
WATER | ENERGY & RESOURCES | ENVIRONMENT | PROPERTY & BUILDINGS | TRANSPORTATION

Appendix B

Benthic Habitat Survey 

Brine Pipeline and Outfall
February 2021



 

GHD | Report for Harvey Water - Brine Pipeline and Outfall, 12543714 | i 

Table of contents 
1. Introduction ............................................................................................................................... 1 

1.1 Background ..................................................................................................................... 1 

1.2 Purpose of this report ...................................................................................................... 1 

1.3 Scope and limitations ...................................................................................................... 3 

2. Methodology ............................................................................................................................. 4 

2.1 Field Survey .................................................................................................................... 4 
2.2 Data Analysis .................................................................................................................. 4 

3. Results and Discussion ............................................................................................................. 6 

3.1 Video Quality ................................................................................................................... 6 

3.2 Benthic Substrate ............................................................................................................ 6 

3.3 Biota Profile ..................................................................................................................... 7 

4. Outfall Design ......................................................................................................................... 12 

5. Conclusions ............................................................................................................................ 12 

 

Table index 
Table 2-1 Benthic coverage percentage bins ....................................................................................... 5 

Table 3-1 Categories of benthic organisms identified in video transects ............................................. 11 

 

Figure index 
Figure 1-1 Proposal location ................................................................................................................ 2 

Figure 2-1 Benthic habitat survey location and planned transect lines .................................................. 4 

Figure 3-1 Substrate distribution along surveyed transect lines ............................................................ 6 

Figure 3-2 Sand with 2D ripple bedform .............................................................................................. 7 

Figure 3-3 Reef types: (a) algae dominated; and (b) and epifauna assemblages ................................. 7 

Figure 3-4 Seagrass (Amphibolis spp.) patch in nearshore waters ....................................................... 8 

Figure 3-5 Seagrass distribution along surveyed transect lines ............................................................ 8 

Figure 3-6 Macroalgae distribution along surveyed transect lines ........................................................ 9 

Figure 3-7 Epifauna distribution along surveyed transect lines ............................................................. 9 

Figure 3-8 Western rock lobster observed in T5 ................................................................................ 10 

Figure 3-9 Fish observed in video images: (a) Shaw’s cowfish; and (b) Globe fish ............................. 10 

 
 
 



 

GHD | Report for Harvey Water - Brine Pipeline and Outfall, 12543714 | 1 

1. Introduction 
1.1 Background 

Harvey Water is constructing enabling infrastructure to provide brine wastewater disposal 
services to customers established in the Kemerton Strategic Industrial Area (KSIA), Western 
Australia (WA). Specifically, Harvey Water is constructing approximately 9.5 km of pipeline, 
connecting to an existing 1.5 km section. The final pipeline is approximately 11 km in length 
and extends from the Kemerton Strategic Industry Area to the Indian Ocean. The proposed 
pipeline route and ocean outfall are presented in Figure 1-1. This report forms part of the 
supporting documentation for a section 38 referral to the WA Environmental Protection Authority 
(EPA) under Part IV of the WA Environmental Protection Act 1986 (EP Act).  

One of key environmental factors for the WA EPA is Benthic Communities and Habitat (BCH). 
The EPA defines benthic communities and habitats (BCH) as “Functional ecological 
communities that inhabit the seabed and areas of seabed that support these communities (e.g. 
high relief reef, platform reef, sand, silt and the depth they occur at). The communities may 
include light dependent taxa (e.g. algae, seagrass, corals, some sponges, mangroves) or 
animals that obtain their energy by consuming live or dead organisms (e.g. ascidians, sponges, 
soft corals)” (EPA, 2016). 

1.2 Purpose of this report 

GHD Pty Ltd (GHD) was engaged to conduct a benthic communities and habitat assessment to 
support potential environmental approval requirements. The purpose of the benthic habitat 
survey was to identify any potential sensitive habitats or species that may be impacted by outfall 
construction or the discharge. 

.
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1.3 Scope and limitations 

This report: has been prepared by GHD for Harvey Water and may only be used and relied on by Harvey 
Water for the purpose agreed between GHD and the Harvey Water as set out in section 1.2  of this report. 

GHD otherwise disclaims responsibility to any person other than Harvey Water arising in connection with 
this report. GHD also excludes implied warranties and conditions, to the extent legally permissible. 

The services undertaken by GHD in connection with preparing this report were limited to those specifically 
detailed in the report and are subject to the scope limitations set out in the report.  

The opinions, conclusions and any recommendations in this report are based on conditions encountered 
and information reviewed at the date of preparation of the report.  GHD has no responsibility or obligation 
to update this report to account for events or changes occurring subsequent to the date that the report was 
prepared. 

The opinions, conclusions and any recommendations in this report are based on assumptions made by 
GHD described in this report.  GHD disclaims liability arising from any of the assumptions being incorrect. 

GHD has prepared this report on the basis of information provided by Harvey Water and others who 
provided information to GHD (including Government authorities)], which GHD has not independently 
verified or checked beyond the agreed scope of work. GHD does not accept liability in connection with 
such unverified information, including errors and omissions in the report which were caused by errors or 
omissions in that information.
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2. Methodology 
2.1 Field Survey 

On 15 November 2019, a towed video system was used to collect basic qualitative data (i.e. 
simple visual assessment of seabed conditions to assess habitat type or dominant species) 
within the area of pipeline construction and the vicinity of the outfall location.  

The survey design consisted of: 

 One transect along the proposed pipeline route that spanned from inshore in close 
proximity to the shore to ~400 m offshore (T1) 

 Eight video transects (~300 m in length) running perpendicular to the proposed pipeline 
route at ~50 m intervals (T2 – T9). 

Figure 2-1 illustrates the planned transect lines. 

 
Figure 2-1 Benthic habitat survey location and planned transect lines 

2.2 Data Analysis 

Video was downloaded and analysed to characterise substrate, relief, bedform and biota in the 
area. Marine substrate and benthic community data were spatially mapped onto coordinates of 
surveyed transect lines. The coverage of benthic substrate and communities was classed as per 
Table 2-1. 
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Table 2-1 Benthic coverage percentage bins 

Coverage 
(Qualitative description) Coverage range (%) 

Very Sparse 0 < 10 

Sparse 10 < 30 

Moderate 30 < 70 

Dense 70 < 100 
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3. Results and Discussion 
3.1 Video Quality 

Water quality/visibility was poor throughout the survey area, therefore the camera system had to 
be relatively close to the seabed to capture suitable imagery.  

3.2 Benthic Substrate 

Based on towed imagery analysis, two substrate types were clearly distinguishable; 
unconsolidated (sand) and consolidated (reef/hard rock/boulders). If substrate was not visible 
(e.g. dense coverage of large macroalgae) it was characterised as consolidated since 
macroalgae grow attached to hard surfaces.  

Substrate type was mapped along surveyed transect lines (Figure 3-1) to demonstrate 
distribution within the survey area. However, it is important to note that substrate classified as 
consolidated was not continuous, with sand patches interspersed among the reefs; However, 
these were difficult to capture with mapping because of their small size. Sand patches were 
more prevalent with distance offshore.     

 
Figure 3-1 Substrate distribution along surveyed transect lines  

Most sand patches appeared to be composed of coarse sand with shell fragments and with a 
2D-ripple type of bedform (Figure 3-2).  
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Figure 3-2 Sand with 2D ripple bedform  

Consolidated substrate was predominantly colonised by benthic marine organisms, forming 
reefs. Reef types identified included low relief (<1 m) dominated by algae, and low/moderate 
relief (1-3 m) with mixed algal and epifauna assemblage (Figure 3-3). 

Figure 3-3 Reef types: (a) algae dominated; and (b) and epifauna assemblages  

3.3 Biota Profile 

In general, the seagrass and some of the more distinctive species of macroalgae could be 
identified to genus. Other, less distinctive species of algae that could not be reliably identified 
from the footage were grouped in the category – unidentifiable algae. Similarly, most 
invertebrates including sponges, corals, ascidians and sea stars could not be identified to 
species from the video footage and were classified into their respective groups. 

b
t

 

 

a  b 
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3.3.1 Seagrass  

Seagrass identified in the area was Amphibolis spp (see Figure 3-4). More seagrass was 
observed in near-shore waters, combined with macroalgae, and not observed in the furthest 
offshore transects of T5 - T8.  Seagrass was not observed at or near the proposed ocean outfall 
location (i.e. T8) or proposed mixing zone (Figure 3-5). 

 
Figure 3-4 Seagrass (Amphibolis spp.) patch in nearshore waters 

 
Figure 3-5 Seagrass distribution along surveyed transect lines 

3.3.2 Macroalgae 

While only a few species of macroalgae could be positively identified (see Table 3-1), there 
appeared to be high diversity throughout all transects. Forms ranged from filamentous to large 
canopy forming, with moderate to dense coverage dominating the survey area (Figure 3-6). 
Large macroalgae (e.g. Ecklonia spp.) dominated the near-shore waters and macroalgae 
reduced in size with distance offshore. 
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Figure 3-6 Macroalgae distribution along surveyed transect lines 

3.3.3 Invertebrates 

Benthic epifauna were observed on most consolidated substrate; however, given the density of 
macroalgae, coverage was rarely estimated to be >30% (Figure 3-7). 

 
Figure 3-7 Epifauna distribution along surveyed transect lines 
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Sponges were the dominant benthic macro-organism and appeared relatively diverse in the 
area. They ranged in colour from encrusting to erect forms (see Figure 3-3b). The sea tulip 
(Pyura spp.), a sessile ascidian, was also observed regularly in the towed video footage. There 
were only a small number of other invertebrates that could be discerned from the video imagery; 
however, this was most likely a result of poor visibility. 

There was one observation of a western rock lobster (Panulirus Cygnus; Figure 3-8), and there 
were several fishing pots visible just south of T4, indicating its presence in the area. The 
western rock lobster is listed as a Key Ecological Feature (KEF) of the South-west Marine 
Region. One of the pressures assessed as of potential concern is physical habitat modification. 

Figure 3-8 Western rock lobster observed in T5 

3.3.4 Fish 

Four fish (two species) were observed as the camera system passed over/nearby. There were 
three occasions when a female Shaw’s cowfish (Aracana aurita) was observed, and one 
observation of a Globe fish (Diodon nicthemerus; Figure 3-9). Both species are endemic to 
Australia, and are not listed as threatened. 

Figure 3-9 Fish observed in video images: (a) Shaw’s cowfish; and (b) Globe 
fish 
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Table 3-1 Categories of benthic organisms identified in video transects 

Seagrasses Algae Invertebrates Fish 

Amphibolis spp Caulerpa spp Ascidians Globe fish (Diodon 
nicthemerus) 

 Sargassum spp. Corals Shaw’s Cowfish (female) 
(Aracana aurita) 

 Ecklonia spp. Sponges  

 Cystophora Spp Echinoderms  

 Unidentified algae Western rock lobster 
(Panulirus Cygnus) 

 

  Other invertebrates  
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4. Outfall Design 
The ocean outfall will consist of a pipeline located approximately 400 m from the shoreline at a 
depth of 8 m (see details of the design of the pipeline in Harvey Water Brine Pipeline and Outfall 
Near and Far Field Plume Dispersion Modelling, GHD 2021. The pipeline will be installed under 
the seabed by horizontal direction drilling from the coast. The pipe will protrude about one (1) 
metre from the seabed at an angle of 30 degrees followed by a manual installation of a jet 
diffuser by a diver. 

5. Conclusions 
This benthic habitat survey encompasses an area around which the proposed Harvey Water 
pipeline and ocean outfall will be located. This survey was conducted to identify habitat 
conditions and species presence within the area and to determine if there will be any significant 
impacts on benthic communities during construction of the outfall and subsequent operational 
discharges.   

Seagrasses were observed in the inshore areas but were not observed at the approximate 
location of the outfall or within the proposed mixing zone. Reefs were the dominant habitat type, 
containing what appeared to be relatively diverse assemblages of macroalgae and 
invertebrates, namely sponges, although species identification was difficult. Reef structure and 
assemblages changed with distance from shore, and sandy patches became more frequent. 

Physical disturbance of the seabed due to the pipeline construction is expected to have a 
negligible impact to seagrass and benthic epifauna community structure due to installation 
process (underneath the seabed). Recolonisation from surrounding benthic areas is anticipated 
with rapid recovery of any affected communities.  

The outfall discharge will be at an angle of 30 degrees from the seabed so the jet will not cause 
an erosive impact to the surrounding benthic communities during operation. The near-field 
dispersion modelling indicates that the outfall will rise rather than sink (with no seabed impact); 
consequently the brine discharge during operation is expected to cause a negligible impact to 
the surrounding benthic habitats (e.g. reefs) and fauna. 
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Executive summary 
Harvey Water is proposing to construct a wastewater pipeline and ocean outfall to dispose of 
brine wastewater from customers located within the Kemerton Strategic Industrial Area (KSIA), 
Western Australia (the Proposal). This Proposal will be referred to the Environmental Protection 
Authority under s38 of the Environmental Protection Act 1986 (EP Act).  This Report has been 
prepared to inform the potential environmental impacts of this Proposal for the s38 referral. 

Far-field and near field hydrodynamic modelling was undertaken to predict the dispersion and 
dilution of wastewater discharged into the nearshore coastal waters. 

The Proposal is proposed to operate with a peak discharge of 15 L/s. The pipeline infrastructure 
has a maximum flow capacity of 72 L/s. Modelling was undertaken to analyse the peak 
discharge rate of the Proposal (15 L/s) as well as the maximum flow capacity of the 
infrastructure (72 L/s).  Water Quality Objectives (WQOs) were defined for parameters of 
concern within the brine waste stream. The WQOs represent environmentally acceptable 
concentrations that will need to be met at the edge of an established operational mixing zone. 
The WQOs are expressed as a required dilution factor of the wastewater discharge by the 
ambient marine waters to meet the relevant water quality targets. The most stringent dilution 
target for all analytes assessed in the waste stream is 46-fold for salinity (representing a <0.5 
PSU decrease from ambient conditions). Therefore, achieving a 46-fold dilution of the 
wastewater plume will ensure adequate dilution of all other parameters to meet the respective 
WQOs. 

A conceptual outlet design of a single port of 0.05 m diameter for the Proposal peak discharge 
rate and  0.12 m diameter for the maximum flow capacity discharging westward, with a vertical 
angle of 30° from horizontal was selected on the basis of near-field modelling using the US 
EPA’s UM3 model.  

Far-field modelling of wastewater discharge from the selected outlet design was undertaken 
with the three-dimensional (3D) MIKE3 FM (flexible mesh) hydrodynamic model which simulates 
plume dispersion (and dilution) by wind- and tide-induced currents. The model was calibrated 
over typical winter conditions (June 2015) and validated during typical summer conditions 
(December 2015). Model calibration and validation was assessed against measured ocean 
currents and water levels at monitoring sites in Koombana Bay, Bunbury, located approximately 
15 km south of the proposed ocean outlet location. The model achieved good or very good 
model ‘skill’ across all comparisons to the measured data. 

The maximum spatial extent predicted to be required to achieve the 46 fold dilution target (i.e. 
achieve the WQOs) for the design capacity peak flow of 72 L/s is ~40 m from the outlet for 
summer and winter conditions. For the Proposal peak flow (15 L/s), the far-field model predicts 
the WQOs will always be achieved within very close proximity (<10 m) of the outlet. 

On the basis of the far-field modelling predictions, a 100 m radius around the outlet is 
recommended to be established as the operational mixing zone for compliance monitoring 
purposes. The 100 m radius allows additional distance beyond that predicted by the modelling 
to account for any uncertainties inherent with the modelling approach.  

 

This report is subject to, and must be read in conjunction with, the limitations set out in section 
1.4 and the assumptions and qualifications contained throughout the Report. 
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1. Introduction 
1.1 Background 

Harvey Water is proposing to construct a wastewater pipeline and ocean outfall to dispose of 
brine wastewater from customers located within the Kemerton Strategic Industrial Area (KSIA), 
Western Australia (the Proposal). The proposed pipeline extends from the Kemerton Strategic 
Industrial Area to the Indian Ocean at Buffalo Beach, within the Shire of Harvey.  

The proposed pipeline route and ocean outfall are presented in Figure 1. 

The proposal is being referred to the WA Environmental Protection Authority (EPA) under 
section 38 of Part IV of the WA Environmental Protection Act 1986 (EP Act).  

GHD initially carried out near-field modelling of the wastewater discharge to the marine 
environment, with the peak flow rate of 15 L/s for the Proposal being assessed. The maximum 
wastewater discharge capacity for the infrastructure is 72 L/s. If additional discharge capacity 
above the rate referred for the Proposal is required, updated environmental approvals will be 
undertaken.  

A pre-referral meeting with the EPA was held on 13 November 2020 to discuss Harvey Water’s 
Proposal . As a result of the discussion, the EPA requested that the previous marine discharge 
modelling be updated to consider a maximum flow rate of 72 L/s. Further, due to the increased 
flow rate, far-field modelling was required to simulate plume dispersion out to the distances 
required to achieve suitable water quality. This report combines the near and far field modelling 
undertaken for the Proposal. 

1.2 Purpose of this report 

This report details the near and far-field plume dispersion modelling undertaken. The outcomes 
of the modelling are used to recommend an area to be established as an operational mixing 
zone within Harvey Water’s EPA referral. This report also informs the Discharge Monitoring and 
Management Plan (GHD 2021a) and provides context for the Benthic Habitat Survey (GHD 
2021b)  

1.3 Scope 

This study comprised the following scope: 

 Through near-field modelling, determine an appropriate configuration for the outlet that 
yields elevated levels of near-field dilution. 

 Determine the Water Quality Objectives (WQOs) that will need to be achieved at the edge 
of an appropriately sized operational mixing zone boundary.  

 Develop a validated three-dimensional (3D) far-field hydrodynamic model of the coastal 
region, incorporating the ocean outfall site. 

 Incorporate the outlet configuration (determined via near-field modelling) into the far-field 
model and simulate the plume dispersion and dilution under a range of met-ocean 
conditions.  

 Produce contours of the spatial extent of the plume required to achieve the target dilution 
and recommend an appropriate mixing zone extent (on the basis of the modelling 
predictions) for compliance monitoring.  
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1.4 Disclaimer 

This report: has been prepared by GHD for Harvey Water and may only be used and relied on by Harvey 
Water for the purpose agreed between GHD and the Harvey Water as set out in section 1.2 of this report. 

GHD otherwise disclaims responsibility to any person other than Harvey Water arising in connection with 
this report. GHD also excludes implied warranties and conditions, to the extent legally permissible. 

The services undertaken by GHD in connection with preparing this report were limited to those specifically 
detailed in the report and are subject to the scope limitations set out in the report.  

The opinions, conclusions and any recommendations in this report are based on conditions encountered 
and information reviewed at the date of preparation of the report.  GHD has no responsibility or obligation 
to update this report to account for events or changes occurring subsequent to the date that the report was 
prepared. 

The opinions, conclusions and any recommendations in this report are based on assumptions made by 
GHD described in this report.  GHD disclaims liability arising from any of the assumptions being incorrect. 

GHD has prepared this report on the basis of information provided by Harvey Water and others who 
provided information to GHD (including Government authorities)], which GHD has not independently 
verified or checked beyond the agreed scope of work. GHD does not accept liability in connection with 
such unverified information, including errors and omissions in the report which were caused by errors or 
omissions in that information. 
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2. Site Context 
The proposed ocean outfall site is situated along a uniform north-south aligned coastline with 
consistent bathymetry that gradually slopes downward from east to west. From a hydrodynamic 
perspective, the uniform coastline and bathymetry will yield nearshore ocean currents that are 
relatively uniform spatially, however will vary temporally with changes in the tides that generate 
flooding and ebbing currents and winds that influence currents in shallow nearshore regions and 
at the ocean surface. 

2.1 Tides 

Tidal planes at the Port of Bunbury (located ~15 km south of the site) are summarised in Table 
1. Tides along the coastline are relatively minor with a maximum tidal range of 1.2 m (difference 
between highest and lowest astronomical tides). 

Table 1 Tidal planes for Port of Bunbury. 

Tidal Plane m CD1 m AHD2 
Highest Astronomical Tide (HAT) +1.3 +0.6 
Mean Higher High Water (MHHW) +0.9 +0.2 
Mean Lower High Water (MLHW) +0.7 +0.1 
Mean Sea Level (MSL) +0.7 +0.1 
Mean Higher Low Water (MHLW) +0.6 0.0 
Mean Lower Low Water (MLLW) +0.5 -0.2 
Lowest Astronomical Tide (LAT) +0.1 -0.6 

Source: Australian Government Department of Defence (2018) 

2.2 Winds 

Monthly wind roses of wind measurements taken from 2001-2016 at the Southern Ports 
Authority (SPA) Beacon 3 offshore measurement station (location shown in Figure 5) are 
summarised in Figure 2, which show that: 

 Summer winds are predominantly from the southwest (afternoons) to east (mornings) with 
lower winds typically during April. 

 Peak wind speeds occur typically during the winter from the west. 

 
1 Chart Datum. 
2 Australian Height Datum 
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Figure 2 Monthly wind roses at coastal Beacon 3 from 2001–2016.3 

  

 
3 The convention for wind roses is the direction from which the wind is coming from. Speeds are in m/s. 
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3. Methodology 
3.1 Overview of modelling approach 

Modelling for this study was undertaken in two phases, namely: 

 Near-field modelling (section 3.2). The primary purpose of this modelling was to 
determine an appropriate outlet design that would yield elevated levels of wastewater 
dilution in close proximity to the outlet for a range of discharge flowrates. 

 Far-field modelling (section 3.4). The outlet design adopted from the near-field modelling 
assessment was built into the far-field model. The far-field model was the primary tool for 
predicting plume dilution rates under a range of discharge flowrates, tidal and wind 
conditions. 

3.2 Near-field modelling approach 

3.2.1 Near-field concept 

The near-field region refers to the immediate area around the outlet where the discharged water 
undergoes momentum-driven or buoyancy-driven transport and enhanced mixing along its 
trajectory through the water column (i.e. prior to surfacing, impinging on the seafloor, or 
achieving neutral buoyancy). The highest rates of mixing and dilution occur through these near-
field mixing processes relative to natural background levels of mixing via dispersion by ambient 
currents (i.e. far-field dilution).  

3.2.2 Modelling approach 

Near-field modelling is carried out with the industry standard Updated Merge 3 (UM3) model of 
the Visual Plumes software suite by the United States Environmental Protection Agency (US 
EPA) (Frick et al. 2001). The near-field simulation with UM3 terminates when the buoyant plume 
intersects the sea surface. At this point, the near-field jet and/or plume mixing processes are no 
longer simulated with UM3.  

Several conceptual designs of the outlet were evaluated with UM3 with the aim of maximising 
the rate of near-field dilution. The conceptual outlet design that was selected through this 
iterative approach is detailed in Section 3.3. Three discharge rates were considered in the 
analysis including Proposal moderate flow (5 L/s), Proposal peak design flow (15 L/s) and 
design capacity peak design flow (72 L/s).  

Ambient current speeds were defined as 0.05 m/s, which is consistent with average predictions 
from GHD’s 12-month model simulation of the coastal waters (GHD, 2018).  
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3.3 Conceptual outfall design 

Conceptual design elements of the outfall on the basis of UM3 near-field modelling are 
tabulated in Table 2. To accommodate the range in flows, port outlet sizes were selected with 
an outlet diameter of 0.05 m for the Proposal peak flow rate (15 L/s), which will be upgraded to 
a larger 0.12 m diameter nozzle for the design capacity peak flow rate (72 L/s). This 
configuration results in exit velocities of 2.5-7.6 m/s for the Proposal flow rates (5-15 L/s) and an 
exit velocity of 6.4 m/s under the design capacity peak flow case (72 L/s). Typically, exit 
velocities of ~6-7 m/s are targeted in order to achieve relatively high rates of momentum-driven 
turbulent mixing in the near-field, while limiting the hydraulic head loss related to higher exit 
velocities. Further, a vertical discharge angle of 30° is selected to ensure the plume does not 
impinge on the seabed, where seagrass habitats are present.  

The current design of the discharge pipe places the outlet at a depth of 8 m.  

Table 2 Conceptual outfall detatils 

Parameter 
Proposal 
Moderate 

5 L/s 

Proposal 
Peak  

15 L/s 

Design 
capacity 

Peak 

72 L/s 

Comment 

Number of 
Outlets 

1 
Insufficient flow to divide between 
multiple ports 

Outlet Diameter 
(m) 

0.05 0.12 

Outlet diameters sized to achieve 
adequate exit velocity for the 
proposal and design capacity 
project phases. Nozzle will be 
replaced as project moves towards 
design capacity phase. 

Outlet Depth (m) 8 Based on current pipeline design 

Outlet height 
above seabed 
(m) 

0.5 
Assume 0.5 m separation between 
outlet and seabed 

Discharge 
Vertical Angle 

30° Directed slightly upwards to not 
impact proximal seagrass 

Discharge 
Horizontal Angle 

270° 
Discharge west 

Direct cross flow of ambient 
currents to achieve greatest dilution 

Exit Velocity 
(m/s) 

2.5 7.6 6.4 
Flow rates provides reasonably 
high exit velocity for near-field 
dilution 
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3.4 Water quality objectives 

The Water Quality Objectives (WQOs) to be achieved at the edge of the mixing zone for key 
parameters of concern in the wastewater discharge have been developed as follows: 

 For toxicants or physical and chemical stressors, the mixing zone criteria are adopted from 
the ANZG (2018) guidelines.4 

 For water treatment chemicals, ecotoxicity information was sourced from Safety Data 
Sheets (SDSs) of each chemical for various marine species. As a conservative measure, 
the lowest toxicity concentration (i.e. requiring the highest dilution) was adopted as the 
WQO for each chemical. Ecotoxicity dosages are dependent on concentration and 
exposure time (e.g. 50 mg/L over 96 hours). The time component is not considered here, 
so the concentration is conservatively assumed to be toxic for instantaneous exposure. 

 For salinity, a conservative salinity target of <0.5 PSU decrease from ambient conditions is 
selected as the target. For reference, the Southern Seawater Desalination Plant (which has 
an ocean outfall approximately 5 km to the north of the proposed Harvey Water outfall) 
operates with a maximum salinity target of Δ1.3 PSU to be achieved at the edge of the 
mixing zone (Water Corporation, 2008), which is significantly higher than the target adopted 
for this assessment. 

The WQOs are expressed as a required dilution factor of the wastewater discharge by the 
ambient marine waters to meet the relevant water quality targets. The dilution of the wastewater 
plume is simulated with UM3 to predict the spatial extent of the brine mixing zone during 
operation. The dilution factors to define the edge of the mixing zone are calculated as: 

𝐷𝐷 =
𝐶𝐶𝑂𝑂 −  𝐶𝐶𝐴𝐴
𝐶𝐶𝑇𝑇 −  𝐶𝐶𝐴𝐴

 

where: 
D = Target dilution factor. 
CO = Outlet concentration. 
CT = Target concentration to achieve the WQO. 
CA = Ambient concentration. 
No ambient data for the discharge site were available at the time of this assessment, therefore 
dilution targets are calculated on the basis of assumed ambient concentrations using 
professional judgement. 

Concentrations for each analyte were provided by Harvey Water. For the water treatment 
chemicals, concentrations were given for the feedwater to the reverse osmosis (RO) plant (not 
the outlet concentrations). Outlet concentrations in these cases were estimated on the following 
basis: 

 The treatment chemical is assumed to be conserved (i.e. not degraded) throughout the RO 
process and within the brine holding tanks and discharge pipe. This assumption is 
extremely conservative, as these chemicals are highly reactive. 

 The entire mass of the chemical is assumed to be removed from the RO product water and 
transmitted entirely to the brine wastewater stream (i.e. the outlet). The concentration in the 
RO feed water (provided by Harvey Water) was therefore assumed to increase in the 
wastewater discharge (i.e. outlet) proportionally to the ratio of RO feedwater flowrate to the 
brine discharge flowrate (i.e. a factor of 7.7).  

 
4 ANZG (2018) does not have any marine trigger values for nitrate and boron, whereas ANZECC & ARMCANZ (2000) does 

have low reliability trigger values that are used here. 
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The calculated dilution targets are summarised in Table 3. The most stringent dilution target is 
46 fold for salinity. Therefore, achieving a 46 fold dilution of the wastewater plume will ensure 
adequate dilution of all other parameters to meet the respective WQOs. 

Dilution was assessed with the far-field model to determine the extent of the mixing zone 
required to achieve the 46 fold dilution target. 

Table 3 Summary of water quality data and dilution calculations 

Parameter Units CO CT CA D 

TDS mg/L 11,996.0 Refer to Salinity Refer to Salinity Refer to Salinity 

pH unitless 8.51 8.0-8.4 8.35 26 

Temperature °C 20-25 Not Assessed7   

Hardness as CaCO3 mg/L 7,798.6 No Criterion8 NA  

Calcium mg/L 899.5 No Criterion8 NA  

Magnesium mg/L 1,354.2 No Criterion8 NA  

Sodium mg/L 7,488.3 No Criterion8 NA  

Potassium mg/L 229.1 No Criterion8 NA  

Barium mg/L 1.9 No Criterion8 NA  

Alkalinity mg/L 3,650.5 No Criterion8 NA  

Sulphate mg/L 1,796.6 No Criterion8 NA  

Chloride mg/L 13,572.8 No Criterion8 NA  

Flouride mg/L 9.8 No Criterion8 NA  

Nitrate mg/L 2.8 0.70 0.00259 4 

Phosphate mg/L 0.2 No Criterion8 NA  

Silica mg/L 356.1 No Criterion8 NA  

Boron mg/L 2.0 5.10 NA NA10 

Salinity PSU 11.9111 34.512 3512 46 

Sodium Molybdate mg/L 152.713 50 (Acohs, 2014)) 0 3 

THPS (Biocide) mg/L 381.713 15 (Frayne, 2017) 0 25 

Phosphonates (PBTC) mg/L 77.413 33.3 (NM&C Co, 2015) 0 2 

Phosphonates (HEDP) mg/L 77.413 3 (SPE Chemicals, 2020) 0 26 

Polyacrylate mg/L 2.913 100 (Recyc PHP, 2020) 0 No dilution required 

Azole mg/L 38.213 100 (Ibis Water, 2019) 0 No dilution required 

Molybdate mg/L 119.113 41 (HACH, 2017) 0 3 

Colour Legend: 

ANZECC & ARMCANZ (2000) Physical and Chemical Stressors for Inshore Marine Water – South-west Australia 

ANZECC & ARMCANZ (2000) Low reliability trigger value for marine waters 

Conservative mixing zone target of <0.5 PSU change from ambient conditions 

Lowest toxic concentration reported in the MSDS 

 
5 Ambient pH assumed to be 75th percentile of the acceptable water quality range 
6 Dilution was calculated on the basis of H+ ion concentrations (not pH directly, since pH is a logarithmic scale) 
7 Discharged water will have a similar temperature to the ambient air temperature. No significant differences are expected 

between the discharge and the near-shore coastal water. 
8 Parameter is not classed as a marine toxicant – no criterion available 
9 Ambient concentration assumed to be 50% of the ANZECC & ARMCANZ (2000) default guideline trigger value for physical 

and chemical stressors (not toxicants) in inshore marine waters of South West Australia. 
10 Outlet concentration below mixing zone criterion – no dilution required 
11 Salinity (PSU, or ppt) is calculated from the TDS concentration 
12 Mixing zone salinity target of 34.5 PSU represents a salinity change of 0.5 PSU from ambient (ambient assumed to be 35 

PSU, which is standard for marine water in south-west Australia) 
13 Outlet concentration estimated as 7.7 x the RO feedwater concentration as described in Section 3.4. 
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3.5 Far-field model development 

3.5.1 Far-field concept 

The far-field describes the region beyond the near-field whereby plume transport is driven by 
ambient currents (generated by tides and winds) and vertical circulation (generated by waves). 
As a conservative approach, only tidal and wind-induced currents are included within the 
modelling framework, while the influence of waves is ignored. 

3.5.2 Model platform 

Far-field modelling was undertaken with the three-dimensional (3D) MIKE3 FM (flexible mesh) 
hydrodynamic model to simulate wind and tide-induced currents. MIKE 3 FM was developed by 
the Danish Hydraulic Institute (DHI) and is an industry standard for 3D hydrodynamic (HD) 
modelling. The model domain in MIKE 3 FM is defined horizontally by an irregular network of 
triangles (the model ‘cells’) that are split into vertical layers by a sigma coordinate (fixed number 
of vertical layers throughout the model domain that vary in thickness according to the depth) or 
a combined sigma and z-level (allows inclusion of layers with fixed widths) configuration. For 
each model cell, MIKE 3 FM simulates a range of hydrodynamic properties including, but not 
limited to, current speed, current direction, water level and salinity. MIKE 3 FM is driven by user-
defined environmental inputs (e.g. variations in water levels and currents at the open 
boundaries, winds acting on the sea surface, discharges from rivers and point sources including 
outfalls/diffusers). 

3.5.3 Model domain and bathymetry 

The model mesh and bathymetry are presented in Figure 3 (entire domain) and Figure 4 (high 
resolution area surrounding the ocean outlet location). 

The resolution of the hydrodynamic model mesh ranges from ~1 km at the offshore model 
boundaries to ~50 m in Koombana Bay (relatively high resolution required at the calibration 
locations [section 3.6]) and ~10 m in the proposed area of the wastewater outlet. The 
bathymetry was developed with the following data: 

 Nautical chart (AUS 115, 30 January 1998) for Koombana Bay and the adjacent coastal 
waters of the Indian Ocean. 

 Department of Planning and Infrastructure (DPI) soundings from May 2005 of the 
Leschenault Estuary, tidal portions of the Preston River and Collie River, and the 
Leschenault Inlet. 

 October 2013 hydrographic survey of the Cut (entrance to Leschenault Estuary) to refine 
the bathymetry of this relatively shallow water region into the adjacent coastal waters. 

 DoT multi-beam survey data for Koombana Bay from May 2014 and February 2016. 

 Fugro LiDAR survey of bathymetry between Two Rocks and Cape Naturaliste from April-
May 2009. 

 DHI’s MIKE C-Map nautical chart information in all areas where no other data was 
available. 
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Figure 3: Full model domain showing the horizontal mesh (left) and 

interpolated bathymetry (right) 

 
Figure 4: High-resolution nearshore area showing the horizontal mesh (left) 

and interpolated bathymetry (right) 

3.5.4 Hydrodynamic inputs 

Hydrodynamic inputs applied at the offshore model boundaries included horizontally and 
temporally varying water levels as well as horizontally, vertically and temporally varying 
currents. 

Water levels were derived from a combination of astronomical tides from the Denmark 
Technical University’s DTU10 global tidal model (Cheng & Andersen, 2010) and non-
astronomical water level variations from the Hybrid Coordinate Ocean Model (HYCOM) at 1/12° 
horizontal resolution and 3-hourly temporal resolution (Chassignet et al., 2007). 

Horizontally, vertically and temporally varying currents were also sourced from HYCOM 
(Chassignet et al., 2007) and applied at the offshore boundaries. 
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3.5.5 Wind inputs 

Spatially and temporally varying wind speeds and directions were applied to the sea surface of 
the far-field model. The wind data was sourced from the National Centres for Environmental 
Prediction’s (NCEP’s) Climate Forecast System, version 2 (CFSv2), at 0.2° spatial resolution 
and hourly temporal resolution (Suranjana et al. 2014). 

3.5.6 Ambient salinity 

The ambient coastal waters were configured with a constant salinity of 35 PSU (typical salinity 
of coastal waters) in the far-field model.  

3.5.7 Wastewater discharge 

The wastewater discharge was configured in the far-field model by inclusion of a jet-source 
(point source inflow) with the outlet configuration detailed in section 3.3. The wastewater was 
configured with a salinity of 11.91 PSU, which was the worst-case (i.e. freshest) salinity of the 
discharge as advised by Harvey Water (see section 3.4 for further details on brine water 
quality). 

3.6 Far-field model calibration and validation 

Site-specific measurements of ocean currents and tides were not available to serve as model 
validation data, however ample measurements were available from several sites at Bunbury 
(Koombana Bay), approximately 15 km to the south of the proposed ocean outlet. The 
measurement locations that provided calibration/validation data for this study are shown in 
Figure 5.  

Model calibration and validation utilised current speed and direction measurements from the 
Southern Ports Authority (SPA) site Beacon 3, and water level measurements from the 
Department of Transport (DoT) tide gauge BNV.  

 
Figure 5: Locations of met-ocean observation sites at Bunbury 
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Model validation utilised the following quantitative indices to compare the simulation with the 
measurements: 

 Mean Absolute Error (MAE). A quantitative measure of the absolute differences between 
the simulation and measurements. Low values of MAE represent good model performance. 
This metric is easily interpretable and a more natural measure than the commonly used 
root-mean-squared error, as it is less influenced by extreme values (i.e. outliers or ‘noise’ in 
the measured data) (Willmott 1982). The MAE is calculated as: 

𝑴𝑴𝑨𝑨𝑨𝑨 =
∑ |𝑃𝑃𝑖𝑖 −  𝑂𝑂𝑖𝑖|𝑛𝑛
𝑖𝑖=1

𝑛𝑛  

where: 

– 𝑃𝑃𝑖𝑖 = Predicted value at comparison time 𝑖𝑖 

– 𝑂𝑂𝑖𝑖 = Observed value at comparison time 𝑖𝑖 

– 𝑛𝑛 = Number of comparison measurements 

 Index of Agreement (IOA). IOA is a quantitative measure of the average differences 
between predicted and observed values relative to the range of values in the observation 
data (Willmott 1982). It is bounded between the values of 0 and 1, with values close to 0 
describing large relative differences (i.e. poor validation) and values close to 1 describing 
small relative differences (i.e. good validation). Willmott et al. (1985) suggests that IOA 
values meaningfully greater than 0.5 represent good model validation, with values 
approaching 1 representing excellent validation. The IOA is calculated as: 

𝑰𝑰𝑰𝑰𝑨𝑨 = 1−
∑ (𝑃𝑃𝑖𝑖 − 𝑂𝑂𝑖𝑖)2𝑛𝑛
𝑖𝑖=1

∑ (|𝑃𝑃𝑖𝑖 −  𝑂𝑂�| + |𝑂𝑂𝑖𝑖 −  𝑂𝑂�|)2𝑛𝑛
𝑖𝑖=1

 

where, further to the definitions for MAE: 

– 𝑂𝑂� = Mean of the observations during the comparison period. 

The quantitative model skill measures of MAE and IOA are not applicable to directional 
parameters (e.g. current direction) as these equations are not designed for data defined on a 
circular scale. As such, MAE and IOA values are presented for the u (eastward) and v 
(northward) velocity components, which provides a manner to assess model skill in simulating 
current directions. 

3.7 Modelling scenarios 

A total of six simulations comprised this modelling assessment as detailed in Table 4. The 
model was calibrated to measured currents and water levels over June 2015 (typical winter 
conditions) and validated against the same parameters measured over December 2015 (typical 
summer conditions). These two one-month periods also served as the simulation periods for 
predicting the far-field dilution of the brine plume for the design capacity peak flow rate of 72 L/s 
(ultimate worst-case) and the Proposal peak flow rate of 15 L/s (initial worst-case). 

Each simulation period included a one-week simulation spin-up to allow the model to transition 
from the quiescent starting conditions (still currents and no water level variations) to the 
dynamic conditions of the coastal environment. 
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Table 4: Simulation scenarios 

Scenario Simulation Period 

Calibration period June 2015 

Validation period December 2015 

Design capacity peak discharge (72 L/s), summer 
conditions December 2015 

Design capacity peak discharge (72 L/s), winter conditions June 2015 

Proposal peak discharge (15 L/s), summer conditions December 2015 

Proposal peak discharge (15 L/s), winter conditions June 2015 

3.8 Assessment approach 

The purpose of this modelling assessment is to recommend an appropriate mixing zone spatial 
extent for compliance monitoring. Compliance with the WQOs is achieved for plume dilutions 
equal to or exceeding 46-fold (section 3.4). Dilution of the wastewater plume in each model cell, 
for each model timestep is calculated from the model outputs on the basis of the salinity 
concentration using the below equation: 

𝐷𝐷𝐶𝐶,𝑇𝑇 =
𝑆𝑆𝑂𝑂 −  𝑆𝑆𝐴𝐴
𝐶𝐶𝐶𝐶,𝑇𝑇 −  𝑆𝑆𝐴𝐴

 

where: 
DC,T = Plume dilution in model cell C at time T. 
SO = Initial outlet salinity (11.91 PSU). 
SC,T = Salinity in model cell C at time T (dynamically varying). 
SA = Salinity of ambient water (35 PSU). 
The maximum extent of dilutions below (i.e. not achieving) the target concentration of 46-fold 
was mapped spatially by first calculating the minimum salinity in each model cell (i.e. producing 
the minimum dilution) before applying the above equation. The contour where the minimum 
dilution is equal to 46-fold represents the maximum distance (in all directions from the outlet) 
that the plume travelled before the WQOs were achieved. Using the maximum extent (rather 
than e.g. the 95th percentile extent) is a conservative approach to predicting the mixing zone 
size. 
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4. Results 
4.1 Near-field modelling 

The UM3 near-field modelling of flow rates ranging from 5 to 72 L/s with ambient current speed 
of 5 cm/s indicates the following: 

 The buoyant plume is predicted to reach the sea surface at a horizontal distance of 8-9 m 
west of the outlet (Figure 6). This distance defines the edge of the near-field zone. 

 Average plume dilutions (average dilution across the plume width) at the edge of the near-
field were predicted to reach 480-fold for the Proposal moderate flow case (5 L/s), 197-fold 
for the stage-1 peak flow case (15 L/s) and 58-fold for the design capacity peak flow case 
(72 L/s) (Figure 7), while plume centreline dilutions (lowest dilution in plume centre where a 
lower degree of ambient mixing occurs) were 137-fold, 75-fold and 28-fold, respectively. 
The Proposal flow rates assessed are predicted to achieve the target dilution of 46-fold in 
close proximity to the outlet (within 10 m). Average plume dilutions for the design capacity 
peak flow case (72 L/s) achieved the dilution target, however the central portion of the 
plume is predicted to require additional far-field dilution in order to achieve the water quality 
standards.  

The 15 and 72 L/s flow rates are further assessed with the far-field model. 
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Figure 6: Plume depth vs distance for flow rates of 72 L/s (red), 15 L/s (blue) 

and 5 L/s (green)14 

 
Figure 7: Plume dilution vs distance for flow rates of 72 L/s (red), 15 L/s (blue) 

and 5 L/s (green)15 

4.2 Far-field model calibration and validation 

The far-field model was calibrated over the winter period (June 2015) and assessed for model 
validation over the summer period (December 2015). Very good model validation (i.e. high 
model ‘skill’) was considered to be achieved for IOA values exceeding 0.7, while values 
between 0.5 and 0.7 were considered to represent good model performance.  

 
14 Lines indicate plume center and dots indicate plume boundary 
15 Lines indicate average plume dilution through the plume cross-section and dots indicate plume centerline dilution 



 

GHD | Report for Harvey Water - Brine Pipeline and Outfall, 12543714 | 17 

The model achieves IOA values indicating good or very good model skill across all comparisons 
of currents at the sea surface, mid-depth, seafloor and depth-averaged, and surface water 
levels. Further, MAEs of current speeds or directional current components (u and v) are typically 
low (3 cm/s or lower), while the winter simulation resulted in a MAE for water levels of 6 cm and 
11 cm for summer. 

Qualitative comparisons of the summer (Figure 8) and winter (Figure 9) time-series of 
measurements and simulation predictions also indicate a high degree of model skill in 
replicating the measured data. 

Table 5: Quantitative indices of model skill (IOA, MAE) for the winter 
(calibration) and summer (validation) periods 

 Summer Winter Summer Winter 
Location Parameter IOA MAE 

Surface (BNV) Water Level 0.88 0.97 0.11 m 0.06 m 

Surface (B3) 
U velocity 0.77 0.68 0.04 m/s 0.06 m/s 
V velocity 0.57 0.64 0.03 m/s 0.04 m/s 

Current speed 0.65 0.54 0.04 m/s 0.05 m/s 

Mid-depth (B3) 
U velocity 0.70 0.76 0.04 m/s 0.05 m/s 
V velocity 0.50 0.53 0.03 m/s 0.03 m/s 

Current speed 0.65 0.72 0.03 m/s 0.03 m/s 

Seafloor (B3) 
U velocity 0.68 0.75 0.04 m/s 0.05 m/s 
V velocity 0.56 0.50 0.03 m/s 0.03 m/s 

Current speed 0.62 0.71 0.03 m/s 0.03 m/s 

Depth-Averaged (B3) 
U velocity 0.79 0.76 0.03 m/s 0.05 m/s 
V velocity 0.62 0.65 0.02 m/s 0.02 m/s 

Current speed 0.76 0.70 0.03 m/s 0.03 m/s 

 



 

GHD | Report for Harvey Water - Brine Pipeline and Outfall, 12543714 | 18 

 
Figure 8: Time-series comparisons of measured (orange) and simulated (blue) 

water levels at BNV (first row) and depth-averaged current speeds 
(second row), u-velocities (third row), v-velocities (fourth row) and 
directions (fifth row) at Beacon 3 for the summer calibration period 

 
Figure 9: Time-series comparisons of measured (orange) and simulated (blue) 

water levels at BNV (first row) and depth-averaged current speeds 
(second row), u-velocities (third row), v-velocities (fourth row) and 
directions (fifth row) at Beacon 3 for the winter validation period 
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4.3 Dilution predictions 

4.3.1 Design capacity peak flow (72 L/s) 

The maximum spatial extent predicted to be required to achieve the 46 fold dilution target (i.e. 
achieve the WQOs) for the design capacity peak flow of 72 L/s is displayed in Figure 10 for the 
summer and winter simulations. The far-field model predicts that the WQOs will be achieved 
within a maximum distance of ~40 m from the outlet for summer and winter conditions.  

 
Figure 10: Maximum predicted extent to achieve a dilution of 46 fold or 

greater for the summer simulation (top) and winter simulation 
(bottom) 

4.3.2 Proposal peak flow (15 L/s) 

Although the near-field modelling (section 4.1) indicated the WQOs would be achieved within 
close proximity (~10 m) of the outlet for the Proposal peak flow of 15 L/s, this scenario was 
simulated in the far-field model as a verification of the near-field predictions.  

None of the far-field model cells (~10 m cell widths) were predicted to have dilutions below the 
target at any time during the summer or winter scenarios. In other words, the far-field model 
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predicts the WQOs will always be achieved within very close proximity (<10 m) of the outlet, 
which supports the near-field model predictions for this flow rate. 

4.4 Recommended operational mixing zone 

On the basis of the far-field modelling predictions which indicate the WQOs will be achieved at a 
maximum distance of ~40 m from the outlet for the design capacity peak flow (72 L/s), a 100 m 
radius around the outlet is recommended to be established as the operational mixing zone for 
compliance monitoring purposes. The 100 m radius allows additional distance beyond that 
predicted by the modelling to account for any uncertainties inherent with this modelling 
approach.  
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