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Glossary 
Term Definition 
AEP Annual Exceedance Probability - The probability that a given rainfall total 

accumulated over a given duration will be exceeded in any one year. 

Afflux A change in flood level  

AHD Australian Height Datum – Reference to height above sea level 

ARI Average Recurrence Interval - The average, or expected, value of the 
periods between exceedances of a given rainfall total accumulated over a 
given duration. 

AR&R 1987 Australian Rainfall and Runoff - Industry guidelines used for the 
estimation of floods. 

AR&R 2016 Australian Rainfall and Runoff – Recent update to the AR&R 1987 flood 
estimation guidelines 

BoM Bureau of Meteorology 

BX Factor Storage Factor 

CBD Central Business District 

Change in 
flood level 

The change or difference in flood level relative to a baseline condition. 

CL Continuing Loss 

DEM Digital Elevation Model 

DPIE Department of Planning, Industry and Environment 

DRAINS A hydraulic and hydrology modelling software package used to assess 
the rainfall and runoff process in a defined catchment  

DTM Digital Terrain Model 

EP&A Act Environmental Planning and Assessment Act 1979 

Floodplain An area of land that is subject to flooding. 

GIS Geographic Information System 

GSDM Generalised Short Duration Method 

Hydraulics The science of water movement along channels, floodplains, pipes and 
other structures that convey water. 

Hydrology Assessment of rainfall and runoff processed in a catchment area. 

IL Initial Loss 

LiDAR Light Detection and Ranging 

PMF Probable Maximum Flood – A flood resulting from the greatest depth of 
precipitation for a given duration meteorologically possible for a given size 
storm area at a particular location at a particular time of the year, with no 
allowance made for long-term climatic trends. 

REF Review of Environmental Factors 

TfNSW Transport for New South Wales  

TUFLOW A hydrodynamic modelling software that analyses the movement of water 
in both one and two dimensions.  

WM Act The Water Management Act 2000 (NSW) 
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1 Introduction 
Transport for NSW (TfNSW) is undertaking planning for an upgrade of the Newell 
Highway at Coonabarabran in the north west of New South Wales (NSW). The Newell 
Highway is a major freight route between Victoria and Queensland through regional 
NSW. Coonabarabran is located within the Warrumbungle Shire Council local 
government area about 120 kilometres north-east of Dubbo central business district 
(CBD) and 335 kilometres north-west of Sydney CBD. This work is part of the Newell 
Highway upgrade program.  
Construction of the bypass is expected to support more efficient and productive 
movement of freight along the Newell Highway corridor. The bypass is also 
anticipated to improve regional connectivity, improve road safety in the area and 
increase travel efficiency for local and regional road users.  
This Hydrology and Hydraulics Report has been prepared to assess the potential 
impacts of the project. It will inform the project design and a Review of Environmental 
Factors (REF) currently being prepared by Roads and Maritime under Division 5.1 of 
the Environmental Planning and Assessment Act 1979 (EP&A Act) for the project.  

1.1 Project overview 
The proposed Newell Highway Coonabarabran Bypass is a new road east of the 
existing Newell Highway alignment which runs through the town. 
Key features of the project would include: 

• a new two-lane, two-way road, about eight kilometres long to the east of 
Coonabarabran, between the Newell Highway and Oxley Highway with a 
posted speed limit of 110 kilometres per hour  

• changes to the intersection arrangement of the Newell Highway and Oxley 
Highway to the north of Coonabarabran   

• intersections and local road adjustments at Purlewaugh Road and River Road  

• a bridge crossing of the Castlereagh River  

• two stock culverts; one under the highway just south of Purlewaugh Road and 
a private stock access under the highway between River Road and 
Chinamans Gully  

• property acquisitions and adjustments (including to some property access)  

• drainage adjustments and utility relocations   

• temporary ancillary facilities during construction including water quality 
controls, site offices and stockpile sites. 

Refer to Figure 1-1 for the proposal overview. 
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Figure 1-1 The proposal subject to detailed design 
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1.2 Purpose and scope of this report 
TfNSW is preparing a REF for the construction and operation of this project. TfNSW 
is concurrently undertaking the project’s concept design and planning.  
This working paper has been prepared to:  

• Inform the REF for the project of the potential flood impacts of the proposal in 
accordance with the relevant environmental assessment requirements of 
Division 5.1 of the EP&A Act  

• Support planning and design activities for the project including identifying 
environmental risks, constraints and areas of sensitivity and making 
recommendations for the avoidance or minimisation of potential impacts.  

The scope of the report will include:  

• Review the report and modelling previously undertaken by Opus (2018) to 
acquire an understanding of the flood behaviour and the proposal (Option 1 as 
referred to as the Opus (2018) study). 

• Review the hydrological model and TUFLOW model and assess their 
suitability to be adopted for the current study. 

• Update the hydrological model and run for a range of design events including 
five per cent, two per cent, one per cent and 0.05 per cent Annual 
Exceedance Probability (AEP) design events as well as (Probable Maximum 
Flood) PMF. 

• Update the hydraulic (TUFLOW) model to suit the current assessment and set 
up an existing case. 

• Develop a design case TUFLOW model based on the existing case and 
incorporation of the proposed bypass design and the cross drainage proposed 
(a number of culverts and a bridge).  

• Run the existing case and design case TUFLOW models for a range of design 
events. 

• Assess the flood immunity predicted for the proposed bypass based on the 
results and undertake the flood impact assessment. 

• Undertake property impact assessment based on the properties identified in 
the Opus (2018) Study. 

• Refine the proposed cross drainage configuration in collaboration with the 
design team to achieve a bypass arrangement which meets the flood immunity 
requirements and results in impacts which are within the acceptable range. 

• Inform the bridge design on hydraulic loading. 

• Prepare a technical report to discuss the assumption, methodology and 
outcome of the study in support of the 80% concept design of the proposed 
Coonabarabran bypass. The report will also include recommendations for the 
next phase of the design. 
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1.3 Design criteria 
The relevant design criteria for the proposal include:  

• The immunity requirements for all cross and longitudinal drainage features 
(refer to Table 1-11). 

• For each bridge or bridge size culvert opening an acceptable afflux is 
determined via a serviceability check at adjacent properties and in terms of 
road embankment stability in the 100-year ARI flood event (one per cent AEP 
event).  

• Drainage works must not unreasonably increase upstream/downstream 
inundation levels. Table 1-1 further identifies under Item no. 7 that no property 
damage is to be created for events up to the 100-year ARI (one per cent AEP 
event). 

• Any cross-drainage design must take into account, and where applicable, 
comply with the referenced (Department of Primary Industries, Fisheries) 
documents regarding “fish friendly roads”. 

• The 20-year, 50-year and 100-year Average Recurrence interval (ARI) events 
(five per cent, two per cent and one per cent AEP events), with consideration 
of the effects of Climate Change for the 100yr ARI (one per cent AEP), as well 
as consideration of the Probable Maximum Flood (PMF). 

Table 1-1 TfNSW compliance targets for ARI Events 

Item No. Item  Minimum ARI 
1 Channels and open drains 5 years  

2 Piped system (including pits) 10 years  

3 Culverts where surcharge is allowable 50 years  

4 Structures where surcharge is undesirable 100 years  

5 Gross pollutant traps 1 year 

6 Pavement drainage wearing surface 10 years 

7 Major storm event checks for no property damage 100 years 

8 Major storm event checks for no structural damage 2000 years 

9 Cycleway 1 year 

10 Temporary drainage 2 years 

11 General flooding and flood immunity 100 years/ PMF/ other  

 

 
 
1 NB: Table 1-1 is sourced from TfNSW’s specifications for the project and refers to 
ARI terminology. for the purpose of this report these ARIs were adopted as equivalent 
to corresponding AEPs as presented in Table 2-1.  
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1.3.1 Culvert blockage 

The allowance for blockage of transverse culverts must comply with the following 
requirements: 

• for transverse pipe culverts with hydraulic design capacity less than or equal 
to 600 millimetres diameter or 600 millimetres diameter height of box culverts, 
a blockage factor of 50 per cent must be applied 

• comply with Warrumbungle Shire Council design requirements for blockage. 
Where Council requirements conflict with TfNSW requirements, guidance 
must be sought from TfNSW.  

• must consider the site specific risk of partial or full blockage of the culverts, 
(for both current and future land use) and the consequences of partial or full 
blockage on the proposal.  

• where there is risk of blockage, the design must incorporate features to reduce 
the risk of blockage such as: 

o appropriate capacity allowance for blockage 
o increase the height of the culvert above flood level 
o include debris deflector wall or other debris and sediment management 

devices at inlets 
o where there is a risk of debris blockage provide all weather access to 

enable structures to be maintained and cleared 
o where the hydraulic design of the culvert is outlet controlled and there 

is risk of siltation, provide all weather access to the outlet for 
maintenance.  
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2 Legislation, standards and guidelines 
Changes to the environment from the proposal as well as the management of natural 
processes are governed by relevant frameworks. The following sections summarise 
the key legislation and guidance relevant to the proposal. 

2.1 NSW State legislation 

2.1.1 NSW Water Management ACT 2000 (NSW) 

The Water Management Act 2000 (NSW) (WM Act) is administered by the NSW 
Department of Planning, Industry and Environment (DPIE) (formerly NSW 
Department of Primary Industries) and is intended to ensure that water resources are 
conserved and properly managed for sustainable use benefitting both present and 
future generations. The WM Act is also intended to provide a formal means for the 
protection and enhancement of the environmental qualities of waterways and their in-
stream uses as well as to provide for protection of catchment conditions.  
The intent and objectives of the WM Act have been considered as part of this 
assessment. Provisions of the WM Act require the development of management 
plans to deal with flooding regimes and the way they are managed in relation to risks 
to property and life and to ecological impacts. The WM Act also defines approvals 
required for carrying out works situated near a river or floodplain via flood work 
approvals or drainage work approvals. 

2.2 Other policies and guidelines 

2.2.1 NSW Floodplain Development manual 

The Floodplain Development Manual (former Department of Infrastructure, Planning 
and Natural Resources, 2005), the Flood Prone Land Policy and Floodplain Risk 
Management Guidelines provide guidance to local and NSW Government for 
managing flood risk. 
The main objective of the Flood Prone Land Policy is to reduce the impact of flooding 
and flood liability on owners and occupiers of flood-prone property and reduce public 
and private losses. The policy recognises the benefits of use, occupation and 
development of flood-prone land. 
The Floodplain Development Manual supports the policy and guides councils and the 
NSW Government through the floodplain risk management process. The manual 
helps councils develop and implement local floodplain risk management plans and 
outlines the technical assistance provided by the NSW Government. 
The manual details the roles and responsibilities of various NSW agencies and 
includes information on the following: 

• the preparation of flood studies, floodplain risk management studies and plans 

• floodplain risk management options 

• flood planning levels and areas 

• hydraulic and hazard categorisation 

• emergency response planning. 

http://www.environment.nsw.gov.au/topics/water/coasts-and-floodplains/floodplains/floodplain-guidelines
http://www.environment.nsw.gov.au/topics/water/coasts-and-floodplains/floodplains/floodplain-guidelines
http://www.environment.nsw.gov.au/research-and-publications/publications-search/floodplain-development-manual
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2.2.2 Australian Rainfall and Runoff 2019 

The Australian Rainfall and Runoff (AR&R) (2019) guideline was published by 
Engineers Australia and is a governing document for hydrological and hydraulic 
analysis. It provides designers and analysts with tools, information and data for the 
assessment of design flood estimation in Australia.  

2.2.3 Guide to Bridge Technology part 8: Hydraulic design of waterway structures 
(Austroads 2018) 

The Hydraulic Design of Waterway Structures provides guidance on the design of 
waterway structures, design flood standards and estimation methods, and the 
assessment of scour and associated protection. 
This guideline is primarily adopted for the assessment of the hydraulic loss 
associated with the new bridge sub-structure. 

2.3 Project nomenclature for design events 
This assessment adopts the latest approach to design flood terminology as detailed in 
Australian Rainfall and Runoff (ARR 2019). 
Accordingly, all design events are quoted in terms of Annual Exceedance Probability 
(AEP) using percentage probability. Table 2-1 provides a summary of the relationship 
between ARI and AEP based on AR&R 2019, A Guide to Flood Estimation. 

Table 2-1 Event nomenclature (taken from AR&R 2019) 

Exceedances per 
year (EY) 

AEP (%) AEP (1 in x) Average Recurrence 
Interval (ARI) 

1 63.21 1.58 1 

0.05 39.35 2.54 2 

0.22 20.00 5 4.48 

0.20 18.13 5.52 5.00 

0.11 10.00 10 9.49 

0.05 5.00 20 20 

0.02 2.00 50 50 

0.01 1.00 100 100 

0.01 0.50 200 200 

0.002 0.20 500 500 

0.0005 0.05 2,000 2,000 

 
The values shown in bold indicate the preferred terminology.  
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3 Hydrologic and hydraulic modelling 
This section outlines the modelling methodology undertaken to assess the impacts of 
the proposal on flooding and the impact of flooding on the proposal. 

3.1 Catchment overview 
The Castlereagh catchment is part of Murray-Darling Basin in central-western NSW. 
Catchment area associated with this project is about 181km2, which forms the upper 
section of Castlereagh River catchment. The catchment generally drains from west to 
east. Figure 3-1 shows the Castlereagh River catchment. 

 
Figure 3-1 Castlereagh Catchment (Opus (2018)) 

3.2 Data collection 
Available information was collected from various sources to assist in understanding 
the existing environment and provide inputs into the assessment. The following 
sections detail the information that was obtained and adopted in the assessment. 

3.2.1 Previous models 

Previous hydrologic and hydraulic modelling for the strategic phase of 
Coonabarabran bypass project was undertaken by Opus in 2018. These models were 
adopted for the current study to assess the existing environment and proposed 
environment. More details on these previous studies are provided in Section 3.3. 
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3.2.2 Concept design 

This assessment is based on the concept design undertaken by Aurecon. At the time 
of assessment, the concept design was at 80 per cent concept stage. 

3.2.3 LiDAR 

LiDAR data taken in 2014 was provided by TfNSW in five (5) metre resolution to 
represent the topography of the study area and was adopted for hydrological and 
hydraulic assessment.  
Table 3-1 provides summary of the data sources and how they have been used in this 
current study. 

Table 3-1 Data sources and application 

Data Data source Data use in the study 
Newell Highway Upgrade at 
Coonabarabran (Strategic Design) 
Flood Report (50% Report-Opus-2018) 

TfNSW Adopted as a basis for this 
current study 

Road (bypass) design Aurecon - 80% 
Concept Design 

Representation of the 
proposed road in 
TUFLOW model 

LiDAR TfNSW (Year 2014) Hydrological and hydraulic 
assessment 

 

3.3 Review of existing studies 
Newell Highway Upgrade at Coonabarabran (Strategic Design) Flood Report (50% 
Report-2018) was prepared by Opus to assist TfNSW (Roads and Maritime Services 
at the time) with their planning and design of the proposed bypass. This study: 

• undertook a hydrological analysis of the study area using DRAINS (XPRAFTS 
module),  

• developed a TUFLOW model,  

• assessed the flooding behaviour in the study area,  

• undertook options analysis for four (4) proposed bypass alignments.  
The hydrologic model and existing TUFLOW modelling for Option 1 have therefore 
been reviewed and considered as a base model for the purpose of this current study. 
A summary of the review of existing Option 1 modelling is provided in the following 
sections with reference to the requirements for cross drainage modelling as per 
project specifications.  
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3.4 Hydrology 

3.4.1 Review of base hydrologic model 

The hydrologic model prepared by Opus (referred to as base hydrological model for 
the remainder of the report) was reviewed for suitability for this current study. This 
model was developed using the XP Rafts Module in DRAINS. No calibration of the 
base hydrologic model to historical events was possible due to lack of sufficient 
historical gauge information, with only 10 years of gauging data available. 
The hydrological loss parameters adopted in the base hydrological model are 
summarised in Table 3-2. 

Table 3-2 Existing modelling parameters in the DRAINS modelling 

Factor Impervious Pervious 
Initial Loss (IL) 1 48 

Continuing Loss (CL) 0 3.3 

BX Factor (Storage Factor) 1 
 
These parameters were reviewed and updated in accordance with recommendations 
from AR&R 2019 and suitability for this current study. Refer to Section 3.4.2 for more 
details.  
A range of design events were previously assessed, which included five per cent, two 
per cent and one per cent AEP design events. The assessment of the 0.05 per cent 
AEP and PMF design events as well as impacts of climate change were not assessed 
as part of the Opus (2018) Study and have been assessed as part of the study. This 
process has been described in Section 3.4.2. 
Design rainfall depths and storm patterns in the base hydrological model were 
adopted as per the AR&R 2019 recommended approach. This was obtained via the 
Bureau of Meteorology (BOM) data hub.  
The base hydrological model has identified the 18-hour storm duration as the critical 
storm duration. This is further discussed in Section 3.4.2. 

3.4.2 Updates to the base hydrologic model 

The base hydrological model was updated prior to being adopted for the purpose of 
this current study. The updates made are detailed in the following sections. 
Design events 
The DRAINS model was adopted and run for a number of additional design events 
including the 0.05 per cent AEP design event, one per cent AEP design event plus 
climate change and the PMF event. The rainfall data for one per cent and 0.05 per 
cent AEP design event was extracted from BOM’s Design Rainfall Data System 
(2016).  
Each design event was run for a range of standard storm durations and ensemble 
storm patterns to capture the critical durations in different locations along the length of 
the proposal. Based on the results, the 12-hour storm was identified to be the critical 
storm duration for the area around the proposed Castlereagh River bridge. The 
culverts were identified to have critical durations varying between 30 minutes and 
3 hours. Therefore, the hydrological model was updated and run for a range of 
durations to capture the critical flows across different catchments in the study area. 
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Rainfall loss values 
The rainfall loss values were reviewed and updated based on requirements of AR&R 
2019 Data Hub with particular attention to the information specifically provided for 
NSW in the Jurisdiction Specifics section. The latest recommendation on catchment 
loss values is to adopt Probability Neutral Burst Initial Loss values, in the absence of 
calibration of the hydrological model. As such, the adopted Probability Neutral Burst 
Initial Loss values have been adopted and provided in Table 3-3.  

Table 3-3 Probability Neutral Burst Initial Loss values 

AEP (%) 
Min (H) 

50 20 10 5 2 1 
60(1.0) 26.1 19 18.1 18.7 17.6 15.2 

90(1.5) 29.7 20 19.2 20.4 19.4 18.8 

120(2.0) 32.6 20.1 18.9 19.1 18.6 15.6 

180(3.0) 33 20.6 19.5 20.4 17.9 14.5 

360(6.0) 30.9 19.9 17 16.3 15 9.2 

720(12.0) 33.1 21.5 19 17.5 15.3 10.6 

1080(18.0) 35.3 23.9 21.2 20 17.9 8.9 

1440(24.0) 39.6 28.8 25.4 24 21 10.2 

2160(36.0) 41.3 32.8 32 31.9 27.3 18.3 

2880(48.0) 43.2 35.3 34.3 36 31.5 19.7 

4320(72.0) 44.2 38.1 39.6 42.8 33.6 21.2 
 
Sub-catchment delineation  
The sub-catchment delineation was updated to account for the proposal alignment 
and associated cross drainage arrangement. Only catchments contributing to the 
proposed culverts were updated. Refer to Figure 3-2 for a representation of the 
updated sub-catchment delineation.  
Climate change 
It is noted that AR&R 2019 provides interim climate change factors. These factors are 
considered the latest available predictions on future climate conditions. AR&R 2019 
predicts a worst case increase in rainfall intensity of 20 per cent. The projected sea 
level rise as a result of climate change is not relevant to this study area due to 
elevation and distance from the coast. 
Therefore, a climate change scenario was set up for the proposed environment for 
one per cent AEP design event by increasing the rainfall intensity by 20 per cent.  
A hydrological model (DRAINS) was set up accordingly and run for extraction of flow 
hydrographs for input to the TUFLOW hydraulic model as inflow boundaries for the 
climate change scenario. Results of the climate change scenario are discussed in 
Section 7. 
Probable Maximum Precipitation (PMP) 
An estimation of the PMP rainfall depth was undertaken using the Generalised Short 
Duration Method (GSDM) and was incorporated into the hydrological model along 
with the GSDM rainfall pattern for the estimation of the PMF flow hydrographs. 
PMP calculation sheets are provided in Appendix E. 
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Results comparison 
The flow hydrographs were compared between the base hydrologic model and the 
updated hydrology at the location of the proposed bridge. As can be seen from the 
results shown in Figure 3-2 the model updates have resulted in increased peak flows. 
This was anticipated as the initial loss values have reduced as a result of the updates 
in accordance with requirements of AR&R 2019 (refer to Section 3.4.2). 
It is also noted that based on the AR&R Regional Flood Frequency Estimation 
(RFFE) Model the lower limit confidence and higher limit confidence values are 
approximately 100 m³/s and 600 m³/s respectively. The peak discharges estimated by 
Opus and Aurecon are both within this range with Aurecon’s estimated value being 
closer to the higher confidence limit and marginally conservative.  

 
Figure 3-2 Flow hydrograph comparison (base hydrologic model vs updated hydrologic 

model) 

 
Table 3-4 Peak flows comparison 

Event Description Peak Flow (m³/s) Comments 
Opus-1% AEP-18hrs-stm2 360 Critical duration/storm 

Aurecon-1% AEP-18hrs-stm2 370  

Aurecon-1% AEP-12hrs-stm4 455 Critical duration/storm 
 

3.5 Hydraulics 

3.5.1 Review of the hydraulic model 

The hydraulic model developed by Opus (2018) using TUFLOW (base hydraulic 
model) was reviewed for suitability for this current study. A review of the hydraulic 
model considered various model setup characteristics, which are summarised in 
Table 3-5. Commentary regarding suitability of the approach and whether updates are 
proposed is also presented in the respective table.  
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Table 3-5 Review of the base hydraulic model 

Modelling 
characteristic Opus (2018) Study Update Required (Y/N) 

Events modelled 
As with the hydrologic modelling, the 
hydraulic model is set up to run the 
5%, 2% and 1% AEP design events.  

0.05% AEP design event, PMF 
and Climate change will also need 
to be considered  

Design option 
4 design options have been 
assessed as part of the strategic 
design.  

Updating the model based on the 
proposed bypass alignment 
(Option 1) and cross-drainage 
arrangements is needed 

Historic/ 
calibration data 

No calibration process was 
performed with the hydrologic 
modelling and similarly, no 
meaningful historic information was 
available for calibrating hydraulic 
modelling.  

No sufficient and meaningful 
historical data available to 
undertake calibration. However, 
comparison to RFFE and Opus 
hydrological results was 
undertaken. 

Model setup and 
extents 

The existing model covers the 
majority of the proposed bypass 
alignment and the entire township of 
Coonabarabran, including locations 
identified as potentially flood 
sensitive 

Changes to the model extent are 
required to also include the 
northern sections of the proposal. 

Topography 

Existing hydraulic model utilised 
LiDAR data (taken in 2014) provided 
by TfNSW with 5m resolution which 
is considered acceptable for 
assessing the proposed bypass. 

N- LiDAR data taken in 2014 was 
adopted for consistency with Opus 
study (2018). A more recent LiDAR 
will be adopted in the detailed 
design phase. 

Computational 
approach 

Model setup to run with a 6m grid, 
which is considered suitable to 
represent any impacts associated 
with the bypass at this phase of the 
study. 

Given the scale of the assessment, 
this was considered suitable for 
continued use at the concept 
design stage. Consideration of a 
smaller grid size should be made 
at the detailed design stage. 

Structure data 

Existing modelling included structure 
information for existing environment 
which has been adopted for this 
current study (cross drainage 
structures under Oxley Highway) 

the cross-drainage arrangement 
proposed by Aurecon design is to 
be incorporated to the proposed 
environment scenario 

Materials/ 
roughness values 

Materials and roughness values in 
the existing modelling were reviewed 
by comparison to aerial imagery and 
referring to guidance from AR&R 
2019, Book 6 - Flood Hydraulics and 
Chow, V.T. (1959), Open Channel 
Hydraulics and were within the 
suggested ranges. Refer Table 3-6. 

NA 

 
LiDAR data (taken in 2014) used in the Opus (2018) model was supplied by TfNSW 
to represent the topography of the area.  
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Table 3-6 Surface roughness/Manning’s n values 

Land use type Manning’s n 
Pasture 0.04 

High dense vegetation 0.08 

Medium dense vegetation 0.07 

Waterway 0.03 

Road 0.02 

Building 1.00 

3.5.2 Updates to the base hydraulic model 

The hydraulic model was updated prior to being adopted for the purpose of this 
current study. The updates made are detailed in the following sections 
Boundary conditions 
The inflow boundary condition was updated to account for the proposed bypass 
alignment and the proposed cross-drainage arrangement. Updating the inflow 
boundary condition primarily comprised updating the source area boundary condition 
(referred to as 2d_sa in TUFLOW) to reflect updates to the catchment delineation and 
aligns with the proposed bypass design and proposed culverts. Figure 3-3 shows a 
comparison of the boundary conditions before and after application of the updates.  

 

 
Figure 3-3 Representation of the Updates to the Boundary Condition and Model Extent 
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Extension of the model domain 
The TUFLOW model extent was updated to extend further north to include the 
northern sections of the proposed bypass. This area was beyond the existing model 
extent. Refer to Figure 3-3 for the updated TUFLOW model extent. 
Bridge length 
The proposed bridge was represented in the modelling based on the 80% concept 
design. The design proposes a 100 metre long bridge. Refer to Section 5.1 for a 
schematic representation of the bridge and the bridge design drawings (also provided 
in Appendix C) for more details. 
The pier loss was calculated in accordance with AUSTROADS Waterway Design 
(2018). The loss is based on the ratio of the wetted area of the piers to the gross 
waterway cross section at this location. The calculated loss value was incorporated to 
the modelling of the proposed bridge in TUFLOW model. 
For more information on the hydraulic model schematization and manning’s n 
roughness distribution refer to maps provided in Appendix A.  
Processing the results 
The TUFLOW model was run for the range of design events, the suite of storm 
durations for each design event (as outlined in Section 3.4.2) and 10 (ten) ensemble 
storm patterns for each duration. These results were processed by extracting the 
upper median value among the 10 ensemble patterns for each duration and then 
extracting the maximum values among the storm durations for each design event. 
The results discussed and maps provided in this report have been prepared based on 
this processing methodology. 

3.5.3 Hydraulic model limitations 

It should be noted that the TUFLOW model adopts a grid size of six metres. This 
coarse grid size provides some constraints in modelling of culverts and the drainage 
channels, which may be either smaller than or marginally greater than the grid size. 
Due to this limitation, the grid size should be reviewed for suitability in representation 
of the proposed design in the detailed design phase of the project. 
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4 Existing environment 

4.1 Key features 
The study area is located to the east of the township of Coonabarabran. The 
proposed bypass alignment generally runs in a north-south direction and connects 
two points along Newell Highway bypassing the town. Castlereagh River and a 
number of waterways cross the proposed alignment.  
The proposed alignment is located downstream of the existing Newell Highway. The 
existing Newell Highway and associated cross-drainage structures are represented in 
the modelling. 
The eastern side of the proposed alignment is predominantly undeveloped consisting 
of remnant vegetation, farms (including residences) and grazing lands. To the west, 
there are more dense rural residential lots. Refer to Figure 4-1 for representation of 
the existing environment.  
The existing flood mechanisms include flood waters overtopping the banks of 
Castlereagh River from the west. Flooding from local tributaries and overland flow 
travelling to the Castlereagh River from the north and south also contribute to the 
flooding across the project area. 

 
Figure 4-1 Existing environment features 
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4.2 Flood behaviour 
Existing flood behaviour across the study area is complex (modelled at the one per 
cent AEP event). This is partially due to Dog Trap Creek, which appears to have 
limited storage, resulting in overtopping in smaller flood events. This is particularly the 
case near the confluence with Castlereagh River. Dog Trap Creek and another major 
unnamed waterway to the west of Dog Trap Creek break their banks and cause 
flooding across the floodplain, inundating the study area before discharging into 
Castlereagh River. No major breakout from Castlereagh River is predicted in the 
study area in the existing environment (in a one per cent AEP design event), aside 
from flooding upstream of the location where the proposed bridge would be located.  
Land to the south of Castlereagh River in the study area is characterised 
predominantly with overland flow behaviour which is generally caused by smaller 
local catchments. This flooding is generally contained within the waterways.  
The main flooding feature is represented by Castlereagh River in the study area. 
Flood depth of up to about 6000 millimetres and flow velocities of up to around two 
metres per second are predicted in Castlereagh River in the study area.  
Refer to flood maps provided in Appendix A for more information about the existing 
flood behaviour.  
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5 Proposed environment 

5.1 Key features 
The proposed environment is defined as the entire proposed bypass including the 
main bypass road, the link roads and associated cross drainage structures. 
The proposed bypass consists of two lanes in both directions with a 110 km/h 
carriageway (120 km/h design speed). The highway will consist of a wide centreline 
treatment. The design drawings showing the proposed bypass design are provided in 
Appendix B.  
The main features of the proposed bypass in terms of hydraulic control can be 
summarised as follows: 

• Proposed road embankment- refer to Appendix B for design drawings for 
details. 

• Drainage channels- refer to Appendix B for design drawings for details. 

• Cross-drainage culverts- refer to Table 5-1 for configuration of the cross-
drainage culverts. 

• Bridge- the proposed bridge comprises a three span Super T bridge with 
spans of 33 metres for spans 1 and 2, and 32.7 metres for central span. Refer 
Figure 5-1 for an indicative representation of the proposed bridge. 

Table 5-1 Proposed Culverts Configuration 

Culvert ID Culvert No. and Size Culverts configuration 
MC20-C1 5 /600mm x 600mm RCBC 

MC20-C2 2/1200mm x 900mm) RCBC 

MC20-C3 1 /1200mm x 900mm) RCBC 

MC20-C4 5 /3000mm x 1200mm) RCBC 

MC20-C5 2 /2440mm x 2440mm) RCBC 

MC20-C6 1/2440mm x 2440mm RCBC 

MC20-C7 2 /450mm x450mm RCBC 

MC20-C8 2 /1200mm x 900mm) RCBC 

MC20-C9 2 /450mm x450mm RCBC 

MC20-C10 2 /1200mm x 900mm) RCBC 

MC20-C12 750 mm diameter RCP 

MC20-C13 450 mm diameter RCP 

MC22-C1 750 mm diameter RCP 

MC23-C1 3/900mm x 600mm) RCBC 

MY25-C1 525 mm diameter RCP 

MC24-C1 2/450 mm diameter RCP 

MC30-C1 1/1200mm x 900mm RCBC 

MC30-C2 2/450 mm diameter RCBC 

MC31-C1 3 /2440mm x 2440mm) RCBC 
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Figure 5-1 Indicative representation of the proposed bridge 

5.2 Design case model development 
The design case hydraulic model was developed based on the existing case model 
with the application of the following updates: 

• A Digital Terrain Model (DTM) representing the proposed bypass road and 
earthworks design.  

• Proposed bridge design modelled using the 2D Layered Flows Constrictions 
function of TUFLOW. Refer to 80% concept bridge design drawings provided 
in Appendix C.  

• Culverts configurations for representation of the proposed cross-drainage 
under the bypass road. Refer to stormwater management drawings and 
travelling stock route design drawings provided in Appendix D. 

5.3 Flood behaviour 
Significant changes in flood behaviour are anticipated as a result of the proposed 
bypass. This is primarily due to the bypass passing over Castlereagh River and 
tributary waterways, the road embankment acting as a flow control and the design 
cross drainage structures. However, the proposed cross drainage system including 
the bridge and the culverts have been arranged and optimised to minimise changes 
to the existing flood behaviour. 
The constriction imposed by the Castlereagh River bridge is predicted to result in 
increased flood levels upstream of the proposed bypass. The peak flood levels for a 
one per cent AEP design event at the location of the proposed bridge are predicted to 
increase by up to around 400 millimetres. However, an afflux of up to 1000 
millimetres is predicted to a limited area immediately north-west of the bridge. This 
area consists of farmland (based on aerial imagery) with area of approximately 4ha. 
Refer to afflux maps provided in Appendix A for more details. 

  



 

Newell Highway Upgrade at Coonabarabran Bypass  - Hydrology and hydraulics report 21 
 

6 Impact assessment 

6.1 Flood immunity 
It is a requirement that the proposed bypass needs to achieve a road flood immunity 
of one per cent AEP design event. This is predicted to generally be achieved for the 
majority of the proposed bypass based on the flood modelling results with the 
exception of minor localised overtopping of the proposed off-ramp from Newell 
Highway (southbound) to Oxley Highway (eastbound). This minor overtopping will be 
addressed by further optimising the proposed cross drainage system at this location.  
Refer to flood maps provided in Appendix A for more information regarding the flood 
behaviour and the anticipated road immunity. 

6.2 Flood hazard 
The flood hazard has been extracted and reviewed to assist with undertaking the 
flood impact assessment in this section. It is noted that the assessment of the flood 
hazard in this section has been undertaken in accordance with Australian NSW 
Floodplain Management Manual (NSW,2005). Based on this flood hazard 
categorisation system, the hazard is classified as follows: 

• Category 1: Low hazard 

• Category 2: Intermediate hazard (dependant on site conditions) 

• Category 3: High hazard 
The flood hazard results will be discussed in Section 6.3. 

6.3 Flood impacts 
The proposed bypass is anticipated to result in changes in flood behaviour. However, 
the design of the road and configuration of the drainage structures has been 
undertaken with an overview to minimise flood impacts in the surrounding areas.  
The constriction imposed by the proposed road embankment and the proposed 
Castlereagh River bridge is predicted to result in changes to the flood behaviour and 
potential impacts in the surrounding areas. There are also changes to the flooding 
behaviour and potential impacts anticipated at areas where the proposed bypass 
intercepts other smaller waterways.  
Across the majority of the study area, the proposal would result in only minimal 
changes to the peak water level of between -10 and 10 millimetres. However, some 
impacts are anticipated as a result of the proposal which are discussed in this section.  

6.3.1 Castlereagh River 

The constriction imposed by the proposed bypass at the Castlereagh River is 
anticipated to result in changes to the existing flow regime. The changes to the flow 
regime will result in obstruction of flows in some sections and diverting more flows to 
other sections.  
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The proposed bypass is predicted to result in increased peak water levels of up to 
about 110 millimetres, 240 millimetres and 400 millimetres just upstream of the 
proposed bridge in the five per cent, two per cent and one per cent AEP design 
events respectively. Exception to this general predicted afflux is an area of around 
four hectares upstream of the northern approach of the proposed bridge (area 
immediately north-west of the proposed bridge) where affluxes of up to about 1000 
millimetres are predicted in a one per cent AEP design event. This area is a low lying 
flow conveyance area. The proposed bypass is expected to result in significant 
changes in flow regime by obstructing the flows, allowing a proportion of flows 
through the proposed culverts and diverting the rest south towards the Castlereagh 
River. This area of impact comprises a farm with no major dwellings or infrastructures 
observed within this area based on the aerial imagery. The peak velocities are not 
predicted to change significantly in this area as a result of the proposed bypass road 
in a one per cent AEP design event. The flood hazard in this area is predicted to 
worsen from categories one and two to category three. Worsening of the flood hazard 
category is primarily due to increase in flood depth. Further optimisation of the design 
is recommended to be undertaken in the detailed design stage for reduction of the 
afflux in this area. 
Refer to Figure 6-1 for an extract of the afflux map for one per cent AEP design event 
for this area. Refer to Appendix A afflux maps for more details.  

 
Figure 6-1 Area to the north-west of the bridge with higher afflux 

Downstream of the bridge, increased peak flood levels of up to 50, 100 and 140 
millimetres are predicted in the five per cent, two per cent and one per cent AEP 
design events respectively. This is due to the changes to the flow regime as a result 
of the proposed bypass arrangement. Refer to Appendix A for flood maps for more 
details.  
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6.3.2 North of Castlereagh River 

Generally, there are no major areas of afflux upstream of the northern section of the 
proposed bypass with the exception of a localised area just upstream of the proposed 
culvert MC20-C4 (around chainage 6000), where increases of up to around 340 
millimetres, 410 millimetres and 500 millimetres are predicted in five per cent, two per 
cent and one per cent AEP design events (refer to Figure 6-2 for an extract of afflux 
map focused in this area). This predicted afflux is not wide-spread and is limited to a 
localised area (predominantly pastureland) just upstream of the proposed culvert 
MC20-C4. The peak flow velocities are predicted to be reduced by up to about 0.5m/s 
which is due to the obstruction of flows as a result of the detention caused by the 
proposed culvert at this location. The flood hazard is predicted to worsen in this 
localised area, just upstream of the proposed culvert, from hazard category one to 
category three. Further review and optimisation of the proposed culverts will need to 
be undertaken in the detailed design phase to minimise the impacts.  

 
Figure 6-2 Extract of afflux map around chainage 6500 

In the northern portion of the road alignment, the proposal would result in discrete 
areas that were previously inundated in a one per cent AEP flood event, no longer 
being inundated. This includes areas close to the alignment and around the Newell 
Highway / Oxley Highway intersection (Figure 6-3). There is also a pocket of land to 
the east of the Honey Pot Road intersection with Oxley Highway which would be 
newly affected by flooding in a one per cent AEP flood event. This area is 
predominantly road reserve and Crown land.  
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Figure 6-3 Extract of afflux map around Newll Highway and Oxley Highway Intersection 

(around chainage 7500) 

6.3.3 South of Castlereagh River 

The proposed road and its intersection with Purlewaugh Road intercepts a creek 
(unnamed) at the creek’s upper reaches. The proposed road along with its proposed 
culverts at this location (around chainage 3000) are predicted to result in changes in 
the flow regime of this creek (refer to Figure 6-4 for an extract of afflux map focused 
in this area). Increases in flood levels of up to about 2000 millimetres are predicted in 
limited localised areas just upstream of the proposed culvert in a one per cent AEP 
design event. No significant changes in peak flow velocities are predicted. However, 
the flood hazard classification is anticipated to worsened from category one to 
category three for a limited area. This worsening of the flood hazard classification is 
due to the increase in flood depth upstream of the culverts. The area predicted to be 
impacted is predominantly located within the riparian zone of the waterway. No 
dwellings or infrastructure are currently located in this area (based on our review of 
the aerial imagery). Further optimisation of this culvert will be undertaken in the 
detailed design phase to reduce the impacts in this area.   
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Figure 6-4 Extract of afflux map around chainage 3000 

The proposed road along with its proposed culverts (around chainage 5000) is 
predicted to result in new flooding in a limited and localised area just upstream of the 
proposed culvert (refer to Figure 6-5 for an extract of afflux map focused in this area). 
Increased flood depths of up to about 2000 millimetres are predicted in this area in a 
one per cent AEP design event. The flooded area is predicted to have a flood hazard 
classification of three predominantly within the waterway area. No dwellings or 
infrastructure are currently located in this area (based on our review of the aerial 
imagery). Further optimization of this culvert will be undertaken in the detailed design 
phase to reduce or eliminate flooding in this area. 

 
Figure 6-5 Extract of afflux map around chainage 5000 
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The flood impacts along the remainder of the southern section of the proposed 
bypass are not predicted to be significant as the proposed road and cross drainage 
culverts resulted in minimal changes in the existing overland flow behaviour in these 
areas.  
Refer to Appendix A for existing environment, design environment and impact maps.  

6.4 Property impacts 
Three properties where dwellings could be potentially impacted by changed flood 
behaviours have been identified by reviewing the flood results and available aerial 
imagery. The locations of these dwellings are shown in Figure 6-6. Impacts on these 
three dwellings have been reviewed with findings summarised in Table 6-1.  
None of these dwellings are predicted to be impacted as a result of the proposed 
development. Confirmation of floor levels through survey is recommended given 
properties two and three become isolated by flood waters and that property one is in 
the proximity of the main channel of Castlereagh River.  

Table 6-1 Dwellings with potential flood impacts 

Property 
location 

Approximate 
ground elevation 

(m AHD) 

Existing modelled 
flood level 1% AEP 

(m AHD) 

Design modelled 
flood level 1% AEP 

(m AHD) 
Property 1  503.36 m AHD Dry Dry 

Property 2 499.71 m AHD Dry Dry 

Property 3 499.34 m AHD Dry Dry 

 

 
Figure 6-6 Potentially flood sensitive locations (one per cent AEP) 
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6.5 Evacuation routes 

As discussed in Section 6.2, the proposed bypass is predicted to achieve a flood 
immunity of one per cent AEP design event. This provides an opportunity for 
improvement of the evacuation routes and emergency plans for Coonabarabran.  
The proposed development is not predicted to result in worsening of the flood hazard 
in the existing transport network in the study area. Furthermore, the current area of 
afflux area does not encroach on to the existing transport network and therefore does 
not impact on evacuation potential of the area.    
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7 Climate change assessment 
A climate change scenario was set up for proposed environment as described in 
Section 3.4.2. The TUFLOW model was run with the results processed as described 
in Section 3.5.2. Based on the results, the influence of climate change is predicted to 
result in significant increases in peak water levels of up to 450 millimetre and 400 
millimetres upstream and downstream of the proposed bridge in a one per cent AEP 
design event. This assessment has been undertaken based on comparison between 
the proposed environment scenarios with and without climate change effects for a 
one per cent AEP design event. 
It is predicted that the majority of the proposed bypass will maintain flood immunity 
under a climate change scenario with minor overtopping of up to about 50 millimetres 
between chainages 5000 and 5500. 
Refer to Appendix A for a difference map showing the increase in peak flood levels as 
a result of the estimated climate change scenario for the proposed environment in a 
one per cent AEP design event. 
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8 Management measures 

8.1 Detailed design phase 

8.1.1 Design changes 

The assessment presents manageable adverse impacts on the catchment under the 
current concept design phase. However, it is noted that further detailed design work 
would be undertaken to optimise the proposed design, proposed culverts 
configurations and the proposed bridge and improve the impacts. This detailed design 
would consider the following for the project:   

• Any changes to the concept design will be designed to minimise changes to 
existing hydrological regimes. 

• Any potential updates to the bridge piers and drainage structures associated 
with the proposed road alignment will be undertaken to maintain existing 
hydrological regimes as far as possible.  

• Culvert blockage will be investigated and incorporated into the detailed design 
with an overview to minimise changes to the flooding regime and required 
flood immunity of the road.  

• The bridge loss value calculations will be re-assessed in the detailed design 
phase for the proposed bride design.  

8.1.2 Hydrology and hydraulics assessment 

Affluxes of generally up to 450 millimetres upstream of the bridge and up to 1000 
millimetres upstream of the northern approach (north-west of the proposed bridge) 
are predicted as a result of the proposed development in a one per cent AEP design 
event.  
Subject to the determination and agreement of acceptable afflux, further optimisation 
of the proposed bridge may be required to minimise afflux.  
Pier and abutment scouring assessment will need to be undertaken in the detailed 
design phase to assist with the bridge design. 
The model resolution for this current study is considered coarse for representing 
some drainage elements in detail, such as the drainage channels. An appropriate 
resolution or modelling approach should be adopted to suitably represent the smaller 
drainage elements of the project in the detailed design phase. 
The primary focus of this current study has been optimisation of the culvert locations, 
culvert configurations and channel locations to achieve required road immunity. No 
culvert blockage has been considered at this phase of the study. The culvert blockage 
requirement will need to be taken into the account in detailed design phase of this 
study. 

8.1.3 Operational phase 

The following measures are proposed for the operational phase of the project which 
would be captured at the detailed design stage. These measures include: 

• Provision of recommendations for regular maintenance and/or inspections for 
cross drainage culverts to mitigate the risk of blockage beyond that allowed for 
in design 
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• Subject to practicality of the above measures, debris control structures could 
be considered to minimise the risk of blockage which would otherwise 
compromise the flood immunity of the road.  
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9 Summary and recommendations 

9.1 Summary 
The findings of the study can be summarised as follows: 

• Flood impacts assessment was undertaken to assess the affluxes and 
potential impacts to dwellings as a result of the proposed development 

• Increases in peak flood levels of generally up to approximately 400 millimetres 
are predicted upstream of the proposed bridge in a one per cent AEP design 
event.  

• Increases in peak flood levels of between 1000 and 2000 millimetres are 
predicted in limited number of localised areas generally upstream of the 
proposed culverts. No dwellings, roads or other infrastructures were identified 
within this higher flood impact areas. 

• No dwellings are predicted to be impacted as a result of the proposed bypass 
road in design flood events up to and including one per cent AEP design 
event. 

• One per cent AEP design event flood immunity is predicted to be achieved for 
most of the proposed bypass with the exception of a minor overtopping in the 
proposed access link from Newell Highway to Oxley Highway. Further 
optimization of the drainage design will be undertaken to address this in the 
detailed design stage. 

9.2 Recommendations 
The following are recommended to be undertaken in the detailed design phase: 

• Further design and optimisation of the culverts and drainage channels is 
required for the next phase of the study 

• Determine the acceptable afflux for the project 

• Undertake more detailed assessment of the dwelling impacts to be supported 
by the floor level survey. 
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10 Assumptions and limitations 
The following limitations relate to this study: 

• The hydrological and hydraulic modelling undertaken by Opus (2018) has 
been assumed to be generally reliable with only minor updates required to suit 
the current study. 

• No detailed survey has been collected to aid review of existing models (e.g. 
verification of quality of topographical survey used or detailed dimensions of 
any existing infrastructure beyond what has been assumed in existing 
modelling). 

• All hydrologic and hydraulic modelling assumes existing case catchment 
development conditions. 

• The hydraulic modelling presented in this report adopted a 6m grid hydraulic 
model. This model resolution may be limited in the representation of features 
such as small channels and culvert inlet systems. 

• All results presented are subject to the limitations of the modelling packages 
and currency of best practice methods adopted and applied. It is 
acknowledged that these methods may change over time.  

• The main focus of this study has been the assessment of the proposed 
bypass road and the proposed drainage with an overview to achieve one per 
cent AEP road immunity. No culvert blockage has been considered at the 
stage. The number and configuration of the culverts will need to be reviewed 
in the next phase of the study to ensure that the required culvert blockage has 
been taken into the account.  

• Stormwater treatment or designing of the detention basins has not been part 
of our scope of work for this current study. 
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Appendix B Road Design Drawings 
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Appendix C Bridge Design Drawings 
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Appendix D Drainage Design Drawings 
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