1 0.0 0.4 0.5 0.12 

34 0.254 0.0 0.0 0.1 0.0 0.5 0.4 0.17 

35 0.038 0.3 0.0 0.2 0.0 0.2 0.3 0.55 

36 0.106 0.1 0.0 0.1 0.0 0.5 0.3 0.23 

37 0.072 0.2 0.0 0.1 0.0 0.3 0.4 0.37 

38 0.310 0.1 0.0 0.1 0.0 0.4 0.4 0.20 

39 0.161 0.1 0.0 0.1 0.0 0.4 0.4 0.26 

40 0.120 0.3 0.0 0.0 0.0 0.4 0.3 0.27 

41 0.124 0.0 0.0 0.1 0.0 0.4 0.5 0.16 

42 0.081 0.0 0.0 0.1 0.0 0.5 0.4 0.17 

43 0.174 0.0 0.0 0.2 0.0 0.4 0.4 0.18 

44 0.287 0.0 0.0 0.1 0.0 0.5 0.4 0.14 

45 0.416 0.0 0.0 0.1 0.0 0.4 0.5 0.15 
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URBS Sub-catchment Parameters ï Design Events 

S/C 
Area 
(km2) 

UL UM UH UD UR UF I 

46 0.335 0.1 0.0 0.0 0.0 0.3 0.6 0.12 

47 0.086 0.0 0.0 0.0 0.0 0.0 1.0 0.06 

48 0.097 0.1 0.0 0.0 0.0 0.1 0.8 0.09 

49 0.062 0.0 0.0 0.0 0.0 0.2 0.8 0.04 

50 0.309 0.0 0.0 0.0 0.0 0.4 0.6 0.18 

51 0.413 0.0 0.0 0.0 0.0 0.2 0.8 0.07 

52 0.409 0.2 0.1 0.0 0.0 0.2 0.5 0.30 

53 0.121 0.1 0.0 0.0 0.0 0.0 0.9 0.08 

54 0.202 0.0 0.0 0.0 0.0 0.2 0.8 0.09 

55 0.208 0.4 0.0 0.1 0.0 0.3 0.2 0.55 

56 0.233 0.1 0.0 0.1 0.0 0.1 0.7 0.19 

57 0.058 0.2 0.1 0.1 0.0 0.3 0.3 0.48 

58 0.468 0.4 0.1 0.1 0.0 0.2 0.2 0.58 

59 0.094 0.5 0.0 0.1 0.0 0.1 0.3 0.60 

60 0.156 0.3 0.0 0.1 0.0 0.3 0.3 0.44 

61 0.054 0.4 0.0 0.1 0.0 0.3 0.2 0.54 

62 0.113 0.5 0.0 0.1 0.0 0.3 0.1 0.63 

63 0.194 0.0 0.1 0.0 0.0 0.0 0.9 0.09 

64 0.519 0.1 0.0 0.0 0.0 0.3 0.6 0.17 

65 0.449 0.0 0.0 0.1 0.0 0.5 0.4 0.15 

66 0.359 0.0 0.0 0.1 0.0 0.4 0.5 0.13 

67 0.179 0.0 0.0 0.1 0.0 0.5 0.4 0.17 

68 0.091 0.3 0.0 0.2 0.0 0.2 0.3 0.55 

69 0.026 0.3 0.0 0.3 0.0 0.2 0.2 0.65 

70 0.182 0.3 0.2 0.2 0.0 0.1 0.2 0.70 

71 0.346 0.2 0.1 0.1 0.0 0.2 0.4 0.39 

72 0.230 0.1 0.0 0.0 0.0 0.4 0.5 0.12 

73 0.349 0.1 0.0 0.0 0.0 0.4 0.5 0.12 

74 0.077 0.1 0.0 0.0 0.0 0.6 0.3 0.12 

75 0.173 0.1 0.0 0.0 0.0 0.6 0.3 0.12 

76 0.060 0.3 0.0 0.3 0.0 0.2 0.2 0.66 

77 0.072 0.5 0.0 0.2 0.0 0.2 0.1 0.67 

78 0.277 0.3 0.0 0.3 0.0 0.1 0.3 0.58 

79 0.390 0.2 0.0 0.0 0.0 0.0 0.8 0.21 

80 0.125 0.0 0.0 0.1 0.0 0.4 0.5 0.15 

81 0.067 0.4 0.2 0.2 0.0 0.3 0.0 0.80 

82 0.108 0.1 0.0 0.1 0.0 0.4 0.4 0.21 

83 0.073 0.0 0.0 0.1 0.0 0.2 0.7 0.14 

84 0.054 0.2 0.0 0.1 0.0 0.2 0.5 0.30 

85 0.218 0.3 0.0 0.3 0.0 0.2 0.2 0.60 

86 0.062 0.2 0.2 0.2 0.0 0.2 0.2 0.62 

87 0.086 0.4 0.0 0.3 0.0 0.3 0.0 0.72 

88 0.090 0.5 0.1 0.2 0.0 0.2 0.0 0.75 

89 0.121 0.4 0.2 0.3 0.0 0.1 0.0 0.85 

90 0.070 0.2 0.2 0.1 0.0 0.3 0.2 0.54 
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URBS Sub-catchment Parameters ï Design Events 

S/C 
Area 
(km2) 

UL UM UH UD UR UF I 

91 0.090 0.3 0.2 0.1 0.0 0.3 0.1 0.64 

92 0.151 0.5 0.0 0.2 0.0 0.2 0.1 0.66 

93 0.131 0.5 0.0 0.2 0.0 0.2 0.1 0.65 

94 0.074 0.3 0.3 0.2 0.0 0.0 0.1 0.57 

95 0.066 0.4 0.1 0.2 0.0 0.0 0.3 0.53 

96 0.083 0.1 0.0 0.0 0.0 0.3 0.6 0.17 

97 0.198 0.1 0.0 0.1 0.0 0.4 0.4 0.21 
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Appendix C: Adopted Land Use 
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Assigned Land Use Impervious Values and Urbanisation Index for Design Events 

Brisbane City Plan Zoning 

Assigned Impervious Value 
(%) 

Level 1 Zone Level 2 Zone 

Centre Neighbourhood centre 90 

Community facilities Community purposes 50 

Community facilities Education purposes 50 

Community facilities Health care purposes 50 

Community facilities Major health care 70 

Community facilities Major sports venue 60 

Emerging communities Emerging community 70 

Environmental management and 
conservation Conservation 5 

Environmental management and 
conservation Conservation (District) 15 

Environmental management and 
conservation Environmental management 5 

General residential Character residential (Character) 70 

General residential Low density residential 60 

Industry Low impact industry 90 

Recreation and open space Open space 5 

Recreation and open space Open space (District) 5 

Recreation and open space Open space (Local) 5 

Rural Rural 5 

Special purpose 
Special purpose (Transport 

infrastructure) 75 

Special purpose Special purpose (Utility services) 50 

Sport and recreation Sport and recreation (District) 20 

Sport and recreation Sport and recreation (Local) 20 

Road and Road Reserve (not zoned) 85 
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C.1 
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Appendix D: URBS ɀ TUFLOW Comparative Plots 

 

 

 

 

 

 

For further information on the hydrologic ï hydraulic model consistency checks refer to the following 

sections:  

Calibration Events ï 5.7 

Design Events ï 6.4.5 
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Calibration Plots 
 

May 2009  

 

 
May 2009 Peak Flow Comparison, URBS and TUFLOW - Upstream of Molle Road, Downstream of 

New Cleveland Road 
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May 2009 Peak Flow Comparison, URBS and TUFLOW - Upstream of Archer Street 

 




























































































































































































































































































































































































































































































