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Executive Summary 
Water Technology carried out hydrodynamic modelling and developed water management 
scenarios for Barmah-Millewa wetland/forest system in 2005. This work was undertaken as part 
of the Living Murray initiative of the Murray Darling Basin Authority. In 2011, they updated the 
model using the latest LiDAR information and re-calibrated against observed data. 

SKM also completed an assessment of the hydraulic characteristics of Tuppal Creek and Bullatale 
Creek for current, natural and historical conditions in 2005. The project consisted of developing a 
hydraulic model of the Tuppal Creek and Bullatale Creek system, calibrating the model with the 
observed data, and then using it to define commence-to-flow thresholds and channel capacities of the 
offtakes.  

Tuppal Creek and Bullatale Creek are effluent streams of the Murray River, and carry flow from the 
Murray River just downstream of Tocumwal to the Edward River near Deniliquin. Since Bullatale and 
Tuppal Creeks contribute to the flooding in the Barmah-Millewa forest during higher flows, it was 
decided to include these floodplains and build a new MIKEFLOOD model that represents the detailed 
flooding behaviour for the whole area. 

In this study, the new MIKEFLOOD model was set up from the existing calibrated hydrodynamic model 
developed by Water Technology in 2011 and extended to include the Tuppal Creek and Bullatale Creek 
floodplain and modelled against three months from September of 2010-11 event recorded at 
Tocumwal. Results from new hydrodynamic model for the selected flood event were then compared 
with available gauged data at the downstream of Tuppal Creek and Bullatale Creek near the Edward 
River. 
 
The new re-calibrated model was then used to; 

-modify the BigMOD to replicate the hydrodynamic results 

-set up regulator operation strategy for seasonal and unseasonal flooding in the Barmah-Millewa 
forest and later 

-modify Source IMS and calibrate against the modified BigMOD and hydrodynamic model. 
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1. Introduction 

1.1 Background 
The Tuppal Creek and Bullatale Creek systems are effluent streams of the Murray River, and carry flow 
from the Murray River just downstream of Tocumwal, to the Edward River near Deniliquin. The Tuppal 
Creek system offtakes water from the Murray River near Tocumwal, although the offtake is presently 
blocked by a levee bank. The creek flows in a north-westerly direction away from the Murray, and is 
intercepted by several irrigation effluent drains. Native Dog Creek is a tributary of Tuppal Creek that 
offtakes water from the Murray River before combining with Tuppal Creek at a chainage of about 55 
km. The Bullatale Creek system consists of a number of tributaries of the main stream of Bullatale 
Creek, which drains in a north-westerly direction away from the Murray before turning north and 
entering the Edward River just upstream of Tuppal Creek. Forest streams that offtake from the Murray 
River supply the Bullatale Creek system with its flow; these streams include Deep Creek, Aratula Creek, 
Lower Toupna Creek and Aluminy Creek. Interaction between the Tuppal Creek system and the 
Bullatale Creek system only occurs during periods of high flow when floodplain channels may become 
active. Apart from this, the two systems are quite distinct and face differing management issues (SKM, 
2005). 
 
The Barmah-Millewa Forest is a natural floodplain adjacent to the Murray River. This floodplain is 
identified as a ‘Significant Ecological Asset’ under the Murray Darling Basin Commission’s Living 
Murray initiative. The floodplain currently receives floodwater from the Murray River when flows at 
Tocumwal exceed approximately 10,600 ML/d (SKM, 2005). 
 
Water Technology has carried out a detailed hydrodynamic model study of the Barmah-Millewa Forest 
as part of the Living Murray Environmental Works and Measures Program in 2005. In 2011, Water 
technology updated the model using latest LiDAR information and re-calibrated against observed data. 
The model was developed to provide support for Barmah environmental water management plan and 
structural and flow options for Millewa Forest. This model boundary does not include Bullatale Creek 
and Tuppal Creek floodplain. 

The aim of this study was to include Bullatale Creek and Tuppal Creek Floodplain to the existing 
hydrodynamic model developed by Water Technology and build a detail model for the whole area of 
the Barmah-Millewa forest. The model results were then calibrated against the gauging stations data. 
Figure 1.1 shows the study area and channel network inside the model boundaries from Tocumwal to 
Deniliquin and Lower Moira near Barmah Town. 
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Figure 1. 1: Study area of Barmah-Millewa hydrodynamic model. 

2. Data 
Most of the data were used from the existing hydrodynamic model.  

The main components of data compiled as part of this study include: 

• MDBA LIDAR Data  
• Water Technology MIKEFLOOD model 
• SKM MIKE11 model 
• Boundary flow conditions at Tocumwal 
• Hydraulic Rating of the downstream boundary at Deniliquin and Murray at Lower Moira 
• Historical flood gauging data at Downstream of Bullatale and Tuppal Creek near Edward 

River. 

 

Figure 2.1 and Figure 2.2 show the comparison of rating curves used in the hydraulic model as 
downstream model boundaries with current MDBA rating curve in the database. The rating curves 
used in hydraulic model is good matching with the current MDBA database rating curve.  



7 
 

 

Figure 2. 1: Rating curve at Murray near Lower Moira 

 

 

Figure 2. 2: Rating curves at Deniliquin. 
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3. Methodology 

3.1 MIKEFLOOD model 
The hydraulic model used in this study is DHI’s MIKEFLOOD, a hybrid model combining MIKE-11 for 
the one dimensional modelling of the open channel flow and hydraulic controls in combination with 
MIKE-21, a two dimensional physically based floodplain model for surface flow modelling. MIKEFLOOD 
includes the ability to model overbank areas in detail with its two dimensional modelling capacity as 
well high capacity and finely defined river channels and flood runners within the one dimensional 
component. MIKEFLOOD models preserve mass, with the amount of water leaving the model 
equivalent to the amount entering. MIKEFLOOD also accounts for water level gradients within a 
channel (B. Clark et. al., 2012). 

The new hydraulic model was based on the existing MIKEFlOOD model developed by Water 
Technology in 2011. Grid resolution of two dimensional model was 50m. This grid was chosen to be 
consistent with the existing model while joining the extended floodplain section.  

3.2 Model Development 
The 1m DEM (2010) were used to define the two dimensional component of the model. The 1m DEM 
was resampled using ArcGIS ‘cubic’ resampling method to create a 50m grid. The new area covering 
the Tuppal and Bullatale Creek floodplain was then combined with the existing model grid.  

3.3 Model Roughness 
Key model roughness parameters in the 2D models were consistent with the existing model and 
roughness parameter for 1D model in provided in Appendix A.  

3.4 Model Boundaries  
Model boundary conditions were incorporated into the model at upstream and downstream 
boundaries. The upstream boundary is the recorded flow at Tocumwal and was included in the model 
as a time series of flow recordings. The downstream boundary at Deniliquin and Lower Moira were 
included in the model as a rating curve.  

3.5 Regulators 
The number of regulators and operation setup was used as in the existing model. There were 25 main 
regulators located in different creeks and channel flowing into the Barmah-Millewa forest from 
Murray River. The list of regulators and ownership of these regulators are depicted in Table 3.1. 

Table 3. 1: Location of Regulators, Maximum opening level and ownership. 
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3.6 Cross-sections 
All surveyed cross-sections are used from the existing model and new channels cross-sections were 
developed from the 1m DEM. 

4. Model Calibration 
The model developed was then run for 2010-11 flood event. The 2010-11 historical event was chosen 
based on the following: 

• Available historical data 
• Range of flood magnitudes 

Model results were compared with gauged flow data at d/s of Bullatale Creek and Tuppal Creek near 
Edward River. The two gauges were used as the most relevant data is available for these floodplains.  

The 2010-11 event was a large flood event at the Tocumwal gauge that started in early September 
2010, defined by two distinct flood peaks, one peak is about 80,000 ML/day and the second peak over 

Regulator Ownership Max_open Chainage
BIGWOODCUTTER_CK VIC 110 10
BOALS_CK VIC 96 130
BUDGEE_CK VIC 97 10
BULLPADDOCK_CK VIC 110 5
BUNNYDIGGER_CK NSW 110 10
CUTTING_CK VIC 96.5 10
EDWARD_RV OPEN 96.5 273
GULPA_CK NSW 96 542
HOUSE_CK NSW 101 10
ISLAND_CK VIC 96.4 75
MARYADA_CK NSW 99.3 169
NESTRONS_CK NSW 110 10
NINEPANEL_CK NSW 98 10
OSHANNASY_CK NSW 95.6 30
PINCHGUT_CK NSW 100 10
PUNTPADDOCK_CK VIC 110 10
SANDSPIT_CK VIC 101 10
SAPLING_CK VIC 100 47
STEWARTS_CK VIC 110 10
SWIFTS_CK NSW 95.5 10
TOUPNA_CK NSW 102 10
WALTHOURS_CK NSW 96.3 70
WARRICK_CK NSW 96 5
GULF_CK VIC 110 50
GULF_CK VIC 110 50
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90,000 ML/day. The highest flow recorded was 92,500 ML/day on 14/12/2010. The recorded flow 
information at Tocumwal is provided in Figure 4.1.  

 

Figure 4. 1: Gauged flow at Tocumwal. 

The modelled results were then compared with the gauged flow data and are provided in Figure 4.2 
and Figure 4.3.  

 

 

Figure 4. 2: Comparison of gauged flow and model result at d/s Tuppal Creek near Edward River. 
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Figure 4. 3: Comparison of gauged flow and model result at d/s Bullatale Creek near Edward River. 

 

A comparison was established between satellite images on a particular flow at Tocumwal with 
MIKEFlood results of similar flow. Figure 4.4 shows the satellite image of Barmah-Millewa forest on 
6th September 2010 when flow at Tocumwal was around 24000 ML/. Figure 4.5 shows comparison of 
the satellite image and inundation area from MIKEFLOOD results for 25000 ML/day flow at Tocumwal. 
More comparison between MIKE Flood results and satellite image are provided in Appendix B. It is 
very hard to compare satellite image with Mike flood results as the forest is already wet with a large 
area due to big floods occurred before date that the image has taken.  
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Figure 4. 4: Satellite Image of Barmah-Millewa forest when flow was around 24500 ML/day. 
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Figure 4. 5: MIKEFLOOD inundation map for 25000 ML/day at Tocumwal. 

 

5. Conclusion 
In this study a new MIKEFLOOD model has been developed by extending the existing model to include 
the Bullatale Creek and Tuppal Creek floodplain. Previously extensive work has been carried out in the 
Barmah-Millewa Forest including robust hydrodynamic model to analyse the flood inundation in the 
forest area. The new model was re-developed to provide a detailed model of the whole area and 
updated with recent information. The new MIKEFLOOD model was successfully calibrated against 
2010-11 historical flood event. Good agreement was achieved at the downstream Bullatale Creek and 
Tuppal Creek gauges near the Edward River.  

6. Model limitations and assumptions 
There are some limitations of the model in terms of the data used to develop it, the available 
calibration information and the technical ability of the model reproduce real flow behaviour on the 
ground. The following points should be considered with respect to the model application; 

• Two-dimensional hydrodynamic flow model used 50 m grid over the entire Barmah-Millewa 
Forest. The 50 m grid was detailed enough to pick up most of the major drainage lines, with 
the River Murray and the Edward River being well defined. Although the 50 m grid does not 
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pickup smaller drainage lines (i.e. less than 50 m in width), but does provide a very detailed 
model of the forest topography in consideration of the size of the model area. 

• There are some uncertainties surrounding the spatial and temporal distribution of 
evaporation, rainfall and seepage over a forest area as large as Barmah-Millewa. The 
evaporation and rainfall data used has been adopted from nearby gauges in an effort to 
reduce the uncertainty in temporal variation with the assumption of a uniform spatial 
distribution. 

• The seepage estimate perhaps provides the largest source of uncertainty in that seepage is 
highly spatially variable due to changes in soil types (i.e. heavy clays to sand lenses), and soil 
condition (i.e. dry with deep cracks to wet and at field capacity).  The adopted values are 
considered appropriate and fit for purpose; however further sensitivity runs could be 
completed to test the impact of the adopted values, particularly in regard to calculating 
losses from the river for water accounting purposes. 

• Some uncertainty also surrounds the number, location and operation of regulators in the 
forest. It is understood that a number of small regulators along the Gulpa Creek and Edward 
River are not included in the model; however the influence of the omitted smaller regulators 
from the modelling is considered negligible. 

• The regulator data provides an estimate of structure operation, with semi quantitative 
records such as open, fully open, or partially open; requiring some subjective assumptions 
regarding what is partially open.  

• No operational data was available for Gulpa and Edward offtake regulator and it was 
assumed to be fully open with a constant flow.  

• As with any modelling exercise of this nature, the quality of model outputs can only be 
expected at best to be equivalent to the quality of those used as inputs, the numerical 
scheme and the inherent assumptions in the hydraulic modelling process. Some sources of 
output uncertainty related to the input data for the hydraulic modelling include: 

- LiDAR data 
- Bathymetric and cross-section survey 
- Definition of hydraulic controls/structures 
- Observed flood flows  

 
• Sources of uncertainty related to the hydraulic modelling process include: 

 
- Model numerical and computational schemes – these relate to the ability of the 

model to replicate the physics of free-surface flow in channels and over land  
- Floating point accuracy of computing resources (truncation errors) 
-  Model schematisation and set-up 
-  Model parameter selection such as computational time-step, surface friction and 

other energy-loss parameters 
- Level/accuracy of model calibration 

 
Due to the complexity of relationships between the input data and modelling outputs, there is no 
direct correlation between input and output data accuracy. Further, the error bounds on the data 
inputs are generally not cumulative. As stated earlier the degree of accuracy achieved by the model 
is thought to be more than adequate to enable the evaluation of simulated flood scenarios within 
the Barmah-Millewa Forest. 

7. Future Work 
The new re-calibrated hydraulic model will be used to; 



15 
 

- Run steady state flows at Tocumwal to analyse flood inundation in Barmah-Millewa forest  
- Modify BigMOD to replicate the MIKEFLOOD model results 
- Modify Source model to replicate hydraulic model results and modified BigMOD output. 
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Appendix A:   
Table A. 1: Roughness parameters for 1D model. 

River Chainage Roughness 
MURRAY_RV 0 0.034 
MURRAY_RV 8760 0.034 
MURRAY_RV 10300 0.034 
MURRAY_RV 14330 0.034 
MURRAY_RV 16100 0.034 
MURRAY_RV 20800 0.035 
MURRAY_RV 24905 0.035 
MURRAY_RV 27630 0.035 
MURRAY_RV 28126 0.035 
MURRAY_RV 29115 0.035 
MURRAY_RV 34130 0.035 
MURRAY_RV 41890 0.037 
MURRAY_RV 49940 0.037 
MURRAY_RV 51980 0.037 
MURRAY_RV 57990 0.042 
MURRAY_RV 66030 0.042 
MURRAY_RV 74080 0.042 
MURRAY_RV 82130 0.037 
MURRAY_RV 90170 0.037 
MURRAY_RV 94850 0.032 
MURRAY_RV 98220 0.033 
MURRAY_RV 106270 0.04 
MURRAY_RV 112080 0.04 
MURRAY_RV 114310 0.04 
MURRAY_RV 122360 0.034 
MURRAY_RV 124000 0.03 
EDWARD_RV 0 0.04 
EDWARD_RV 1040 0.035 
EDWARD_RV 1629 0.035 
EDWARD_RV 39660 0.042 
EDWARD_RV 63380 0.042 
BUDGEE_CK 0 0.075 
BUDGEE_CK 4000 0.075 
BUDGEE_CK 4100 0.075 
BUDGEE_CK 16540.4 0.075 
GULPA_CK 0 0.065 
GULPA_CK 54375.1 0.065 
CUTTING_CK 7.03 0.08 
CUTTING_CK 2053.05 0.08 
SWIFTS_CK 8.03 0.07 
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River Chainage Roughness 
SWIFTS_CK 1474.4 0.07 
KYNMER_CK 0 0.07 
KYNMER_CK 6443 0.07 
BUNNYDIGGER_CK 8 0.07 
BUNNYDIGGER_CK 2604 0.07 
PUNTPADDOCK_CK 5 0.03 
PUNTPADDOCK_CK 1147 0.03 
Tuppal_Ck 0 0.06 
Tuppal_Ck 8000 0.06 
Tuppal_Ck 8500 0.06 
Tuppal_Ck 93743.16 0.06 
NativeDog_Ck 0 0.05 
NativeDog_Ck 29627.64 0.05 
NativeDog_Ck 30316.76 0.05 
NativeDog_Ck 44735 0.05 
NativeDog_Ck 45462.42 0.05 
TAYLORS 0 0.05 
TAYLORS 5999.672 0.05 
TAYLORS 6500 0.05 
TAYLORS 33990 0.05 
Bullatale_Ck 0 0.05 
Bullatale_Ck 29953.39 0.05 
Bullatale_Ck 30353.38 0.05 
Bullatale_Ck 138540.5 0.05 
EDWARD_RV 25000 0.05 
Aluminy_Ck 0 0.055 
Aluminy_Ck 6982.397 0.055 
Aluminy_Ck 7480.496 0.055 
Aluminy_Ck 9000 0.055 
ARATULA 0 0.055 
ARATULA 16000 0.055 
Deep_CK_1 0 0.055 
Deep_CK_1 7000 0.055 
Deep_Ck_2 0 0.055 
Deep_Ck_2 1600 0.055 
TOUPNA_CK 0 0.05 
TOUPNA_CK 7017 0.05 
NativeDog_1 0 0.05 
NativeDog_1 2083.17 0.05 
Woperana_1 0 0.05 
Woperana_1 2000 0.05 
Woperana_2 0 0.05 
Woperana_2 200 0.05 
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Appendix B: 
 

 

Figure B1: Satellite image on 02/09/1991 when Tocumwal flow was 30000 ML/day.   
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Figure B2: Mike flood inundation area for 30000 ML/day at Tocumwal. 
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Figure B3: Satellite image on 29/07/2013 when Tocumwal flow was 21 to 26000 ML/day.   
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Figure B4: Mike flood inundation area for 25000 ML/day at Tocumwal. 
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  Figure B5: Satellite image on 14/08/2013 when Tocumwal flow was around 28500 ML/day.   
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Figure B6: Mike flood Inundation area for flow 25000 ML/day at Tocumwal. 
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