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Hydraulic modelling has come a long way in the last decade, moving from basic 1D modelling to 2D and 3D 

modelling. The move beyond 1D modelling was made possible with the rapid development of computing 

hardware. In recent years hydraulic modelling software providers have caught up with computer hardware 

development and begun making use of the graphics card on computers which offers many advantages in 

processing power. Using the graphics card (GPU) has led to 100 fold speed ups in 2D hydraulic modelling. 

For ecohydraulics, this means that we can now investigate at a reach scale. We can take environmental flow 

studies beyond looking at individual sites and consider an entire river reach and the connectivity between 

river, floodplain and wetlands. In Australia this type of large scale 2D modelling is not new, but with GPU 

run times become faster, grid sizes can be smaller, and the modelling results can be a lot more accurate. 

This presents a recent Australian example of where GPU modelling has been applied for ecohydraulic 

purposes, and it will discuss the advantages of this approach as compared to standard 1D and 2D hydraulic 

modelling approaches. 

1 INTRODUCTION 

The Goulburn River begins its journey near Woods 

Point on the slopes of the Victorian Alps, it meanders 

north and flows into Lake Eildon at Jamieson. Lake 

Eildon is a major storage which services a highly 

productive agricultural region in Victoria. The 

Goulburn River downstream of Lake Eildon is thus 

highly regulated. The river continues its journey from 

Lake Eildon heading west to Seymour, before turning 

north and flowing through to Nagambie, where again it 

is impounded by the Goulburn Weir which forms Lake 

Nagambie. The river continues north to Shepparton 

and then heads north-west where it reaches the Murray 

River just upstream of Echuca. In total the Goulburn 

River measures approximately 570 km in length, with 

a catchment area of approximately 1.6 million hectares. 

 

The Goulburn River’s mean annual flow is 

approximately 3,040 GL. Lake Eildon has a capacity of 

3,334 GL. Close to 90% of the water released from 

Lake Eildon is used for irrigation purposes, leaving 

little for the environment. Despite the reduced water 

for the environment, the river and its floodplain and 

wetlands support highly significant populations of 

threatened species, river red gum forest and also holds 

high cultural value for the traditional aboriginal 

owners of the land. Due to these environmental and 

cultural values the Goulburn River occasionally 

Figure 1. Goulburn River Catchment [1] 



receives environmental flow releases from Lake Eildon. There are a number of constraints to the maximum flow 

that can be released down the Goulburn River due to flooding of public and private assets.  

As a result of the requirement for releasing environmental flows and the knowledge of a number of constraints to 

flow releases, an increased understanding of the hydraulics of the Goulburn River was required to improve decision 

making regarding future environmental flow releases.  

 

The background information above was sourced from the Goulburn River Seasonal Watering Proposal 2013-2014 

[1], further information regarding the catchment and the planned environmental flow regime can be found there.  

 

The Goulburn Broken Catchment Management Authority commissioned a project to develop a hydraulic model 

of the Goulburn River from Lake Eildon to the Murray River to evaluate the impacts and environmental benefits 

of environmental flow releases along the river reach.  

 

2 HYDRAULIC MODELLING METHOD 

Earlier hydraulic models of this reach were developed by Water Technology [2] prior to the current advancement 

of GPU hydraulic model software. These previous models used the classic MIKE FLOOD software [3]. Due to 

the limitations at the time of computing hardware and model software, the reach from Eildon to the Murray River 

was split into 9 separate models. The models from Lake Eildon to downstream of Shepparton were developed 

using a 25x25 m model grid. The final model from downstream of Shepparton to the Murray River, where the 

lower Goulburn River floodplain spreads out broadly over an expansive area used a 60x60 m model grid.  

 

A number of issues were encountered using these earlier models. The model grid resolution was not fine enough 

to represent many of the anabranches and complex flow paths of the Goulburn River system. This required the 

representation of the model channel in a 1D MIKE11 branch laterally linked to the 2D MIKE21 grid [3]. However 

not all anabranches could be represented in 1D due to constraints in time and budget. As a result the connectivity 

of many of the wetlands and anabranches was not preserved in the modelling results. Another major issue was the 

discontinuity between each of the model areas, often resulting in significant differences in water levels from one 

model to the next due to model boundary assumptions. Beyond the quality issues mentioned above, a major issue 

for previous projects using these models was the model run time. To run each model for a nominal 10 day 

hydrograph at a flow rate with only minor out of bank flooding the models would take a combined run time of 16 

days.   

 

As a result of issues in the earlier studies and the significant advancement in model software and hardware, it was 

decided that the Goulburn River would be remodeled using GPU software to speed up run times and allow a 

reduced model grid size. At the time of the study Water Technology was using both MIKE Flexible Mesh GPU 

and TUFLOW GPU. There are a number of key difference between the two modelling software packages, these 

were described and benchmarked by Connell [4] at the Victorian Flood Forum in 2014. TUFLOW GPU was 

chosen as the MIKE Flexible Mesh software licenses were being heavily used at the time on other projects.  

 

The model was constructed using a number of available LiDAR datasets with vertical accuracy of plus or minus 

0.2 m. Bathymetry survey was available for a large section of the downstream reach from Lake Nagambie to the 

Murray River. TUFLOW z-shapes were used to enforce the bathymetry on to the LiDAR with the modeller 

buffering out the bathymetry (often just a centerline) to best replicate the actual bed shape. In the upstream section 

where bathymetry was not available the bathymetry was estimated using a limited number of cross-sections and 

best estimates of the stream bed profile. This was latter edited through the calibration phase. Standard Manning’s 

‘n’ roughness values were utilised and were again revised through calibration. 

 

Upon review of the Goulburn River geometry it was decided that a grid cell size of 10x10 m would sufficiently 

resolve the channel capacity without the need for any 1D elements. At this grid resolution we would still maintain 

relatively fast model run times. Two models were developed, the first from Lake Eildon to the Goulburn Weir, and 

the second from Goulburn Weir to the Murray River, including a large reach of the Murray River from Lower 

Moira to Echuca. 

 



3 HYDRAULIC MODELLING RESULTS 

3.1 Model Calibration 

The GPU modelling results were calibrated using a number of permanent gauges located along the river system. 

These gauges have established rating curves. Given the number of ungauged tributary inflows to the Goulburn 

River traditional model calibration using a historic event was difficult. Instead a series of steady state flows were 

modelled throughout the system and modelled water levels were compared to gauge rating curve water levels. In 

addition to the rating curve calibration the model was also tested against a series of temporary gauges that were in 

place during two different minor environmental flow releases. Through calibration a number of tweaks to the 

model were made, mainly in relation to the assumptions regarding the estimated bathymetry of the river. The 

calibration was closely reviewed by the Goulburn Broken CMA and was found to be acceptable with water levels 

generally within 200 mm of the observed levels. Some of the higher flow rates were also calibrated to available 

aerial imagery of the September 2010 flood event. 

 

In addition to the calibration to gauge data and aerial imagery, the Goulburn Broken CMA took a number of maps 

of the model results to show community members in various part of the floodplain. Overwhelming the response 

was that the modelling was accurate and only minor changes were required to better represent the commencement 

of flow of some smaller anabranches. The effort that Goulburn Broken CMA went to in ensuring that local 

knowledge was incorporated into the project, making the modelling as good as it could be was highly valuable.      

3.2 Model Design Flows 

A series of flows were modelled covering the range of likely environmental flow releases from Lake Eildon in the 

upper reaches and the target design flows in the lower reaches with the addition of tributary inflows. A comparison 

of the model results using the 10x10 m GPU model and the 25x25 m and 60x60 m CPU models is provided in 

Figure 2 for the same flow rate. This clearly shows the vastly improved connectivity of the anabranches and 

wetlands using the smaller grid size, overcoming the first issue mentioned above from the earlier modelling. The 

fact that the GPU software allowed the models to cover the entire reach with the only discontinuity at the Goulburn 

Weir, where a major structure is located, meant that the second issue was also overcome. Modelling and mapping 

of the system was continuous without the need for numerous boundaries, where water levels would be forced by 

the modeller. This led to an improved result again. The last issue mentioned above was of run time. The GPU 

software allowed the area to be modelled at a finer resolution over a larger area and still model run time was greatly 

improved. The two models now ran similar hydrographs to that mentioned earlier in under 2 days, that is, the run 

times were only 11% of the original total run times.       

                         

 
Figure 2. Examples of GPU 10x10 m grid model results (top) and CPU 25x25 m (bottom right) and 60x60 m grid 

model results (bottom left). Top and bottom examples are zoomed to same extent so are direct comparisons. 

 

 

  



4 DISCUSSION 

The results presented above clearly show a significant increase in the quality of the model results. The level of 

connectivity between river, anabranch and wetland is significantly enhanced using the finer resolution GPU 

modelling. This has led to vastly improved outcomes for understanding the impact of flooding in both its 

environmental benefit and its potential impacts on public and private land and infrastructure. These improved 

results will greatly improve decision making into the future regarding environmental flow releases on the Goulburn 

River. As well as the improvement in quality of modelling results, the GPU modelling software has also enabled 

the model scenarios to be completed much faster and more efficiently. This has enabled more scenarios to be 

modelled and time/cost savings for undertaking the work. 

 

This case study provides one example of how far hydraulic modelling software has progressed in the last 5 years, 

and what is achievable using today’s technology. The authors have begun using flexible mesh GPU hydraulic 

modelling software which enables another leap forward in the modelling of riverine systems. In another 5 years 

just imagine what we will be able to achieve with further advances in hydraulic modelling software and computing 

hardware.      
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