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Executive Summary 

Background 

The Princes Highway is a vital transport corridor providing community connection between towns, 

regional centres and attractions, linking Sydney and the Illawarra region with the NSW South Coast and 

beyond into Victoria. The Princes Highway is an important freight link and connects with key east-west 

transport corridors including the Kings Highway and Snowy Mountains Highway. It is a significant route 

for inter-regional business, tourism and leisure travel. 

Preliminary investigations to inform the Princes Highway Upgrade Program demonstrate that a bypass 

of Moruya town centre is high priority to improve safety, better connect communities through improved 

local access, enable more efficient movement of freight and facilitate growth and development in the 

regional centre and economy. This is supported by the Princes Highway Corridor Strategy and Future 

Transport 2056 (NSW Government, 2016). 

Transport for NSW (TfNSW) is currently undertaking a strategic review of potential bypass options for 

Moruya.  As part of this, there is a need to understand the key flooding behaviour and constraints within 

the study area.   

This report provides a summary of the existing flood characteristics in the study area, to inform and 

provide baseline information to support the consideration of potential bypass options.  It draws on 

historical information on flooding, previous investigations undertaken in the study area, and the latest 

guidance on flood estimation and floodplain management applied within New South Wales for strategic 

bypass option selection. It does not attempt to replace Eurobodalla Shire Councils adopted Flood Risk 

Management Study and Plan results. 

Catchment and Study Area 

The Moruya River Catchment is over 1400km2, and is bounded by the Shoalhaven River catchment to 

the north and west, and the Tuross River Catchment in the south (Figure 1-1).  In the lower part of the 

catchment, the Deua River becomes the Moruya River at the junction with Wamban Creek, 

approximately 11.5km upstream of the existing Princes Highway Moruya Bridge.  Approximately 2.5km 

upstream of this bridge, the northern floodplain widens, extending to over 2.7km at the Moruya Bridge 

crossing.  Downstream of the junction with Malabar Creek, the terrain again confines the river creating 

a constriction downstream of the wider floodplain.  The entrance of the Moruya River is trained with 

large rock breakwater structures and represents a key hydraulic control for flood behaviour for much of 

the lower portion of the river.    

Flood Experience & Historical Information 

There is a long historical flood record at Moruya, with records extending back into the 1800s when the 

region was colonised by European settlers.  The largest flood on record was in 1925, which is estimated 

to be in excess of a 1% Annual Exceedance Probability (AEP) event. A key feature of the flood history is 

that all the floods where the peak flood level was observed to be in excess of 4m AHD at Moruya Bridge 

occurred prior to 1940 (a total of seven events).  While there have been some floods in the years since 

1940, there has been none above the estimated 5% AEP level (approximately 3.9m AHD).  Further, in 

the last 30 years, there have been no events in excess of 2.5m AHD at the Moruya bridge (approximately 

a 20% AEP level).  This suggests that the experience of major flooding in the community for large events 



 
Moruya Bypass Strategic Flood Study 

 iii 

is likely to be relatively low. A flood occurred at the outset of the project in August 2020 which required 

evacuation of a small portion of the community.  However, this flood was found to be of quite a frequent 

probability, peaking at around 2.09m AHD at Moruya Bridge (less than a 20% AEP event). 

The flood records at Moruya Bridge are complicated by a number of factors, including: 

• Changing river entrance conditions over period from the mid-1800s to the present; 

• Four different bridges have been present over this timeframe (some of which were replaced 

following damage from flood events). 

A review was undertaken on the likely conditions at different periods in time, to convert the peak 

observed levels at the bridge to modern day equivalents.  This allowed for an approximate flood 

frequency analysis (FFA) of the peak levels to be established for the Moruya Bridge. 

In addition to the observations of flooding at the Moruya bridge, there is a historical flow gauge on the 

Deua River at Wamban (in operation from 1959 to 2013), which has in recent years been relocated to 

Riverview.  A general understanding of the flows at Wamban from hydraulic modelling was able to 

provide an indication of the likely flow in earlier events, allowing the record to be extended back to 

around 1925.  By combining the two flow gauge data sets, and extending the record, it was possible to 

establish an approximate FFA for the Deua River at the Wamban gauge.     

While the methods adopted provide an approximation of the levels and flows at these locations, they 

provide an evidence base against which to verify the flood modelling undertaken for the purposes of a 

Moruya Bypass Strategic Flood Study for option evaluation. 

Flood Model Setup and Calibration 

A hydrologic model using the WBNM software, together with a hydraulic model (using the TUFLOW 

software), were established to represent the flood behaviour within the study area.  These two models 

were calibrated against the 1974 and 1978 flood events, as well as validated against the previous flood 

modelling that has been undertaken in the study area using the RMA-2 hydraulic model (Worley 

Parsons, 2010).  The comparisons suggest that the modelling for this study reproduces the historical 

flooding well and provides consistent flood behaviour to the previous modelling. 

The modelling was conducted using the guidance and methods outlined within Australian Rainfall and 

Runoff 2019 (ARR2019) (Ball et al, 2019).  Previous modelling was conducted using the guidance and 

methods within Australian Rainfall and Runoff 1987 (ARR1987) (Pilgrim et al, 1987).  Verification and 

refinement of the approaches to modelling were required, based on comparisons of the model results 

with the FFA at Wamban (which is created from observed historical flood information).  The verification 

process involved adjustments to design hydrological inputs associated with rainfall patterns (intensity-

frequency-duration relationships for the region) and design catchment rainfall losses to better replicate 

the FFA.  Further checks were then undertaken between the FFA-estimated peak flood level at the 

Moruya Bridge, compared with the model results, which suggests that there is a reasonable comparison 

using the ARR2019 methodology. 

Model Results 

Flood modelling was undertaken for a range of design flood events, from the 5% AEP through to the 

Probable Maximum Flood (PMF) event and include consideration of climate change under two time 

horizons (2050 and 2100 for the 1%AEP design event). A summary of the peak flood levels estimated 
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along the river are provided in Table i (for reporting locations shown in Figure i).  An overview of the 

peak flood depths for the 1% AEP event are summarised in Figure ii.  Further details on the design flood 

behaviour are provided in Section 7. 

Downstream of Kiora Bridge, flood flows are largely confined by the valley topography.  However, as 

the river comes around the final bend before the Moruya Bridge, breakout flows from the river flow 

across the rural land on the north bank.  This flow spreads out into the much wider floodplain on the 

north, merging with the Dooga Creek and Malabar Creek floodplains.   

This wide-spread floodplain extends from this bend upstream of the Moruya Bridge down to the 

constriction east of Malabar Creek junction with Moruya River.  At this point, the river is constrained 

again by the topography. 

Flood flows overtop the existing Princes Highway for most of the northern floodplain, with depths in 

excess of 1 metre for large sections in the 5% AEP event overtopping the road, and overtopping 

occurring for around 2.5km north of the Moruya Bridge.  On the southern side of the Moruya Bridge, 

the highway is cut off near Racecourse Creek, with depths in the order of 0.3 to 0.4 metres in the 5% 

AEP event.   

A large part of North Head Road, between Moruya bridge and the airport, is inundated in the 5% AEP 

event and would be impassable.  Large sections of South Head Road are also inundated, including the 

area around Racecourse Creek, as well as further east near Gilmores Creek and Moruya Heads. 

Further downstream, a key feature of the Moruya River is the trained entrance.  In the 1% AEP, the head 

loss across the entrance is around 2 metres, and this represents a significant hydraulic control.  An initial 

review suggest that the entrance condition assumptions from the previous studies, may be too 

simplistic, and further review may be warranted.   

The results of this study are partly based on some of these assumptions with the intention of being able 

to verify that the models created to assess route options are generally consistent with the findings of 

previous studies.   

The PMF event suggests significant headloss across the entrance.  A review of the previous study results 

which analysed the Extreme Flood (Worley Parsons, 2010 and PWD, 1992) as well as the FFA at Moruya 

Bridge, suggests that the current estimate in this report may over-estimate the peak level at the bridge.  

The current study updates the flow estimates from the previous studies, and based on cross checking 

of the two alternative methods, it is suggested that the PMF flow is representative.  However, the 

entrance conditions, which are based on the previous studies as identified above, result in a significant 

hydraulic constraint and affect the peak levels upstream.  Further investigation of the entrance 

conditions may result in a refined PMF estimate. 

An analysis has been undertaken to understand the relative sensitivity of the results to key assumptions 

and inputs to the modelling.  Overall, the model is sensitive to the applied inflows, as well as the 

assumed entrance conditions.  Further details are provided in Section 8 and a review of potential actions 

to improve the uncertainties is provided in Section 9. 
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Table i. Peak Flood Levels1 

Location Name PMF 
1% AEP 
2100 CC 

1% AEP 
2050 CC 

1% AEP 2% AEP 5% AEP 

Kiora Bridge 18.72 13.96 13.05 12.21 11.11 9.64 

Hospital 9.47 6.54 6.16 5.60 4.87 4.14 

Moruya Bridge (U/S) 9.38 6.35 5.94 5.35 4.6 3.77 

Racecourse Creek Junction 8.97 6.03 5.63 5.01 4.15 2.79 

Malabar Creek Junction 8.74 5.88 5.48 4.85 4.00 2.61 

Moruya Heads (U/S Training Wall) 7.00 5.00 4.65 4.04 3.25 1.84 

Moruya Heads (D/S Training Wall) 2.51 2.83 2.42 2.00 1.88 1.04 

 

 
1 CC – Climate Change, U/S – Upstream, D/S - Downstream 
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Figure i. Key Reporting Locations 

 

Figure ii. 1% AEP Peak Flood Depths  
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1 Introduction 
The Princes Highway is a vital transport corridor providing community connection between towns, 

regional centres and attractions, linking Sydney and the Illawarra region with the NSW South Coast and 

beyond into Victoria. The Princes Highway is an important freight link and connects with key east-west 

transport corridors including the Kings Highway and Snowy Mountains Highway. It is a significant route 

for inter-regional business, tourism and leisure travel. 

Preliminary investigations to inform the Princes Highway Upgrade Program demonstrate that a bypass 

of Moruya town centre is high priority to improve safety, better connect communities through improved 

local access, enable more efficient movement of freight and facilitate growth and development in the 

regional centre and economy. This is supported by the Princes Highway Corridor Strategy and Future 

Transport 2056 (NSW Government, 2018). 

Transport for NSW (TfNSW) is currently undertaking a strategic review of potential bypass options for 

Moruya.  As part of this, there is a need to understand the key flooding behaviour and constraints within 

the study area.   

This report provides a summary of the existing flood characteristics in the study area, to inform and 

provide baseline information to support the consideration of potential bypass options.  It draws on 

historical information on flooding, previous investigations undertaken in the study area, and the latest 

guidance on flood estimation and floodplain management applied within New South Wales. 

1.1 Catchment and Study Area 

The Moruya River Catchment is over 1400km2, and is bounded by the Shoalhaven River catchment to 

the north and west, Clyde River Catchment to the north and the Tuross River Catchment in the south 

(Figure 1-1).  The Deua River has its headwaters in the south-west of the overall catchment, flowing in 

a generally northern direction before turning south east.  The majority of the catchment is undeveloped, 

with small rural areas in portions of the catchment.   

In the lower part of the catchment, the Deua River becomes the Moruya River at the junction with 

Wamban Creek, approximately 11.5km upstream of the Princes Highway crossing of the river, known as 

the Moruya Bridge.  Between this junction and Mogendoura Creek junction, the river is largely confined 

by the topography, with reasonably steep terrain on both sides of the river (Figure 1-2). 

Downstream of the Mogendoura Creek junction, the river turns a bend before opening to a much larger 

and extensive floodplain area, particularly on the northern side of the river.  Once the river reaches bank 

full capacity, the floodwaters break across the northern floodplain and inundate this large floodplain 

area, meeting up with Dooga Creek and Malabar Creek (Figure 1-2).  The existing Princes Highway is 

relatively low lying throughout this part of the floodplain, with historical observations of overtopping of 

the highway during flood events. 

Further downstream the river passes beneath the Moruya Bridge.  The current bridge was constructed 

in the 1960s and is set relatively high above the river (with a minimum soffit level of 5.17m AHD).   

Downstream of the junction with Malabar Creek, the terrain again confines the river, creating a 

constriction downstream of the wider floodplain.   

The entrance of the Moruya River is trained and represents a key hydraulic control for the flood levels 

upstream.  Training walls have been at the river entrance in some form since the 1800s, although there 
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is evidence of the training walls having been damaged in some of the events earlier in the 1900s (refer 

Section 4).   

1.2 Flood Experience 

There is a long historical flood record at Moruya, with records extending back into the 1800s when the 

region was colonised by European settlers.  The largest flood on record was in 1925, which is estimated 

to be in excess of a 1% Annual Exceedance Probability (AEP) event. A key feature of the flood history is 

that all the floods where the peak flood level was observed to be in excess of 4m AHD at Moruya Bridge 

occurred prior to 1940 (a total of seven events).  While there have been some floods in the years since 

1940, there has been none above the estimated 5% AEP level (approximately 3.9m AHD).  Further, in 

the last 30 years, there have been no events in excess of 2.5m AHD at the Moruya bridge (approximately 

a 20% AEP level).  This suggests that the experience of major flooding in the community for large events 

is likely to be relatively low.  

A flood occurred at the outset of this study in August 2020 which required evacuation of a small portion 

of the community.  However, this flood, which reached around 2.09m AHD at the Moruya Bridge, was 

found to be of quite a frequent probability (less than a 20 %AEP).   

1.3 Overview of Approach 

This report documents the establishment of computer models to define the existing flood 

characteristics in the study area, and the use of extensive historical records of flooding to provide an 

evidence-based confirmation of the models’ capacity to simulate flood behaviour.   

The report describes this process in the following sections: 

• Data Compilation and Review – there are a number of previous studies, historical data and survey 

information that is available for the study.  This information was compiled and reviewed, as 

discussed in Section 2. 

• Guidance – there are a number of relevant guidelines for the estimation of flood behaviour.  These 

are summarised in Section 3. 

• Historical Flood Information – there are extensive records of flooding on the Moruya River, dating 

back to the 1800s.  This historical information is particularly useful as it provides a useful 

understanding of the flood behaviour, and an alternative method to verify the outcomes of flood 

modelling.  This is discussed in Section 4. 

• Flood model setup - Hydrologic and hydraulic models were established to define the flood behaviour 

in the study area. These models are used for estimating the existing flood behaviour, as well as allow 

for the testing of different bypass options. An overview of the setup of these models is provided in 

Section 5. 

• Model Calibration and Verification - It is important to undertake calibration and verification of flood 

models to ensure that they are representative of the flood behaviour in the study area.  This process 

is discussed in Section 6. 

• Existing Flood Behaviour - A detailed discussion on the existing flood behaviour is provided in 

Section 7. 

• Sensitivity Analysis - In the establishment of any flood model, there are a number of potential 

uncertainties.  These can be around the model parameters and assumptions, as well as the inputs 

to the modelling process (such as topographic and bathymetric survey).  It is important to 
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understand the sensitivity of the model results to these underlying uncertainties.  This assists in 

informing appropriate factors of safety, such as the use of freeboard, or the identification of 

potential areas where additional data acquisition may improve flood modelling for the next stages 

of the route options assessment process.  This is summarised in Section 8. 

 

Figure 1-1. Moruya River Catchment 
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Figure 1-2. Study Area  
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2 Data Review 
Data for this project has come from multiple sources, including a range of government agencies.  This 

section highlights the data received and sources of data used for this study, as well as provides an 

assessment of how the data was used and identifies what data gaps exist. 

2.1 Survey and Hydraulic Structure Data 

2.1.1 Transport for New South Wales 

Transport for New South Wales (TfNSW) manages major transportation corridors within NSW, inclusive 

of road, rail, and maritime transportation services.  This involves planning, strategy, policy and 

procurement of services relating to these transport networks. 

Specific to this study, TfNSW is the lead agency for investigating potential bypass routes for the Princes 

Highway at Moruya.   

Existing information regarding the Princes Highway provided by TfNSW for this study includes: 

• LiDAR survey data collected in early 2020 along the existing Princes Highway alignment, over an 

approximate 300-metre wide corridor.  There was no metadata provided with this information and 

details such as the horizontal and vertical accuracy, point density and flight date are unknown. 

• Existing culverts along the Princes Highway within the study area. This included relevant information 

such as the location of culverts, size of culvert openings, number of parallel culverts, overall culvert 

length, construction type and culvert material. No invert or road level information was supplied. 

• Existing bridge information along the Princes Highway within the study area – namely Moruya River 

Bridge, Dooga Creek Bridge and Noggarula Creek Bridge (out of study area).  Pertinent data includes 

location, overall bridge length, year constructed, and bridge type.  Details did not include bridge 

height, soffit height, number of spans and span lengths, pier types, or handrailing/guard railing 

details. 

This information is important for the establishment of an existing conditions hydraulic model, with many 

of the road crossings of waterways (e.g. bridges and culverts) forming hydraulic constraints within the 

study area to influence flood behaviour in the broader floodplain.  Figure 2-1 illustrates the location of 

the bridge and culverts across the study area for which information was provided by TfNSW. 

It is noted that in the absence of survey information for the invert of the culverts, key assumptions were 

required to be made on the invert levels, based on LiDAR data at the road surface, assumed depth of 

cover, and field observations (field inspections were conducted in August 2020, Section 2.7). 

The LiDAR data acquired by TfNSW in early 2020 has been compared to additional LiDAR compiled from 

other sources as part of this study.  Section 5.2 provides results and a discussion of this comparison. 
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Figure 2-1 TfNSW Bridge and Culvert Locations 

2.1.2 Department of Planning, Industry and Environment 

The NSW Department of Planning, Industry and Environment (DPIE) has oversight of floodplain 

management at state level.  DPIE is tasked with the implementation of numerous state policies, 

including the flood-prone land policy. 

In 2018 DPIE commissioned Laser Airborne Depth Sounder (LADS) bathymetric survey which is available 

through the Open Access to Ocean Data website https://portal.aodn.org.au/.  The data was collected 

from 11 July 2018 to 20 October 2018 by Fugro.  Reported static position accuracy results for LADS are 

0.3 m horizontal and 0.5 m vertical, at 95% confidence limits.   

Additionally, a hydrographic survey for the Moruya River was undertaken by the then Department of 

Land and Water Conservation (DLWC, now DPIE) as part of the Estuary Management Program.  This 

survey was conducted in April 2000 and downloaded in digital format for this study.  The survey took 

the form of depth soundings to provide a full bathymetric survey of the main body of the river and cross 

sections perpendicular to the river flow in the upper reaches and along some of the lower tributaries.  

https://portal.aodn.org.au/search
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No horizontal or vertical accuracy was reported.  Figure 2-2 shows the extent of bathymetric data 

compiled for this study. 

 

Figure 2-2 Available Bathymetric Survey (2000 and 2018) 

This information was used to determine the elevation of river bed for the Moruya River (and some of 

the key tributaries).  It is recognised that, given the nature of the coastal and river morphodynamics in 

this study area, the bed levels will shift over time with fluvial sediment transport from upstream and 

sand movement within the estuary (associated with coastal processes, such as tidal currents and wave 

action).  Of particular importance is the scouring of the highly dynamic entrance channel during a flood 

event.  This is discussed further in Section 5.2.5.   
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Through the website https://elevation.fsdf.org.au/, LiDAR (Light Detection and Ranging) survey data has 

been obtained from DPIE representing the ground levels across the floodplain and the general study 

area.  This information was acquired in the following formats: 

• 1 m DEM 

• LAS point cloud 

The LiDAR was collected over the period March to December 2011 and is created from C3 LiDAR from 

an ALS50ii (Airborne Laser Scanner).  The metadata report sourced from https://elevation.fsdf.org.au/ 

noted the 1m DEM created based on the LiDAR data has a 0.3m (95% Confidence Interval) vertical 

accuracy and a 0.8m (95% Confidence Interval) horizontal accuracy. Figure 2-3 displays the DEM from 

the 2011 LiDAR data. 

In addition to the DEM, the original point cloud and classification data in LAS 1.2 format is also available. 

The metadata report sourced from https://elevation.fsdf.org.au/ indicates the point cloud data has a 

0.3m (95% Confidence Interval) vertical accuracy and a 0.8m (95% Confidence Interval) horizontal 

accuracy, with an average data point density of approximately 1.6 points per square metre. 

https://elevation.fsdf.org.au/
https://elevation.fsdf.org.au/
https://elevation.fsdf.org.au/
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Figure 2-3 Digital Elevation Model from the 2011 LiDAR Data 

2.1.3 Eurobodalla Shire Council 

Eurobodalla Shire Council (Council) manages the drainage infrastructure within the study area (aside 

from that associated with state roads, which is managed by TfNSW, Section 2.1.1) and is the primary 

waterway and floodplain manager (with assistance from DPIE) for the Moruya River. 

Data applicable to this study includes information on existing major bridges and culverts in the study 

area.  The information was sourced from Council work-as-executed (WAE) or design drawings, and the 

Moruya River Flood Study Progress Report and Compendium of Data (WMA, 1990). 

Data on the following major crossings was made available: 

• Kiora Bridge 

• Gilmores Creek culvert 
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• Malabar Weir 

• Racecourse Creek culvert. 

In addition, many smaller minor culverts were included. Figure 2-4 shows the location of each of these 

crossings. 

 

Figure 2-4 Council Bridge and Culvert Locations 

LiDAR data used in the previous hydraulic modelling associated with the Moruya Flooding Climate 

Change Assessment (Worley Parsons, 2010) was also been provided by Council.  This data was acquired 

in 2009.  No metadata information was provided with respect to the horizontal and vertical accuracy of 

the ground levels obtained, or the methods of acquiring the data. 

The extent of LiDAR provided by Council is shown in Figure 2-5. 
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Figure 2-5 Digital Elevation Model from the 2009 LiDAR Data 

Figure 2-5 shows that the LiDAR from 2009 has sporadic coverage across the study area.  The data was 

therefore not used for the establishment of the hydraulic model DEM, as it would produce 

discontinuities between ground levels at the boundaries of the different LiDAR extents. 

2.1.4 Geoscience Australia 

Through the website https://elevation.fsdf.org.au/, coarse ground surface elevation data was sourced 

from Geoscience Australia.  This Shuttle Radar Topography Mission (SRTM) data was originally acquired 

by the United States Geological Survey (USGS). 

While this DEM has a 30 m grid resolution and is of a lower order of accuracy compared to a LiDAR 

generated DEM, this information can be used to determine the overall shape of the terrain and 

delineate upstream catchments for the Moruya River for the hydrological modelling. 

https://elevation.fsdf.org.au/
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2.2 Streamflow, Water Level and Tidal Data 

2.2.1 WaterNSW 

WaterNSW manages multiple monitoring stations in rivers and streams across the state.  Real-time and 

historical data can be obtained at https://realtimedata.waternsw.com.au/.  Table 2-1 displays river level 

gauge information that has been accessed for this study.  There are two stations in the Moruya River 

catchment on the real time website (217002 and 217006). Figure 2-6 shows the locations of gauges. 

Table 2-1 Streamflow Gauges – WaterNSW 

AWRC Name Commenced Ceased Status Datum 

217002 Deua River at Wamban 24-Sep-1959 11-Jul-2013 Closed AHD 

217006 Araluen Creek at Neringla Road 21-Oct-1997  Open AHD 

217007 Deua River at Riverview 08-Feb-2011  Open AHD 

 

2.2.2 Manly Hydraulics Laboratory 

Manly Hydraulics Laboratory (MHL) record water levels and tidal data at a number of locations in NSW 

on behalf of DPIE.  DPIE provided data from the gauges listed in Table 2-2.  Figure 2-6 shows the locations 

of gauges. 

Table 2-2 Water Level Gauges – MHL 

AWRC Name Commenced Ceased Status Datum 

217402 Moruya Hospital 25-Oct-1990  Open AHD 

217403 Moruya Heads 
05-Sep-1951 
01-Apr-1987 

28-Sep-1952 
31-Oct-1988 

Closed BBHD 

217406 Moruya Quarry Wharf  10-May-1989 18-Aug-1995 Closed AHD 

217410 Moruya Bridge 25-May-1997  Open AHD 

 

 

https://realtimedata.waternsw.com.au/
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Figure 2-6 Streamflow Gauge Locations 

2.3 Rainfall Data 

2.3.1 Bureau of Meteorology 

Among the Bureau of Meteorology’s (BoM) many responsibilities includes the ongoing operation of 

rainfall gauges (including pluviometers) across NSW and Australia. 

Pluviographs for five locations have been downloaded from the BoM website as well as Rhelm’s library 

of rainfall gauges obtained from the BoM, for various sites across the Moruya River catchment, as shown 

in Table 2-3. 
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Table 2-3 Pluviographs – BoM 

ID Name First Last Elevation (m AHD) 

69000 Araluen Post Office 1960-Jan 1970-Oct 160 

69062 Snowball 1974-Nov 1983-Aug 870 

69102 North Araluen 1970-Sep 1980-Jun 168 

69127 Araluen Lower (Araluen Road) 1980-Jul 2016-Feb 145 

69148 Moruya Airport Aws 1999-Dec 2017-Jun 4 

Figure 2-7 shows the locations for each of these pluviometers as well as the locations of the daily read 

gauges operated by the BoM. 

 

Figure 2-7 Bureau of Meteorology Rainfall Gauge Locations 

2.3.2 Moruya River Flood Study (1992) 

In addition to the BoM rainfall data, five pluviograph gauges were identified in the Moruya River Flood 

Study (PWD, 1992).  The data received for these gauges are shown in Table 2-4 and the locations shown 
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in Figure 2-8.  These were identified as Water Board rainfall gauges, now part of Sydney Water 

Corporation (Sydney Water).  Information was available from the PWD (1992) study for specific events.  

Data was also acquired from Sydney Water, which was provided on 27 August 2020, and was cross 

checked against the PWD (1992) data.  This information included a continuous record from 1981 to 

2002, as well as digitised chart information for periods between 1974 and 1978. 

A summary of the gauges and the events for which data is available, is summarised in Table 2-4. 

Table 2-4 Pluviographs – Water Board 

ID Name Events available Elevation (m AHD) 

569006 Ballalaba (Nithdale) 1978 670 

569005 Braidwood (Reidsdale) 1974, 1978 730 

570344 Oranmeir 1974, 1978 720 

570345 Oranmeir (Yarra Glen) 1974, 1978 735 

 

 

Figure 2-8 Water Board Rainfall Gauge Locations 

2.4 Previous Studies 

At the outset of this study, the following reports and studies were made available by TfNSW and DPIE: 
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• Moruya River Flood Mitigation (Public Works NSW, 1965) 

• Mullenderee Flats Flood Mitigation Works, Supplementary Report (Sinclair Knight & Partners, 1974) 

• Moruya River Floodplain Map Series (Public Works NSW, 1980) 

• New South Wales Coastal Rivers, Flood Plain Management Studies – Moruya Valley (GHD, 1981); 

• Moruya Flood Mitigation, Town Levee Investigation (GHD, 1982) 

• Moruya River Flood Monitoring Procedures Manual (Public Works NSW, 1990) 

• Moruya River Flooding 8th – 13th June 1991 (Public Works NSW, 1991) 

• Moruya River 1925 Flood, Flood Level Reports Summary (Public Works NSW, 1992) 

• Moruya River Flood Study (Public Works NSW (PWD), 1992) 

• Moruya River Flood History 1841-1978 (Public Works NSW, date unknown) 

• Moruya River Floodplain Management Study (Patterson Britton & Partners, 1995) 

• Moruya River Floodplain Management Plan (Patterson Britton & Partners, 1996) 

• Congo Creek Flood Study (Willing and Partners, 1997) 

• Flood Study, Racecourse Creek, Moruya (Willing and Partners, 1999) 

• Moruya Valley Floodplain Development Guidelines (Eurobodalla Shire Council, 2004) 

• Flood Risk Assessment, Eurobodalla Shire Council (URS, 2006) 

• Draft Completion of Gundary Creek Flood Study (GHD, 2006) 

• Moruya Flooding Climate Change Assessment (Worley Parsons, 2010) 

• Moruya – 1925 Flood Assessment (Worley Parsons, 2011) 

• Moruya Climate Change Assessment – Investigate Impact of Weir on Flooding (Worley Parsons, 

2011) 

• Moruya Floodplain Code (Eurobodalla Shire Council, 2012) 

• Flood Prone Access to Moruya Hospital – Flood Assessment and Murray Street Crossing Upgrade 

Concept Design (Southeast Engineering and Environmental, 2013) 

• Princes Highway Upgrade – Moruya Bypass, Preliminary Environmental Investigation (TfNSW, 2020) 

• HW1 Moruya Bypass, Geotechnical Desktop Study (TfNSW, 2020). 

All of the reports are useful for determining flood history and general flood behaviour in the Moruya 

River catchment and floodplain.  However, the following two reports are most pertinent to this study 

and the quantification of flood behaviour in the study area: 

• Moruya River Flood Study (Public Works NSW, 1992), and 

• Moruya Flooding Climate Change Assessment (Worley Parsons, 2010). 

These reports detail the establishment of both hydrologic and hydraulic models used to determine 

existing flood behaviour, as well as provide information on the calibration of these models. 

The Moruya River Flood Study (PWD, 1992) also contains a Compendium of Data (Webb McKeown & 

Associates (WMA), 1990), containing the following information: 

• Gauge data 

• Survey cross-section data 

• Basic culvert data 

• Basic bridge data 

• Historical flood heights. 
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The information within the Compendium of Data (WMA, 1990) is only available in PDF format and not 

in a readily useable format for direct model input.  As such, most of this information will be used as a 

cross-check to other electronic data currently available. 

2.5 Previous Modelling – Hydrology 

2.5.1 WBNM 

The WBNM models associated with the Moruya Flooding Climate Change Assessment (Worley Parsons, 

2010) and the Moruya River Flood Study (PWD, 1992) were unavailable for this study.   

A description of the model parameters and results of calibration and design storm event modelling are 

included in the Moruya Flooding Climate Change Assessment (Worley Parsons, 2010) report.  The 

following key information provided in the report was utilised as a key input and starting point for the 

re-creation of that WBNM model for this study: 

• Hydrologic modelling parameters including:  

o Initial loss (50 mm) and continuing loss (1.5 mm/hr) 

o Lag parameter “C” = 1.74 

o Stream lag factor = 1.0 

• Figures illustrating subcatchment boundaries as a guide for subcatchment delineation; 

• Results of calibration, validation and design events for comparison purposes. 

The sub catchments incorporated in the Worley Parsons (2010) WBNM model are shown in Figure 2-9.  

 

Figure 2-9 WBNM Subcatchments from the Moruya Flooding Climate Change Assessment (Worley 
Parsons, 2010) 
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The WBNM model from the Moruya Flooding Climate Change Assessment (Worley Parsons, 2010) was 

calibrated and validated against the 1974 and 1978 events before being used to evaluate design flood 

events. The calibrations to the 1974 and 1978 events were an improvement over the previous 

assessment in the Moruya River Flood Study (PWD, 1992).  Both events were compared to recorded 

flows at the Deua River at the Wamban gauge (Figure 2-6).  The calibrated models were then used to 

derive the inflows to their respective hydraulic models under the design conditions.   

Design flows were derived in the 1992 Moruya River Flood Study (PWD, 1992) using ARR1987 

methodology and increasing rainfall intensities by 10% (excluding the PMF).  This additional rainfall was 

considered justified because:  

“… the 1% design flood level at Moruya Bridge should approach the height of the May 

1925 flood (5.3m AHD with the existing bridge) rather than the 4.8m value obtained using 

AR&R data for the Moruya catchment.  Design rainfalls were therefore increase by 10% 

(with no areal reduction factor) to reflect the historical record at Moruya Bridge…” 

The Moruya Flooding Climate Change Assessment (Worley Parsons, 2010) WBNM hydrologic model did 

not artificially increase ARR1987 rainfall by 10%, apart from a separate climate change sensitivity 

analysis.  It states: 

“Peak levels at Moruya Bridge are almost identical to those produced in the previous study 

(despite peak flows being larger)…” 

This may be caused by the differences in the adopted hydraulic modelling techniques, specifically the 

RMA-2 model being a two-dimensional (2D) hydraulic model versus the one dimensional (1D) RUBICON 

model (discussed in Section 2.6.1) which is not able to reproduce the floodplain storage in as much 

detail as a 2D model. 

2.6 Previous Modelling – Hydraulics 

2.6.1 RUBICON 

The RUBICON model associated with the Moruya River Flood Study (PWD, 1992) was provided for this 

study.  A description of the model methodology, inputs and results was utilised to cross check modelling 

for this study. 

Of particular importance are the modelled historical flood levels for the 1974 and 1978 calibration and 

validation flood events, as well as the rainfall inputs for gauges shown in Figure 2-8. 

2.6.2 RMA-2 

The RMA-2 hydraulic model or its associated results were not available for this study, other than 

information provided in the Moruya Flooding Climate Change Assessment (Worley Parsons, 2010) 

report. 

In the Moruya Flooding Climate Change Assessment (Worley Parsons, 2010) report, the following model 

information is provided and has been replicated where appropriate, or utilised to check against the 

proposed TUFLOW model inputs and results: 

• Design hydrographs 

• Astronomical tide series for historical events (1974 and 1978) 

• Water level results at the Moruya Bridge 

• Calibration and validation results for historical flood marks 
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• 2D manning’s n roughness values and indicative spatial variation 

• Peak water levels for design events at key locations. 

2.7 Site Inspections 

On 3 August 2020, a site inspection was carried out to gain appreciation of the study area and identify 

hydraulic constraints.  Along with a general inspection of the floodplain and Moruya township, the 

following notable sites were visited: 

• Moruya Bridge, Kiora Bridge, Wamban Bridge, Dooga Creek Bridge, and Garlandtown Bridge. 

• Malabar Weir. 

• Culverts along the Princes Highway from Shelley Road to Mountainview Road. 

• Upstream along the Deua River, along Araluen Road to approximately Burra Creek. 

• Behringer Point Lane and the north bank of the Moruya River near MacLean Place to observe 

possible break outs points for the river. 

• Moruya Heads Sandy Point and breakwalls (also referred to as training walls). 

• South Head Road and North Head Drive, including culvert crossings. 

• River Street, between Moruya Hospital and Moruya Bridge. 

A subsequent site inspection was also undertaken on 10 August 2020, following a flood event that 

occurred on 8-9 August 2020.  Key information was collected, including identification of debris marks, 

photos and observations. 

2.8 Data Gaps 

Based on the information received from all sources and the objective of this study, there remain some 

data gaps.  Table 2-5 summarised the key data gaps and proposed approaches for minimising the impact 

of these on the project.  
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Table 2-5 Data Gaps 

Data Gap Comment/ Implication Approach to Resolve  Residual Risk 

Results from 
RMA-2 are 
not 
available. 

Greater difficulty in verification of 
hydraulic model against the previous 
modelling. 

Utilise results at key 
reporting locations as 
provided in the report.   

Low.  Does not 
provide results 
across the full 
floodplain, but 

allows for a 
reasonable 

comparison along 
the river. 

WBNM 
model 

The WBNM model, either from the 
1992 or the 2010 flood studies is 
unavailable. 

Develop new model.  Use 
previous reported 
parameters to assist in the 
development.  Calibrate to 
historical events. 

Low 

RMA-2 
Model 

RMA-2 model is unavailable. 

A new model has been 
developed as a part of this 
study.  Use information 
from the 2010 study 
report to assist in 
development of new 
model 

Low 

2010 Study 
DEM 

The DEM developed for the 2010 
climate change study is unavailable.  
While the LiDAR from that study is 
available, the additional areas covered 
by the Council DEM are not.   

Adopt the newer 2011 
LiDAR.  Undertake cross 
checks against the older 
LiDAR and newer TfNSW 
LiDAR. 

Low. Refer 
sensitivity 

assessment in 
Section 8. 

Entrance 
Condition 

The conditions of the entrance under 
flood conditions is uncertain.  Estuary 
Processes Study (AMOG, 2003) 
identifies different levels of scour 
depending on event, but study results 
unavailable apart from screen shots of 
results.  PWD (1992) Flood Study 
adopted a constant -5m AHD for large 
floods.  Unclear what was adopted for 
Worley Parsons (2010) study. 

Adopt -5 m AHD 
consistent with Rubicon 
model in PWD (1992).  
Undertaken sensitivity 
testing and verification. 

Medium. Further 
discussion on the 

uncertainty 
provided in Section 

8. 

Wamban 
Bridge 
survey/ WAE 

No information was available on the 
bridge at this location.  This is only an 
issue if any options are proposed in 
the vicinity of this bridge. 

No options currently 
proposed near this 
location.  Provide an 
assumed bridge at this 
location based on LiDAR 
and site inspection notes. 

Low 
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3 Guidance  

3.1 Australian Rainfall and Runoff 

Australian Rainfall and Runoff is a national guidance document, originally published by The Institution 

of Engineers, Australia (e.g. 1987 Edition, Pilgrim (Ed)) and currently published by the Australian 

Government (through Geoscience Australia, Ball et al, 2019).  The document has been used extensively 

as the basis for design flood estimation for flood studies and for urban stormwater drainage design.   

3.1.1 1987 Version 

The 1987 version of the document (Pilgrim, Ed, 1987) incorporates information such as: 

• Intensity Frequency Duration (IFD) relationships 

• Storm Temporal Patterns 

• Advice on losses for hydrological modelling 

• Blockage for urban stormwater drainage systems (pits and pipes) 

This version has since been superseded and is no longer in use for new projects. This approach is not 

suited to this assessment, except for comparison against previous modelling results associated with the 

Moruya Flooding Climate Change Assessment (2010) which used the 1987 version for design flood event 

modelling.   

3.1.2 2016 Version 

The 2016 version of the document (Ball et al, 2016) was a draft of a major overhaul of the 1987 version 

and incorporated information such as: 

• Updated IFD relationships (using rainfall data collected since the analysis for the 1987 version was 

conducted) 

• Updated Storm Temporal Patterns 

• Advice on blockage for structures such as culverts and bridges (not discussed in the 1987 version) 

• Advice on climate change adjustments associated with emission-related projections 

Some of the specific parameters associated with the guideline are provided through the ARR Data Hub 

(http://data.arr-software.org/). 

3.1.3 2019 Version 

The 2019 version of the document (Ball et al, 2019) is a minor revision of the information contained in 

the 2016 version following industry consultation.  It is referred to as ARR2019 in this report. 

3.1.4 NSW Specific Guidance 

OEH (now DPIE) in January 2019 published a guidance on incorporating the updated Australian Rainfall 

and Runoff into flood studies in NSW.  The Floodplain Risk Management Guide: Incorporating 2016 

Australian Rainfall and Runoff in studies (OEH, 2019) is a key document in application of Australian 

Rainfall and Runoff.  In particular, there is specific guidance related to rainfall losses that is of particular 

relevance to this investigation.   

3.2 NSW Floodplain Development Manual and DPIE Guidelines 

DPIE is the custodian of the NSW Government’s Floodplain Development Manual (2005), which is the 

key guiding document in the management of flood-prone land.   

http://data.arr-software.org/
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In addition to the Floodplain Development Manual (NSW Government, 2005), DPIE have issued 

Floodplain Risk Management Guidelines.  These guidelines cover a diverse range of topics including: 

• Understanding flood behaviour  

• Assessing flood damage  

• Climate change 

• Other flood management concerns 

• Supporting emergency management. 

The relevant guidelines that have been referred to in this study are identified throughout this report.  

The two key reference guidelines that have been used include: 

• NSW Government (2015).  Floodplain Risk Management Guide – Modelling the Interaction of 

Catchment Flooding and Oceanic Inundation in Coastal Waterways. 

• NSW Government (2019).  Floodplain Risk Management Guide – Incorporating 2016 Australian 

Rainfall and Runoff in Studies, Second Edition. 
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4 Historical Flood Conditions 

4.1 Overview 

Many flood events have been observed in Moruya, with documentation by European settlers dating 

back to the mid-nineteenth century.  The Moruya River Flood Study Progress Report and Compendium 

of Data (WMA, 1990) list all the major events and where flood data has been anecdotal or flood marks 

have been surveyed.  Further data is also available for peak levels at the bridge from the MHL gauge, 

which has been in operation since 1997 (Section 2.2.2).   

The longest record for the study area is at the Moruya Bridge in Moruya. Observations at this location 

have been taken as far back as 1852 and the history of the flooding is well documented and a summary 

of the peak levels recorded at the bridge have been provided in the Moruya River Flood History 1841 – 

1978 by the Department of Public Works NSW.  Estimates of the flood levels at the bridge have been 

supplied from 1852 through to 1978.  

This record was then supplemented using the recorded levels at this location which are available from 

1997 through to 2020. From past studies it is also known that the flood level at the bridge was 3.03m in 

the 1991 event.   

The observed levels at the bridge have been summarised in Figure 4-1. 

 

Figure 4-1 Summary of Observed Flood Levels at Moruya Bridge 

Many of the larger floods on the floodplain (in excess of 4m AHD at the bridge) all occurred prior to 

1934.  However, the floodplain has not been stationary throughout the period of record (1852 to 2020), 

with changes to entrance conditions, sedimentation and the bridge at Moruya over time.   

As part of the current project, a literature review has been conducted to understand the historical 

changes to the Moruya River within the context of the study area of this project.  This includes books, 

web articles, and videos.  Table 4-1 summarises the significant changes in the floodplain affecting flood 

behaviour in approximately the past 200 years. 

The recent (European) history of the Moruya River involves the changing of the river entrance from one 

periodically blocked with sand, such as in intermittently closed and opened lake or lagoon (ICOLL), to 
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one which is constantly open with the construction and maintaining of training walls along the north 

and south heads.  There were also extended periods of dredging works to maintain access by maritime 

vessels. 

Further, the bridge itself has changed, with the first bridge constructed in 1876, and then two 

subsequent bridges (one in 1900 and the other in 1945), prior to the existing bridge being completed in 

1966. 

These two factors mean that the levels observed at the bridge, particularly prior to 1966, may not 

necessarily be representative of an equivalent level at the bridge today. 

Table 4-1 History of Hydraulic Changes to the Moruya River 

Date Event Source 

Sep 1828 
Survey by Hoddle and Florance of Moruya River ‘found to be 
blocked by sand across its entrance’. 

Coltheart, 1997 

Nov 1841 
Floods scoured out the sand bar which had hitherto locked the 
entrance 

Gibbney, 1980 

1847 Floodwaters had temporarily opened the entrance Coltheart, 1997 

1857 
Petition of Parliament by Broulee electorate to maintain the 
entrance by dredging 

Coltheart, 1997 

1860 Floods of 1860 changed the whole pattern of the river. Gibbney, 1980 

Sep 1861 Works commenced on the southern breakwater Gibbney, 1980 

1864 Southern and Northern breakwaters completed Gibbney, 1980 

1872 Steamer service withdrawn due to bar conditions Gibbney, 1980 

26 Jan 1876 
Opening of First Bridge Crossing – 17 spans, each of 50ft, 6 
inches (Piers of Ironbark) 

https://mdhsociety.com/20
16/12/08/moruya-a-town-
of-four-bridges/ 

1883 
River dredge ‘Minos’ cut through a large sandbank seawards 
almost to the bar enabling steamers to use the river with 
constant dredging to maintain the channel 

Coltheart, 1997 

1888 
Works commenced on the southern breakwater, using fascine 
banks, reshaping of entrance 

Coltheart, 1997 

Mar 1891 Closure of river mouth Coltheart, 1997 

1892 Grab dredge ‘Pi’ stationed at Moruya  Coltheart, 1997 

1894 Ladder dredge ‘Archimedes’ used at Moruya to dredge the bar Coltheart, 1997 

1897 
Dredge ‘Tau’ discharging dredged material into reclamation 
area behind curved training wall, work recommended on 
northern bank. Dredge ‘Antelon’ at the entrance.   

Coltheart, 1997 

8 Dec 1900 
Opening of Second Bridge Crossing (12 inch diameter iron pipes 
as piers) 

https://mdhsociety.com/20
16/12/08/moruya-a-town-
of-four-bridges/ 

1901 Works on training walls suspended when funds cut Coltheart, 1997 

1920 
Scour along the riverside of the breakwater causing approx. 
400 ft of the breakwater wall to subside (assume southern 
breakwater) 

Coltheart, 1997 

https://mdhsociety.com/2016/12/08/moruya-a-town-of-four-bridges/
https://mdhsociety.com/2016/12/08/moruya-a-town-of-four-bridges/
https://mdhsociety.com/2016/12/08/moruya-a-town-of-four-bridges/
https://mdhsociety.com/2016/12/08/moruya-a-town-of-four-bridges/
https://mdhsociety.com/2016/12/08/moruya-a-town-of-four-bridges/
https://mdhsociety.com/2016/12/08/moruya-a-town-of-four-bridges/
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Date Event Source 

Mar 1925 
Spur wall construction began in an attempt to improve the 
crossing inside the entrance (Assume vessel crossing) 

Coltheart, 1997 

1927 Completion of spur wall Coltheart, 1997 

1933 Completion of extension of southern breakwater. Coltheart, 1997 

9 Apr 1945 
Second bridge washed away in flood due to debris 
loading/overtopping (Collapsed 4:45am) 

https://mdhsociety.com/20
16/12/08/moruya-a-town-
of-four-bridges/ 

Oct 1945 
Third (Temporary) bridge opening (making use of timber 
salvaged from the wrecked bridge) 

https://mdhsociety.com/20
16/12/08/moruya-a-town-
of-four-bridges/ 

1954 

Northern breakwater extension of 600 ft to current length 
between 1946 and 1954 (inclusive of westerly training wall 
from the breakwater and easterly extension of southern 
training wall. 

Coltheart, 1997 

 9 Dec 1966 
Fourth (Current) Bridge Opening (271 m length, apparently 
shorter than the original bridge) 

https://mdhsociety.com/20
16/12/08/moruya-a-town-
of-four-bridges/ 

 

4.2 Level Frequency Assessment at Moruya Bridge 

A previous level frequency analysis was undertaken for the Moruya Bridge as a part of the Department 

of Public Works NSW Moruya Flood History (undated) report (referred to as the PWD FFA in this section 

of the report).  This previous analysis was updated as a part of this project and using the additional flood 

record since that report was completed (assumed to be pre-1990). 

It is noted that it is more common to undertake a flood frequency analysis using recorded discharges.  

However, given the influence of tidal and entrance conditions on the flood levels at the Moruya Bridge, 

a simple rating curve to estimate discharges at the bridge is not possible.  Therefore, to provide a general 

understanding of the magnitude of flooding at Moruya, a level frequency assessment was undertaken. 

In order to undertake a level frequency assessment at the bridge, equivalent levels at the bridge under 

existing conditions need to be estimated.  There has been a total of four bridges across the Moruya 

River, including the current one, all at the same location along what is now the Princes Highway.  All 

four of these bridges cover the period of recorded flood data identified in Section 4.1. 

In order to ‘convert’ all of the recorded peak flood levels at the Moruya Bridge to a level at the current 

bridge, a rating curve was produced for each bridge scenario.  The purpose of these rating curves was 

to provide an adjustment to the historical levels, to convert them into present day equivalents.  This 

utilised the following information compiled for each bridge: 

• Deck levels reported in the Department of Public Works NSW Moruya Flood History, as well as a 

cross section of the deck and piers from the Work as Executed for the 1900 bridge 

• Post 1945 temporary bridge details provided by TfNSW on 18 August 2020 (in the form of undated 

design plans, showing number of piers and some pier and deck cross section details) 

• Historical photos of the bridge (examples provided in Figure 4-2). 

A summary of some of the key information on the bridges is provided in Table 4-2.   
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There was limited information available on the first bridge (1876 to 1900) (such as deck levels).  For the 

purposes of this assessment, it was assumed to be roughly similar to the 1900 to 1945 bridge.   

The rating curve was developed for the three bridges based on the calibrated TUFLOW model (Section 

5). A representative hydrograph was applied to the model to understand the variability in the stage and 

discharge relationship.  The ocean conditions were adopted consistent with the Worley Parsons (2010) 

study for the 1% AEP event, and the entrance was assumed to be at -5m AHD (refer Section 5.2.5).  The 

intention is to provide an approximate conversion from the old bridge observed levels to current day 

levels.  All bridge railings were assumed to have a 25% blockage from debris in the assessment.  The 

Form Loss Coefficient (FLC) for TUFLOW was estimated based on the historical photos and an 

approximation of the number of size of the piers. The resulting rating curves are shown in Figure 4-3.  

As the third bridge (1945 to 1966) was constructed in 1945, the head loss for 1945 was adopted based 

on the third bridge.  However, depending on the timing of the largest flood in that year, the earlier 

bridge may be more appropriate.  For the purposes of the FFA, it is unlikely to make a significant 

difference to the results. 

Table 4-2 Historical Bridge Details 

Bridge Dates 1900 – 1944 1945 – 1966 1966 - Current 

Bridge Deck (m AHD) 4.99 3.57 6.42 – 7.77 

Bridge Soffit (m AHD) 4.24 2.82 5.17 – 6.52 

Railing Height (m) 1.5 1.5 1.5 

Assumed Railing Blockage 25% 25% 10% 

FLC2 0.2 0.2 0.06 

 

  

 
2 FLC – Form Loss Coefficient 
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First Bridge – 1876 to 1900 Second bridge – 1900 to 1945 

  

Temporary bridge – 1945 to 1966 Current Bridge – 1966 to present 

Figure 4-2 Photographs of the Four Bridges across the Moruya River3 

 

Figure 4-3 Historical Bridge Rating Curves4 

 
3 Photos sourced from Moruya and District Historical Society (https://mdhsociety.com/2016/12/08/moruya-a-
town-of-four-bridges/), accessed 1 September 2020. 
4 Water Level is measured 50m upstream of the bridge, while discharge is measured further upstream (upstream 
of bend before the bridge. Note divergence at upper end of flows is a result of the flood level reaching the existing 
bridge, and the afflux resulting from that. 
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The rating tables shown in Figure 4-3 were used to adjust historical levels so that a meaningful level 

assessment relative to current conditions could be assessed. A summary of the peak levels, and adjusted 

levels, are provided in Appendix A.  The range of assumptions used for the level frequency assessment 

are summarised in Table 4-3. 

Table 4-3 Adjustment to the Moruya Bridge historical levels 

Period Application 

1852 – 1864 

This period was prior to the construction of the breakwaters, and the river is understood to 
potentially behave more like an ICOLL (intermittently closed and open lake or lagoon).  There 
is a high degree of uncertainty of the influence of the river entrance on the flood behaviour at 
the equivalent of the existing location.  However, with no bridge, there would potentially be 
different levels as well.   

No adjustments were made to these levels in the analysis, given the uncertainty.  Testing was 
undertaken by excluding this period in the record.   

1864 - 1876 

This period is prior to the construction of the first bridge and following the completion of the 
first set of breakwaters.  Records in this period still suggest that the entrance was not able to 
be navigated at periods due to sand (e.g. 1872), and it is possible that the behaviour could 
differ to present day conditions.  However, in the absence of other information no 
adjustments were made. 

1876 – 1900 
Levels were adjusted by translating from the ‘1900 – 1944’ curve to the ‘1966 to current’ curve 
in Figure 4-3, on the assumption that the first bridge was similar (from a head loss perspective) 
to the 1900 – 1944 bridge.   

1900 – 1944 
Levels were adjusted by translating from the ‘1900 – 1944’ curve to the ‘1966 to current’ curve 
in Figure 4-3. 

1945 - 1965 
Levels were adjusted by translating from the ‘1945 – 1966’ curve to the ‘1966 to current’ curve 
in Figure 4-3. 

Missing 
years 

Assumed to have levels < 2.38 m, which is within bank full as these years had no observed 
large floods. From the period from 1852 – 2020 there were 110 years where no large flood 
occurred and these were includes as events less than 2.38 m AHD. 

 

In addition to the years where there was no data available, there were also 23 years where recorded 

data was below 2.38m AHD.  For these types of low level in-bank events, the change in levels behaves 

differently and can affect the frequency.  Therefore, all levels were censored within the FFA analysis 

tool (FLIKE) below 2.38m AHD to improve the fit to the larger flood events.  The Generalised Pareto 

distribution was used for the assessment as it has better fit to the data. 

The current level frequency assessment estimates the following levels at Moruya Bridge are summarised 

in Table 4-4, and compared with the Worley Parsons (2010) model results and the PWD FFA. 
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Table 4-4 Estimated peak levels at Moruya Bridge from the Level Frequency Analysis 

Annual Exceedance 
Probability (AEP) 

Level (m AHD) 

Worley Parsons 
(2010)5 

PWD (undated) 
FFA 

Current Estimate 
Current Estimate (excl 

pre-1876) 

5% 4.2 4.2 3.93 3.62 

2% 4.7 4.9 4.67 4.41 

1% 5.1 5.4 5.16 5.02 

The fitted distributions are summarised in Figure 4-4 along with the historical (adjusted) levels, the 

unadjusted levels, 90% confidence limits and the PWD FFA and Worley Parsons (2010) model results.  

The 1% AEP estimate reduced due to the adjustment of the historic levels, updated rating curve 

techniques and additional length of data with no major events.  

Ultimately the adjusted level data generated a fit that estimated the 1% AEP level at Moruya Bridge of 

approximately 5.16m AHD, although if the pre-1876 events are excluded, this changes to 5.02m AHD. 

The PWD FFA had a 1% AEP estimate of approximately 5.4m AHD, while the Worley Parsons (2010) 

modelling estimated the 1% AEP at 5.1m AHD. Based on the current analysis, it would suggest that the 

estimate 1% AEP level is in the order of the Worley Parsons (2010) model, and below the PWD FFA 

estimate.  However, all are well within the overall confidence limits. 

The difference between the events is more noticeable at the 5% AEP level with the current estimate of 

3.9 m AHD being lower than the Worley Parsons (2010) model and PWD FFA estimate of 4.2 m AHD. For 

the PWD FFA, this may be partly due to the methods around censoring the more frequent flood years 

and the additional period of record that was available.   

 

 

 
5 Hydraulic model results (not an FFA) 
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Figure 4-4 Level Flood Analysis at Moruya Bridge 

4.3 Wamban Gauge Flood Frequency Assessment (FFA) 

A Flood Frequency Analysis (FFA) analyses streamflow records to estimate approximate frequency of 

peak flows.  As identified in Section 2.2, there are two key streamflow gauges near the study area; Deua 

River at Riverview and Deua River at Wamban.  The Wamban gauge has the longest record (1959 to 

2013) but is no longer operational.  The gauge locations are shown in Figure 2-6. 

The Deua River at Wamban (Wamban) gauge has been used in previous studies to estimate the design 

flows for design flood events for the catchment. Since 2011 this gauge has been replaced with the Deua 

River at Riverview (Riverview). To maximise the record for the FFA it was decided to use the Riverview 

gauge to extend the Wamban gauge record. An assessment of the overlapping period of record is 

summarised in Figure 4-5.  

This gauge relationship was used to develop an adjustment factor between the two gauges. This allowed 

the Wamban gauge to be extended to 2020 using the Riverview gauge. 
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Figure 4-5 Assessment of the Wamban and Riverview Gauges Overlapping Period 

 

Figure 4-6 Relationship Between Wamban and Riverview Gauges 

The extended annual peak flows were assessed within FLIKE to fit a regression curve. The curve was 

fitted using a Log Pearson Type III curve with no data censored (Figure 4-6). The main observation from 

the fitted curve is that it is produces a significantly lower estimate of the expected design event flows 

when compared to the previous study estimates.  
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Figure 4-7 Derived FFA for Deua River at Wamban 

The main cause of this low estimate is that the last 30 years of record show very few large events in the 

Deua River. The much longer record at Moruya Bridge (1850s to current), indicates that most large 

events occurred prior to the Deau River at Wamban gauge being established.   It is understood that this 

is one of the reasons why a flood frequency analysis was previously not undertaken for this gauge in 

any of the previous studies. 

The FFA at the Deua River at Wamban is likely to underestimate the expected design flood estimates 

based on the understanding of the larger historical events. One approach to improve the FFA is to utilise 

past observations to add some additional data to the record. This can be done within FLIKE using 

censored data. Based on the Moruya Bridge historical record, the largest flood was the 1925 event. 

The hydraulic model simulations completed for this study (Section 5.2) provide an understanding of the 

relationship between level and flow at Moruya Bridge (see the rating curve for the 1945 – 1966 bridge 

at Moruya Bridge, Figure 4-3).  The estimated level for 1925 was recorded at 5.6 m AHD (adjusted to 

current bridge equivalent levels at 5.3 m AHD). This equates to approximately 7,500 m3/s based on the 

rating curve. However, it is noted that there is a reasonable degree of uncertainty, given the potential 

influence of the entrance and tidal conditions on the peak flood level (as well as historical bridge 

conditions) and the additional flows that contribute from the tributaries between Wamban and the 

bridge.  Based on testing undertaken using ARR87, it was estimated that around a 5,000m3/s peak at 

Wamban would equate to something in the order of 5m AHD at the bridge.  Given the overall 

uncertainty, this has been included in FLIKE as an event likely to be greater than 5,000 m3/s at the Deua 
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River gauge at Wamban.  This approach of adopting threshold reflects the underlying uncertainty while 

allowing this event to be included within the FFA.  

In a similar manner to the above, the historical record at Moruya Bridge suggests that the next largest 

event between 1925 and 1959 was 1934 recorded at 4.4 m AHD (unadjusted level) (~4,500 m3/s) and 

the remaining events in this period were less than 3,500 m3/s. This information was added to the FFA 

using censored data thresholds. The revised FFA estimate is shown in Figure 4-8.  Note that the plotting 

position of 1925 and 1934 events have been estimated using an approximate flow rate but the FFA is 

based on censored levels as discussed. 

 

Figure 4-8 Derived FFA for Deua River at Wamban (extended series) 

The estimated design event flow rates (based on hydrologic modelling) are summarised in Table 4-5 

from the two previous studies.  This is compared with the flood frequency assessment undertaken in 

this section. The 1% AEP estimate from the FFA has reduced slightly from the 5,200 and 5,510 m3/s flow 

rate estimated provided previously to 5,030 m3/s, although it is noted that these previous estimates are 

well within the confidence limits and the overall uncertainty of the FFA. 

For the 5% AEP, both the FFA with the extended time series, and the FFA using the 1959-2020 provide 

order of magnitude similar flow estimates (2,580m3/s and 2,230m3/s).  This is expected for more 

frequent events, where the shorter record will still have identified a number of large events.  However, 

both the PWD (1992) and Worley Parsons (2010) appear to over-estimate the flows particularly the 5% 

and 2%, consistent with the Moruya Bridge FFA. This should be examined further when completing a 

detailed flood study. . 
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Table 4-5 Estimated Peak Levels at Moruya Bridge from the Level Frequency Analysis 

Annual Exceedance 
Probability (AEP 

Deua River at Wamban (m3/s) 

Moruya  Flood 
Study (1992) 

Moruya  Flooding 
– Climate Change 

Assessment (2010) 

FFA Current study 
(1959 – 2020) 

FFA Current study 
(1925 – 2020) 

5% 3,250 3,540 2,230 2,580 

2% 4,300 n/a1 2,730 3,900 

1% 5,200 5,510 2,990 5,030 

0.5% n/a1 6,530 3,190 6,270 

0.2% n/a1 8,060 3,360 8,050 

1 values not reported.  
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5 Model Setup 

5.1 Hydrologic Modelling 

A new WBNM model was developed for the catchment.  As a starting point, parameters from the Worley 

Parsons (2010) study were adopted, including similar modelling parameters and digitising 

subcatchments.   

Subcatchments were subsequently refined within the study area (especially from smaller tributaries 

such as Racecourse Creek, Mullenderee Creek, Dooga Creek, Malabar Creek, etc) based on the initial 

bypass option alignments. This was to ensure that these tributaries and smaller creeks are appropriately 

represented, and to assist in the sizing of culverts or smaller bridges for these tributaries.  

The subcatchments have been delineated within spatial software (geographic information system) into 

106 subcatchments, as shown in Figure 5-1. 

The WBNM model has been split at key locations such as: 

• Deua River at Wamban gauge location 

• Deua River at Riverview gauge location 

• Smaller tributaries for culvert sizing and design.  

The more refined downstream subcatchments are shown in Figure 5-2. These subcatchments may be 

subject to change depending on the requirements with options testing. 

Further details on the calibration analysis in the hydrology is provided in Section 6.1, and design event 

modelling parameters are discussed in Section 7.1. 
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Figure 5-1 WBNM Subcatchments for the Deua River to Moruya 
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Figure 5-2 WBNM Subcatchments for the Moruya Bypass Study Area 

5.2 Hydraulic Modelling 

A TUFLOW model has been created to define flood behaviour across the study area.  TUFLOW 

represents a contemporary modelling software that has been used extensively throughout Australia.  

The ability to represent the complex overbank floodplain areas is undertaken within the 2D domain of 

the model.  

The HPC version of the model software was utilised.  This version of the software has significant 

computational speed advantages over the TUFLOW “Classic” version.  This is particularly useful for the 

analysis of bypass options, as it allows for faster feedback on the option performance.  To ensure a 

robust and stable model is established, the TUFLOW “Classic” version of the model has been run to cross 

check results. 
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5.2.1 DEM 

The TUFLOW model utilises the DEM and bathymetry data referred to in Section 2 to create an existing 

conditions surface.  Important features such as levees, some roadways, ridges and creek inverts within 

the study area are defined with breaklines to ensure that flows interacting with these features are 

realistically modelled. 

A comparison of the LiDAR from 2011 against the LiDAR acquired by TfNSW in 2020 along the existing 

Princes Highway alignment has been undertaken.  Two example areas are shown in Figure 5-3 and 

Figure 5-4.  Negative values (greens) shown regions where the 2020 LiDAR is lower and positive values 

(blues) show regions where the 2020 LiDAR is higher.  In Sample Area 2 (in the north of the study area), 

the differences between the LiDAR sets are within typical ranges and variances.  Sample Area 1, which 

is located on the northern floodplain with rural grassland on either side of the highway, suggests a 

positive bias to the 2011 LiDAR data relative to the newer 2020 LiDAR, with differences of up to 300mm.   

This discrepancy may be driven by changes in vegetation within the study area. The period in which the 

2011 data was collected was a relatively wet period, which would be expected to result in a higher and 

denser vegetation particularly on the rural areas. In contrast, the 2020 data was collected following an 

extensive drought period and bushfires in the region, after which vegetation cover would be lower.  

LiDAR acquired in 2009 and utilised in the Moruya Flooding Climate Change Assessment (Worley 

Parsons, 2010) was reviewed and found to not provide adequate spatial coverage of the study area.  

Refer to Figure 2-5 for the extent of coverage for this data set. 

Rather than combining separate LiDAR data sets, and producing discontinuities at their respective 

boundaries, it was decided to utilise the 2011 LiDAR 1 m DEM to define ground levels for TUFLOW 

hydraulic model.  It is recommended in subsequent stages of the design process that additional ground 

survey be collected in order to undertake further checks on this LiDAR data. 

In combination with the bathymetric data discussed in Section 2.1.2, an overall project DEM was 

established using the following data, in order of precedence: 

1. Hydrographic Survey for the Moruya River (2000) 

2. Bathymetry from the LADS data (2018) 

3. 2011 LiDAR ground survey.   

Grid size for the 2D hydraulic model has been selected as 10m x 10m.  This represents a balance between 

a finer resolution producing more detailed results and faster model run time associated with a coarser 

grid. 

A new feature of TUFLOW was also incorporated within the model, referred to as Sub-Grid Sampling 

(SGS).  This enables a more detailed storage and conveyance representation at a sub-grid level, while 

not significantly affecting model run times.  Using this feature, TUFLOW calculates the volume 

relationship, as well as the conveyance between the cells, based on the underlying sub-grid sampling of 

the DEM.  For this project, a 5 metre SGS was adopted, providing greater hydraulic resolution.   
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Figure 5-3 2011 LiDAR Data vs. 2020 LiDAR Data – Sample Area 1 
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Figure 5-4 2011 LiDAR Data vs. 2020 LiDAR Data – Sample Area 2
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5.2.2 Surface Roughness 

The LiDAR point cloud classification data (Section 2.1.2) was used to establish the spatially varying 

surface roughness for the hydraulic model.  This has been updated and refined based on aerial 

photography, site inspections, and surface roughness information produced in other studies such as the 

Moruya Flooding Climate Change Assessment (Worley Parsons, 2010).  Table 5-1 provides the surface 

roughness values adopted for this study, and Figure 5-5 illustrates the spatial variation across the study 

area. 

Table 5-1 2D Hydraulic Model Surface Roughness Values 

Land Use Roughness Value 

Bare / Low Vegetation 0.040 

Medium Vegetation 0.055 

High Vegetation 0.065 

Buildings 0.100 

Open Water 0.022 

Other Areas 0.030 

 

 

Figure 5-5 2D Hydraulic Model Roughness 
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5.2.3 Culverts and Bridges 

The culvert data received from TfNSW and Council (Sections 2.1.1 and 2.1.3) have been checked against 

notes from the site inspection (Section 2.7) to ensure their accuracy.  Table 5-2 and Figure 5-6 detail the 

locations and properties all of the culverts contained within the hydraulic model, where the information 

was sourced, and any assumptions made regarding their attributes.  Road elevations are estimated 

based on 2011 LiDAR. 

Table 5-2 Culvert Information Sources 

Culvert 
ID 

Data Source Culvert Dimension 
(mm) 

Existing Road 
Elevation 
(m AHD) 

Estimated 
Cover (m) 

Assumptions 

1 TfNSW  2 1800Wx1200H 2.43 0.53 None 

2 TfNSW  2430Wx930H  3.03 1.03 None 

3 TfNSW  6 2800Wx1600H  3.01 1.09 None 

4 TfNSW  1500Wx450H  2.10 0.8 None 

5 TfNSW  1500Wx450H  2.01 0.81 None 

6 TfNSW  1500Wx725H  2.02 0.545 None 

7 TfNSW  1500Wx450H  1.99 0.79 None 

8 TfNSW  2100Wx700H  7.19 0.49 Inverts based on LiDAR 
and minimum cover of 
600 mm 

9 TfNSW  1200 diameter  10.36 0.66 Inverts based on LiDAR 
and minimum cover of 
600 mm 

10 TfNSW  2 2400Wx2000H 5.78 0.68 Inverts based on LiDAR 
and minimum cover of 
600 mm 

11 TfNSW  900 diameter  27.07 0.77 Inverts based on LiDAR 
and minimum cover of 
600 mm 

12 TfNSW  1200 diameter RCP 25.04 0.84 Inverts based on LiDAR 
and minimum cover of 
600 mm 

13 TfNSW  1200 diameter RCP 26.04 0.82 Inverts based on LiDAR 
and minimum cover of 
600 mm 

14 Flood Study 
Data 
Compendium 

2 1800 diameter 
RCP 

2.77 0.42 None 

15 Flood Study 
Data 
Compendium 

2 1800 diameter 
RCP 

3.14 0.80 None 

16 Council  7800Wx3000H 2.29 0.29 None 

17 Council  3 2400Wx1200H 2.33 0.88 None 

18 Council  4 2400Wx1200H 3.44 0.84 None 
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Culvert 
ID 

Data Source Culvert Dimension 
(mm) 

Existing Road 
Elevation 
(m AHD) 

Estimated 
Cover (m) 

Assumptions 

19 Flood Study 
Data 
Compendium 

4 2400Wx1000H 6.58 0.64 None 

20 Council  10000Wx2500H 2.62 0.20 None 

21 Council  2 1800Wx1200H 2.82 0.67 None 

22 TfNSW  1500 diameter RCP 15.25 1.05 Inverts estimated on 
LiDAR and minimum 
cover of 600 mm 

23 Council  Unknown 2.73   Unknown size, not to 
be included in 
modelling 

24 Flood Study 
Data 
Compendium 

1800 diameter RCP 2.32 0.45 None 
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Figure 5-6 Hydraulic Model Culvert Locations 

Information on bridges within the study area have been input as layered flow constriction shapes in 

TUFLOW.  Data to inform these important hydraulic elements of the study area include bridge data from 

TfNSW and Council and confirmed with site inspection notes.  In the case of the Wamban Creek bridge, 

where no design or works-as-executed information is available, bridge geometry has been assumed 

based on LiDAR survey of the roadway approaches and site inspection notes. 

Head loss across bridges modelled in TUFLOW using this approach can be sensitive to Form Loss 

Coefficients (FLC) assumed for losses across the piers.  The values adopted for each bridge have been 

calculated using Hydraulics of Bridge Waterways (Bradley, 1978), assuming piers are aligned in the 

direction of flow. 

Blockage of culverts and bridges has been assigned based on guidance from ARR2019.  This is a risk-

based blockage strategy which varies the percentage blocked for each hydraulic structure based on the 

likely debris load from the upstream catchment, the clear width or height of the opening, and the 

frequency of the storm event. 
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Site inspections undertaken on 3 August 2020 and 10 August 2020, the former being approximately one 

week following a small flood event and the latter being one day after a larger flood event, determined 

the size and nature of debris found around hydraulic structures.  It was estimated that the L10 value (i.e. 

the length which only 10% of debris arriving at bridges or culverts is larger) is as follows for different 

parts of the study area: 

• Within the Moruya River, L10 = 5.0 m 

• In urban catchments, L10 = 1.5 m 

• In rural / pasture catchments, L10 = 1.5 m 

• In densely vegetated catchments, L10 = 1.5 m 

Table 5-3 shows the resulting blockage matrix to be applied to all design storm flood events. 

Table 5-3 Design Blockage Matrix 

Location Structure Open 
Width 

Greater than 0.5% 
AEP 

0.5% AEP to 5% 
AEP 

Less than 5% AEP 

Moruya River 

W > 15 m 10% 0% 0% 

15 m > W > 5 m 20% 10% 0% 

5 m < W 100% 50% 25% 

Urban/ Rural 
Catchment 

W > 4.5 m 0% 0% 0% 

4.5 m > W > 1.5 m 10% 0% 0% 

1.5 m < W 50% 25% 25% 

Dense Vegetation 
Catchment  

W > 4.5 m 10% 0% 0% 

4.5 m > W > 1.5 m 20% 10% 0% 

1.5 m < W 100% 50% 25% 

 

5.2.4 Downstream Boundary Conditions 

Calibration and Verification 

The downstream boundary conditions adopted in the Moruya Flooding Climate Change Assessment 

(Worley Parsons, 2010) are based on an astronomical tide sequence overlaid with a storm surge peak.  

Timing of the astronomical tide and peak storm surge were aligned with the peak discharge through 

Moruya Heads and peak rainfall intensity, respectively (Figure 5-7).  A similar approach was adopted for 

this study to aid in the validation of the design storm events against results from the Moruya Flooding 

Climate Change Assessment (Worley Parsons, 2010).  
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Figure 5-7 Tidal Series Alignment with ARR1987 Design Storms (Worley Parsons, 2010) 

For historical events, the Worley Parsons (2010) study adopted a tidal time series.  Further details on 

the historical event assumptions, as well as the validation event assumptions, are discussed in Section 

6.2. 

Design Events – Riverine Flows 

Since the work undertaken by Worley Parsons (2010), additional guidance is available on the joint 

occurrence for catchment flooding and oceanic flooding.  This includes the guidance in ARR2019, as well 

as the DPIE guideline Floodplain Risk Management Guide – Modelling of Interaction of Catchment 

Flooding and Oceanic Inundation in Coastal Waterways (NSW Government, 2015). 

In the absence of more detailed studies in the joint occurrence of catchment flooding and oceanic 

events for the Moruya River, the NSW Government (2015) guideline was adopted for this study for the 

design flood events.  The key assumptions based on this guideline are summarised in Table 5-4.  The 

joint occurrence assumptions for the ocean and riverine flooding are provided in Table 5-5. 

In accordance with the guideline, the peak of the ocean level is to coincide with the peak of the 

catchment flood.  The ocean time series from the NSW Government (2015) guideline is shown in Figure 

5-8.  The ocean time series was adjusted to ensure that it coincided with the peak discharge in the 

Moruya River. 

While there are a number of scenarios to be analysed under the NSW Government (2015) guideline, the 

reality is that the 1% AEP ocean peak level is 2m AHD, while the 5% AEP ocean level is 1.9m AHD.  This 

is a relatively minor difference in levels, particularly given the hydraulic constraints of the Moruya River 

entrance (see Section 5.2.5). 
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It is noted that this is more conservative than the previous analysis undertaken by PWD (1992) and 

Worley Parsons (2010).  In both of those studies, the peak of the flood coincided with the second ocean 

peak (see Figure 5-7).  Therefore, the current approach is more conservative. 

Table 5-4. Coastal Boundary Assumptions in Accordance with NSW Government (2015) Guideline 

Parameter Adopted Approach Comment 

Waterway Entrance 
Type 

B (Wave Dominated) 
https://www.environment.nsw.gov.au/topics/wa
ter/estuaries/estuaries-of-nsw/ 

Selected Approach General Approach As per guideline 

Entrance Condition 
and Management 

Steady State 

This is a simplifying assumption.  Sensitivity 
testing to be undertaken to confirm entrance 
condition influence.  Further details in Section 
5.2.5. 

Static or Dynamic 
Analysis 

Dynamic 
Given the longer duration of the Moruya River 
flooding, a dynamic analysis is required.  

Relative Timing 
Peak of Catchment Flood 
coincides with peak of ocean 

Consistent with the guideline. 

 

Table 5-5. Assumption on Joint Occurrence (based on NSW Government, 2015) 

Design AEP Catchment Flood Ocean Boundary Level 

20% AEP 20% AEP HHWS (SS) 

10% AEP 10% AEP HHWS (SS) 

5% AEP 5% AEP HHWS (SS) 

2% AEP 2% AEP 5% AEP 

1% AEP (envelope of 
three scenarios) 

5% AEP 1% AEP 

1% AEP 5% AEP 

1% AEP 

0m AHD (constant level adopted for sensitivity, 
rather than ISLW level suggested in guideline).  
Used for sensitivity and to understand velocity/ 
hazard in river) 

0.5% AEP 0.5% AEP 1% AEP 

0.2% AEP 0.2% AEP 1% AEP 

PMF PMF 1% AEP 
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Figure 5-8. Ocean Water Boundary Water Levels (derived from NSW Government, 2015) 

5.2.5 Entrance Conditions 

The PWD (1992) study identified the potential for the entrance of the river to scour during large flood 

events.  This is due to the constriction between the training walls at the entrance, with an opening of 

around 150 metres (see Figure 5-9). In the PWD (1992) study, an assumed entrance depth (between the 

training walls) of -5 m AHD was adopted, based on the upstream depths in the channel and assumptions 

on the potential depth of scour.  PWD (1992) noted that were no measurements of scour depths from 

the previous flood events.  This assumed depth of scour was applied to larger flood events from PWD 

(1992), but for smaller events they assumed that existing levels would be adopted.  It was not clear on 

the event frequency at which this assumption would be applied.  However, from the report it would 

appear that the -5 m AHD was applied to the 1974 and 1978 events. 

Worley Parsons (2010) also reported the potential for the entrance to scour, but no information was 

provided on the assumed entrance conditions.  The validation in Section 6.2.3 would suggest that 

Worley Parsons (2010) adopted similar conditions to the PWD (1992) study, although based on the 

validation the entrance conditions may differ to some degree. 

The Moruya/Deua Estuarine Processes Study (AMOG, 2003) undertook sediment process modelling of 

the river under different sized flood events.  The results as presented in the report are provided in Figure 

5-10.  The results do show greater extent of scour depth under larger events.  However, the depth of 

scour is above the threshold of the maximum shown on the legend (1.m), and no further information is 

provided.  While attempts were made to acquire the data from this study, the information was not 

available within Council or DPIE archives. 

The above suggests that the entrance is subject to scour in larger events.  However, there is likely to be 

some variation in the maximum depth of scour at the entrance depending on the magnitude of the 
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event.  At this stage, there is insufficient information to be able to derive this variability in depth.  A 5% 

AEP was the smallest flood event assessed in this study.  On that basis, a -5m AHD consistent with the 

previous studies was adopted.   

Appropriate sensitivity testing has been undertaken as a part of this project to understand the overall 

uncertainty.  Further details are provided in Section 8. 

 

Figure 5-9 Moruya River Entrance (Image dated 2020, Note extensive training walls) 
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1 year Flood 5 year Flood 

  

20 year Flood 50 year Flood 

Figure 5-10 Bed Change Estimates from Moruya/ Deua Estuary Processes Study for Different Flood 
Sizes (extracts from AMOG, 2003)6 

 

  

 
6 Note that the blue colour in the legend does not match the mapping.  However, it is thought that the dark blue 
colour on the mapping is -1.00m of bed change 
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6 Model Calibration and Validation 

6.1 Hydrologic Model 

Historical rainfall and water level gauge data (Sections 2.2 and 2.3) is adequate to undertake calibration 

model runs for the same 1974 calibration event and 1978 validation event from the Moruya Flooding 

Climate Change Assessment (Worley Parsons, 2010).  These calibration and validation events have been 

undertaken for the portion of the hydrological model that drains to the Deua River at Wamban gauge 

(located upstream of the confluence of the Deua River and Wamban Creek). 

6.1.1 Calibration for 1974 Event 

The 1974 event was a large event for Moruya with an expected recurrence interval around a 10% AEP 

at the Wamban gauge. This event has been calibrated through the previous studies and as such was 

selected as an event to calibrate the current WBNM model and ensure that it is suitably representing 

the catchment behaviour. The event ran from 25 August through to 30 August 1974 and reached a peak 

of approximately 2,100 m3/s at the Deua River at Wamban gauge.  This suggests that it was between a 

10% AEP and 5% AEP event (based on the Wamban gauge FFA – refer Section 4.3). 

The rainfall data was not available for all gauges from Sydney Water’s archives (Section 2.3.2).  However, 

the 30 minute pluviographs were available from the PWD (1992) Flood study and these were used to 

derive the temporal patterns.  A summary of these gauges and the daily rainfalls are shown in Table 6-1. 

Table 6-1 1974 Pluviographs and Daily Rainfall (daily total midnight to midnight) 

 

 

 

 

 

 

Of the rainfall gauges listed in Table 6-1, data was obtained from Sydney Water for 569005, 570344 and 

570345. The pluviograph totals from Sydney Water matched closely and indicated that the pluviographs 

from the previous assessment were suitable for use in the calibration. 

The main observation for the available pluviographs were that they were mainly located to the North 

and West of the Moruya River catchment, see Figure 6-1. To improve the rainfall estimate the Bureau 

of Meteorology (BoM) daily gauge network was used to obtain improved daily rainfall totals for each 

subcatchment. There were more available daily gauges across the catchment and these were used to 

set the event rainfall totals for each subcatchment using a Thiessan weighting approach. The weighted 

rainfalls then used the recorded pluviograph patterns for the event.   

Gauge 
Number 

Gauge Name 25/08 
(mm) 

26/08 
(mm) 

27/08 
(mm) 

28/08 
(mm) 

29/08 
(mm) 

Total 
(mm) 

569005 BRAIDWOOD (REIDSDALE) 3.8 86.9 164.4 180.6 79.6 515.3 

570344 ORANMEIR 2.1 72.8 166.2 126.4 134.9 502.4 

570345 ORANMEIR (YARRA GLEN) 2.0 53.0 117.0 133.0 75.0 380.0 

69102 NORTH ARALUEN P.O. 2.0 53.0 117.0 133.0 75.0 380.0 

570960 PARKERS GAP 0.0 48.8 119.3 70.8 61.7 300.6 
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Figure 6-1 Rainfall Gauges Used in the 1974 Calibration 

The calibration was undertaken and the resulting hydrograph is presented in Figure 6-2. The calibration 

is an improvement over the previous studies(see Figure 6-3, Worley Parsons (2010) shown in green, 

PWD (1992) in red).  

The key resulting calibrated parameters are: 

• C = 1.6 

• IL = 60mm 

• CL = 1.5mm/hr 

Overall, the fit is considered to be very good at the gauge with the peak flow rates and timings matched 

across both peaks. 
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Figure 6-2 Calibration Hydrograph at Deua River at Wamban for 1974 

 

Figure 6-3 Calibration for 1974 from the previous studies (Worley Parsons, 2010) 
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6.1.2 Validation for 1978 Event 

The 1978 event was only marginally larger than the 1974 event for Moruya based on the flows at 

Wamban gauge.  This event has been calibrated / validated through the previous studies and as such 

was selected as an event to validate the WBNM model. The event ran from 19 March through to 23 

March 1978 and reached a peak of 2,180 m3/s at the Deua River at Wamban gauge (compared with 

2,100m3/s in the 1974 event). 

Rainfall data from the PWD (1992) Flood Study was available for the event as 30 minute pluviographs.  

Similar to the 1974 event, this was verified using data received from Sydney Water.  Five pluviographs 

were used to derive the rainfall temporal pattern, these are summarised in Table 6-2. 

Table 6-2 1978 Pluviographs and Daily Rainfall (daily total from midnight to midnight) 

Gauge 
Number 

Gauge Name 18/03 
(mm) 

19/03 
(mm) 

20/03 
(mm) 

21/03 
(mm) 

22/03 
(mm) 

23/03 
(mm) 

Total 
(mm) 

569005 BRAIDWOOD (REIDSDALE) 56.9 117.6 322.5 63.9 0.5 10.1 571.5 

570344 ORANMEIR 7.9 19.9 143.6 136.5 3.5 1.2 312.6 

69102 NORTH ARALUEN P.O. 26.0 53.0 243.0 118.0 1.0 0.0 441.0 

570960 PARKERS GAP 0.0 20.6 106.7 110.2 20.9 19.8 278.2 

69362 SNOWBALL 31.8 71.2 214.6 60.1 19.7 27.8 425.2 

 

A similar approach to the 1974 was adopted for this calibration with the daily BoM gauges being used 

to assign the event rainfall depths to the subcatchments as these had much better spatial coverage for 

the event. The pluviographs and BoM gauges are shown in Figure 6-1. 

The calibrated model results compared to the streamflow records is shown in Figure 6-4.  The calibration 

was improved when compared to the previous study as shown in Figure 6-5 (Worley Parsons (2010) 

shown in green, PWD (1992) in red).  

The calibrated parameters for the model were: 

• C = 1.6 

• IL = 120 mm 

• CL = 1.5 mm/hr. 
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Figure 6-4 Calibration at Deua River at Wamban for 1978 

 

Figure 6-5 Calibration for 1978 from the previous studies (Worley Parsons, 2010) 
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6.1.3 Comparison to Previous Modelling Design Events 

The design events for the previous modelling were undertaken using Australian Rainfall and Runoff 1987 

(ARR1987). For comparative purposes the initial assessment for the design events were completed using 

ARR1987 to establish that the model is reproducing the design events as expected and to provide a 

comparison with the ARR2019 design events. 

The ARR1987 runs were completed using parameters consistent with the previous study.  The key 

parameters used for the derivation of the flows included: 

• Intensity Frequency Durations (6 locations across the study area) 

• C - 1.6 

• Stream Lag - 1.0 

• Initial Loss = 50 mm 

• Continuing Loss = 1.5 mm/h 

A comparison of the flow estimates using these parameters, together with the previous Worley Parsons 

(2010) climate change study, are summarised in Table 6-3.  This comparison shows good agreement 

between the previous Worley Parsons (2010) flow estimates and the current WBNM model using 

ARR1987.  

Table 6-3 Design Event Estimates at Deua River at Wamban 

AEP Moruya Climate Change 
(2010) 

Current Study 

Using ARR1987 

Critical 
Duration 

Peak (m3/s) Critical 
Duration 

Peak (m3/s) 

20%   48h 2,020 

10%   48h 2,658 

5% 48h 3,540 48h 3,505 

2%   48h 4,500 

1% 48h 5,510 48h 5,404 

0.5% 48h 6,530 n/a1 n/a1 

0.2% 48h 8,060 n/a1 n/a1 

1 These were not calculated as a part of this project 
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6.2 Hydraulic Model 

In order to ensure that the model is representative of the flood behaviour in the study area, a calibration 

and verification of the model was undertaken.  This was undertaken in three key stages: 

• Calibration of the model to the 1974 flood event, comparing the model to observed and previously 

modelled levels 

• Validation of the model to the 1978 event, comparing the model results to observed and previously 

modelled levels 

• Verification of the model to previous analysis of design model events (the 1% AEP event). 

6.2.1 Calibration for 1974 Event 

Historic flood levels for the 1974 have been sourced from the Moruya Flooding Climate Change 

Assessment (Worley Parsons, 2010).  No digital location files were available and therefore the 

measurement locations in the established TUFLOW model have been digitised based on maps provided 

in the report. 

Historic flood level information, as well as the modelled water levels from the previous studies (Moruya 

Flooding Climate Change Assessment (Worley Parsons, 2010) and Moruya River Flood Study (PWD, 

1992)) have been reproduced in Table 6-4 and the approximate locations shown in Figure 6-6.   

The levels reported at Mullanderee were used in Worley Parsons (2010) as a comparison to the previous 

PWD (1992) modelling, and no observed levels are available for this location. 

Table 6-4 Historic and Previous Modelling Flood Levels – 1974 Event 

Location Name 
Observed Historic Level 

(m AHD) 
RMA-2 Level (m AHD) 

(Worley Parsons, 2010) 
RUBICON Level (m AHD) 

(PWD, 1992) 

Hospital 4.05 3.9 3.88 

Bowling Club 3.79 3.59 3.65 

Kindergarten 3.66 3.59 3.65 

River Street 3.64 3.62 3.65 

Church Street 3.63 3.59 3.65 

Moruya Bridge 3.62 3.47 3.49 

Princes Highway 3.48 3.32 3.22 

Swimming Pool 3.31 3.22 3.22 

Ford Street South 3.18 3.18 2.95 

Racecourse Creek 2.87 2.57 2.43 

Vulcan St/ Princes Hwy 2.8 2.62 2.43 

Ford Street North 2.78 2.82 2.95 

Mullanderee N/A 2.49 2.44 

Malabar Creek 2.4 2.28 2.35 
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Figure 6-6 Water Level Measurement Locations – 1974 Event 

Downstream boundary conditions were also digitised from the Moruya Flooding Climate Change 

Assessment (Worley Parsons, 2010).  These astronomical tide data were not taken from recorded data 

but were predicted tides, as the Moruya Heads tidal gauge was not operational during the 1974 flood 

event.  Storm surge and wind/wave setup were not considered.  This was consistent with the Moruya 

River Flood Study (PWD, 1992).  Figure 6-7 shows the tidal series adopted for the 1974 flood event. 
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Figure 6-7 1974 Event – Tidal Series Adopted 

Additional changes were made to the TUFLOW model to recreate conditions, as best as possible, similar 

to what was present during the 1974 flood event.  This includes: 

• Lowering of the Princes Highway road surface along the northern floodplain.  Correspondence 

received from DPIE indicates that during the 1990s the roadway was raised in sections to its current 

position.  It is understood that the road was lower prior to this time.  For the purposes of the 

modelling, the previous road was assumed to be close to the existing surrounding pasture level. 

• Adjustment of the bathymetry near the entrance at Moruya Heads to reflect what would be the 

possible scour depths. 

The resulting TUFLOW model calibration runs, utilising difference entrance conditions, yield water levels 

shown in Table 6-5 to Table 6-7.  This also notes the differences between the historical recorded water 

levels and the results of previous modelling.  As discussed in Section 5.2.5, there is some uncertainty on 

the entrance conditions.  Given the event is around a 10% AEP, a range of potential entrance conditions 

were analysed.  The entrance conditions were modelled for -5 m AHD, -4 m AHD, and the representative 

existing bathymetry (represented by the bathymetric survey undertaken in 2000, which may differ to 

the true “existing” conditions). 
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Table 6-5 Calibration Results, Entrance at -5 m AHD – 1974 Event 

Location Name 
TUFLOW Levels  

(m AHD) 
Historic Level 

Difference (m) 
RMA-2 Level 

Difference (m) 
RUBICON Level 
Difference (m) 

Hospital 3.72 -0.33  -0.18  -0.16  

Bowling Club 3.47 -0.32 -0.12  -0.18  

Kindergarten 3.47 -0.19  -0.12  -0.18  

River Street 3.49 -0.15  -0.13  -0.16  

Church Street 3.47 -0.16  -0.12  -0.18  

Moruya Bridge 3.39 -0.23  -0.08  -0.10  

Princes Highway 3.23 -0.25  -0.09  +0.01  

Swimming Pool 3.19 -0.12  -0.03  -0.03  

Ford Street South 2.89 -0.29  -0.29  -0.06  

Racecourse Creek 2.19 -0.68  -0.38  -0.24  

Vulcan St/ Princes Hwy N/A N/A N/A N/A 

Ford Street North 3.06 +0.28  +0.24  +0.11  

Mullanderee 2.06 -0.38  -0.43  -0.38  

Malabar Creek 2.06 -0.34  -0.22  -0.29  

 

Table 6-6 Calibration Results, Entrance at -4 m AHD – 1974 Event 

Location Name 
TUFLOW Levels  

(m AHD) 
Historic Level 

Difference (m) 
RMA-2 Level 

Difference (m) 
RUBICON Level 
Difference (m) 

Hospital 3.74 -0.31 -0.16 -0.14 

Bowling Club 3.50 -0.29 -0.09 -0.15 

Kindergarten 3.50 -0.16 -0.09 -0.15 

River Street 3.51 -0.13 -0.11 -0.14 

Church Street 3.50 -0.13 -0.09 -0.15 

Moruya Bridge 3.42 -0.20 -0.05 -0.07 

Princes Highway 3.27 -0.21 -0.05 +0.05 

Swimming Pool 3.22 -0.09 0.00 0.00 

Ford Street South 2.95 -0.23 -0.23 0.00 

Racecourse Creek 2.29 -0.59 -0.29 -0.15 

Vulcan St/ Princes Hwy N/A N/A N/A N/A 

Ford Street North 3.11 +0.33 +0.29 +0.16 

Mullanderee 2.24 -0.20 -0.25 -0.20 

Malabar Creek 2.24 -0.16 -0.04 -0.11 
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Table 6-7 Calibration Results, Entrance using Existing Bathymetry Conditions7  – 1974 Event 

Location Name 
TUFLOW Levels  

(m AHD) 
Historic Level 

Difference (m) 
RMA-2 Level 

Difference (m) 
RUBICON Level 
Difference (m) 

Hospital 3.91 -0.14 +0.01 +0.03 

Bowling Club 3.71 -0.08 +0.12 +0.06 

Kindergarten 3.71 +0.05 +0.12 +0.06 

River Street 3.72 +0.08 +0.10 +0.07 

Church Street 3.71 +0.08 +0.12 +0.06 

Moruya Bridge 3.64 +0.02 +0.17 +0.15 

Princes Highway 3.53 +0.05 +0.21 +0.31 

Swimming Pool 3.44 +0.13 +0.22 +0.22 

Ford Street South 3.35 +0.17 +0.17 +0.40 

Racecourse Creek 3.09 +0.22 +0.52 +0.66 

Vulcan St/ Princes Hwy 3.09 +0.29 +0.47 +0.66 

Ford Street North 3.39 +0.61 +0.57 +0.44 

Mullanderee 3.08 +0.64 +0.59 +0.64 

Malabar Creek 3.07 +0.67 +0.79 +0.72 

 

The TUFLOW model provides a relatively close match to the historic recorded levels, as well as the 

previous modelling, with the following deviations: 

• The entrance bathymetry conditions have a significant impact on modelled results, with levels 

having a higher range of variance the closer measuring points are towards Moruya Heads.  The 

differences in levels is approximately 0.25m at Moruya Bridge to approximately 1 metre at Malabar 

Creek as a result of the different entrance conditions. 

• Generally, the entrance conditions which match closest with the historic flood records are the 

- 4 m AHD and existing conditions, with differences compared to historic records of -0.20 m and 

+0.02 m, respectively, at the Moruya Bridge. 

• The scenarios which best matches the previous RMA-2 and RUBICON modelling results are the 

entrance condition where levels are reduced to -4 m AHD and -5 m AHD.  Although it should be 

noted that both of these previous models were generally lower than the reported historic flood 

levels in their respective reports. 

• At the Vulcan Street / Princes Highway measurement point, only the scenario utilising the existing 

bathymetry conditions showed flooding. This may be due to the location of this measuring point 

not being accurately defined in the Moruya Flooding Climate Change Assessment (Worley Parsons, 

2010) or a difference in the adopted DEM. 

• The results at Ford Street North are consistently higher compared to all other results and historic 

levels.  This is likely caused by the exact location of the measurement point being unknown and/or 

the difference in DEM levels in this vicinity. 

 
7 Represented by the bathymetric survey undertaken in 2000 
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• Better adherence to historic flood levels is observed for measurement points located within or close 

to the Moruya River.   

6.2.2 Validation for 1978 Event 

Similar to the calibration flood event, historic flood levels for the 1978 event have been sourced from 

the Moruya Flooding Climate Change Assessment (Worley Parsons, 2010).  No digital location files are 

available, therefore the measurement locations in the established TUFLOW model have been digitised 

based on maps provided in the report. 

Historic flood level information, as well as the modelled water levels from the previous studies (Moruya 

Flooding Climate Change Assessment (Worley Parsons, 2010) and Moruya River Flood Study (PWD, 

1992)) have been reproduced in Table 6-8 and the approximate locations shown in Figure 6-8.   

Table 6-8 Historic and Previous Modelling Flood Levels – 1978 Event 

Location Name Historic Level (m AHD) RMA-2 Level (m AHD) RUBICON Level (m AHD) 

Hospital 4.00 3.97 3.73 

Kindergarten 3.57 3.65 3.51 

GR362 3.55 3.64 3.51 

Moruya Bridge 3.40 3.52 3.35 

Mullanderee N/A 2.56 2.06 

Malabar Creek N/A 2.31 2.17 
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Figure 6-8 Water Level Measurement Locations – 1978 Event 

Again, downstream boundary conditions were also digitised from the Moruya Flooding Climate Change 

Assessment (Worley Parsons, 2010).  Similar to before, it was based on a predicted tide with no storm 

surge and wind/wave setup were not considered.  This was consistent with the Moruya River Flood 

Study (PWD, 1992).  Figure 6-9 shows the tidal series adopted for the 1978 flood event. 
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Figure 6-9 1978 Event – Tidal Series Adopted 

Changes were made to the TUFLOW model to recreate conditions are the same as the 1978 calibration 

event.  As with the 1974 event, this includes: 

• Lowering of the Princes Highway road surface along the northern floodplain.  Correspondence 

received from DPIE indicates that during the 1990s the roadway was raised to its current position 

from a level that is assumed to be equivalent to the surrounding pasture. 

• Adjustment of the bathymetry near the entrance at Moruya Heads to reflect what would be the 

possible scour depths. 

The resulting TUFLOW model validation runs, utilising difference entrance conditions, yield water levels 

shown in Table 6-9 to Table 6-11.  This also notes the differences between the historical recorded water 

levels and the results of previous modelling. A range of values are given for the TUFLOW model results, 

as the entrance conditions were modelled for -5 m AHD, -4 m AHD, and the representative existing 

bathymetry (represented by the bathymetric survey undertaken in 2000). 
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Table 6-9 Calibration Results, Entrance at -5 m AHD – 1978 Event 

Location Name 
TUFLOW Levels 

(m AHD) 
Historic Level 

Differences (m) 
RMA-2 Level 

Differences (m) 
RUBICON Level 
Differences (m) 

Hospital 3.76 -0.24 -0.21 +0.03 

Kindergarten 3.51 -0.06 -0.13 0.00 

GR362 3.51 -0.04 -0.13 0.00 

Moruya Bridge 3.42 +0.02 -0.10 +0.07 

Mullanderee 2.25 N/A -0.31 +0.19 

Malabar Creek 2.01 N/A -0.30 -0.16 

 

Table 6-10 Calibration Results, Entrance at -4 m AHD – 1978 Event 

Location Name 
TUFLOW Levels 

(m AHD) 
Historic Level 

Differences (m) 
RMA-2 Level 

Differences (m) 
RUBICON Level 
Differences (m) 

Hospital 3.77 -0.23 -0.20 +0.04 

Kindergarten 3.53 -0.04 -0.11 +0.02 

GR362 3.53 -0.02 -0.11 +0.02 

Moruya Bridge 3.45 +0.05 -0.07 +0.10 

Mullanderee 2.39 N/A -0.17 +0.33 

Malabar Creek 2.15 N/A -0.16 -0.02 

 

Table 6-11 Calibration Results, Entrance using Existing Conditions bathymetry8 – 1978 Event 

Location Name 
TUFLOW Levels 

(m AHD) 
Historic Level 

Differences (m) 
RMA-2 Level 

Differences (m) 
RUBICON Level 
Differences (m) 

Hospital 3.91 -0.09 -0.06 +0.18 

Kindergarten 3.71 +0.14 +0.07 +0.20 

GR362 3.71 +0.16 +0.07 +0.20 

Moruya Bridge 3.64 +0.24 +0.12 +0.29 

Mullanderee 3.08 N/A +0.52 +1.02 

Malabar Creek 3.01 N/A +0.70 +0.84 

 

The TUFLOW model provides a relatively close match to the historic recorded levels, as well as the 

previous modelling.  The results display a similar overall pattern to the calibration results for the 1974 

event, notably: 

• The entrance bathymetry conditions have a significant impact on modelled results, with levels 

having a higher range of variance the closer measuring points are towards Moruya Heads.  The 

difference in levels at Moruya Bridge is approximately 0.22m, increasing to approximately 1m at 

Malabar Creek. 

• Generally, the entrance conditions which match closest with the historic flood records are the 

- 4 m AHD and - 5 m AHD conditions, with differences compared to historic records of +0.05 m and 

 
8 Represented by the bathymetry survey undertaken in 2000 
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+0.02 m, respectively, at the Moruya Bridge.  Both of these scenarios display a negative bias in the 

results at other measurement locations. 

• The scenarios which best matches the previous RMA-2 and RUBICON modelling results are the 

entrance condition where levels are reduced to -4 m AHD and -5 m AHD.  Although it should be 

noted that both of these results were lower than the reported historic flood levels in their respective 

reports. 

• The results for the two comparison points (Mullanderee and Malabar Creek) varied significantly 

from the previous modelling.  This is likely a result of different DEMs adopted, location of 

measurement points, modelling techniques and representation of hydraulic structures such as 

bridges and culverts in the northern floodplain. 

• Better adherence to historic flood levels is observed for measurement points located within or close 

to the Moruya River.   

6.2.3 Comparison to Previous Modelling Design Events 

In addition to validation against the 1978 historical flood event, validation has also been undertaken by 

comparing the modelled TUFLOW results against the RMA-2 modelled results noted in the Moruya 

Flooding Climate Change Assessment (Worley Parsons, 2010).  This was only undertaken for the 1% AEP 

design storm event using ARR1987 parameters. 

In the absence of digital model results from the Worley Parson (2010) report, results for design storm 

events were taken directly from the tabular results in the report.  These results are shown in Table 6-12 

and locations are illustrated in Figure 6-10. 

Table 6-12 1% AEP Flood Levels – RMA-2 Model 

Location Name RMA-2 Level (m AHD) 

Kiora Bridge 12.00 

Hospital 5.48 

Moruya Bridge US 5.14 

Racecourse Creek 4.80 

Malabar Creek 4.68 

Moruya Heads (U/S Training Wall) 3.54 

Moruya Heads (D/S Training Wall) 2.01 
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Figure 6-10 Water Level Measurement Locations – 1% AEP RMA-2 Model 

Downstream tidal conditions were digitised to be the same as reported in the Moruya Flooding Climate 

Change Assessment (Worley Parsons, 2010).  This includes an astronomical tide sequence with a storm 

surge peak level of 2.0 m AHD.  This was also used in the Moruya River Flood Study (PWD, 1992).  Peak 

rainfall intensity coincides with the peak storm surge and the peak discharge through Moruya Heads 

coincides with the second peak following the peak storm surge of 2.0 m AHD. 

The resulting TUFLOW model validation run yields water levels shown in Table 6-13.  This also notes the 

differences between the results of previous RMA-2 modelling (Worley Parsons, 2010). 

Table 6-13 Verification – 1% AEP Event 

Location Name TUFLOW Level (m AHD) RMA-2 Level Difference (m) 

Kiora Bridge 12.40 +0.40 

Hospital 5.49 +0.01 

Moruya Bridge US 5.22 +0.12 

Racecourse Creek 4.84 +0.04 

Malabar Creek 4.68 0.00 

Moruya Heads (U/S Training Wall) 3.85 +0.31 

Moruya Heads (D/S Training Wall) 1.99 -0.02 

 

The TUFLOW model provide a relatively close match to the previous RMA-2 modelled levels, with the 

following note of significance: 

• The modelled levels are generally within +/-0.1 m relative to the RMA-2 model.   
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• The TUFLOW modelled levels at the upstream training wall is approximately 0.31 m higher than the 

RMA-2 model.  The training wall and discharge through the Moruya Heads have a significant impact 

on water levels in the floodplain, potentially explaining the general differences in the results.  As 

noted in Section 5.2.5, it is unclear what was adopted in the Worley Parsons (2010) study.  It is 

possible that it differed from the -5 m AHD assumption adopted for the current modelling. 

• The greatest difference is measured at Kiora Bridge.  This difference in results can be a factor of 

differing model DEMs, bridge modelling techniques, or surface roughness spatial variation.  RMA-2 

generally has a simplified representation for bridges and, given the low level nature of this bridge, 

it may not have been modelled explicitly.  It is noted that the level estimate at the bridge is similar 

to the PWD (1992) estimate.  While this was a simpler model representation in 1D, it may have 

represented the bridge hydraulics in more detail.  The location of this measurement point is 

approximately 10 km upstream of the Moruya Hospital and is unlikely to affect the assessment of 

any potential future bypass options.   
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7 Existing Flood Behaviour 

7.1 Hydrology 

The revision to Australian Rainfall and Runoff 2019 (ARR2019) (Ball et al, 2019) from the 1987 version 

(Pilgrim (Ed), 1987) has resulted in some revision to key inputs to the hydrologic modelling completed 

as part of previous studies (e.g. Worley Parsons, 2010).  The key changes are related to rainfall 

intensities, rainfall temporal patterns and losses.  There is also further contemporary guidance on 

hydrologic modelling techniques and approaches in ARR2019.   

The WBNM model parameters were adopted consistent with the calibration (Section 6.1).  Rainfall 

intensities were also extracted at six different locations across the catchment to ensure that the 

variance in design rainfalls were appropriately incorporated (given the very large nature of the 

catchment).   

The key parameters adopted are: 

• Intensity Frequency Durations (6 locations across the study area) 

• C = 1.6 

• Stream Lag = 1.0 

ARR2019 analyses an ensemble of 10 temporal patterns for each storm duration, with the typical 

recommended approach to adopt the first temporal pattern above the median.  

7.1.1 Riverine Flows 

An initial assessment of the effects of adopting the inputs from ARR2019 using the WBNM model 

indicated that the peak flows for design floods were significantly lower than the previous 1% AEP 

estimates using ARR87, as well as being lower than the flows estimated using the FFA at the Wamban 

gauge (Section 4.3).  A comparison of these flows is provided in Table 7-1, with the peak flows in the 1% 

AEP design flood event from ARR2019 being roughly 20% lower than the FFA at Wamban, and 25% lower 

than ARR87 estimates.  A similar trend is also observed in the 5% AEP, with the ARR2019 estimates being 

roughly 30% lower than the FFA estimate. 

Table 7-1 Design Event Flow Estimates at Deua River at Wamban 

AEP FFA 

ARR1987 ARR2019 – no IFD 
adjustment 

ARR2019 with 20% 
Increase 

Critical 
Duration 

Peak 
(m3/s) 

Critical 
Duration 

Peak 
(m3/s) 

Critical 
Duration 

Peak 
(m3/s) 

20%  48h 2,020 48h 694 48h 1,100 

10%  48h 2,660 48h 1,220 48h 1,780 

5% 2,580 48h 3,500 48h 1,820 48h 2,620 

2% 3,900 48h 4,500 48h 3,070 48h 3,940 

1% 5,030 48h 5,400 48h 3,960 48h 5,050 

0.5% 6,270 n/a1 n/a1 48h 4,740 48h 6,000 

0.2% 8,050 n/a1 n/a1 48h 5,900 48h 7,260 

1 These were not calculated for ARR87, as these were not used for verification to the previous modelling 
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To further understand the changes, initial TUFLOW model runs were also undertaken using the outputs 

from WBNM, with the results suggesting significantly lower levels at the bridge compared to the 

estimate of the 1% AEP from the FFA of the bridge levels (as well as the previous study estimates). 

The combination of this evidence-base would suggest that the rainfall inputs and related assumptions 

recommended for use within ARR2019 result in an underestimation of flows on the Moruya River.  

Therefore, a further review was undertaken of the key ARR2019 parameters.   

The rainfall intensities in the area are not significantly different between ARR2019 and ARR87 for the 

critical 48 hour duration (see Table 7-2).  However, the temporal patterns do differ significantly.  The 10 

patterns of ARR2019 (with the identifiers 6628 through to 6637) are shown in Figure 7-1 compared with 

the single pattern of ARR1987.  This variance is considered to be the key driver for the significant 

difference in flows.   

There are several potential issues with the temporal patterns: 

• The ARR87 temporal pattern would appear to have an embedded burst within the storm pattern, 

and therefore may not be a “true” 48 hour storm; 

• The selection of 10 temporal patterns for ARR2019 may not in fact be reflective of a typical 

distribution of patterns for the Moruya catchment.  Therefore, selecting the median pattern may 

not be a true representative median for the flow. 

Table 7-2 Comparison of the 48 hour IFD rainfall depths – ARR87 versus ARR2019 (at Moruya) 

AEP 20% 10% 5% 2% 1% 

Rainfall (mm) ARR87 234 276 329 404 463 

Rainfall (mm) ARR2019 214 265 319 399 466 

Difference -8.6% -3.9% -3.2% -1.2% 0.7% 

 

Figure 7-1 Temporal Patterns for the 1% AEP, 48h Event – ARR1987 vs ARR2019 
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Given the overall uncertainties, the IFDs from ARR2019 were increased by 20% to account for the 

differences.  This increase allowed the design events to reach the expected FFA targets with suitable 

loss rates applied. The increase to the IFDs suggest that it replicates the 1% AEP peak flows more closely 

to the FFA at Wamban.  Initial testing was also undertaken in the TUFLOW model, and it suggested a 

better representation of the peak level at Moruya Bridge.  Similar adjustment techniques have been 

applied at other south east coastal catchments. 

To account for these differences in flows at more frequent storms, a variable initial loss was adopted.  

The adopted initial losses for the model are shown in Table 7-3.  It is noted that the initial losses for the 

more frequent storms are in the range of those estimated for the two calibration events.    

A summary of the peak flows estimated with these losses is provided in Table 7-1.  As shown, the 

adoption of the 20% increase to the IFDs produces a much closer match to the FFA than the unadjusted 

IFDs.  Testing of this suggests that the peak level at Moruya Bridge is more consistent with the FFA of 

the bridge levels.  Therefore, it is recommended to adopt these parameters for the design events for 

the Moruya River. 

The design events as compared to the Moruya Flooding Climate Change Assessment (Worley Parsons, 

2010) and FFA estimated at Wamban are shown in Figure 7-2. The variable losses bring the design event 

estimated in line with the FFA although there is a slight divergence for the larger events.  These design 

event estimates are well within the 90% FFA confidence intervals and lie within the expected flow range 

based on the FFA. 

Table 7-3 Adopted Model Losses for Design Flood Event Analysis using ARR2019 Inputs 

AEP 

Losses 

Initial Loss 
(mm) 

Continuing Loss 
(mm/hr) 

20% 100 1.5 

10% 100 1.5 

5% 100 1.5 

2% 50 1.5 

1% 20 1.5 

0.5% 20 1.5 

0.2% 20 1.5 
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Figure 7-2 Design Flood Flows at Wamban – Worley Parsons (2010), Adjusted ARR2019 Rainfall and 
Variable Losses and FFA 

7.1.2 Tributary Flows 

An important consideration for the assessment of the proposed bypass routes is the influence of the 

localised tributaries on the road alignment. The critical events for these tributaries differ from the Deua 

River at Wamban event as the catchments are smaller and respond faster than the broader catchment. 

This becomes important when considering the localised culverts and bridges and interaction of the 

proposed bypass with the floodplain. To ensure that the key events are captured across the broader 

floodplain the critical events for the localised tributaries have been assessed. Key tributaries included 

in this assessment include: 

• Racecourse Creek 

• Dooga Creek 

• Malabar Creek 

Due to the smaller size of these catchments the initial losses adopted for the Deua River at Wamban 

represented a significant portion of the overall rainfall depth for shorter duration storms (and in some 

cases exceeded the design rainfall depth).  This resulted in significantly longer critical durations that 

were not considered reflective of the size of the catchments.   

Given the overall uncertainties, the approach which was adopted was based on the recommended 

guidance from the NSW Government (2019) guideline of using the probability neutral burst initial losses 
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for NSW9. These losses vary according to duration and recurrence interval. These initial losses were 

combined with the calibrated continuing loss of 1.5mm/hr. 

Adopting these losses, the resulting median design events selected for each reach as summarised in 

Table 7-4.  

Table 7-4 Tributary peak design flow rates and critical durations 

AEP Dooga Creek Malabar Creek Racecourse Creek 

 
Peak Flow 

(m3/s) 
Duration 

Peak Flow 
(m3/s) 

Duration 
Peak Flow 

(m3/s) 
Duration 

20% 45.3 9h 30.4 9h 39.0 9h 

10% 50.3 9h 37.4 9h 46.5 9h 

5% 60.4 9h 44.0 6h 55.7 9h 

2% 76.4 12h 58.2 9h 74.5 9h 

1% 89.9 9h 61.8 3h 79.6 3h 

0.5% 107.0 9h 73.0 3h 93.9 3h 

0.2% 128.3 9h 88.1 3h 122.3 3h 

 

A further consideration is the likely joint occurrence of riverine flooding and local tributary flooding.  

Given the significant difference in critical duration (48 hours for the river, 3 – 12 hours for the 

tributaries), the peak of the tributary flows may not coincide with the peak of the river flow.  Given the 

long duration of the river, a constant flow was assumed to occur in the river at the same time as a 

tributary peak flood event.  The joint occurrence assumed is shown in Table 7-5. 

For the majority of the tributaries within the study area (and affected by the potential options for the 

project), the Moruya River is dominant in terms of the peak flood levels.  Therefore, in assessing the 

tributary flows, it was important to understand the flooding generated by the local catchments, and the 

potential influence that the proposed highway options might have on this local catchment flooding.  

Therefore, these lower river flows provide a suitable way in which to understand this influence.  

Table 7-5. Assumed Joint Occurrence - River and Tributary Flows 

Tributary AEP 
River Flow 

AEP Flow (m3/s) 

≤ 5% AEP 20% 1,100 

>5% AEP 5% 2,200 

 

The Riverine (Section 7.1.1) and the tributary critical durations were both analysed in the hydraulic 

model, with the resulting maximum of both scenarios representing the corresponding design event peak 

water levels.  While the model includes the other tributaries, the flows within these tributaries may 

have different critical durations.  Therefore, this study may not represent the peak levels and discharges 

on these other tributaries. 

 
9 These losses were not adopted for the larger Deau River and Moruya River catchment, as the losses did not 
provide a reasonable representation of the FFA for the longer duration storm. 
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7.1.3 PMF Estimation 

Estimating the Probable Maximum Flood (PMF) can be undertaken using the Probable Maximum 

Precipitation (PMP) estimates from either the Generalised South-East Australian Method (GSAM) (HAS, 

2006) and the Generalised Short Duration Method (GSDM) (BoM, 2003).  Due to the Moruya catchment 

having an area over 1,000 km2, the guidelines indicate that the GSDM cannot be applied based on the 

catchment area limits and the GSAM should be used. The GSAM estimates the Probable Maximum 

Precipitation (PMP) for event durations from 24 hours to 72 hours. These are estimated for both the 

summer and autumn periods and adjusted by the topography and moisture adjustments.  The 

adjustment parameters are summarised in Table 7-6.  

Table 7-6 Probable Maximum Flood estimation parameters 

Parameter GSAM Coastal Zone 

Catchment Area 1,457 km2 

Topographical adjustment factor 1.83 

Moisture Adjustment FactorSummer 0.816 

Moisture Adjustment FactorAutumn 0.754 

Temporal Patterns Applied Coastal, 1000 km2 

 

The PMP estimates for the catchment are summarised in Table 7-7. Each duration was simulated in 

WBNM using the temporal patterns for coastal catchments greater than 1,000 km2 as per the guidance. 

The peak flows at Deua River at Wamban reach 14,750 m3/s for the 24-hour event duration.   

Table 7-7 Probable maximum Precipitation and PMF flow estimate 

Duration 
Probable 

Maximum 
Precipitation (PMP) 

Peak Flow 

Deua River at 
Wamban (m3/s) 

24h 910 14,750 

36h 1040 12,264 

48h 1110 11,430 

72h 1210 11,773 

 

The Moruya Flooding – Climate Change Assessment (Worley Parsons, 2010) estimated the PMF using a 

modified approach which saw the catchment split into two smaller catchments of less than 1,000 km2 

so that the GSDM could be applied, which allowed for the hydrograph shape and timing to be 

determined.  The peak flow was then checked by extrapolating on a log-linear extrapolation technique 

based on the peak discharges estimated from the hydrologic model. The PMF was estimated at 

11,500 m3/s, based on the assumption that the 1 in 10,000 AEP is reflective of the PMF. This compared 

well at the time to the Moruya Flood Study (PWD, 1992) estimate of 11,400 m3/s. No details are 

provided in the Moruya Flood Study (PWD, 1992) on the PMF estimation methodology adopted. 

A similar approach to Worley Parsons (2010) was tested for the current study, but instead using the FFA 

derived from gauged data at Wamban. The FFA estimated at Wamban was extended based on the 

results from FLIKE, which calculates up to 1 in 100,000 AEP flow estimates.  The extrapolated FFA is 
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shown in Figure 7-3, with an estimated 1 in 10,000 AEP flow of 14,650m3/s.  Given the level of 

extrapolation beyond the gauged data, there is considerable uncertainty in the estimate (as would be 

expected for a PMF flow estimate).   

Worley Parsons (2010) also reviewed an alternative method suggested by DIPNR at the time (now DPIE) 

of adopting three times the 1% AEP flow estimate.  This would have been approximately 16,000m3/s 

based on their 1% AEP flow estimate, which was suggested to be too high by Worley Parsons (2010).  

However, applying this same methodology, albeit simplified, equates to a peak flow of 15,000m3/s from 

the current study, which is very similar to the GSAM method. 

A summary of the peak flow estimates from the different methods are summarised in Table 7-8.  Each 

of the methods, while different in its derivation, show very good consistency and would suggest that 

the GSAM is providing a reasonable representation of the PMF.  Therefore, the GSAM flow estimate has 

been adopted in this study. 

Table 7-8. Comparison of PMF Flow Estimates 

Approach Deua River at Wamban (m3/s) 

GSAM 14,750 

FFA Extrapolation 14,650 

3 times 1% AEP Flow 15,000 

 

 

Figure 7-3 Extrapolated FFA for Deua River at Wamban  
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7.2 Hydraulics 

7.2.1 Design Flood Events 

The TUFLOW hydraulic model was analysed for the 5%, 2%, 1%, 0.5% and 0.2% AEP events, as well as 

the PMF, to understand the variation in flood behaviour and flood affectation across the study area. 

Results for the 5%, 2%, 1% and PMF events are presented as a series of maps attached to this report, 

with the corresponding map numbers summarised in Table 7-9. 

A summary of the peak water levels from the models at key reporting locations for all events are 

provided in Table 7-10 (with locations shown in Figure 7-4).  An overview of the depth for the PMF, 1% 

AEP and 5% AEP are provided in Figure 7-5 to Figure 7-7.   

Table 7-9. Mapping of Existing Flood Results10 

AEP 
Peak Depth and Water 

Level 
Peak Velocity Flood Hazard 

5% AEP RG-03-101 RG-03-111 RG-03-150 

2% AEP RG-03-102 RG-03-112 RG-03-151 

1% AEP RG-03-103 RG-03-113 RG-03-152 

1% AEP – 2050 CC RG-03-104 RG-03-114 - 

1% AEP – 2100 CC RG-03-105 RG-03-115 - 

PMF RG-03-106 RG-03-116 RG-03-153 

 

Table 7-10. Peak Flood Levels (m AHD) 

Location Name PMF 
0.2% 
AEP 

0.5% 
AEP 

1% AEP 2% AEP 5% AEP 

Kiora Bridge 18.72 13.96 13.05 12.21 11.11 9.64 

Hospital 9.47 6.47 6.14 5.60 4.87 4.14 

Moruya Bridge US 9.38 6.26 5.92 5.35 4.6 3.77 

Racecourse Creek 8.97 5.93 5.61 5.01 4.15 2.79 

Malabar Creek 8.74 5.77 5.45 4.85 4.00 2.61 

Moruya Heads (U/S Training Wall) 7.00 4.86 4.59 4.04 3.25 1.84 

Moruya Heads (D/S Training Wall) 2.51 2.06 1.97 2.00 1.88 1.04 

 

 
10 CC – Climate Change, refer Section 7.2.2. 
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Figure 7-4. Key Reporting Locations 

 

Figure 7-5. 5% AEP Peak Flood Depths 
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Figure 7-6. 1% AEP Peak Flood Depths 

 

Figure 7-7. PMF Peak Flood Depths 
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7.2.2 Climate Change Sensitivity 

In addition to the existing conditions analysis, an analysis was undertaken to understand the relative 

sensitivity of the flood levels to potential influences of climate change.  This included the combined 

influence of increases in rainfall and sea level rise.  In accordance with the scope of works, the 0.5% and 

0.2% AEP events were used as an indicative indication of the potential increase in rainfall.  A summary 

of the 2050 and 2100 scenarios in accordance with the scope is provided in Table 7-11.  The adopted 

sea level rise values are utilised for sensitivity purposes and are similar to Council’s adopted sea level 

rise policy. 

A summary of the results at key reporting locations are provided in Table 7-12.  This preliminary analysis 

suggests that there would be increases in flood levels in the area between Moruya Hospital and 

upstream of the Moruya Heads of around 0.6 metres in 2050, and around 1 metre in 2100. 

Table 7-11. Climate Change Scenarios 

Scenario Rainfall Sea Level Rise (m) 

2050 0.5% AEP 0.4 

2100 0.2% AEP 0.9 

 

Table 7-12. Climate Change Scenarios Peak Flood Levels (m AHD) 

Location Name 1% AEP 2050 CC 2100 CC 

 Level Level Difference (m) Level Difference (m) 

Kiora Bridge 12.21 13.05 +0.84 13.96 +1.75 

Hospital 5.60 6.16 +0.56 6.54 +0.94 

Moruya Bridge US 5.35 5.94 +0.59 6.35 +1.00 

Racecourse Creek 5.01 5.63 +0.62 6.03 +1.02 

Malabar Creek 4.85 5.48 +0.63 5.88 +1.03 

Moruya Heads (U/S 
Training Wall) 

4.04 4.65 +0.61 5.00 +0.96 

Moruya Heads (D/S 
Training Wall) 

1.99 2.42 +0.43 2.83 +0.84 

 

7.2.3 Flood Hazard 

Flood hazard varies with flood severity (i.e. for the same location, the rarer the flood the more severe 

the hazard) and location within the floodplain for the same flood event. This varies with both flood 

behaviour and the interaction of the flood with the topography. 

It is important to understand the varying degree of hazard and the drivers for the hazard, as these may 

require different management approaches. Flood hazard can inform emergency and flood risk 

management for existing communities, and strategic and development scale planning for future areas. 

The hazard categories mapped are summarised in Table 7-13 and Figure 7-8.  These are based on the 

categories as defined in the AIDR (2017) Guideline.   



 
Moruya Bypass Strategic Flood Study 

 80 

These hazard categories have been mapped for the corresponding flood events, as summarised in Table 

7-9. 

Table 7-13 Hazard Categories 

Hazard Category Description 

H1 Generally safe for vehicles, people and buildings  

H2 Unsafe for small vehicles 

H3 Unsafe for vehicles, children and the elderly 

H4 Unsafe for vehicles and people 

H5 
Unsafe for vehicles and people. All buildings vulnerable to structural damage. 
Some less robust building types vulnerable to failure 

H6 Unsafe for vehicles and people. All building types considered vulnerable to failure. 

 

 

Figure 7-8 Flood Hazard Categories (AIDR, 2017) 

7.2.4 Comparison with FFA 

A comparison of the ARR2019 peak flood level estimates was undertaken against the FFA estimated at 

the Moruya bridge (as per Section 4.2).  This comparison is shown in Figure 7-9. 

The peak flood levels show good consistency with the FFA estimates at the bridge in the 5% AEP and 2% 

AEP events.  The peak level in the 1% AEP event is slightly higher than the FFA (5.35m AHD compared 
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with the FFA estimate in the order of 5.16m AHD).  However, it is still within the overall confidence limits 

for the FFA.   

It is possible that the higher levels at the bridge are a result of the larger volumes of the hydrograph in 

ARR2019 relative to ARR87 in the 1% AEP event.  A comparison of the hydrographs and cumulative 

volumes are summarised in Figure 7-10.  This suggests that the volume of the 1% AEP ARR2019 

estimated hydrograph is roughly two times that of the ARR87 hydrograph. This may not translate to an 

equivalent increase in flood level, but may still result in an increase similar to that observed here. 

The estimated ARR2019 modelled 5% AEP level sits lower than the FFA.  However, the level is more 

consistent with the observed historical levels at this flood frequency.  As noted in Section 4.2, there are 

some challenges in fitting an FFA to a historical water level time series (as apposed to discharges).  The 

hydraulic model is providing a better fit to the underlying historical data at that frequency, and may be 

providing a better estimate. 

 

 

Figure 7-9. Comparison of ARR2019 with FFA at Moruya Bridge 
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Figure 7-10. Comparison of 1%AEP ARR87 and ARR2019 Hydrographs and Volumes - Deua River at 
Wamban 

7.2.5 Comparison with Previous Studies 

The estimated flood levels at key locations within the study area have been compared with both the 

ARR87 estimates, as well as the Worley Parsons (2010) results and the PWD (1992) results.  These are 

summarised in Table 7-14. 

The updated ARR2019 results are generally consistent with the previous ARR87 results.  Levels vary in 

the order of 0.1 to 0.2 metres along the river, being higher between the hospital and Moruya Heads 

upstream of the training walls. 

A similar trend is observed with the previous modelling from Worley Parsons (2010) and the PWD (1992) 

study, given that both of these adopted ARR87 techniques.     

It is worth noting that while the ocean levels are similar between the ARR87 and ARR2019 results, the 

timing of the ocean peak is different.  The peak ocean level in the ARR87 event at the same time as the 

peak catchment flood is around 1.1m AHD.  Therefore, it is difficult to directly compare the headloss 

through the entrance between the two sets of results. 
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Table 7-14. Comparison of 1% AEP Peak Flood Levels (m AHD) – Current and Previous Studies 

Location Name 
Current Study 

ARR2019 
Current Study 

ARR87 

Worley Parsons 
(2010) RMA-2 

ARR87 

PWD (1992) 
Rubicon ARR87 

Kiora Bridge 12.21 12.40 12.00 12.75 

Hospital 5.60 5.49 5.48 5.65 

Moruya Bridge US 5.35 5.22 5.14 5.15 

Racecourse Creek 5.01 4.84 4.80 4.60 

Malabar Creek 4.85 4.68 4.68 4.50 

Moruya Heads (U/S Training 
Wall) 

4.04 3.85 3.54 2.50 

Moruya Heads (D/S Training 
Wall) 

2.00 2.00 2.01 2.00 

 

7.3 Discussion on Flood Behaviour 

Downstream of Kiora Bridge, flood flows are largely confined by the valley topography.  However, as 

the river comes around the final bend before the Moruya Bridge, breakout flows from the river flow 

across the rural land on the north bank.  This flow spreads out into the much wider floodplain on the 

north, merging with the Dooga Creek and Malabar Creek floodplains.   

This wide-spread floodplain extends from this bend upstream of the Moruya Bridge down to the 

constriction east of the Malabar Creek junction with the Moruya River.  At this point, the river is 

constrained again by the topography. 

Flows overtop the existing Princes Highway for most of the northern floodplain, with depths in excess 

of 1 metre for large sections in the 5% AEP event overtopping the road, and overtopping occurring for 

around 2.5km north of the Moruya Bridge.  On the southern side of the Moruya Bridge, the highway is 

cut off near Racecourse Creek, with depths in the order of 0.3 to 0.4 metres in the 5% AEP event.   

A large part of North Head Road, between Moruya Bridge and the airport, is inundated in the 5% AEP 

event and would be impassable.  Large sections of South Head Road are also inundated, including the 

area around Racecourse Creek, as well as further east near Gilmores Creek and Moruya Heads. 

A number of representative locations were extracted on key access roads within the study area.  These 

locations are shown in Figure 7-11, and indicative peak depths are shown in Table 7-15. 
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Figure 7-11. Location of Flood Depths Along Roadways 

Table 7-15. Indicative Road Overtopping Peak Depths (m) 

Location  5% AEP 2% AEP 1% AEP 0.5% AEP 0.2% AEP PMF 

A 0.4 1.8 2.6 3.1 3.4 5.5 

B 0.5 2 2.8 3.4 3.7 6.8 

C 0.1 1.6 2.4 3 3.3 6.4 

D 0.8 2.1 2.9 3.5 3.9 6.9 

E 1.1 2.5 3.4 4 4.3 7.4 

F 0.8 2.2 3 3.6 4 7 

G 0.1 1.4 2.2 2.8 3.2 6.2 

H 0.6 2 2.8 3.4 3.7 6.8 

I 0.2 0.2 0.2 0.3 0.3 3.1 
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Further downstream, a key feature of the Moruya River is the trained entrance.  In the 1% AEP, the head 

loss across the entrance is around 2 metres, and this represents a significant hydraulic control.  Detail 

on the depths, water levels, and velocities in the 1% AEP are provided in Figure 7-12 and Figure 7-13. 

Velocities through the trained entrance are in the order of 7m/s in the 1% AEP, which are substantial.  

Unless there is a bedrock control, there is a reasonable chance that further scour (beyond the -5m AHD 

assumed as per Section 5.2.5) may occur.  Further, there is potential for damage to occur to the training 

walls at these velocities. 

It is also possible that the training walls may be out-flanked in a flood event on both the northern side, 

and particularly on the southern side.  Observations on-site indicated the potential for flows to follow 

along the southern side of the southern training wall and break out through to the beach at this location.  

If this were to happen, then the overall capacity of the entrance may change, and this may result in 

lower flood levels upstream.   

In addition to the above, the assumption of the bathymetry starting at -5m AHD is relatively simplistic, 

and the actual process would be time varying which would further complicate the representation of the 

entrance.   

Given the uncertainties of this assumption, further sensitivity testing was undertaken and is reported in 

Section 8.2.2. 

7.3.1 PMF Event 

Due to the entrance conditions, it is potential that the PMF event is overestimated.  The peak flood 

levels suggest a significant 5m headloss across the entrance in the PMF event, which is likely to be 

unrealistic.  It is likely that the entrance would be significant wider and deeper in a PMF event (due to 

entrance breakout) and the levels would therefore reduce.   

The FFA suggests a 1 in 10,000 to 1in 100,000 AEP event has a peak level in the order of 7.2m AHD to 

7.7m AHD.  While it is difficult to extrapolate an FFA based on peak levels that far, it does provide some 

indication that the estimate based on the current conditions over-estimates the PMF peak level. 

The Worley Parsons (2010) study similarly estimated that the Extreme Flood peak level at the bridge 

was 7.6m AHD, while the PWD (1992) study estimated the peak level at 7.0m AHD. Both of these are in 

a similar order of magnitude to the FFA extrapolation.  It is unclear what the Worley Parsons (2010) 

assumptions were for the entrance conditions in the Extreme Flood.  However, in both cases, the peak 

flow estimates for the PMF event do differ to the current study, with the current study likely to provide 

a better estimate of the PMF flows (rather than an Extreme Flood, refer to Section 7.1.3).  Therefore, 

there is likely to be some combination of influence of the updated flows inputs as well as the impact of 

the entrance conditions. 

Therefore, it is suggested that further analysis of the entrance conditions is required to fully understand 

the PMF event levels through the study area. 

 

 



 
Moruya Bypass Strategic Flood Study 

 86 

 

Figure 7-12. 1% AEP Peak Depths and Water Levels – Moruya River Entrance 
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Figure 7-13. 1% AEP Peak Velocity - Moruya River Entrance 

7.3.2 Critical Duration 

The peak water levels and depths presented in the report are an envelope of the peak riverine critical 

duration, together with the tributary critical duration, as discussed in Section 7.1.2.  A review of the 

critical durations is provided in Figure 7-14 and Figure 7-15 for the 1% AEP and 5% AEP respectively.  

The peak flood levels through the majority of the study area are largely driven by the riverine flooding, 

except for areas in the upstream portions of the creeks.  In undertaking the design of any options, it will 

be important to assess both the riverine flooding (which is the driver of the peak levels) as well as local 

flows (which may result in higher discharges).   
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Figure 7-14. 1% AEP Flood Event - Critical Duration 

 

Figure 7-15. 5% AEP Flood Event - Critical Duration 
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8 Sensitivity Analysis 
Sensitivity analysis provides an understanding of the potential variability in flood model estimates as a 

result of the underlying assumptions of the modelling. It assists in understanding the relative robustness 

of the estimates.   

8.1 Hydrology Assessment 

Sensitivity analysis was undertaken on the following key parameters within the WBNM model: 

• Catchment storage (C parameter) 

• Stream lag parameter 

• Losses (initial and continuing loss). 

Each set of parameters were assessed for the 5% and 1% AEP events. The loss parameters that were 

assessed are summarised in Table 8-1. Results of the testing are summarised in Table 8-2.  The 48 hour 

critical duration remained unchanged for all sensitivity runs. 

Adjusting the losses resulted in the largest changes within the 5% AEP event. This is expected as the 

more frequent events have less event total rainfall and higher overall losses applied. The changes to 

flow for this event were from -17% to +9%. For the larger 1% AEP event the lower loss had less impact 

on the flows with a +/- 4% change in peak flow rates.    

Table 8-1 Loss sensitivity parameters 

Scenario 5% AEP 1% AEP 

Initial Loss 
(mm) 

Continuing 
Loss (mm/h) 

Initial Loss 
(mm) 

Continuing 
Loss (mm/h) 

Losses – Design event 100 1.5 20 1.5 

Losses – Low 80 1.0 10 1.0 

Losses - High 120 2.0 30 2.0 

 

The catchment storage was assessed by adjusting the ‘C’ parameter. The sensitivity was applied using a 

range of parameters that are within the WBNM guidance. Increasing the C parameter resulted in the 

5% and 1% AEP events to decrease by 13% and 10% respectively due to a delayed catchment response 

time. Increases in C increased flows by approximately 6 - 7%. The influence of the C parameter across 

the range tested is approximately +/- 10%. 

The catchment lag was decreased to 0.75 (increases the runoff rate) and increased to 1.25 (slows the 

response). Overall, this resulted in a catchment peak flow rate that was also within the +/- 10% range. 

However, it is noted that WBNM does not recommend altering the stream lag unless there has been a 

physical alteration to the channel i.e. a section of concrete channel.   

Overall, the variation in peak flows was in the order of +/- 10% for the 1% AEP, and +10% to -17% for 

the 5% AEP event. 
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Table 8-2 Hydrology model sensitivity results 

 

 

8.2 Hydraulic Assessment 

8.2.1 Model Parameter Uncertainty 

Sensitivity of the TUFLOW model to key parameters was undertaken by testing: 

• Model Roughness; 

• Model Inflows. 

A sensitivity analysis was undertaken on the model roughness, by varying roughness by +/- 20%.  The 

results of this analysis are summarised in Table 8-3 and Table 8-4, and Map RG-03-200 to Map RG-03-

203.  The changes in 1% AEP levels are roughly +0.2 metres, to -0.3 to 0.4 metres.   

The sensitivity analysis on the inflows was undertaken based on reviewing the sensitivity of the 

hydrology.  The analysis undertaken in Section 8.1 suggests that the hydrologic model uncertainty is 

generally in the order of +/- 10% for the 1% AEP, and +10% to -17% for the 5% AEP event.  However, in 

addition to this the hydrology adopted an adjusted IFD to replicate the FFA at Wamban (Section 7.1). 

Given this, sensitivity analysis was undertaken by varying inflows by +/- 20% to provide some indication 

of the overall uncertainty of the IFDs and other hydrologic parameters.  The results of this analysis are 

summarised in Table 8-3 and Table 8-4, and Map RG-03-214 to Map RG-03-217. 

The results suggest that changes in inflows of +/-20% result in changes in peak levels in the 1% AEP of 

+/- 0.6 metres, and in the order of +/- 0.3 to 0.5 metres in the 5% AEP.  The model is more sensitive to 

changes in inflows than changes in roughness. 

Parameter Variation 
Base 5% 

AEP 

5% AEP 

Base 1% AEP 

1% AEP 

Peak 
Flow 

(m3/s) 
Difference 

Peak 
Flow 

(m3/s) 
Difference 

C 

Base was 1.6 

1.3 

2,622 

2,811 7% 

5,045 

5,329 6% 

1.9 2,283 -13% 4,531 -10% 

Stream Lag 

Base was 1.0 

0.75 2,770 6% 5,317 5% 

1.25 2,300 -12% 4,568 -9% 

Losses 
(variable) 

High 2,170 -17% 5,228 4% 

Low 2,845 9% 4,859 -4% 
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Table 8-3. Sensitivity Results - 1% AEP - Roughness and Inflows 

Location Name 
1% AEP Level 

(m AHD) 

Roughness Inflows 

Increase 
20% 

Decrease 
20% 

Increase 
20% 

Decrease 
20% 

Kiora Bridge 12.21 0.35 -0.50 0.89 -0.96 

Hospital 5.60 0.18 -0.40 0.58 -0.61 

Moruya Bridge US 5.35 0.18 -0.33 0.60 -0.63 

Racecourse Creek 5.01 0.16 -0.36 0.63 -0.70 

Malabar Creek 4.85 0.16 -0.34 0.63 -0.70 

Moruya Heads (U/S Training Wall) 4.04 0.06 -0.16 0.57 -0.64 

Moruya Heads (D/S Training Wall) 2.00 0.00 0.00 0.00 0.00 

 

Table 8-4. Sensitivity Results - 5% AEP - Roughness and Inflows 

Location Name 
5% AEP Level 

(m AHD) 

Roughness Inflows 

Increase 
20% 

Decrease 
20% 

Increase 
20% 

Decrease 
20% 

Kiora Bridge 9.64 0.25 -0.49 0.58 -0.73 

Hospital 4.14 0.08 -0.25 0.25 -0.35 

Moruya Bridge US 3.77 0.08 -0.20 0.24 -0.31 

Racecourse Creek 2.79 0.14 -0.47 0.45 -0.47 

Malabar Creek 2.61 0.13 -0.45 0.46 -0.49 

Moruya Heads (U/S Training Wall) 1.84 0.05 -0.13 0.41 -0.33 

Moruya Heads (D/S Training Wall) 1.04 0.00 0.01 0.00 0.00 

 

8.2.2 Model Input Uncertainties 

There were a number of key uncertainties that were identified in the model established as a result of 

the model assumptions and inputs.  These include: 

• LiDAR uncertainty (Section 5.2), where it was identified that the 2011 LiDAR may over-estimate the 

ground levels.  A test was therefore undertaken by lowering the northern floodplain levels, as shown 

in Figure 8-1, by 0.3 metres.  Results are shown in Map RG-03-219. 

• Downstream Boundary.  The downstream boundary was adopted as per Section 5.2.4, in accordance 

with the NSW Government (2015) guideline.  To understand the influence of the downstream 

boundary, a sensitivity analysis was undertaken by adopting a 0m AHD constant ocean level. 

• Entrance Condition – as identified in Section 5.2.5, there is a reasonable degree of uncertainty of 

the appropriate entrance bathymetry during different size flood events.  A sensitivity analysis was 

undertaken by testing a -6m AHD scoured entrance, as well as adopting the existing (surveyed in 

2000) bathymetry.  Results are shown in Map RG-03-204 to Map RG-03-207. 

• Entrance Condition – As identified in Section 7.3, there is potential for the training walls to fail and/ 

or for the entrance to breach over a much wider area.  A sensitivity analysis was undertaken by 
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assessing a wider entrance, extending the width of the entrance a further 100 metres south, at -5m 

AHD across the entire entrance.   

A summary of the results of this analysis are provided in Table 8-5.  Testing was also undertaken on the 

entrance conditions for the 5% AEP, and these are summarised in Table 8-6. 

 

Figure 8-1. Sensitivity Testing - Area of Lowered LiDAR 

Due to the significant headloss across the Moruya River entrance, the impact of a 0m AHD ocean 

boundary is relatively minimal upstream of the entrance (around 0.1 metres).  The impact of the 

entrance conditions, however, provides a more significant impact, as this affects the overall conveyance 

through the entrance.  The influence of the entrance condition decreases moving upstream, but can still 

be relatively significant at Moruya Bridge (+0.54m for the existing entrance, and -0.13m when lowering 

the entrance an additional 1m to -6m AHD).   
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The wider entrance also has a significant impact.  If the entrance were 100m wider, then the reduction  

in peak level at Moruya Bridge would be approximately -0.3 metres, increasing to around -0.5m at 

Malabar Creek and -1.1m near the upstream end of the training walls. 

Table 8-5. Sensitivity Results - 1% AEP – Model Input Uncertainty 

Location Name 
1% AEP 
Level (m 

AHD) 

Entrance Condition 
Downstream 

Boundary 
LiDAR 

Uncertainty 

Existing 
-6m 
AHD 

Wider 
Entrance11 

0m AHD 
Lower 0.3m 
on northern 
floodplain 

Kiora Bridge 12.21 0.01 0 0 0 0 

Hospital 5.60 0.45 -0.10 -0.23 -0.04 -0.08 

Moruya Bridge US 5.35 0.54 -0.13 -0.30 -0.04 -0.04 

Racecourse Creek 5.01 0.66 -0.18 -0.45 -0.06 0 

Malabar Creek 4.85 0.72 -0.20 -0.51 -0.06 0 

Moruya Heads (U/S 
Training Wall) 

4.04 1.02 -0.35 
-1.08 

-0.10 0 

Moruya Heads (D/S 
Training Wall) 

2.00 0 0 0 -1.92 0 

 

Table 8-6. Sensitivity Results - 5% AEP – Model Input Uncertainty 

Location Name 
1% AEP 
Level (m 

AHD) 

Entrance Condition 

Existing -6m AHD 

Kiora Bridge 12.21 0 0 

Hospital 5.60 0.08 -0.01 

Moruya Bridge US 5.35 0.18 -0.01 

Racecourse Creek 5.01 0.76 -0.07 

Malabar Creek 4.85 0.87 -0.10 

Moruya Heads (U/S 
Training Wall) 

4.04 1.34 -0.23 

Moruya Heads (D/S 
Training Wall) 

2.00 0 0 

 

8.2.3 Sea Level Rise 

The climate change assessment presented in Section 7.2.2 is a combination of flow increases 

(represented by the 0.5% AEP and 0.2% AEP) and sea level rise.  To understand the relative influence of 

sea level rise on the model results, the flood levels of the 0.5% AEP and the 0.5% AEP with sea level rise 

(0.4m increase) were compared, as shown in Table 8-7. 

 
11 100m wider to the south, with entire opening at -5m AHD 
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Given the hydraulic control of the river entrance, the influence of a 0.4 metre sea level rise is relatively 

minor upstream of the training walls. 

Table 8-7. Sea Level Rise Sensitivity 

Location Name 
0.5% AEP Level  

(m AHD) 

0.5% AEP Level with 
0.4m SLR 

(m AHD)  

Kiora Bridge 13.05 0 

Hospital 6.14 0.02 

Moruya Bridge US 5.92 0.02 

Racecourse Creek 5.61 0.02 

Malabar Creek 5.45 0.03 

Moruya Heads (U/S Training Wall) 4.59 0.06 

Moruya Heads (D/S Training Wall) 2.05 0.37 
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9 Conclusion 
A WBNM hydrologic model, together with a TUFLOW hydraulic model, were established to represent 

the flood behaviour within the study area.  These two models were calibrated against the 1974 and 

1978 flood events, as well as validated against the previous flood modelling that has been undertaken 

in the study area (Worley Parsons, 2010).  The comparisons suggested that the new modelling 

reproduces the historical flooding well and simulates flood behaviour in a comparable fashion to the 

previous modelling. 

The models incorporated the guidance within Australian Rainfall and Runoff 2019 (Ball et al, 2019).  

Verification and refinement of the approaches were required, based on comparisons with the analysis 

of historical flood information captured within the flood frequency analysis (FFA) using the gauge at 

Wamban.  This involved adjustments to the IFDs and losses to better replicate the FFA.  Further checks 

were then undertaken between the peak level FFA estimated at the Moruya Bridge, compared with the 

model results, which suggested that there is a reasonable comparison using the ARR2019 methodology. 

Flood modelling was undertaken for a range of flood events, from the 5% AEP through to the PMF event. 

The modelling shows that there is extensive and widespread flooding in the vicinity of the Moruya 

Bridge and township, particularly on the northern side of the river.  This represents a number of 

constraints to any potential bypass options that are considered. 

As part of this work, there are a number of key assumptions and uncertainties.  These are summarised 

in Table 9-1 along with recommendations to mitigate these uncertainties. 

Table 9-1 Key Assumptions and Uncertainties 

Uncertainty Comment Implication Recommendation 

ARR2019 Methods – 
Riverine Flows 

There are uncertainties 
in the temporal patterns 
and methods from 
ARR2019.  A 20% 
increase in IFD has been 
adopted in this study to 
better align with the FFA. 

There is a reasonable 
match to the FFA, so it is 
likely that the riverine 
flows are generally 
reflective. 

However, it is noted that 
the model has higher 
levels at the bridge, 
which would appear to 
be volume driven. 

Monitor any updates to 
the ARR2019 guidance. 

Potential to assess 
alternative losses to 
replicate levels at the 
bridge.  However, the 
entrance conditions 
would also influence the 
levels at this location 
(see notes below). 

ARR2019 Methods – 
Tributary Flows 

The probability neutral 
losses have been applied, 
to ensure that sensible 
critical durations are 
applied. 

It is possible that this 
may provide a 
conservative estimate of 
the flows for the 
tributaries.  While the 
River is largely dominant, 
this may have 
implications for culvert 
sizing. 

Monitor any updates to 
the ARR2019 guidance. 

Tributary Flows 

Only the critical duration 
for Dooga, Racecourse 
and Malabar Creeks has 
been assessed in this 
study.   

If culverts or bridges are 
designed on other 
tributaries, then the 
flows may differ. 

If undertaking design of 
other crossings in the 
project area, the critical 
duration should be 
reviewed. 
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Uncertainty Comment Implication Recommendation 

Wamban Bridge survey/ 
WAE 

No information was 
available on the bridge at 
this location.  This is only 
an issue if any options 
are proposed in the 
vicinity of this bridge 

No options currently 
proposed near this 
location.  Provide an 
assumed bridge at this 
location based on LiDAR 
and site inspection 
notes. 

No action unless 
proposed bypass options 
are proposed in this 
area. 

LiDAR Terrain on 
Northern Floodplain 

Initial estimates suggest 
that the 2011 LiDAR may 
be over-estimating 
ground levels, in the 
order of 0.2 – 0.3m, on 
the northern floodplain 
across the farmland 
areas. 

Sensitivity analysis 
suggests that the model 
results are reasonably 
insensitive to changes in 
the LiDAR levels in this 
location. 

Potential to undertake 
survey on this northern 
floodplain, particularly to 
assist in civil design 
works and earthwork 
quantities.  If survey is 
undertaken, recommend 
wider scale survey to 
ensure consistency of 
levels across floodplain 
modelling. 

Entrance Conditions and 
Behaviour 

The entrance conditions 
are a control to the 
floodwaters upstream, 
with a significant 
headloss across the 
entrance.   

Changes in entrance 
conditions will influence 
levels up to the bridge.  
For example, if existing 
bathymetry is adopted 
the levels could be 0.5m 
or so higher.  Similarly, if 
a wider entrance is 
adopted, then the levels 
may decrease by 0.3 to 
0.5m between Moruya 
Bridge and Malabar 
Creek.  PMF Levels are 
also currently estimated 
to be an over-estimate. 

Undertake some further 
investigations on the 
entrance behaviour, 
together with 
appropriate sensitivity 
testing.  
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Appendix A
Moruya Bridge Levels Historical Level

Original Levels Adjusted Levels
mAHD mAHD

1852 3.70 3.70
1857 3.60 3.60
1860 4.30 4.30
1863 3.00 3.00
1864 2.80 2.80
1867 4.20 4.20
1870 5.20 5.20
1873 3.00 3.00
1879 3.00 2.90
1890 3.25 3.16
1891 3.35 3.25
1893 3.50 3.37
1895 2.80 2.72
1897 2.80 2.72
1898 5.20 5.04
1900 3.40 3.31
1914 4.60 4.45
1916 3.25 3.16
1922 2.70 2.62
1925 5.60 5.50
1934 4.40 4.28
1944 3.00 2.90
1945 3.70 3.45
1949 2.65 2.57
1952 2.57 2.49
1953 3.25 3.14
1955 2.95 2.86
1959 2.80 2.72
1961 3.65 3.40
1964 2.65 2.57
1974 2.65 2.65
1975 3.65 3.65
1976 3.40 3.40
1978 3.40 3.40
1991 3.03 3.03
1997 0.83 0.83
1998 1.44 1.44
1999 1.26 1.26
2000 1.21 1.21
2001 1.29 1.29
2002 1.16 1.16
2003 1.18 1.18
2004 1.09 1.09
2005 1.14 1.14
2006 0.99 0.99
2007 1.22 1.22
2008 1.21 1.21
2009 1.12 1.12
2010 1.29 1.29
2011 1.72 1.72
2012 1.25 1.25
2013 1.22 1.22
2014 1.92 1.92
2015 1.13 1.13
2016 2.38 2.38
2017 1.21 1.21
2018 1.18 1.18
2019 1.07 1.07
2020 1.27 1.27

Year
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Appendix A
Deau River Gauges and Combined Record

217007 Original 217007 Infilled 217002 Original 217007 Combined
Peak Flow Peak Flow peak Flow Peak Flow

m3/s m3/s m3/s m3/s
1959 1965 1965
1960 736 736
1961 2662 2662
1962 968 968
1963 1018 1018
1964 491 491
1965 22 22
1966 1191 1191
1967 176 176
1968 14 14
1969 697 697
1970 213 213
1971 1337 1337
1972 170 170
1973 66 66
1974 2099 2099
1975 2533 2508 2533
1976 1903 1903
1977 745 745
1978 2234 2234
1979 1050 1050
1980 7 7
1981 137 137
1982 14 14
1983 590 590
1984 241 241
1985 653 653
1986 88 88
1987 11 11
1988 1057 1057
1989 514 514
1990 486 486
1991 1742 1742
1992 2054 2054
1993 64 64
1994 70 70
1995 235 235
1996 52 52
1997 432 432
1998 767 767
1999 318 318
2000 38 38
2001 114 114
2002 166 166
2003 79 79
2004 59 59
2005 323 323
2006 8 8
2007 187 187
2008 14 14
2009 1 1
2010 633 633
2011 1025 727 1025
2012 191 139 191
2013 494 354 494
2014 896 623 896
2015 245 170 245
2016 416 290 416
2017 127 88 127
2018 25 18 25
2019 3 2 3
2020 793 551 793

Year

APPENDIX_Tables_Levels_and_Q.xlsx 2
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