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1 BACKGROUND 

1.1 Overview 

CITIC Pacific Mining Management Pty Ltd (CPM) is investigating the potential to expand the discharge capacity 
of an existing outfall located near the mouth of the Fortescue River (116.10° E, 21.00° S). RPS was 
commissioned by CPM to assess the potential for cumulative impacts resulting from this outfall and other 
existing and planned outfalls in the same region. 

The supply of water to the Fortescue River outfall is from mine pit dewatering. The source water has a salinity 
of approximately 70 ppt and CPM has previously identified salinity as the water quality characteristic that is 
most limiting for discharge to the environment. The Fortescue River outfall is currently approved for a total of 
12 GL per year, but the diffuser system is capable of discharging 21 GL per year. 

CPM also manages outfall for a desalination plant that is located approximately 20 km northeast of the 
Fortescue River mouth at Cape Preston. The desalination plant operates on seawater intake, so its waste 
discharge is a concentrated form of seawater brine. The discharge rate and salinity of the desalination plant 
outfall both vary in line with CPM operational requirements, but the annual discharge volume is approximately 
47 GL per year and the salinity is typically 55 ppt. 

There are two industrial solar salt projects proposed within a radius of 25 km of the Fortescue River outfall: the 
Mardie Project (Mardie Minerals Pty Ltd) and the Eramurra Industrial Salt Project (Leichhardt Industrials Pty 
Ltd). The Mardie Project is currently undergoing Environmental Protection Authority (EPA) assessment and if 
approved it will include an outfall for bitterns discharge approximately 20 km southwest of the Fortescue River 
outfall. The Eramurra Project is at a comparatively early stage of planning and is not currently being assessed 
by the EPA; however, based on referral material submitted to the EPA the scale of the project is intended to 
be broadly like the Mardie Project with a bitterns outfall planned nearby to the east of Cape Preston. 

The bitterns discharge from an industrial solar salt farm is likely to have a significantly different salinity 
composition to seawater. The EPA referral material for the Mardie Project indicates a plan to pre-dilute the 
waste bitterns with five parts seawater. Following pre-dilution, the outfall bitterns salinity will be 85 ppt and 
discharge volume will be approximately 22 GL per year. 

Modelling the cumulative impacts from each of the four outfalls amounts to an assessment of the likelihood 
that discharges will comingle in the same location. In this context, comingling can be considered as the 
additional salinity contribution of the three ‘secondary’ discharges over and above the salinity influence of the 
‘primary’ discharge for any given location. The primary discharge at a given location is the discharge that 
contributes the highest salinity of the four discharges, which in this case can be inferred generally by the 
distance from each source. The model can track the comingling of the discharges to very low concentrations, 
lower than those that could be detected by field measurements.  

The variability of the ambient background salinity in this region has been confirmed by routine field monitoring 
that has been carried out by CPM over recent years. At the reference monitoring location for the CPM 
desalination plant, the ambient salinity measured half-hourly by CPM throughout the years 2015 to 2019 has 
ranged between 35.8 ppt (20th percentile) to 36.7 ppt (80th percentile). The salinity range is expected to be 
larger nearer to shallow intertidal areas of the coast where salts are concentrated by evaporation. These areas 
become partially flushed through major drainage channels like the Fortescue River when there are high tides. 
CPM measured background salinity levels in the Fortescue River prior to the installation of the existing 
discharge outlet and found salinities ranging between 38.8 ppt (20th percentile) and 46.8 ppt (80th percentile). 
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2 MODEL FRAMEWORK 

2.1 Modelling Approach 

The modelling approach was designed to track the fate of each outfall at scales ranging from as small as 70 m 
nearby each outfall to tens of kilometres across the region more broadly. 

The outfalls at Fortescue River and Cape Preston both have diffuser systems to ensure that dense brine layers 
will not persistently form on the seabed near each outfall. It is reasonable to assume that the planned salt farm 
outfalls will include similarly adequate diffuser systems. Each outfall was introduced to the model via a single 
70 m by 70 m grid cell with a unique conservative tracer attached so that it was individually traceable. The 
outfall was added to the bottom-most of four layers, with each layer covering 25% of total depth. The grid scale 
of the model at the outfall locations (70 m) was set to approximately match the characteristics of each outfall 
after its initial dilution by a diffuser system. 

The modelling used a standardised discharge at each of the outfall locations. The results for each discharge 
were scaled during post-processing to match the best estimates of their respective future volumes and future 
concentrations. Although the background salinity is known to be variable, the modelling assumed a constant 
37 ppt background level. This simplifying assumption is necessary so that the effect of each discharge can be 
clearly separated from the background salinity. 

2.2 Model Development 

The Delft3D hydrodynamic model framework used for this study is the same framework that was previously 
presented to DWER in support of the present level of regulatory approval (RPS, 2021). 

The model framework included a fine scale grid (16 m) for the lower Fortescue River which was the focal area 
for the previous study. For this study the internal grids of the model framework were revised to incorporate the 
CPM desalination plant outfall and the two proposed salt farm outfalls. The revised model grids are shown in 
Figure 2.1 to Figure 2.5. 

Three grid zones with horizontal resolution of 70 m were established around each of the new outfalls. To 
achieve computational efficiency over the large model area and consistency between outfalls, the fine scale 
Fortescue River grid was coarsened to 70 m scale. The 70 m grid zones around the outfalls were connected 
by a grid with horizontal resolution of 210 m. All model grids were configured with four depth layers, with each 
layer representing 25% of the depth. 

The key inputs to the model framework are noted below. For further details refer to RPS (2021). 

• Water levels on the open boundaries were obtained from the TPXO8.0 database and augmented with a 
sea level anomaly from HYCOM. 

• Spatially-variable surface winds and pressures were sourced from CFSR. 

• Horizontal diffusivity was based on Delft3D sub-grid scale horizontal large eddy simulation (HLES). 

 



REPORT 

MAW0762J.004  |  Fortescue River Discharge Cumulative Impact Modelling  |  Rev 0  |  16 December 2021 

www.rpsgroup.com/mst  Page 3 

 

Figure 2.1 Outer model domain grid. Coloured dots represent the Mardie (orange), Fortescue River (green), Cape Preston (blue) and Eramurra (red) outfall locations. 
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Figure 2.2 Intermediate model domain grids. Coloured dots represent the Mardie (orange), Fortescue River (green), Cape Preston (blue) and Eramurra (red) outfall 

locations. 
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Figure 2.3 Mardie model domain grid with outfall location (orange dot) indicated. 
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Figure 2.4 Fortescue River model domain grid with outfall location (green dot) indicated. 
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Figure 2.5 Cape Preston model domain grid with Cape Preston outfall (blue dot) and assumed Eramurra outfall location (red dot) indicated. 
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2.3 Model Validation 

The previously-established model framework (RPS, 2021) was validated against measured data sampled in 
the Fortescue River (22 November to 14 December 2016). For this study the revised model framework was 
compared to water level data from the same measurement period (Figure 2.6). The results indicate a good 
comparison between water levels with respect to both phase and amplitude. The spring tide lows in the 
modelled data were limited by the depth in the model, which was based on the average of the measured depth 
values in the 70 m grid cell corresponding to the measurement location. 
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Figure 2.6 Comparison of measured and modelled water level data. The measurement location is displayed in the inset. 

 



REPORT 

MAW0762J.004  |  Fortescue River Discharge Cumulative Impact Modelling  |  Rev 0  |  16 December 2021 

www.rpsgroup.com/mst  Page 10 

2.4 Model Scenarios 

The modelling considered two scenarios to account for variation in dominant wind and current patterns in 
different seasons. The first scenario was a six-week ‘wet’ season period from 5 November 2016 to 
20 December 2016. The second scenario was a six-week period from 5 June 2016 to 20 July 2016, 
representative of the ‘dry’ season. Both scenarios were preceded by a 5-day model spin-up period. 

The discharge characteristics that were applied for both scenarios are presented in Table 2.1. The 
characteristic depth value listed in Table 2.1 gives an approximate indication of the depth in the vicinity of each 
outfall location. 

For each scenario the 80th percentile of the dilution was calculated and mapped for all grid cells in the model 
domain. 

 

Table 2.1 Assumed characteristics of each outfall. 

 Mardie Fortescue River Cape Preston Eramurra* 

Location 
115.9363°E 
21.0487°S 

116.0976°E 
21.0094°S 

116.1902°E 
20.8204°S 

116.2325°E 
20.8338°S 

Discharge rate (GL/yr) 21.6 21.0 46.8 21.6 

Discharge rate (L/s) 685 667 1,484 685 

Discharge concentration 
(ppt) 

85.4 70.0 55.0 85.4 

Characteristic depth at 
outfall location  
(m MSL) 

2.5 2.5 15.0 3.5 

* The discharge characteristics of Eramurra are not defined, and for the purpose of modelling the characteristics of Mardie (being a similar 
operation) have been assumed.  
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3 MODEL RESULTS 

The 80th percentile standardised dilution results are presented for the wet season and the dry season scenarios 
in Figure 3.1 to Figure 3.4 and Figure 3.5 to Figure 3.8, respectively. Each mapped figure shows the influence 
of a single outfall with dark blue indicating areas where the 80th percentile exceeded 1,600x dilution. At the 
other end of the dilution scale white patches, if visible, indicate areas where the 80th percentile dilution was 
less than 100x. The salinity context for the dilution scale is provided in Table 3.1, which provides an equivalent 
salinity value reference for the dilution of each discharge. It should be emphasised that all dilution values 
presented in the mapped figures represent salinities less than 1 ppt above background, except for the minimum 
dilution category (i.e. the white patches indicating <100x) which is technically unbounded. 

The mapped results indicate that the Mardie and Fortescue River outfalls travel further at relatively lower 
dilution levels than the Cape Preston and Eramurra outfalls. This difference is mainly due to the relatively 
shallow depth of the waters surrounding the Mardie and Fortescue River outfalls. The Mardie and Fortescue 
River outfalls also tend to become trapped along the boundary of the coastline, which is also shallow. 

There are clear seasonal differences between the wet and dry seasons, most clearly seen in the Fortescue 
River outfall results. The dominant direction of transport in the wet season is eastwards along the coast toward 
Cape Preston. In the dry season the dominant direction of transport is generally reversed. The seasonal 
direction patterns are the same at the Mardie outfall, which suggests it is unlikely for these plumes to be 
directed towards each other at the same time. 

Comparison of the Mardie and Fortescue River outfalls for the dry season indicates that the Fortescue River 
outfall travels farther at lower dilution levels. This is likely because the outfall is located in a strongly tidal 
estuary and the release of excess salinity is more strongly synchronised with the outgoing tide. 

The minimum dilution category (<100x) did not map to any visible areas for the Mardie, Cape Preston and 
Eramurra outfalls, implying that dilution levels more than 100x were achieved everywhere at the 80th percentile. 
For the Fortescue River outfall, the minimum dilution category was not exceeded beyond 7 km from the outfall 
in either season. 

In general, the mapped results for the individual discharges indicate that comingling between outfall discharges 
is unlikely for dilution levels less than 400x. The only primary and secondary dilution footprints that show some 
overlap below the 400x dilution level are the Mardie and Fortescue River outfalls. Even in this case, the highest 
absolute concentrations are still observed near each outfall, rather than in the area of maximum comingling. 
By referring to the salinity values for the 400x dilution level in Table 3.1 it can be approximately inferred that 
the contribution of a secondary discharge to comingling is likely to be less than 0.12 ppt at all locations. 

The salinity results for the individual discharges were added together to show the total salinity above 
background that would be expected from all sources combined in each season as spatial colour-contour maps 
(Figure 3.9 and Figure 3.10). The combined results show that the total salinity increase due to these discharges 
is always less than 1 ppt above background, except near to the Fortescue River discharge location. 

Because the combined salinity results do not allow the contribution of individual discharges to be distinguished, 
the combined results shown in Figure 3.9 and Figure 3.10 also show boundaries of the individual contribution 
of each discharge to the total salinity delineated at the 0.15 ppt level. The results show that the individual 
0.15 ppt contours are always well separated, which confirms that the secondary contributions to comingling 
are always less than 0.15 ppt. 

The secondary comingling contribution of 0.15 ppt above background is significantly less than the variability in 
refence salinity values that have been measured at waters offshore of Cape Preston and in the Fortescue 
River. The relatively small magnitude of the comingling effects combined with the background salinity 
variability, particularly near to intertidal drainage areas along the coastline, imply that the comingling effects 
would be undetectable from salinity measurements made in the field. 
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Table 3.1 Relationship between dilution and salinity based on initial concentration of each discharge and an 

assumed background salinity of 37 ppt for all discharges 

 Final salinity given initial discharge concentration and dilution target 
(ppt) 

Dilution Level Mardie 
(85.4 ppt) 

Fortescue River 
(70.0 ppt) 

Cape Preston 
(46.8 ppt) 

Eramurra 
(85.4 ppt) 

50 37.97 37.66 37.20 37.97 

100 37.48 37.33 37.10 37.48 

200 37.24 37.16 37.05 37.24 

300 37.16 37.11 37.03 37.16 

400 37.12 37.08 37.02 37.12 

500 37.10 37.07 37.02 37.10 

800 37.06 37.04 37.01 37.06 

1,200 37.04 37.03 37.01 37.04 

1,600 37.03 37.02 37.01 37.03 

 



REPORT 

MAW0762J.004  |  Fortescue River Discharge Cumulative Impact Modelling  |  Rev 0  |  16 December 2021 

www.rpsgroup.com/mst  Page 13 

 

Figure 3.1 Individual dilution results for the Mardie Project outfall in the Wet season. 
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Figure 3.2 Individual dilution results for the Fortescue River outfall in the Wet season. 
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Figure 3.3 Individual dilution results for the Cape Preston outfall in the Wet season. 
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Figure 3.4 Individual dilution results for the Eramurra Project outfall in the Wet season. 
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Figure 3.5 Individual dilution results for the Mardie Project outfall in the Dry season. 
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Figure 3.6 Individual dilution results for the Fortescue River outfall in the Dry season. 
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Figure 3.7 Individual dilution results for the Cape Preston outfall in the Dry season. 
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Figure 3.8 Individual dilution results for the Eramurra Project outfall in the Dry season. 
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Figure 3.9 Colour-contour map shows salinity increases attributable to all discharges combined for the Wet season. Coloured contours (where visible at this map scale) 

indicate the boundaries of the individual discharge contributions at the 0.15 ppt level.  
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Figure 3.10 Colour-contour map shows salinity increases attributable to all discharges combined for the Dry season. Coloured contours (where visible at this map scale) 

indicate the boundaries of the individual discharge contributions at the 0.15 ppt level. 
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