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1. Introduction 

 Project Overview 

Onslow Iron Pty Ltd (ACN 612 668 201, herein MRL), a wholly owned subsidiary of Mineral Resources 

Limited (ACN 118 549 910), is undertaking planning for the Ashburton Infrastructure Project (AIP, the 

Proposed Action) to service iron ore mining and export developments in the West Pilbara region of 

Western Australia (WA). 

As part of an overarching business and operational strategy, MRL is undertaking planning to unlock 

stranded mineral assets in the West Pilbara region. The AIP will support MRL’s approved mine, the 

Buckland Project (herein referred to as Bungaroo South), (Ministerial Statement [MS] 906 and 

MS1147), other future iron ore deposits at Kumina and facilitate export opportunities for third party 

stranded iron ore from the West Pilbara.  

The AIP includes a fully sealed private haul road, commencing at the boundary of the approved 

Bungaroo South haul road and will continue approx. 150km west to the Port of Ashburton (Port), where 

landside and marine facilities are proposed to be developed to export iron ore. The AIP Development 

Envelope (DE) comprises four separate DEs, the Haul Road DE and three port marine DEs (Landside 

DE, Nearshore DE and Offshore DE). 

Export facilities within the Port include a dedicated nearshore berth facility along with offshore 

anchorages. The AIP will initially support the export of approximately 30million tonnes per annum of 

(Mtpa) of iron ore through the Port over a 10-year period as a Direct Shipping Ore (DSO). Future plans 

(pending approvals) are for the AIP to support export of up to 40Mtpa over a 30-year period.  These 

future plans are discussed in more detail within this section of this submission. 

The Port was established by Chevron for the Wheatstone Liquified Natural Gas Project (Wheatstone) 

and is located within the Ashburton North Strategic Industrial Area (ANSIA) and is managed by the 

Pilbara Ports Authority (PPA). 

In 2020, a change in the nominated proponent from Chevron to PPA was approved for the shipping 

channel, Materials Offloading Facility (MOF), and access road at the Port. Through consultation with 

PPA, MRL understands that a s.45C application under the Environmental Protection Act 1986 (EP Act) 

to amend MS1131 to include allow for the development of the AIP. MRL are planning on entering a 

commercial arrangement with PPA (via the submission of Development and Construction Applications), 

whereby, MRL enter into a lease agreement with PPA, allowing the AIP to be developed and for MRL 

to carry out activities on PPA vested lands, sea bed or water areas. 

The AIP will utilise proposed and existing marine facilities to load ore onto Transhipping Vessels (TSVs) 

that will travel along PPA’s dredged shipping channel, out to deep water (up to 40m depth), to five 

dedicated anchorage points approx. 10km from Thevenard Island. Iron ore will be loaded from TSVs 

onto Capesize, Ocean Going Vessels (OGVs) at a maximum of two of the five anchorage points at any 

one time. Five anchorage points have been included within the AIP to allow for operational flexibility to 

factor in for adverse weathers conditions, operational issues, maintenance requirements and ship 

scheduling. 
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In relation to the port, the location of the jetty and associated components within the Landside and 

Nearshore DEs are situated away from mangroves adjacent to existing port infrastructure. The design 

of the piled jetty structures also minimises impacts on longshore current patterns.  

MRL are proposing to use PPA’s existing Spoil Ground C adjacent to the Port for placement of dredge 

material. Utilising an existing offshore disposal location vs developing a new offshore dredge material 

area or an onshore disposal area, was considered to present a better overall outcome, due to the 

avoidance of new disturbance to the seabed or native vegetation. Detailed investigation into onshore 

disposal was not recommended nor undertaken due to the known nature of potential spoil material from 

the AIP being unsuitable composition for onshore disposal. 

The final location of the five anchorage points within the Offshore DE were selected to avoid benthic 

habitat, which was mapped within the anchorage investigation area as being limited to the 30 m depth 

contour, with the seabed beyond this depth being predominantly bare sand. 
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Figure 1 Ashburton Infrastructure Project Location 
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Figure 2 Ashburton Infrastructure Project marine development envelopes and associated infrastructure 

 



 

 
 12 

Mineral Resources Limited  
Ashburton Infrastructure Project: Brine Plume Modelling 

 

21MET-0002-04/R210111 

 

 Objective: bitterns discharge modelling 

The primary objective of this report is to address the anticipated requirement for environmental 

assessment for the AIP desalination plant in relation to potential ecotoxicity impacts on the receiving 

environment, resulting from the operational brine wastewater release into the marine environment. 

A secondary objective is to comment on the potential for recirculation between the outfall and intake, 

as excess contaminant in the intake stream may affect plant operability.  

 Scope of work: bitterns discharge modelling 

This report deals with the numerical assessment of the bitterns discharge. The scope associated with 

the primary objective of this of this study [EIA] was to: 

1. Define dilution requirements to meet environmental quality objectives as per EPA (2016); 

2. Use a near-field outfall mixing model to define outfall nozzle characteristics for two predefined 

discharge rates [0.284 GL/a and 2 GL/a], and determine that the environmental quality 

objectives are likely to be met near to the outfall 

3. Refine an existing coupled wave and hydrodynamic (ocean current) model for use in assessing 

the far-field dilution of brine and other contaminants associated with the outfall; 

4. Define the simulation scenarios to assess the potential environmental impacts of this bitterns 

discharge; 

5. Undertake far-field transport modelling for two predefined discharge rates (0.284 GL/a and 

2 GL/a); 

6. Evaluate the far-field transport predictions against the guidance of EPA (2016) 

7. Provide information to support the preparation of an Environmental Quality Plan (EQP) for the 

bitterns outfall. 

The selection of outfall nozzle characteristics was to be a high-level conceptual design to demonstrate 

the environmental quality objectives can be readily met. Detailed design and detailed evaluation of 

hydraulic performance were excluded at this stage of the project. Defining zones of ecological protection 

and making recommendations for monitoring or compliance are also excluded.  

The scope associated with the secondary objective of this of this study [intake-outfall recirculation] was 

to: 

1. Interpret the near-field model results, and comment on the likely dilution to be achieved at the 

intake location 

2. Interpret the far-field model results, and comment on the likely accumulation of salinity, heat, 

and/or toxicants at the intake location 
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2. Background and desktop assessment 

 Project Documentation 

This report is a continuation of previous modelling studies and environmental sampling by O2M. The 

study refers to a series of site-specific reports and published documentation which are presented in 

Table 1. 

Table 1 Summary of project documentation 

Year Document Title Author/Publisher Report 

Number 

2021 MRL Ashburton Project: Sediment sampling and 

analysis plan - Implementation report 

O2 Marine R200334 

2021 MRL Ashburton Infrastructure Project: Water Quality 

Desktop Review 

O2 Marine R210065 

2021 MRL Ashburton Infrastructure Project: Base 

Hydrodynamic Model 

O2 Metocean R210110  

2021 MRL Ashburton Infrastructure Project: Dredge 

Plume Modelling (1) 

O2 Metocean R210111 

2021 MRL Ashburton Infrastructure Project: Brine 

Discharge Modelling 

O2 Metocean R210112 

2021 MRL Ashburton Transhipment Project: Benthic 

Communities and Habitat 

O2 Marine R200328 

2021 MIKE 3 Flow FM: Hydrodynamic module user guide DHI  

2021 MIKE 3 Flow FM: Mud transport user guide DHI  

2021 MIKE 21 and Mike 3 Flow FM: Mud transport module 

scientific documentation 

DHI  

 Seawater Desalination System 

At this stage the seawater salination system has not yet been designed but will include a permanent 

seawater intake and outfall diffuser within the AIP port area. MRL have requested that the current study 

 

1 This report 
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include predictions for two discharge rates, 0.28 GL/a (9 L/s) and 2 GL/a (65 L/s). Herein these are 

referred to as the low-flow Option and high-flow Option, respectively. For modelling purposes, the 

salinity and temperature of the outfall discharge have been assumed to be 70 PSU and +1°C above 

ambient, respectively.  

2.2.1. Diffuser design 

As the design of the plant and outfall have not been finalised at the present stage of the project, there 

is scope in this study for a selection of nozzle characteristics to ensure adequate mixing is achieved in 

the near-field, and that time-variable far-field turbulence is not relied upon to meet the Environmental 

Quality Objectives (EQOs). MRL have advised that the optimal diffuser location, based on preliminary 

engineering considerations, be placed between the eastern berthing and mooring dolphins. This is more 

exposed to ambient currents than the western dolphins, and so has potential environmental advantages 

also.  

For conceptual design purposes, we also imposed the constraint of a maximum nozzle discharge 

velocity of 7ms-1. Note that the maximum discharge velocity applies only to the relatively narrow nozzle, 

and the velocity across the outfall line would be appreciably less. As there is little information on 

discharge hydraulics (e.g. pumping), attempts have been made to minimise the number of nozzles, as 

large numbers of nozzles can lead to large head losses.  

The remaining free design parameters were: discharge height above the bed, angle of the discharge to 

the horizontal plane, number of nozzles and nozzle diameter.  
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Figure 3 MRL Desalination Plant intake and outfall locations.  

 Ambient temperature and salinity 

Table 2, adapted from O2M 2021m, indicates the seasonality of temperature and salinity. The seasonal 

values presented therein were used by DHI for modelling the Wheatstone outfall (see Chevron, 2018). 

We adopt these values herein as representative of summer and winter conditions at the site.  

Table 2 Raw seawater intake values used for modelling discharges of wastewater from the Wheatstone Project 

outfall (see Chevron, 2018) 

Parameters Units Season 

Summer Winter 

Temperature ºC 29.9 22.8 

Salinity  PSU 34.2 38.5 

 

For the purposes of modelling for environmental impact assessment, we have adopted summer 

conditions from Table 2, as this is the season with the greatest ambient-to-brine density differential will 

occur, and thus is the season where the brine will likely be most resistant to mixing in the marine 

environment. We return to discussion of seasonality, and recommendations for future modelling in 

Section 5. 
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 Dilution requirements for ecological protection 

2.4.1. EPA guidance 

The EPA (2016) provide a framework for protecting the quality of Western Australia’s marine 

environment via processes to spatially define, assess and manage potential impacts of proposals on 

marine environmental quality.  One of the processes relevant to this report is the spatial designation of 

the area around the outfall into four Levels of Ecological Protection (LEPs):  

1. Maximum; 

2. High; 

3. Moderate, and;  

4. Low. 

 

The environmental quality objectives (EQO) for the project will be to maintain specific levels of 

ecological protection within defined zones close to the project infrastructure. These zones are yet to be 

defined for the project, though the EPA (Technical Guidance Protecting the Quality of Western 

Australia’s Marine Environment (EPA,) provides the following guidance: 

A moderate level of ecological protection may be applied to relatively small areas within 

inner ports and adjacent to heavy industrial premises where waste discharges and 

contamination from current and/or historical activities may have compromised a high 

level of ecological protection. It may also be used to accommodate any accumulation 

of contaminants from anti-foulant paints, typically extending up to 250 m from ship 

turning basins and berths. 

and: 

A low level of ecological protection should only be considered around a wastewater 

discharge where the need can be technically justified. They should be as small as 

possible and linked to the zone of initial dilution where reasonably practicable to do so, 

usually extending no more than 70 m from the diffuser. These areas should be located 

within moderate ecological protection areas where available. 

As this discharge is to be within an active port, a zone of moderate LEP extending 250 m from the 

proposed port infrastructure, inclusive of berth infrastructure and ship turning basin is applicable. Herein 

we refer to this as the Moderate Ecological Protection Area (MEPA), and modelling results are 

interrogated to demonstrate that a high LEP can be met well before the boundary of this zone. The 

region beyond this boundary is herein referred to as the High Ecological Protection Area (HEPA). 

As no Low Ecological Protection Area (LEPA) has yet been defined for this project, modelling results 

are interrogated to demonstrate that a moderate LEP can be met well before the boundary of the zone 

mixing zone extending 70 m from the diffuser, as per EPA (2016). Herein we refer to this zone as 70 m 

mixing zone, or simply MZ70.  
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2.4.2. Dilution requirements 

Levels of ecological protection are defined in terms species protection levels (SPL), with low, moderate 

and high ecological protection defined as 80%, 90% and 99% levels of species protection, respectively. 

For an operational discharge, SPLs may be related to contaminant concentrations by targeted 

ecotoxicological testing with regionally appropriate species. At the early EIA stage, in the absence of 

ecotoxicity results, an appropriate surrogate test must be determined, or alternatively default guideline 

values as presented in the Australian and New Zealand Guidelines for Fresh and Marine Water Quality 

(ANZG 2018).  

We have identified ecotoxicity testing conducted for the Onslow Seawater Desalination Plant Project 

(O2M, 2021q) as being appropriate for this the environmental impact assessment for this discharge. 

This toxicity study involved a 64.1 ppt raw brine effluent sample from the Water Corporation’s Southern 

Seawater Desalination Plant, which is considered to have similar physical and chemical characteristics 

as compared to the brine for this study, tested against tropical species relevant to the Onslow and 

Ashburton marine environments. Filtered seawater dilution requirements to meet the 80%, 90% and 

99% SPLs for these species were derived (O2M 2021q) and are reproduced in Table 3.  

For the AIP project, where the exact effluent properties are unknown, we apply a factor of two in 

adopting these dilutions i.e. herein we assume that a 46 fold dilution is required for a high LEP, and a 

20 fold dilution is required for a moderate LEP (Table 3). Exact dilution numbers are expected to change 

once a sample is available for whole effluent testing, but the present approach is considered 

conservative for the early stage of this project.  

Table 3 Summary of toxicity testing dilution factors for Onslow SWDP (O2M 2021q) and the dilution 

requirements adopted for this study 

EQO: Level of Ecological 

Protection 

SPL [%] Dilution Factor required to 

meet SPL at Onslow (O2M 

2021q) 

Dilution factor adopted for the 

AIP project 

Moderate 90% 10 20 

High  99% 23 46 

 

 Salinity at intake 

No specific details have been provided as to the operating range for intake salinity, though the facility 

must be designed to tolerate the observed background variability of ~4 PSU (Section 2.3). Outfall-

induced increases in salinity that are small with respect to this seasonal variability will likely be 

acceptable.  
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3. Near-field Model 

The near-field dilution for the brine outfall was modelled using the UM3 model within Visual Plumes 

(U.S. EPA, 2003). UM3 is a three-dimensional model for simulation of multi-port and single-port 

submerged discharges (U.S. EPA, 2003, p. 1.3). 

Due to the many unknowns, particularly around hydraulics of the discharge, the diffuser design process 

undertaken here was rather informal, and no rigorous optimisation of the dilution potential was 

performed. Further, we do not present preliminary results or performance optimisation curves. We 

present only the details of the chosen conceptual designs and results showing that these designs 

readily achieve the required EQOs in a short distance of the outfall. 

The design parameters of the diffuser, brine proprieties, and key parameters of the discharge location 

used in each near-field model scenario are given in Table 4. For the low-flow option (0.29 GL/a), a 

satisfactory dilution (i.e. EQOs readily achieved in the near-field) could be achieved with a single 45 

mm nozzle, while for the high-flow option (2 GL/a) a two-port diffuser was required, with nozzle 

diameters of 75 mm. 

The near-field model was run for background current speeds of 0 m/s, 0.1 m/s, 0.3 m/s and 0.5 m/s, 

which span the range of background current velocities at the site, as extracted from the base 

hydrodynamic model (O2M, 2021).  These different current velocities were used for both the Low Flow 

and High Flow options resulting in a total of eight near-field scenarios. 

Table 4 Design parameters used in near-field modelling 

Item                                                 Units Low-flow option  High-flow option 

Outfall flow rate 

GL/a 0.29  2  

L/s 9 65 

m3/h 32 230 

Outfall / Diffuser location MGA-50 294288 m East,  

7600866 m West 

Nozzle 1: 294288 m East,  7600866 

m West 

Nozzle 2: 294306 m East,  7600860 

m West 

Water depth at discharge m LAT - 7.00 - 7.00 

Number of ports  1 2 

Port spacing  N/A 21 m 

Port Depth m LAT - 6.00 - 6.00 

Port diameter m 0.045  0.075  

Discharge velocity (m/s)  5.7  7.1*  

Port elevation angle ° 65 45 

Port azimuth  Perpendicular to tidal currents Perpendicular to tidal currents 

 Definition of end of near-field 

The end of the near-field is the point where mixing ceases to be dominated by differential momentum 

or buoyancy between the discharge and receiving environment, and mixing by background turbulence 

begins to take over. There is no objective definition for the end of the near-field, and it cannot be 
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resolved by a near-field only model. To assess the mixing that occurs at the edge of the near-field, we 

have defined the edge of the near-field as the point where either: 

1. The plume strikes the seabed, or; 

2. The plume is reduced to negligible buoyancy and negligible momentum difference from 

ambient. 

Negligible buoyancy is defined by the point where Fr<1, where the Froude number Fr is defined as: 

𝐹𝑟 =
𝑣𝑝

√𝑔′ × 𝑑𝑝

 

Where 𝑣𝑝 is the plume velocity, 𝑑𝑝 is the plume diameter, and: 

𝑔′ = 𝑔
Δ𝜌

𝜌𝑏𝑔
 

is the reduced gravity. Here g is the gravitational acceleration, 𝜌𝑏𝑔 is the density of the receiving 

environment, and Δ𝜌 is the density difference between plume and 𝜌𝑏𝑔 

Negligible momentum difference is defined as the point where the difference between the plume 

centreline momentum and the ambient momentum is less than 10%.  

No end of near-field definition based on sea-surface was required as the free design parameters were 

selected to ensure no surface interaction. 

 Model Results 

Near-field brine discharge model results for the low- and high-flow options are presented in Table 5 and 

Table 6, respectively, and shown graphically in Figure 4 and Figure 5, respectively. With the selected 

diffuser properties, and in cross currents of between 0 and 0.5 m/s, the diffuser for the lower discharge 

of option 1 performs slightly better than that of option 2. In all cases, however, both options achieve the 

dilution required for high LEP within 5 m.  

Table 5 Brine near-field modelling results for the low-flow option (0.285 GL/a). The maximum height reached (column 

2) is the maximum height of the plume centreline at any point in the plume trajectory. Distance to MEP 

is the distance the plume travelled before the EQO for moderate ecological protection was achieved (i.e. 

20-fold dilution). Distance to HEP is the distance the plume travelled before the EQO for high ecological 

protection was achieved (i.e. 20-fold dilution). 

Current Speed 

(m/s) 

Maximum 

height reached 

(m) 

End of near-

field distance 

(m) 

Dilution at end 

of near-field 

(fold) 

Plume 

diameter at 

end of near-

field (m) 

Distance to 

MEP (m) 

Distance to 

HEP (m) 

0.00 1.21 5 83 <3 <1 <5 

0.10 2.23 7 248 <6 <1 <2 

0.20 2.88 3 127 <3 <1 <1 

0.50 3.51 1 54 <2 <1 <1 
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Table 6 Brine near-field modelling results for the high-flow option (2 GL/a). The maximum height reached (column 2) 

is the maximum height of the plume centreline at any point in the plume trajectory. Distance to MEP is 

the distance the plume travelled before the EQO for moderate ecological protection was achieved (i.e. 

20-fold dilution). Distance to HEP is the distance the plume travelled before the EQO for high ecological 

protection was achieved (i.e. 20-fold dilution). 

Current 

Speed (m/s) 

Maximum 

height reached 

(m) 

End of near-

field distance 

(m) 

Dilution at end 

of near-field 

(fold) 

Plume diameter 

at end of near-

field (m) 

Distance to 

MEP (m) 

Distance to 

HEP (m) 

0.00 1.03 10 68 <5 <3 <8 

0.10 1.82 7 130 <7 <2 <4 

0.20 2.46 9 176 <6 <2 <3 

0.50 3.25 4 100 <3 <1 <2 

 

  
Cross current speed (W-E) 0.0 m/s 

 

Cross current speed (W-E) 0.10 m/s 

 

Cross current speed (W-E) 0.20 m/s 

 

Cross current speed (W-E) 0.50 m/s 

 

 

 

Figure 4 Graphical output from the near-field model of the low-flow option outfall. In each case the flow is entirely 

perpendicular to the horizontal component of the discharge. top left: 0 m/s, top right 0.1 m/s, bottom 

left: 0.2 m/s, bottom right 0.5 m/s.  
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Cross current speed (W-E) 0.0 m/s 

 

Cross current speed (W-E) 0.10 m/s 

 

Cross current speed (W-E) 0.20 m/s 

 

Cross current speed (W-E) 0.50 m/s 

 

 

 

Figure 5 Graphical output from the near-field model of the high-flow option outfall. In each case the flow is entirely 

perpendicular to the horizontal component of the discharge. top left: 0 m/s, top right 0.1 m/s, bottom 

left: 0.2 m/s, bottom right 0.5 m/s. 
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4. Far-field Model 

The 3D far-field brine dispersion model solves the 3D incompressible Reynolds averaged Navier Stokes 

(RANS) equations, and transport equations for temperature and salinity. The RANS equations are 

closed using a 2-equation (k-epsilon) closure scheme for the vertical fluxes, and a variable Smagorinsky 

scheme in the horizontal. Transport equations are closed by a scaled eddy diffusivity. The equations 

are discretised in space using a cell-centred finite volume approximation, with an unstructured grid in 

the horizontal, and a structured sigma-z scheme in the vertical.  

The discretisation of the RANS and transport equations was second-order accurate in space, and flux 

limiting schemes were used to reduce oscillations around strong interfaces. A second-order explicit 

time step was used for the horizontal terms and the vertical convective terms, and a second-order 

implicit time step for the vertical diffusive terms. Pressure was baroclinic and hydrostatic, with density 

calculated by a non-linear equation of state.  

The 3D far-field brine dispersion model was nested within the hydrodynamic model described in the 

base hydrodynamic modelling report (refer to O2M 2021q for model validation). The numerical mesh 

for brine discharge model is presented in Figure 6, and the extent of this model is shown relative to the 

larger hydrodynamic model (to O2M 2021q) Figure 7 . The required domain size was ascertained using 

simple depth averaged pilot tests, ensuring no measurable salinity signature of the outfall at the model 

boundaries. A quadrangular mesh with 8 m cell size was used in the immediate vicinity of the outfall 

(Figure 6), which is commensurate with the size of the near-field region (Section 3). This quadrangular 

region extended 5000 m to the east and 3300 m west of the discharge point, 1800 m inshore, and 2200 

m offshore. This high-resolution area was centred on the relatively deep dredge pocket, where the 

dense plume was anticipated to flow, rather than the outfall locations themselves. Triangular elements 

were used elsewhere in the domain, with a maximum nominal cell size of 50 m at the open boundaries 

and in the main dredge channel. The 50 m element size at the open boundaries was commensurate 

with the resolution of the larger hydrodynamic model in this region, minimising interpolation.  

The vertical grid consisted of 10 vertical layers, with 5 sigma cells to the base of the main dredge 

channel at approximately -8 m LAT. Five (5) equal thickness z layers were used beneath this sigma 

cut-off to the max depth of ~ 7 m LAT. 

The bathymetry of the base hydrodynamic model (O2M 2021b) was adjusted to incorporate the 

proposed project dredging (Figure 6). No scenarios were run with the existing bathymetry, Flather and 

Chapman boundary conditions were used for the open boundaries of the RANS equations, with water 

levels and fluxes from the base hydrodynamic model, and measured winds from the Bureau of 

Meteorology’s Thevenard Island wind were used for the free-surface stress. Both scenarios used a 

constant and uniform background temperature of 29.9 ˚C and salinity of 34.2 PSU, representative of 

summer conditions which are the likely worst cast conditions for mixing (see Section 15).  

Two scenarios were run, one for each discharge option (Low Flow and High Flow) and each scenario 

was run for a full 2 months (i.e. approximately 4 spring-neap cycles).  

Note that while the far-field modelling accounts for the proposed bathymetry modification, the model 

does not account for hydrodynamic effects of any vessels, nor the relatively minor hydrodynamic effects 

of the AIP dolphins.  
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Figure 6 (top) Numerical grid for the high-resolution brine discharge model. (bottom) Zoomed view of the numerical 

grid in the top panel showing project infrastructure and dredge footprint (black) as well as outfall/intake locations. 

The two outfalls indicated are the location of the two nozzles of the high-flow option diffuser. For the single-nozzle 

low-flow option, only outfall #1 was used. Bathymetry has been adjusted according to the proposed capital 

dredging. The datum for the bathymetry is mean sea level. 
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Figure 7 Extent of the high-resolution brine dispersion model (red outline) within the larger hydrodynamic model 

domain (refer to O2M, 2021b). Bathymetry contour is shown only up to 30 m.  

 Model Results: Environmental impact 

In the simulations for both discharge options, measurable changes in salinity were constrained to the 

dredge pocket and this was mixing rapidly as the gravity current flowed away from shore. Dilutions for 

the low-flow (0.29 GL/a) option simulations always exceeded the high-flow (2 GL/a) option simulations. 

In the interest of brevity, we present only the far-field dilution results for this worst case of 2 GL/a, 

though shapefiles for both cases will be provided with this report. Figure 8  is a spatial plot of the 

percentage of time where a dilution of 100-fold was exceeded locally for the larger discharge case of 

option 2. This dilution, which is double the conservatively adopted HEP dilution target of 46-fold, was 

always achieved by the boundary between the MEPA and HEPA. This indicates that the high LEP can 

readily be achieved even for the high-flow discharge. Figure 9  shows only the 46- and 20-fold dilution 

targets conservatively adopted for high and moderate LEP, respectively, against the nominal 

boundaries for the LEPA and MEPA. Again, the results indicate that the EQOs can be readily achieved 

for this style of diffuser.  
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Figure 8 Percentage exceedance of 100-fold dilution for the high-flow option (2 GL/a). The black dashed line marks 

250 m from the proposed infrastructure, which we have designated as the transition between the Moderate Ecologial 

Protection Area (MEPA) and the High Ecologial Protection Area (HEPA).  

 

Figure 9 99 % exceedance contours for the high-flow option (2 GL/a). Contours indicate the 46- and 20-fold dilutions 

conservatively adopted for high LEP and moderate LEP, respectively. The blue dashed line marks 70 m mixing-zone 

(MZ70) surrounding the diffuser. The black dashed line marks 250 m from the proposed infrastructure, which we have 

designated as the transition between the Moderate Ecologial Protection Area (MEPA) and the High Ecologial 

Protection Area (HEPA).  
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 Model Results: Salinity at the intake 

We present timeseries of dilution (Figure 10) and probability exceedance tables of salinity excess (Table 

7) at various heights at the nominal intake location. At -1 m LAT the 99th percentile salinity increase 

attributable to the outfall was 0.15 PSU, which is small with respect to the background salinity variability 

of ~4 PSU (O2M 2021m). At -6 m LAT, however, the 99th percentile salinity increase attributable to the 

outfall was almost 5 times higher, and comparable to the background variability. The result indicate that 

the intake should be placed high in the water column and towards the western side of the berth to 

minimise the impact of brine discharge on the intake water quality.  

 

 

Figure 10 Salinity variation along the water column and depth averaged at the proposed intake location 
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Table 7 Salinity exceedance (PSU) based on background value of 34.2 PSU 

Depth 50%ile 75%ile 80%ile 85%ile 90%ile 95%ile 99%ile Max 

Height to LAT -1.0 0.04 0.06 0.06 0.07 0.08 0.10 0.14 0.19 

Height to LAT -2.0 0.05 0.07 0.08 0.09 0.10 0.12 0.16 0.24 

Height to LAT -4.0 0.18 0.23 0.24 0.25 0.26 0.28 0.31 0.37 

Height to LAT -6.0 0.49 0.60 0.62 0.64 0.67 0.69 0.73 0.77 
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5. Summary and Conclusions 

This report details a desktop ecotoxicology assessment, conceptual diffuser design, near-field mixing 

assessment, and far-field dispersion assessment for a brine outfall associated with the proposed 

Ashburton Infrastructure Project (AIP). The results are interpreted in terms of the guidance of EPA 

(2016), where Environmental Quality Objectives (EQO) for specific Species Protection Limits (SPL) are 

defined. The results are interpreted in terms of general guidance on the spatial Ecological Protection 

Areas around in which these EQOs are to be met EPA (2016), specifically: 

• A moderate level of ecological protection must be met within 70 m of the outfall - a zone 

referred to as the 70 m mixing-zone; 

• A high level of ecological protection must be met within 250 m of m from the proposed port 

infrastructure, inclusive of berth infrastructure and ship turning basin – a zone referred to as 

the Moderate Ecological Protection Area (MEPA).  

 

In the absence of effluent available for whole effluent testing, we adopted dilution targets of 20-fold and 

46-fold for moderate and high ecological protection, respectively. These numbers are considered 

conservative, as they are double the dilution requirements determined for the nearby Onslow SWDP, 

which were derived through whole effluent toxicology testing of the Southern Seawater Desalination 

Plant effluent against tropical species considered representative of the Pilbara.  

Near-field modelling was used to define a conceptual outfall diffuser design, with the constraint that the 

outfall be located to the eastern end of the proposed AIP berth, between the berthing and mooring 

dolphins. For the low-flow option (0.29 GL/a) satisfactory dilution (i.e. EQOs readily achieved in the 

near-field) could be achieved with a single 45 mm nozzle, while for the high-flow option (2 GL/a), a 

double 75 mm nozzle diffuser was required. The near-field modelling assessment indicates that the 

target dilutions could be readily achieved within ~5 m of the outfall.  

3D far-field dispersion modelling shows that the EQOs would readily be met with this discharge 

configuration. The same 3D far-field dispersion model revealed that a brine intake located at the 

western side of the proposed berth to the outfall, and just below the low tide mark (-1 m LAT) is unlikely 

to experience any appreciable outfall salinity signature.  

The assessments here do not account for hydrodynamic effects of any vessels, nor the relatively minor 

hydrodynamic effects of AIP dolphins or other AIP infrastructure, nor does it directly attempt to model 

seasonal influences on effluent toxicity. Notwithstanding, the results indicate that satisfactory dilutions 

could readily be achieved within short distances of the AIP infrastructure, with relatively simple diffuser 

designs. Assessments of vessel interactions etc. and seasonal toxicity effects should be considered in 

developing the Marine Environmental Quality Monitoring and Management Plan, or once the design of 

the desalination plant has been finalised and effluent becomes available for whole effluent toxicity 

testing. 
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