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1 EXECUTIVE SUMMARY 

In August 2010, Northern Energy Corporation Ltd (NEC) submitted an 
environmental management plan (EMP) for the Colton Mine project site to the 
Department of Environment and Resource Management (DERM). DERM requested 
a number of issues to be clarified including those surrounding surface water 
management. In particular DERM required NEC to undertake the following: 
 

ñ... obtain a better understanding of likely water quality to be discharged (if 
possible) and further assess the potential effects of the release. This would 
require an assessment of both near field mixing and further field effects. 
Comparison against relevant water quality objectives (including toxicant trigger 
values) would be needed.ò 

 

NEC commissioned a team including WRM, Hydrobiology and DHI Water & 
Environment Pty Ltd (DHI) to undertake an assessment of the potential of releasing 
mine water from the proposed Colton Mine site to the Mary River estuary based on 
field monitoring campaigns and various modelling studies. This report describes the 
hydraulic and advection dispersion modelling undertaken by DHI. 
 
Concentrations of various elements expected in the mine water release at the 
discharge point were compared with the simulated concentrations at the upstream 
end of the High Environmental Value reach of the Mary River estuary. 
 
The results of the analysis indicate that the Mary River has significant capacity to 
assimilate the expected concentrations of various elements in the mine water 
released from the proposed Colton Mine.  
 
An operational rule has been developed to guide the release of water from the mine 
that maintains the water quality to within acceptable guideline threshold values. 
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2 INTRODUCTION 

2.1 Background 

Northern Energy Corporation Limited (NEC) is seeking to develop the Colton Coal 
Project, an open cut coal mine in the Burrum Coal Measures north-east of 
Maryborough. The proposed mine will deliver 0.5Mt/a of product coking coal from an 
estimated 5 million tonne reserve, over a project life of 8 to 10 years. 
 
NEC submitted an Environmental Management Plan to the Department of 
Environment and Resource Management (DERM) on August 12, 2010.  
 
In a letter of 24 September 2010, DERM requested more information on the 
proposal for mine water release. The information is required to assess the risks to 
the environmental values of the Mary River, particularly in the section declared as 
Level 1 or High Ecological Value under the Mary River Environmental Values and 
Water Quality Objectives (under schedule 1 of the Environmental Protection Water 
Quality Policy 2008).  
 
In particular, more information was requested on: 
 

1. the contaminant loadings from overburden and waste rock storage areas; 
2. the quality of water that will be contained (and released from) the main mine 

dam; 
3. the likely timing of discharges; 
4. the likely quality of discharges; 
5. the resulting salt and metal concentrations within the Mary River when it is 

receiving discharges from the mine; and 
6. if the discharge will meet the water quality objectives for the Mary River that 

will ensure protection of its Environmental Values. 
 
NEC commissioned a team including WRM Water & Environment Pty Ltd, 
Hydrobiology QLD Pty Ltd and DHI Water & Environment Pty Ltd (DHI) to assess 
the impacts of releasing mine water from the Colton Mine site to the Mary River 
Estuary. 
 
DHI was engaged to undertake advection dispersion modelling to assess the 
potential impact of the release on water quality within the Mary River. The results 
will be used to inform a detailed impact assessment which comprises the following 
other assessment study reports: 
 

¶ Mine Site Water Balance Model ï WRM Water & Environment Pty Ltd 

¶ Geochemical risk assessment ï Hydrobiology QLD Pty Ltd/C&R Consulting Pty 
Ltd; and 

¶ Ecotoxicology impact assessmentï Hydrobiology QLD Pty Ltd. 
 
The remainder of this report focuses on the Mary River Dispersion Study undertaken 
by DHI. 
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3 STUDY APPROACH 

3.1 Scope of Study 

The objective of the modelling study undertaken by DHI was to:  
 

¶ Develop a one dimensional hydrodynamic and advection dispersion model for 
the Mary River and estuary between the barrages and River Heads, and 

¶ Assess the potential dilution of released mine water from the proposed Colton 
Mine to the Mary River.  

 

3.2 Description of the study area  

The Colton Mine is planned to be located east of the town of Aldershot, north of 
Maryborough.  Mine water will be discharged to the Mary River close to the 
Saltwater Creek confluence.  
  
The model domain extends from Mary and Tinana barrages upstream to River 
Heads downstream. The downstream reaches of the Mary River estuary are in a 
high environmental value (HEV) zone declared under the EPP (Water) 1994. A key 
issue to be addressed by the Environmental Management Plan prepared by NEC is 
the effects of the mine water discharge on the aquatic environment extending from 
the location shown in Figure 1 to River Heads and further into Great Sandy Straits.  

 

 
Figure 1 Mary River study area 
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3.3 Modelling Approach  

The one-dimensional hydrodynamic model of Mary River was developed using 
MIKE 11. The model was coupled with an Advection-Dispersion (AD) model to 
provide an assessment of dilution rates for discharged mine water from the 
proposed site.  
 
When simulating dilution using the AD model, a mass conservative tracer element 
set at a nominal concentration of 100 mg/L (representing 100%) is released at the 
discharge point. This allows an estimate of the amount of dilution applied by the 
model within its domain. This dilution factor is then scaled to the expected 
concentration of any given element in the released mine water. The resulting in-
stream concentrations are compared to water quality guidelines at the HEV reach of 
the Mary River estuary. This method assumes that no other bio-physical processes 
are effecting the dilution. 
 
The 1D modelling approach assumes a fully mixed condition both laterally and 
vertically in the river channel. This assumption is suitable for the purposes of making 
a broad assessment of the assimilative capacity of the estuary to receive the mine 
water releases.  
 
The assumption of fully mixed conditions is supported to some extent by the ADCP 
transect data in the river bend near the discharge point (T3 ï T4). These data show 
that even under the fairly low velocity flows measured during the monitoring day (9 
Dec 2010) the helical flows developed around this bend will result in significant 
mixing across the channel (see Appendix A). However the actual extent of mixing 

in the near field mixing zone will largely be determined by the type of outlet and/or 
diffuser that are installed at the discharge point. 
 
NEC and DHI are currently having discussions with Wide Bay Water regarding the 
requirements for the discharge outlet. The design of an efficient diffuser would 
support the assumption that is inherent in a one dimensional modelling approach 
since an adequately designed diffuser will act to rapidly mix the mine water across 
the river cross section. 

3.3.1 Near-field mixing tests 
An investigation of the potential near field mixing was undertaken using the Cormix 
modelling package developed by the US EPA. Details regarding the Cormix model 
set-up and results are provided in Appendix B.  
 
The sensitivity tests undertaken highlight the variability in results primarily 
depending on the density differences between the mine water and the receiving 
waters. The results can also vary depending on the exit velocity and location of the 
outlet pipe. 
 
A simple diffuser arrangement of a single pipe releasing water close to the bed at 
100 L/s with a diameter of 300mm was assumed. Where there is significant vertical 
stratification of the flow, due to either mixing between seawater and freshwater or 
due to release of significantly buoyant discharges, Cormix results should be taken 
with caution due to the dynamic nature of the flow.  
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In the case of negatively buoyant releases, where the discharged water sinks to the 
bottom and is very slowly dispersed may, it may be relevant to consider a more 
efficient discharge arrangement such as a multiport diffuser, that can enhance the 
initial mixing. 

3.4 Software Description 

DHIôs MIKE 11 model is a professional engineering software package for the 
simulation of flows, water quality and sediment transport in estuaries, rivers, 
irrigation systems and other water bodies. MIKE 11 is a one-dimensional, fully 
dynamic modelling tool. The hydrodynamic (HD) module forms the basis for most 
add-on modules including the Advection-Dispersion module. MIKE 11 HD solves the 
vertically integrated equations for the conservation of continuity and momentum, i.e. 
the Saint Venant equations. The model simulates water levels and flows in response 
to specified boundary conditions (water levels, flows or Q-h relations).  
 
The MIKE 11 AD model simulates the mixing of a dissolved or suspended 
substance in an aquatic environment. The AD module is dynamically coupled with 
the HD module and includes:  
 

¶ conservative or linearly decaying substances  

¶ a dispersion scheme based on a dispersion coefficient formulation  
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4 MODEL DEVELOPMENT 

4.1 Available Data 

4.1.1 Bathymetry 
In December 2010, Cullen & Couper carried out a bathymetric survey of Mary River 
and its tributaries in the area of interest. River bed soundings were conducted at 
cross-sections shown in Figure 2.  
 

 
Figure 2 Bathymetric survey cross-sections 

4.1.2 Conductivity-Temperature-Depth (CTD) measurements  
Hydrobiology were commissioned to conduct CTD measurements at three locations; 
Aubonville, Beaver Rocks and River Heads. The data was collected from December 
12th to December 22nd. Data collection at Beaver Rocks was especially important as 
the HEV starts here. The locations where fixed CTD data were available are shown 
in Figure 3. 

 
These data have been used to calibrate the advection dispersion model as shown in 
Section 4.3. 
 

CTD casts were also taken at various locations along the Mary River during the 
detailed field campaigns. More information on the mobile CTD casts is available in 
the field monitoring report prepared by Hydrobiology. 
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Figure 3 Locations of fixed CTD measurements 

4.1.3 Acoustic Doppler Current Profiler (ADCP) measurements 
Hydrobiology also conducted ADCP measurements of the velocity and discharge 
over the period from December 7th to December 9th at seven transects (see Figure 

4). It was not possible to collect data at one of the transects (Transect 7) due to 
difficult field conditions. The recorded discharge and velocity data is not continuous 
over the three day period; for some transects it was possible to collect only one data 
point.   
 

 
Figure 4 Location of ADCP measurements 
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4.1.4 Recorded Flows 
Daily recorded heights from Mary River and Tinana Creek barrages were available 
from 2002 (SunWater, 2011). The gauge height data were converted to discharges 
using a rating curve supplied by SunWater. 

4.1.5 Simulated Flows  
WRM provided simulated flows from Mary River and Tinana Creek barrages and the 
Colton Mine. Flows from the barrages were available from January 1890 to 
June 1999. Flows from the mine were available from January 1900 to 
December 2010. The Colton Mine is releasing mine water less than 30% of the time 
and typically during high flows in Mary River. The annual variability in simulated 
discharges from both barrages compared with the simulated mine discharge is 
shown in Figure 15. Further analysis of this data is included in Section 6. 

4.2 Hydraulic Model 

4.2.1 Model Network 
The MIKE 11 model domain is shown in Figure 5. The network extends from Mary 
River and Tinana barrages upstream to River Heads downstream. The orange 
trapezoids show the locations of cross-sections in the MIKE 11 model.  The cross-
sections were generated from the bathymetric survey data points using MIKE 11 
GIS. At the downstream estuarine end of the Mary River, the bathymetric survey 
data did not cover the entire river width at high tide. This was because the 
hydrographic survey equipment was not able to access the shallow areas.  
 
To account for the additional water volume flowing through the estuary at high tide, 
cross-sections in the orange shaded area were extrapolated to the river banks. This 
relatively minor modification has resulted in an improved calibration when comparing 
the model results to the measured discharges in the Mary River (see Section 5.1). 
 

 
Figure 5 MIKE 11 model network 
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4.2.2 Boundary Conditions 
The HD boundary conditions applied in the MIKE 11 model are shown in Figure 6. 
Recorded flows from Mary River and Tinana barrages were used as upstream 
boundary conditions. At River Heads a water level boundary was applied. Recorded 
water levels were only available from December 8th to December 23rd 2010. For the 
remaining part of the year a predicted tide was used. The tide was predicted based 
on harmonic constituents at Urangan standard port (Australian Hydrographic 
Service, 2010) and corrected to match the predicted tide at Kingfisher Bay (Maritime 
Safety Queensland, 2010). The remaining boundaries were closed.  
 

 
Figure 6 MIKE 11 HD boundary conditions 

4.2.3 Roughness 
The bed resistance was used as a calibration parameter. The best HD calibration 
was achieved with a bed resistance (Manning n) of 0.03 upstream of the HEV 
boundary and of 0.02 downstream of the HEV boundary. The hydraulic radius 
formulation was applied using the total area with the relative resistance constant 
across the whole cross section. 

4.3 Advection Dispersion Model 

The purpose of the AD modelling was to assess the impacts of mine water 
discharge on Mary River. A tracer with a concentration of 100 mg/L was introduced 
as a point source in the AD model at the discharge location. The resulting tracer 
concentrations in the model domain could then be converted to a percentage 
reduction in concentration. These tracer concentration can then be scaled up or 
down to match the expected concentration of various elements in the discharged 
mine water. 
 
In addition to the tracer, salinity was introduced to calibrate the AD model. Both 
compounds were assumed to not be affected by any processes other than advection 
and dispersion.  
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4.3.1 Initial Conditions 
The initial tracer concentration was set to zero in the entire model domain. At River 
Heads, the typical constant ocean salinity of 35 PSU (Practical Salinity Unit) was 
applied. The inflows from Mary River and Tinana barrages were assumed to be 
freshwater inflows, i.e. the salinity was set to 0 PSU.  

4.3.2 Mine Water Discharge 
The mine water discharge having a constant tracer concentration of 100 mg/L was 
introduced into the MIKE 11 model as a point source as shown in Figure 1.  
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5 MODEL CALIBRATION AND SENSITIVTY  

5.1 Hydrodynamic Model Calibration 

The HD model was calibrated against water levels, discharges and velocities at the 
locations shown in Figure 3 and Figure 4. Time series plots of water level, 

discharge and velocity comparing the measured data at the ADCP devices with the 
modelled data are presented in Figure 7, Figure 9 and Figure 10. A reasonable 

water level calibration was achieved, except in the period from December 13th to 
December 15th 2010 when the model significantly underestimates the water levels at 
low tide. On December 12th and 13th a total of 96.2 mm of rainfall was recorded in 
Maryborough. It is believed that the intense rainfall resulted in overland flow in 
Maryborough and high flow in the Mary River tributaries, which the model does not 
account for. The calibration results of one tidal cycle are shown in the right pane of 
Figure 7. The model matches the peaks and troughs very well; the maximum phase 
difference is less than 15 min.  
 

 
Figure 7 Comparison of measured and modelled water levels at Aubonville and Beaver Rocks 

 
To test whether the model is biased, measured and modelled water levels from 
December 10th to December 22nd 2010 were plotted against each other as shown in 
Figure 8. A perfect fit is represented by the red line y=x. The fit at Beaver Rocks is 

reasonable, which is important as the HEV starts here. The underestimation of water 
levels from December 13th to 15th at Aubonville can also clearly be seen.  
 

 
Figure 8 Measured versus modelled water levels at Aubonville and Beaver Rocks 
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The discharge and velocity calibration is also good. The model reproduces the 
measured discharges and velocities at Transect 6 (start of the HEV) quite well, 
which is crucial as it is the area of highest interest.  
 

 
Figure 9 Comparison of measured and modelled discharges and velocities at transects 1 to 4 

 
 

 
Figure 10 Comparison of measured and modelled discharges and velocities at transects 5, 6 and 8 
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5.2 Advection-Dispersion Model Calibration 

Two parameters were used in the AD calibration - the dispersion coefficient (EL) and 
a factor called kmix. kmix is used at locations where outflow from the model area takes 
place. When an outflow boundary becomes an inflow boundary during a model 
simulation (e.g. due to tidal conditions as is the case at River Heads) the 
concentration C at the boundary is calculated according to: 

 

ὅ ὅ ὅ ὅ Ὡ  

 
Here Cbf is the concentration specified at the boundary, Cout is the computed 
concentration at the boundary immediately before the flow direction is changed, tmix 
is the time since the flow direction changed and kmix [h

-1] is a factor used to increase 

the time after change in flow direction at which the concentration at the boundary 
returns to Cbf.  

 
For the current model kmix provides an estimate of the amount of mixing that occurs 
when the tide forces the flow downstream of River Heads and therefore out of the 
model domain. 
 
The advection dispersion model was calibrated against measured salinity values 
from the CTD probes mentioned in Section 4.1.2 above. The comparison between 

measured and modelled salinity at Aubonville, Beaver Rocks and River Heads is 
shown in Figure 11. On December 13th the measured salinity at River Heads drops 
significantly and stays at an average level of 10-15 PSU while the modelled salt 
concentration still peaks at 35 PSU. This supports the hypothesis that significant 
freshwater inflows, flushing the salt out of the estuary, were not accounted for in the 
model. The salinity drops at the same time at which the model starts to 
underestimate the water levels, see Figure 7. The measured salt concentration at 

Aubonville and Beaver Rocks is below 1 PSU. At such low salinity it is difficult to 
assess whether the salt originates from the ocean or from runoff from agricultural 
land, making the data unsuitable for calibration.  
 
Typically we would expect much more variation in the salinity profile at Beaver 
Rocks and Aubonville. The measured data at Beaver Rocks (Figure 11) shows 

some small variations in salinity at the start of the measurement campaign and the 
model shows a similar but larger pattern.  
 
The best fit between measured and modelled salinity that could be achieved by 
varying EL and kmix is shown in Figure 11. The best fit was obtained with EL=1 m2/s 

and kmix =0.75 h-1, but the parameter values are highly uncertain. As the AD 
calibration may only be improved if more data is collected it was decided to 
complete a number of sensitivity simulations to determine the range of variability in 
the tracer concentration for a range of dispersion coefficients.  
 
It is reasonable to use this approach to check whether the level of model sensitivity 
to this parameter requires a more detailed calibration. This is discussed further in 
Section 5.3. 
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Figure 11 Comparison of measured and modelled salinity at Aubonville, Beaver Rocks and River 

Heads 

5.3 Sensitivity testing 

Sensitivity testing was undertaken to investigate the effects of varying model 
parameters and their importance on the model results. A series of sensitivity tests 
were carried out to assess the significance of the dispersion coefficient and the 
simulation period. The sensitivity tests are summarised in Table 5-1. The dispersion 

coefficient of 1 m2/s based on the AD calibration is highly uncertain. It was estimated 
that dispersion coefficients from 1 to 100 m2/s represent a likely range of dispersion 
in Mary River. Running the model for different durations was important to investigate 
how periods of low and high flow affect the tracer concentration.  
 
The simulation period chosen for the sensitivity testing was 19271. See Section 6.1 
for a discussion on why this period was selected. 
 
 

                                            
1 These sensitivity tests have been done using the mine discharges initially submitted to DHI. 

Following a revision of the mine management plan there was an revised mine flow that incorporates a 

larger catchment area and therefore increased mine discharge. This revised discharge has been used 

for the final results. 
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Table 5-1 Sensitivity tests 

Test EL [m
2
/s] Simulation Period 

Test 1 1 1927 

Test 2 10 1927 

Test 3 100 1927 

Test 4 1 1927 - Double discharge from mine 

 
The reduction in tracer concentration at the beginning of the high environmental 
value zone for dispersion coefficients of 1, 10 and 100 m2/s is presented in box-and-
whisker plots in Figure 12. The tracer concentration is reduced by at least 98%.  

 
The magnitude of the dispersion coefficient does not affect the results significantly. 
This suggests that the primary mechanism for dispersion is advection rather than 
dispersion. The good calibration achieved for the HD model (see Section 5.1) and 
the limited effect of the sensitivity tests 1 ï 3 shows that the AD model is fit for 
purpose. 
 
While all care was taken in the development of the mine water balance model there 
is some uncertainty on the total amount of water to be released from the site. Test 4 
was undertaken to investigate the effect of significant increase (double the 
estimated release rate) in the quantities of water released from the mine.  
 
It can be seen in Figure 12 that while the maximum concentrations reached have 

increased the bulk of the concentrations have not changed significantly from the 
other sensitivity tests. Over 75% of the concentration values simulated showed a 
reduction concentration of greater than 99% with a minimum reduction in 
concentration of approximately 97%. 
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Figure 12 Box-and-whisker plots showing the reduction in tracer concentration at the beginning of the 

high environmental value zone for sensitivity tests 1-4 

 
The maximum amount of reduction in the tracer concentration along the river for 
Test 1 is shown in Figure 13. This figure highlights that the initial dilution of greater 

than 98% is achieved as soon as the mine water is released to river. The size of the 
channel does not vary greatly between the discharge point and the HEV reach. Past 
this point the channel widens out significantly and further dilution is achieved. 
 

 
Figure 13: Maximum reduction in tracer concentrations along the Mary River during 1927.  
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6 MODELLING RESULTS  

6.1 Water quantity scenarios 

Simulated river flows at the Mary and Tinana barrages were extracted from the 
Department of Environment and Resource Managementôs IQQM model for Mary 
River catchment. Simulated flows with full water resource plan entitlements were  
extracted for the period 1900 to June 1999.  
 
The simulated time series was supplemented with recently recorded data. Water 
levels recorded by SunWater at the barrages for the period 2002 until 2010 were 
converted to discharges using rating curves supplied by SunWater.  
 
A flow duration curve covering the period 1900-2010 has been developed based on 
these Mary River barrage flows to describe the percentage exceedance (see Figure 
14). 

 

 
Figure 14: Flow duration curve for Mary River based on simulated flows 1900 ï 1999 

 
WRM Water & Environment Pty Ltd used the site water balance model to simulate 
behaviour of the site water management system under historical climate conditions. 
The model was set up to represent the area of disturbance and site water 
management system that would be in place for the final stages of the proposed 
project life.  
 
The daily time series of release volumes was modelled by WRM using the Goldsim 
software package and used as an input to the MIKE 11 dispersion model. Details of 
the site water balance model are provided in the Colton Project Site Water Balance 
Model Report (WRM, 2011). 
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The time series of these results comparing river flows at Mary and Tinana barrages 
and the mine release from 1900 to 2010 is shown in Figure 15. The black line 

shows the discharge at the Mary River barrange and the green line shows the 
corresponding discharge at the Tinana Barrage. Mine releases at 100 L/s and 200 
L/s are indicated by pink and blue lines respectively. 
 
When analysing this figure we can see that 1927, 1928, 1934, 1947, 1955, 1971, 
1976 and 1992 stand out as years of significant potential impact because large 
volumes of water need to be discharged beyond the period of high diluting stream 
flow (summer). These years were similar in terms of magnitude and duration of peak 
concentrations at the HEV reach of the Mary River estuary. 
 
The total flow from the Mary River Barrage in 1927 was 3,850,000 ML giving an 
exceedance value of around 9 ï 10 %. Based on these results we have selected a 
period 1927 as a representative high flow year. 
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Figure 15: Comparison of river flows and mine discharge quantities. 
















































































