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EXECUTIVE SUMMARY 

The townships of Echuca and Moama are situated on opposite sides of the Murray River floodplain. The 
Campaspe and Goulburn Rivers flow into the Murray River in close proximity to the towns.   

The Campaspe Shire Council (CSC) and Murray River Council (MRC) require high quality flood information to 
support future town planning decisions. CSC and MRC were allocated funding by their respective State 
Governments to conduct flood studies to update flood information for Echuca and Moama respectively 
focussing on the urban and growth areas affected by riverine flooding. The North Central Catchment 
Management Authority (NCCMA) was also allocated funding for a flood study of the Torrumbarry section of 
the Murray River to establish the value of levee banks in that area. In November 2017 both councils and the 
NCCMA resolved to undertake a joint flood study involving the Murray River from Barmah to downstream of 
Torrumbarry together with the lower reaches of the Goulburn and Campaspe Rivers.  

This flood study has taken a considerable effort to complete. It has considered the complex hydrology of the 
three contributing major rivers and developed a current best practice approach to determining flood levels 
and modelling flood behaviour through the study area.  

The flood information developed as part of the study was used heavily in the flood response for the October 
2022 flood event, and the information was also made available to community members so they could 
understand their flood risk. Very good feedback was received regarding the accuracy of the flood mapping 
compared to the October 2022 flood and its usefulness in preparing for the event. It was observed however 
that improvements could be made to the model, particularly in regard to the accuracy of the levee crests 
along the lower Goulburn River. The information gathered during and after the October 2022 flood helped 
to improve the accuracy of the model. 

Design hydrology was also updated to account for the additional years of record and the addition of the 
October 2022 event, which is the third largest flood on record at the Murray River at Echuca Wharf gauge. 
Encouragingly, the addition of this extra data has not changed the 1% (1 in 100) AEP flood level by much from 
the previous estimate of 95.45 m AHD, which is now estimated to be 95.5 m AHD.         

The hydrology and hydraulics were calibrated to a range of historic floods including the October 1993, 
January 2011, October 2016 and the October 2022 events, providing confidence that the model is capable of 
performing at a range of different magnitude events.  

The modelling has developed updated design flood information for Echuca and Moama, superseding the 
previous flood study completed in 1997. The data available and the modelling methods have progressed 
significantly since the previous flood study. Owing to the different type of modelling approach, with modern 
two-dimensional hydraulic models, compared to the older one-dimensional models, the flood study has been 
able to better understand how flood flows leave the rivers, inundate the floodplains, interact with levees, 
raised roads, channel banks, culverts and bridges, and return again to the river. This flood behaviour through 
East Moama is quite nuanced, and the modelling developed in this current flood study is far better placed to 
represent it appropriately than in the previous flood study.  

This report presents the results of the flood modelling and mapping and has presented some preliminary 
analysis of the impacts of flooding through Echuca and Moama, along with some investigation into the model 
sensitivity to climate change, waterway structure blockages and model parameters, and what may occur 
should levees breach. Flood hazard maps were produced, and preliminary flood function maps were drafted. 
It is noted that these flood function maps will be further investigated and finalised in the early stages of the 
Flood Risk Management Study and Plan phase of this project. This next phase has now begun as both Councils 
have considered the Flood Study Report and adopted the study. The meeting minutes of each Council where 
the adoption is evidenced has been provided in Appendix H. 
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The two townships have a combined population of 22,500 people, and have a good spread of age cohorts 
according to the recent 2021 census. With both Echuca and Moama experiencing steady growth, the 
Campaspe Shire Council (CSC) and Murray River Council (MRC) require high quality flood information to 
support future town planning decisions. The last flood study for Echuca-Moama was completed in 1997. Since 
the previous study was completed, hydrology and hydraulic flood mapping practices have advanced 
significantly. Since the last study there have also been significant flood mitigation levee works constructed, 
including the Moama town levee.  

Whilst the townships of Echuca and Moama are the focus of the study, and the modelling effort has focussed 
on the detailed flood mapping area shown in Figure 1-1, the study area extends downstream for 120 km and 
includes the areas of Torrumbarry, Koondrook and Barham as well as the Koondrook-Perricoota and 
Gunbower Forests. The study area extends upstream on the Murray River to Barmah, on the Goulburn River 
to Shepparton, and on the Campaspe River to Rochester. Care should be taken when interpreting flood levels 
outside of the detailed flood mapping area.  

The modelling area was split upstream of the Torrumbarry Weir, to allow for a more detailed model of the 
Echuca and Moama area, with a separate model to investigate the levees in the Torrumbarry area. This 
report focuses on the Echuca and Moama modelling and mapping area. The downstream Torrumbarry area 
will be included in a separate report.  
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FIGURE 1-1 STUDY AREA 
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1.3  Geomorphological History 

The study area is an interesting location from a geological and geomorphological perspective. The uplift of 
the Cadell Fault between 45-65,000 years ago halted the original path of the Murray River at Mathoura, 
forcing water to flow north or south. The original river channel was left stranded and is today known as Green 
Gully. The northern flow path is now known as the Edward River and the southern flow path the current day 
Murray River. The Cadell Fault uplift blocked both the Murray and Goulburn Rivers, forming the Barmah 
Forest and the Kanyapella Basin. Eventually the river broke through the sand dunes of the Kanyapella Basin 
and the Goulburn and Murray Rivers found their current courses.  

The Wakool River branches off the Edward River downstream of Deniliquin and makes its way into the original 
course of the Murray River (Green Gully) north of Koondrook. The lower Goulburn and Campaspe Rivers are 
both perched above the floodplain and in large flood flows, water breaks out of the banks, and in the lower 
Goulburn River, breaches levees and inundates the floodplain.  

This geomorphological history is important to understand from a flood risk perspective, as it controls the 
distribution of flood water. The geological uplift created a choke which restricts the peak flow from the 
Murray River downstream of Barmah to approximately 35,000 ML/d (Moama Floodplain Management Study, 
2001). Downstream of Barmah, the peak flows are then dominated by the Goulburn and Campaspe Rivers. 
However, with Echuca and Moama 
located immediately downstream 
of the Kanyapella Basin, the 
floodplain functions as a natural 
retarding basin, and flood volume 
(not just peak flow) becomes critical 
to driving the peak flood levels. The 
floodplain narrows as it passes 
between  the two towns, 
controlling the water levels 
upstream. Before reaching 
Torrumbarry, the floodplain again 
expands as flood water breaks out 
on the Victorian side around 
Richardsons Lagoon (and is 
contained by levees), and spills into 
Gunbower Forest, attenuating the 
flow before returning to the Murray 
River at Barham. A large percentage 
of the Murray River flood flows 
head north through the Koondrook-
Perricootta Forest to the Wakool 
River, so that the flood flows on the 
Murray River at Barham are vastly 
reduced.  

                                                    FIGURE 1-2 CADELL FAULT (SOURCE: WWW.ENVIROSTORIES.COM.AU/) 
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2 HYDRAULIC MODELLING FRAMEWORK 

2.1 Overview of the Modelling Approach 

The modelling approach adopted a detailed two-dimensional hydraulic model with linked one-dimensional 
hydraulic structures to provide an accurate understanding of flood behaviour. The study not only models the 
Echuca-Moama area, but the broader upstream and downstream floodplain to improve the understanding 
of the flood risk over the wider regional area, to provide better linkages to flood warning gauges and to 
understand the level of protection offered by a series of levees throughout the floodplain. Given the size of 
this area to model, the model was split into two: the Echuca-Moama model from the upstream boundaries 
at Barmah, Shepparton and Rochester to Torrumbarry, and the Torrumbarry model from Torrumbarry to 
Gonn Crossing at Murrabit as shown in Figure 2-1.  

This report includes just the Echuca-Moama model area upstream of Torrumbarry. 
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FIGURE 2-1 ECHUCA-MOAMA MODEL & TORRUMBARRY MODEL AREA
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TABLE 2-1 COMPARISONS OF SOURCES OF UNCERTAINTY 

Scenario/Data/Process Order of 
Uncertainty 

Approximate Impact on Results 

Topographic data First Change in floodplain levels/depths ± 0.1 m. LiDAR validation 
survey was gathered and the survey demonstrated that the 
LiDAR datasets used in the modelling were appropriate for use 
and within the reported levels of accuracy. There was no need 
for any shift in LiDAR datum.    

Channel representation based on LiDAR can often cause 
underestimation of channel conveyance. Without more detailed 
survey, this has to be accepted as a model uncertainty. Recent 
bathymetry data of the Murray River along with cross-section 
survey from State Rivers and Water Supply Commission plans 
from the late 1970s and early 1980s, were used to create a 
bathymetric DEM of the rivers.  

Definition of hydraulic 
controls/structures 
 

First 
 

Change in floodplain levels/depths of around 0.2 m.  The 
majority of the hydraulic structures in this model are bridges or 
culverts which can have a significant impact on the local water 
surface level but unlikely to have a large impact on the flood 
extents and levels across the broader study area. 

Hydrology First 
 

One of the largest influences on flood levels. The quality of 
gauged streamflow data was variable with some gauges having 
poor quality, extrapolated data for much of the historic flood 
events. This varies somewhat between the gauges but overall, 
the reliability can be considered to be of a moderate level. This 
is discussed further in this report. Design flood estimation for 
this study has used the flood frequency analysis technique, 
design quantile estimates are one of the higher sources of 
uncertainty for any design flood modelling. 

Observed water levels 
for model calibration 
 

First 
 

Depends on available data, generally ± 0.2 m for observed flood 
levels. Some of the observed water levels from the historic 
events were pegged from debris lines which may overestimate 
the actual peak water level. For many of the surveyed levels the 
method of identification of water level is unknown and the 
reported reliability varies from low to high in the Victorian Flood 
Database (VFD) dataset. 

Model schematisation 
and set-up (location of 
boundaries, grid 
resolution, structures) 

First 
 

Difficult to quantify. The main reason why the inflow 
boundaries were extended back upstream to Barmah, 
Shepparton and Rochester was so that appropriate inflow 
boundaries could be set and based on streamflow gauge data. 

Model parameters 
such as computational 
time-steps, roughness 
and other energy-loss 
parameters 

First 
 

Difficult to quantify. Reduced through calibration to four 
historic events. 

Model numerical and 
computational 
schemes  

Second 
 

minor 
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FIGURE 2-2 LOCATION OF MURRAY RIVER CHOKE EAST OF THE KANYAPELLA BASIN 
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value assigned to each grid cell. The grid cell size is determined as a balance between the model definition 
required and the computer run time (which is largely determined by the total number of grid cells). 

2.6.1 Hydraulic Model Extent 

The Echuca-Moama model domain is illustrated in Figure 2-3. The Echuca-Moama model extends along the 
Murray River from the Barmah streamflow gauge to near Torrumbarry, on the Goulburn River from 
Shepparton to the Murray River, and on the Campaspe River from the streamflow gauge at the Waranga 
Western Channel syphon at Rochester to the Murray River. The downstream boundary location of the 
Echuca-Moama model on the Murray River was taken near Torrumbarry to avoid any boundary impact at 
Echuca. The mapping from this model was clipped to a point upstream of Torrumbarry where the impact of 
the boundary is negligible. The total reach of the Murray River included in the Echuca-Moama model is 
approximately 140 km, the Goulburn River is approximately 155 km and the Campaspe River is approximately 
55 km. The model needed to extend to the upstream gauges to allow robust design hydrology to be 
completed for the inflow boundaries. Having the boundaries at these upstream gauges also provides benefits 
from a flood intelligence and flood warning perspective. One limitation with this approach, particularly along 
the Goulburn River, is that levee breaches along the lower Goulburn River can impact the flood behaviour 
and resulting hydrograph experienced at Echuca-Moama.  

2.6.2 Hydraulic Model Resolution 

The Sub-Grid Sampling technique was applied in the Echuca-Moama model. Sub-grid sampling (SGS) involves 
the extraction of sub-grid scale topographic characteristics at the resolution of the underlying LiDAR (1m 
resolution) into conveyance tables that describe the variation within each cell. This provides a much richer 
description of the hydraulic behaviour of the cell compared to a traditional grid that has a single topographic 
elevation. This is particularly useful for models with coarse grid resolution.   

The Goulburn River, Murray River and Campaspe River DEM was modelled using SGS at a 1 metre sampling 
resolution, with the rest of the modelling area having a 20 m grid resolution. Using the SGS within the channel 
bathymetry DEM ensures that the capacity of the channel is well represented in 2D, avoiding the saw tooth 
nature of a coarse grid around bends in the river. 

The area east of the Moama township was originally modelled using the Quadtree modelling technique at 5 
metre grid resolution to more accurately depict the rural roads and levees. This was originally used to allow 
better modelling of the 1993 event where private rural levees, channel banks, and some roads played an 
important role in directing floodplain flows. These features become less important in larger flood events 
where they are overtopped. Figure 2-3 shows the initial quadtree area and the three river DEM where SGS 1 
metre resolution was used.  

The initial inclusion of the quadtree extent meant that the model runtime was taking up to 7 days for the 
design runs. During the October 2022 calibration further testing and refinement of the models levee 
breaklines found that the Quadtree area was no longer required, and when removed the model run time was 
greatly improved. A comparison of levels in the area showed negligible variation between the two 
approaches, and it was decided that the benefit in removing the quadtree component to gain efficiency in 
modelling was valid. This same model setup was used in the final design modelling.  

2.6.3 Topography 

A detailed representation of the ground surface was required to appropriately capture the topographic detail 
within the hydraulic model. The topography of the floodplain across the study area is incredibly complex and 
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has been shaped by past geological events as described in Section 1.3. A number of LiDAR (aerial laser survey) 
and bathymetric survey files were used to develop the hydraulic model topography grids. The floodplain 
topography is shown in Figure 2-4, and in more detail around Echuca-Moama in Figure 2-5. 

 

 

 



 

Campaspe Shire Council / Murray River Council | 18 June 2024  
Echuca-Moama Flood Study Page 26 
  
 

 
FIGURE 2-3 HYDRAULIC MODEL SCHEMATISATION �t ECHUCA-MOAMA MODEL 
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River Flow 

Murray River 
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FIGURE 2-4 TOPOGRAPHY OF THE STUDY AREA 
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FIGURE 2-5 TOPOGRAPHY AROUND ECHUCA-MOAMA 
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2.6.3.1 LiDAR 

There are several available LIDAR datasets of relevance to the study area which include: 

TABLE 2-2 LIDAR DATASETS 

Source Year 
captured 

Resolution Horizontal accuracy Vertical accuracy 

Murray Darling Basin Authority (MDBA) 2001 1 metre horizontal accuracy +/- 
0.5 m 

vertical accuracy +/- 0.15 
m 

Goulburn Broken Catchment Management 
Authority (GBCMA) 

2007 1 metre horizontal accuracy +/- 
0.4 m 

vertical accuracy +/- 0.2 
m 

Victorian Government (VIC) ISC 2010 1 metre horizontal accuracy +/- 
0.4 m 

vertical accuracy +/- 0.2 
m 

VIC Floodplains Stage 1 2011 1 metre horizontal accuracy +/- 
0.3 m 

vertical accuracy +/- 0.1 
m 

VIC Floodplains Stage 3 2011 1 metre horizontal accuracy +/- 
0.3 m 

vertical accuracy +/- 0.1 
m 

Geoscience Australia (GA) Wakool 2015 1 metre horizontal accuracy +/- 
0.8 m 

vertical accuracy of +/- 
0.3 m 

New South Wales Government (NSW) 
Echuca 

2017 1 metre horizontal accuracy +/- 
0.8 m 

vertical accuracy  +/- 0.3 
m 

 

The extent of each of these LiDAR datasets is shown in Figure 2-6. 
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FIGURE 2-6 EXTENTS OF AVAILABLE LIDAR DATASETS AND LOCATION OF VERIFICATION SURVEY 
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In addition to the LiDAR data, various cross-section surveys of the Murray, Goulburn and Campaspe Rivers 
were available, which Water Technology was able to source from past projects. Some of this survey data was 
very old, from the 1980s, but it does provide a reasonable representation of the channel bathymetry. The 
bathymetry data was merged with the LiDAR to provide a complete topography dataset. The preparation of 
a single Digital Elevation Model (DEM) for hydraulic modelling involved creating a 1 m resolution mosaic of 
the available LiDAR datasets and bathymetry data. This process is described below. 

The coverage of the MDBA bathymetric survey, GHD bathymetry grid, and older Murray River cross sections 
are shown in Figure 2-7. 



 

Campaspe Shire Council / Murray River Council | 18 June 2024  
Echuca-Moama Flood Study Page 33 
  
 

 
FIGURE 2-7 COVERAGE AND DETAIL OF BATHYMETRY DATA 
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Cross-section survey of the Murray and Goulburn River channels from the State Rivers and Water Supply 
Commission surveyed in the late 1970s and early 1980s was used to more accurately represent the channel 
capacity within the model. Several cross-sections of the lower reaches of the Campaspe River through Echuca 
were also gathered at the start of this study which supplemented the existing cross-sections and allowed the 
capacity of the Campaspe River to be more accurately represented. 

The lowest point in each cross-section was determined and these points were joined to form a centre-line 
string representative of the stream thalweg. Interpolation of elevations between each cross-section point 
was used to apply elevations along each river channel alignment. The centreline was then buffered outwards 
to create a channel with a thirty metre wide bottom width. Index of Stream Condition (ISC) top-of-bank data 
from the Victorian Government was used to define the channel banks with associated elevations taken from 
the Floodplains LiDAR dataset. A Triangular Irregular Network (TIN) was created using the bathymetry 
centreline, offsets and the elevations at the top of the bank.  

After several iterations, during which the centreline was adjusted to better represent the channel, a 
trapezoidal TIN of the channel was created (see example in Figure 2-8).  Figure 2-9 shows an example cross-
section comparing the MDBA LiDAR to the trapezoidal TIN stamped into the model topography. It can be 
seen that the capacity has been significantly increased through more accurate representation of the channel 
invert level. 
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FIGURE 2-8 COMPARISON OF DEM WITH TRAPEZOIDAL CHANNEL DEM OVERLAID IN BOTTOM IMAGE; RAW LIDAR (IN 

BROWN) VS. TRAPEZOIDAL STAMPED CHANNEL (IN GREEN) OF MURRAY RIVER  

Original LiDAR 

Original LiDAR with 
bathymetry DEM overlaid 
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FIGURE 2-9 COMPARISON OF CHANNEL DEM INTERPOLATED USING 1980 SURVEY AND MDBA RIVER BATHYMETRY FROM 

GHD (2018); [INSET] COMPARISON OF STAMPED CHANNEL SECTION, 1980 SURVEY (BROWN), MDBA 
BATHYMETRY (GREEN)   
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2.6.3.3 Drone Survey 

Feedback from responses to the draft flood study indicated that recent development within both Moama 
and Echuca was not captured in the Lidar data used in the model, which could have impacts on design flood 
extents, Campaspe Shire commissioned drone surveys to be undertaken for areas along Pericoota  Road and 
Fehring Lane, as shown in Figure 2-10. Addition of the new drone survey areas improved the design flood 
extents for those areas. 
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Figure 2-10 Drone Survey Areas 
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2.6.4 Levees and Key Hydraulic Controls 

To ensure all key hydraulic controls across the floodplain such as levees (formal and informal), road crests 
and railway lines were accurately represented, these structures were all included into the model using 
TUFLOW Z-shapes. The Z-shapes allow the crest levels to be sampled along a narrow linear feature like a 
levee or road from detailed LiDAR and read into the model as a series of 3D points along a polyline.  

Several sources of levee data were incorporated into the model, including Council GIS and PDF datasets, and 
the Victorian Flood Database. These surveyed levee heights were used to ensure the levees were represented 
accurately in the model. Water Technology had also completed several levee audits for North Central and 
Goulburn Broken CMA, so used survey from these previous projects. Crest levels for all other unsurveyed 
hydraulic structures were extracted from the 1 m LiDAR datasets using GIS tools. 

There have been a number of significant changes to the topography since the 1993 flood event with the most 
significant change being the construction of the Moama town levee, and in the Torrumbarry area, the 
construction of the Koondrook-Perricootta levees and inlet/outlet regulators. These changes were 
incorporated into the model DEM but were excluded from any of the historic calibration events which 
occurred prior to their construction. 

In and around the Echuca and Moama area, there are several urban levee systems maintained by the 
Campaspe Shire and Murray River Councils. These levees have been constructed to various design standards 
with different construction methods over many years. The levees are shown in Figure 2-11.  

The second bridge crossing of the Murray River also resulted in significant changes to the floodplain 
topography with an embankment across the floodplain, raised approach roads and several structures under 
Warren Street upgraded.  

2.6.4.1 Echuca and Moama Urban Levees 

The Echuca levees were constructed between 1989 and 1992 under the Flood Mitigation Scheme (Figure 
2-11). The levees protect central areas of the town from Murray River flooding up to a 3% AEP event with 
600 mm freeboard. The Scheme includes a stormwater drainage and pumping system also. Some essential 
water treatment infrastructure is protected to above a 1% AEP event. Levees were constructed from Collier 
Street to Radcliffe Street, along Crofton Street and Watson Street, from Sturt to Pakenham Street and along 
Moama Street. Goulburn Road west of Moama Street was also raised as part of the Scheme. Levees include 
earthen levees with walking tracks on top of them, crib walls, retaining walls and raised roads.  

The Moama urban flood levee was constructed in 2004 (Figure 2-11) and was designed at the time to a 0.5% 
AEP design level with 600 mm freeboard on earthen sections and a 300 mm freeboard on the concrete 
retaining wall, Kiely Road, Barnes Road and Holmes Street. A short section along Chanter Street is lower than 
the design flood level. Prior to construction of the levee, the significantly damaging 1993 flood event severely 
impacted Moama, and a temporary levee was constructed during the flood. The urban levee was 
subsequently constructed along a slightly different alignment to the temporary 1993 levee. The Moama levee 
uses a concrete retaining wall along the river front from War Street to just east of Murray Street, and earthen 
levee through to Chanter Street, a short section of Chanter Street that is sandbagged during a flood event, 
then another section of earthen levee running north along what is marked in the cadastre as Winall Street 
through to the railway line. The earthen levee then continues along Barnes Road to the north-east of the 
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industrial area and north through to Kiely Road. The northern most section of the levee wraps around the 
water treatment dams before tying into high ground on Kiely Road near the Cobb Highway. There are short 
sections where the levee crosses roads etc that would require sandbagging during a flood event. 

For the more recent calibration and design events, the Moama urban town levee was incorporated based on 
surveyed plans from Council. In areas along the Moama town levee where gates are required to be closed 
and where sandbags are required to top up the levee along road and rail crossovers (they are known 
emergency response actions), these changes to the levee height were implemented in the model. The 
management and operation of the levee is dictated by the levee owners manual that was developed along 
with the design of the levee. The modelling assumes that the full extent and height of the levee is in place 
during the extreme flood events. 
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FIGURE 2-11  ECHUCA-MOAMA URBAN LEVEES 
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2.6.4.2 Temporary Levees 

In Moama, the urban town levee was not constructed until after the 1993 flood, with a temporary levee 
constructed during the event. Significant effort was given to locate the temporary levee alignment around 
Moama town during the October 1993 flood. The most appropriate source was found to be aerial images 
taken around peak of October 1993 flood event. The temporary levee alignment on the aerial image is shown 
in Figure 2-12. Temporary sandbag levees along Pakenham Street in Echuca were also identified during initial 
community consultation as shown in Figure 2-13. 
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FIGURE 2-12 MOAMA TOWN TEMPORARY LEVEE IN OCTOBER 1993 FLOOD EVENT 
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FIGURE 2-13 THE SANDBAG LEVEE ALONG PAKENHAM ST AND BROWN ST IN OCTOBER 1993 FLOOD 










































































































































































































































































































































































































































































