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1 INTRODUCTION 

This chapter provides a summary of the results of the marine and estuarine water quality assessment 

undertaken by frc environmental (Volume 5, Appendix 9), and the coastal environment and water quality 

assessment undertaken and Water Technology (Volume 5, Appendix 11), for the Project Sea Dragon Stage 1 

Legune Grow-out Facility (the Project or Project Area). 

1.1 ENVIRONMENTAL OBJECTIVES 

In accordance with Section 4.4.1 of the Project's Terms of Reference for the Preparation of an Environmental 

Impact Statement (ToR) the environmental objectives relevant to marine and estuarine water are: 

To ensure surface water and groundwater resources are protected both now and in the future, such that 

the ecological health and land uses, and the health, welfare and amenity of people are maintained.  

1.2 TERMS OF REFERENCE ADRESSED IN THIS CHAPTER 

Table 1 summarises the EIS requirements from the Terms of Reference (TOR) for the Project, and where in this 

chapter they are addressed. 

TABLE 1 TERMS OF REFERENCE 

Section Terms of Reference Chapter Section 

3.1 Existing Environment - Physical and Biological 

Existing aspects to be discussed must include: 

estuarine and marine water quality including existing temporal 

variations in suspended solids, nutrient levels and algal blooms 

hydrodynamics of the receiving waters for waste discharge, including 

local tides and current patterns 

Section 3.5 

4.4.2 Water - Assessment of Risks 

The EIS should include an assessment of risks to surface water (marine and 

fresh) at an appropriate spatial scale as a result of the Project. In particular, 

the EIS should identify and assess the risks: 

to existing surface water quality and quantity, with specific reference to 

the Project components 

of planned discharges, and potential uncontrolled release or passive 

discharge of contaminants, such as hydrocarbons or nutrients, or 

pathogens to surface water  

associated with the new infrastructure or disturbance of soils altering 

the hydrology and rates of erosion and sedimentation of waterways, and 

disturbing potential acid sulfate soils 

of any additional impacts to surface water resulting from the Project 

given the large volumes of both seawater and fresh water that will be 

required for the life of the Project. 

Section 4 
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Section Terms of Reference Chapter Section 

The rates of dilution associated with mixing of discharged waste water into 

the tidal environment and consequent impacts to water quality should be 

predicted and discussed based on the modelled hydrodynamics for receiving 

waters.  

The influence of seasonality and annual variability should be discussed, 

where relevant. The risk assessment should give consideration to the short, 

medium and long term timeframes of the Project. 

Section 4.5 

4.4.3 Water - Mitigation 

The EIS should contain management plans (such as a water management 

plan, acid sulfate soil management plan and erosion and sediment control 

plan (ESCP)) prepared by suitably qualified and experienced professionals in 

accordance with appropriate guidelines that clearly outline objectives and 

measures to mitigate likely impacts of the Project on marine and freshwater 

systems. All mitigation measures in the plan(s) should be adequately detailed 

to demonstrate best practice management and that environmental values of 

receiving waters will be maintained. The plan must include but not be limited 

to measures that: 

minimise contamination of marine and fresh water systems 

ensure the protection and resilience of water dependent ecosystems 

avoid the exposure of sensitive biological receptors to pathogens, 

contaminants or poor quality water  

treat and manage domestic wastewater and sewage 

ensure the extraction, use and discharge/disposal of water is consistent 

with relevant legislation, including the Water Act, Fisheries Act and 

Waste Management and Pollution Control Act (WMPC Act) 

account for times of intense and prolonged rainfall, extreme 

meteorological conditions, such as 100 year ARI storm events, cyclones 

and storm surges, and the predicted impacts of climate change.  

Measures for the management of water should include options for 

minimising water use, managing stormwater including overflows from 

production and treatment ponds, treatment of contaminated and 

hypersaline water, spill containment and management, and management of 

nutrients prior to waste water discharge (to prevent dissolved oxygen 

depletion, eutrophication, etc. in the receiving environment).  

Volume 4, Chapter 

3 

4.4.4 Water - Monitoring 

The management plan(s) should outline details of monitoring programs that 

would be implemented throughout the life of the Project to determine the 

effectiveness of the mitigation measures. The monitoring programs should 

identify objectives, clear thresholds and contingency measures should 

construction and operational activities affect water. Monitoring programs 

should be capable of detecting change in a statistically robust manner. 

Volume 4, Chapter 

3 
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Section Terms of Reference Chapter Section 

Provisions to notify and respond to environmental and human health risks 

associated with water quality, or other water related emergencies, should be 

discussed and provided in the EIS. 

Where interpretation of the monitoring data or other observations has 

detected the potential for or actual adverse trends in performance or 

impacts, detail the remedial/corrective strategies and actions that would 

likely be implemented. Include scopes of work where appropriate together 

with a commitment to an implementation timetable and any modifications to 

the monitoring program required in order to assess the performance of the 

actions. 

Proposed mitigation and monitoring measures must be incorporated in 

relevant sections of the EMP. 

1.3 REGULATORY REQUIREMENTS, STANDARDS AND AGREEMENTS 

The regulatory requirements relevant to marine and estuarine water are discussed below. 

1.3.1 Environment Protection and Biodiversity Conservation Act 1999 (EPBC Act) (Cwth) 

This is the Commonwealth's central piece of environmental legislation. It provides a legal framework to protect 

and manage nationally and internationally important flora, fauna, ecological communities and heritage places, 

defined in the Act as Matters of National Environmental Significance (MNES). The Project has been determined 

to be a controlled action as a result of two MNES: 

Listed threatened species and communities (section 18 and 18A) 

Listed migratory species (sections 20 and 20A). 

The Project therefore requires assessment and approval under the EPBC Act, and is being assessed under the 

environmental assessment bilateral agreement between the Commonwealth and the NT government. There 

are a range of possible threatened communities, protected species, and migratory species requiring protection 

in terms of marine and estuarine waters under the Act. While these are fully addressed in Volume 2, Chapter 7, 

this is relevant here in terms of the impacts of the Project at the intake structure, and on receiving water 

quality. 

1.3.2 Dangerous Goods Act 1998 (NT) 

Relates to the storage, handling and transport of dangerous goods on the project site. Relevant to the Project 

in terms of managing hazardous substances, to avoid spills to the marine or estuarine environments. 

1.3.3 Fisheries Act (NT) 

Provides for the regulation, conservation and management of fisheries and fishery resources in order to 

maintain their sustainable utilisation, as well as regulating the sale and processing of fish and aquatic life. An 

aquaculture licence is required under the Act for the breeding or farming of fish or aquatic life for sale, and for 

the Project. This is only tangentially relevant to this section of the EIS, but conditions may be placed relating to 

discharges. 

1.3.4 Marine Act (NT) 

Approval is required to erect structures below the high water mark or to attach structures to the sea floor 

(jetty, wharf, pontoon or mooring) in NT waters. Approval under the Act is likely to apply to the construction of 
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the intake which will be constructed below the high water mark on Forsyth Creek, and the discharge from the 

EPZ into Alligator Creek. 

1.3.5 Marine Pollution Act (NT) 

The Act (and Regulations) regulate water pollution at sea in order to protect the marine and coastal 

environment by minimising intentional and negligent discharges of ship-sourced pollutants into coastal waters, 

and for related purposes. They apply to all vessels in NT Waters, generally three nautical miles to seaward of 

the low water mark. Under the Act, all reportable incidents must be notified to the Marine Safety Branch. 

Section 50 of the Act defines a reportable incident as: 

A discharge or probable discharge from a ship of oil or noxious liquid substance, or 

Jettisoning from a ship a harmful substance that is carried in packaged form. 

The Act supports the Commonwealth Protection of the Sea (Prevention of Pollution from Ships) Act 1983, which 

applies more than three nautical miles from shore. 

Should the Project operate a vessel in NT waters, the proposed vessel operators must comply with the 

requirements of the Act and associated regulations. In addition, arrangements for the management of oily 

waste and garbage (i.e. suitable shore-side arrangements) might need to be considered as part of the project 

for receiving and disposing of any waste from vessels, allowing them to comply with this Act. 

1.3.6 Territory Parks and Wildlife Conservation Act (NT) 

The Territory Parks and Wildlife Conservation Act (TPWC Act) provides conservation categories for aquatic 

species, relevant in terms of protecting the quality of receiving waters, and impacts at the intake point. Fish 

species listed under the TPWC Act are protected under the Northern Territory’s Fisheries Act.  

1.3.7 Waste Management and Pollution Control Act 1998 (NT) 

The purpose of the Act is to protect the environment through the encouragement of effective waste 

management and pollution prevention and control practices. It facilitates the implementation of national 

environment protection measures made under the National Environment Protection Council (Northern 

Territory) Act 1999, and incorporates environmental compliance plans and audits. 

Environmental protection approvals and licences are required under the Act for activities listed in Schedule 2 

associated with:  

The disposal of waste by burial 

The collection, transportation, storage, recycling, treatment or disposal of listed waste 

The processing of hydrocarbons so as to produce, store or dispatch liquefied natural gas or methanol. 

Environment protection approvals are granted for works associated with the construction phase and 

environment protection licences are granted for the operational phase of projects. The Act also establishes a 

process for notifying the NT EPA in regard to incidents causing, or threatening to cause, pollution.  

Environment protection approvals will be required for the construction phase of the development, and an 

environment protection licence will be required for the operational phase. Waste management controls and 

response procedures for potential environmental incidents will be developed for the Project in the 

Environmental Management Plans.  
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1.3.8 Water Act 1992 (NT) 

Provides for the investigation, allocation, use, control, protection and management of the NT’s surface water 

and groundwater resources. The regulatory functions of the Water Act cover: 

the discharge of waste to water 

the extraction of water from surface water sources 

the drilling and abstraction of groundwater from bores 

construction or alteration works undertaken within a waterway (i.e. dam construction and/or roadworks). 

A surface water extraction licence will be required under the Act to extract and use saline water from Forsyth 

Creek, and a waste discharge licence will be required to discharge waste water from the grow-out facility into 

Alligator Creek. 

1.3.9 AS 1940—Storage and handling of Flammable & Combustible Liquids 

AS 1940 - The storage and handling of flammable and combustible liquids 

AS 3780 - The storage and handling of corrosive substances 

AS 4326 - The storage and handling of oxidizing agents 

AS/NZS 3833 - The storage and handling of mixed classes of dangerous goods, in packages and 

intermediate bulk containers 

National Standard for the Storage and Handling of Workplace Dangerous Goods. 

Australian Dangerous Goods (ADG) Code 

To protect soil and waters from contamination through spills and leaks hazardous and other chemicals stored 

in minor quantities should conform to these standards. 

1.3.10 Indigenous Land Use Agreement   

Discussions are currently underway to develop an Indigenous Land Use Agreement (ILUA) for the Project area, 

which will be required prior to works starting on the site, and may include provisions relevant to marine and 

estuarine water management. 

1.3.11 Northern Territory Environmental Protection Authority Guidelines (NT) 

The NT EPA has developed a series of draft and current guidelines related to the Environmental Assessment Act 

and Waste Management and Pollution Control Act. These guidelines are policy documents that describe the 

minimum expectations of the NT EPA in relation to a particular matter. Potentially relevant guidelines include: 

Guidelines on Conceptual Site Models 

Guidelines on Mixing Zones 

1.3.12 Australian and New Zealand Guidelines for Fresh and Marine Water Quality 2000 (National) 

Often referred to as the Australian Water Quality Guidelines (AWQG), or the ANZECC Guidelines, these are part 

of the National Water Quality Management Strategy (NWQMS). The aim of the guidelines is to 'provide an 

authoritative guide for setting water quality objectives required to sustain current or likely future 

environmental values for natural and semi-natural water resources in Australia and New Zealand'. To this end, 

the AWQG provide guidance on setting and selecting appropriate water quality objectives, based on a 

hierarchy starting at: 
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Local Guidelines, then 

State Guidelines, then 

National (AWQG) guidelines. 

In essence, this hierarchy requires that where there are no locally specific guidelines (which would require 

comprehensive local water quality data collection typically spanning at least a 1 to 2 year period) that 

management decisions should default to relevant State based guidelines, and in their absence to National 

guidelines. 
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2 METHODS 

The key source of potential impact to marine and estuarine waters from the Project will be related to the 

treated wastewater discharge during operations from the EPZ into Alligator Creek, noting that this creek 

exchanges with the Keep River as part of the wider Joseph Bonaparte Gulf. 

Potential less significant impacts are related to the intake of marine water from Forsyth Creek, and risks from 

sedimentation and accidental oil and chemical spills during construction.  

The assessment of marine and estuarine water impacts therefore set out to: 

Understand the existing environment, including context and processes, through a review of existing 

literature, targeted field sampling and data collection, and numerical hydraulic and wastewater fate 

modelling. 

Determine the potential degree of impact and associated impacting processes, through numerical 

modelling and a risk based approach to determine the likelihood of impacts. 

From these assessments, identify any design and mitigation measures that are required to address and 

appropriately manage potential impacts to minimise harm and ensure that the project is sustainable. 

2.1 DESKTOP REVIEW 

An extensive desktop based literature review was conducted to describe the existing coastal environment 

within the Joseph Bonaparte Gulf, the Keep and Victoria Rivers, and the waterways around Legune Station. The 

site is remote and therefore detailed studies are limited. Where available, data associated with the following 

were reviewed: 

The geology and geomorphology of Joseph Bonaparte Gulf. 

Estuarine and marine water quality, including relevant parameters such as salinity, turbidity and nutrients. 

Physical oceanography, including hydrodynamics, storm surges and waves. 

Existing data from the Northern Territory water quality monitoring stations. 

Information from other environmental impact assessments in the region. 

Published scientific literature and liaison with independent experts. 

Sources included: 

data from Northern Territory Government water quality monitoring stations, 

other environmental impact assessments in the region, 

published scientific literature, and  

 liaison with independent experts. 

A gap analysis based on this initial review was used to plan and implement field based data collection activities. 
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2.2 ANALYSIS OF SATELLITE DATA 

An analysis of remotely sensed satellite data was conducted to extend the data set collected as part of the 

Project (see Section 2.4) on turbidity and chlorophyll a levels. This used a Modular Inversion and Processing 

System applied to historical Landsat 5, 7 and 8 data. Scenes were analysed from 20 different days between 

2006 and 2015, selected from periods of relatively high tides and low cloud cover, and classified according to 

season, preceding rainfall, and tidal phase.  

Data derived from this satellite imagery was analysed to assess long term variation in turbidity and chlorophyll 

a due to season, preceding rainfall and tidal phase. 

2.3 OCEANOGRAPHIC DATA COLLECTION 

A physical data collection program was undertaken for the study, which included: 

The deployment of water level, wave, and water quality instrumentation. 

Observations of the geomorphology, bank profiles, etc. in the area. 

The collection of bathymetric data and tidal current profiles to assist in characterising the physical coastal 

environment, including navigational charts, hydrographic survey, aerial LiDAR and imagery. 

Summaries of the data collection program and the location of data collection points for the oceanographic data 

collection program are respectively provided in Table 2 and Figure 1. 

TABLE 2 OCEANOGRAPHIC DATA COLLECTION SITES 

ID Location Parameters 

Deployment 1: August – September 2015 

1 Forsyth Creek Intake location Water levels, waves, temperature, water quality (turbidity, pH, 

dissolved oxygen, salinity) 

2 Forsyth Creek upper Water levels, temperature 

3 Alligator Creek discharge location Water levels, waves, temperature 

4 Alligator Creek upper Water levels, temperature 

5 Keep River Water levels, temperature, water quality 

Deployment 2: September – October 2015 

6 Offshore of Turtle Point Island Water levels, waves, temperature 

1 Forsyth Creek Intake location Water levels, waves, temperature 

2 Forsyth Creek upper Water levels, temperature 

3 Alligator Creek discharge location Water levels, waves, temperature 

7 Alligator Creek south bank (opposite 

discharge) 

Water levels, temperature, water quality 

8 Bob’s Creek Water levels, temperature 

Deployment 3: October 2015 – January 2016 
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ID Location Parameters 

1 Forsyth Creek Intake location Water levels, temperature 

7 Alligator Creek south bank Water levels, temperature 

Deployment 4: January – March 2016 

1 Forsyth Creek Intake Water levels, waves, temperature 

7 Alligator Creek south bank Water levels, temperature, water quality, salinity 

8 Bob’s Creek Water levels, temperature 

9 Offshore of Turtle Point Island Water levels, waves, temperature, salinity 

10 Forsyth Creek tidal extent Water levels, temperature 

11 Alligator Creek tidal extent Water levels, temperature 

12 Keep River Water levels, temperature, salinity 

Volume 5, Appendix 8 provides further details of the oceanographic data collection program. 

The data collected was used to support the development and calibration of numerical hydrodynamic and 

wastewater fate models of the study area. 
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FIGURE 1 OCEANOGRAPHIC AND WATER QUALITY DATA COLLECTION SITES 
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2.4 WATER AND SEDIMENT QUALITY SAMPLING 

2.4.1 Survey Location and Timing 

A baseline water quality sampling program was designed and implemented following a preliminary dry season 

field survey conducted in June 2015. This baseline program sampled at 20 sites around the project area, of 

which 13 sites continued were sampled on a monthly basis. In addition, five distant reference sites were 

sampled, one of which continued to be sampled on a regular basis throughout the 14 months of sampling. In 

April 2016, sampling at one of the distant reference sites initially sampled in June 2015 in the Victoria River was 

recommenced, and another distant reference site was added in the Victoria River. These have continued to be 

sampled monthly along with the other 13 sites, since April 2016. See Table 3 and Figure 2. 

Boat based sampling was used for the preliminary field survey, and also for the October 2015, and January and 

March 2016 surveys. The remainder of the surveys (August, September, November and December 2015, 

February and April 2016 onwards) were conducted via helicopter (for logistical reasons including restricted 

access and safety issues due to the large tidal range, safety from crocodiles, sample holding times, and cost). 

2.4.2 Survey Program Design 

The baseline program was designed to characterise existing water and sediment quality conditions of the 

estuarine receiving environment that may be impacted by the proposed development. It was designed to 

include potential sources of variation in water quality due to location, season, depth, neap-spring cycles and 

tidal phase, and comprised the following. 

2.4.2.1 Water Quality 

Field parameters - salinity, electrical conductivity (EC), pH, temperature, dissolved oxygen1, turbidity - 

collected monthly on both spring and neap tides. 

Laboratory parameters - electrical conductivity, pH, turbidity, total suspended solids, total dissolved solids, 

Nitrogen (total, ammonia, oxides, Kjeldahl), Phosphorus (total, reactive), total organic carbon, chlorophyll 

a, coloured dissolved organic matter, chemical oxygen demand, biological oxygen demand, phytoplankton, 

- collected monthly on both spring and neap tides and analysed by a National Association of Testing 

Authorities (NATA) accredited laboratory. 

Toxicants (total and dissolved metals and metalloids, total petroleum hydrocarbons, pesticides 

(organochlorine, organophosphorus) sampled in two surveys to provide background concentrations: in 

June 2015 and in January 2016 - analysed by a NATA accredited laboratory. 

Coloured dissolved organic matter was analysed in samples collected in October 2015, January 2016 and 

March 2016 for potential use in interpretation of satellite imagery. 

Chemical and biological oxygen demand were analysed in samples collected in March 2016, to give an 

indication of the amount of dissolved oxygen needed to break down organic material in the water body. 

The species composition of phytoplankton was also analysed in March 2016, to give an indication of 

species present in the receiving environment.  

Collection of water quality depth profiles at each site in each the four seasonal surveys. 

1 temperature and dissolved oxygen were not assessed when samples were collected using a helicopter due to 
timing and safety constraints 
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Collection of water quality samples through a tidal cycle at 3 sites in each of the four seasonal surveys. 

Sampling in accordance with the Queensland Monitoring and Sampling Manual 2009 (DERM 2010). 

2.4.2.2 Sediment Quality 

Sediment was sampled and analysed in June (15 sites), October 2015 (13 sites), and March 2016 (8 sites) 

Collected using either a 2 L PVC corer or a 2 L stainless steel corer on accreting banks in the intertidal and 

shallow subtidal zone (between approximately LAT -0.5 and LAT 3.75 m) 

Analysed by a NATA-accredited laboratory for particle size distribution, total metals and metalloids, 

nutrients, total petroleum hydrocarbons, total recoverable hydrocarbons, and pesticides 

All sampling in accordance with the Queensland Monitoring and Sampling Manual 2009 (DERM 2010) 

Further information on the water quality sampling program, including QA/QC (Quality Assurance/Quality 

Control) is outlined in Volume 5, Appendix 9. 
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TABLE 3  SUMMARY OF SITES ASSESSED IN EACH SURVEY FOR WATER QUALITY 

Site May-13 Jun-15 Aug-15 Sep-15 Oct-15 Nov-15 Dec-15 Jan-16 Feb-16 Mar-16 Apr-16 May-16 Jun-16 Jul-16 

Bob’s Creek I01 – X – X – – – – – – – – – – 

I02 – X – X X X X X X X X X X X 

I03 – X – X – – – – – – – – – – 

I04 – T X X – – – – – – – – – – 

Forsyth Creek I05 – R – X – – – – – – – – – – 

I06 – X X X – – – – – – – – – – 

WT07 X – – – – X X X X X X X X X 

I07 X X X X – – – – – – – – – – 

I08 – T X X T X X T X T X X X X 

Keep River I10 – X X X X X X X X X X X X X 

I12 – X X X T X X T X T X X X X 

I33 – – – X X X X X X X X X X X 

I34 X – – X T X X T X T X X X X 

Alligator Creek I09 – X X – – – – – – – – – – – 

I27 X – – X X X X X X X X X X X 

I28 X – X X X X X X X X X X X X 

I29 X – X X R X X X X R X X X X 

Turtle Point I21 – X – X X X X X X X X X X X 

I25 – – – – X – – R – X X X X X 
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Site May-13 Jun-15 Aug-15 Sep-15 Oct-15 Nov-15 Dec-15 Jan-16 Feb-16 Mar-16 Apr-16 May-16 Jun-16 Jul-16 

Sandy Creek I30 X – – X X X X X X X X X X X 

Distant Reference Sites I11 – X – – – – – – – – X X X X 

I13 – X – – – – – – – – – – – – 

I22 – X X X X X X X X X X X X X 

I23 – X X – – – – – – – – – – – 

I24 – T / R – – – – – – – – – – – – 

I35 – – – – – – – – – – X X X X 

X single sample was collected 

T samples taken throughout the tidal cycle, minimum of three samples collected 

R replicate sample collected for QA/QC purposes 

– no sample collected 
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FIGURE 2 WATER QUALITY SAMPLE SITES 
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2.5 DATA ANALYSIS 

2.5.1 Comparison of Surface Water Quality to AWQG 

Water quality data was tabulated and compared to the laboratory limits of reporting and trigger values in the 

Australian Water Quality Guidelines (AWQG, ANZECC & ARMCANZ 2000) for outer estuarine waters according 

to the criteria in the AWQG (see also Section 2.6) Trigger values are concentrations of, or values for water 

quality indicators that, if exceeded, indicate that there may be risk that the environment is insufficiently 

protected. Where water quality indicators are within the range of identified trigger values, the predicted or 

observed changes are considered to present a low risk to the environment.  

The 20th, 50th (median) and 80th percentiles of all surface water data were calculated for each physical and 

chemical stressor, and the medians compared to the AWQG for sites where samples were collected in more 

than eight surveys.  

The concentrations of toxicants were analysed in samples collected in June 2015 and March 2016. 

2.5.2 Comparison of Sediment Quality to Sediment Quality Guidelines 

The median concentrations from each site sampled were calculated, and the sediment quality was compared to 

the laboratory limits of reporting and the trigger values in the Revision of the ANZECC/ARMCANZ Sediment 

Quality Guidelines (Simpson et al. 2013). 

2.5.3 Depth Profile and Tidal Cycle Sampling 

Data collected in the depth profiles and through the tidal cycle were examined to determine if there were any 

trends in the data. 

2.5.4 Variation with Season 

Physical and chemical stressors were assessed for differences between the wet (November to April) and dry 

(May to October) seasons using Analysis of Similarity (ANOSIM). All sites and parameters were grouped by 

season and displayed using non-metric multidimensional scaling plots. If significant differences were observed, 

one-way analysis of variance (ANOVA) was used for each parameter to attempt to determine the source of the 

difference. Where there was a difference between sampling times, the data was further analysed using Tukey’s 

post-hoc test to determine differences between each survey event. 

2.5.5 Variation of Turbidity with Season, Preceding Rainfall and Tide Phase in the Long Term 

Turbidity data derived using the satellite imagery was highly correlated with turbidity data collected in the 

field. To assess long-term variation due to season, preceding rainfall, and tidal phase, these two data sets were 

analysed separately and also combined. 

2.5.6 Chlorophyll a 

To investigate the relationship between chlorophyll a and water quality, regression equations were calculated 

for each individual site and for all sites for:  

chlorophyll a and turbidity 

chlorophyll a and salinity, and 

chlorophyll a and total suspended solids. 
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Where R2 value was 0.6 or greater the parameters were considered to be correlated2. 

2.6 INTERIM SITE-SPECIFIC TRIGGER VALUES FOR PHYSICAL AND CHEMICAL STRESSORS 

The key source outlining the framework for determining site specific water quality trigger values or objectives 

is the Australian and New Zealand Guidelines for fresh and marine water quality (ANZECC & ARMCANZ 2000), 

often referred to as the Australian Water Quality Guidelines (AWQG) or the ANZECC Guidelines. These are a 

key part of the National Water Quality Management Strategy (NWQMS).  

The aim of the guidelines is to "provide an authoritative guide for setting water quality objectives required to 

sustain current or likely future environmental values for natural and semi-natural water resources in Australia 

and New Zealand". To this end, the AWQG provide guidance on setting and selecting appropriate water quality 

objectives, based on a hierarchy starting at: 

Local Guidelines, then 

State Guidelines, then 

National (AWQG) guidelines. 

Basically this hierarchy requires that where there are no locally specific guidelines (which would require 

comprehensive local water quality data collection typically spanning at least a 1 to 2 year period) that 

management decisions should default to relevant State based guidelines, and in their absence to National 

guidelines. 

2.6.1 Local, State and National Guidelines 

There are no water quality objectives (WQO) for the Joseph Bonaparte Gulf (local). Water quality objectives for 

other water bodies in the region were reviewed to determine their relevance and suitability for this project. Of 

the available data, WQO for Darwin Harbour (DNRETAS 2010) and for the Kimberley inshore waters (Daly et al. 

2012) had the closest characteristics to water quality collected in the current surveys, and consequently were 

investigated further to determine if they would be appropriate to use (see Volume 5, Appendix 9). However, 

comparison of water quality from the surveys conducted as part of these investigations with the Darwin 

Harbour and Kimberley WQO indicated that neither the trigger values nor the objectives from either of these 

were likely to be suitable for use in the Project Area. 

2.6.2 Calculation of Interim Site-Specific Trigger Values for Chemical and Physical Stressors 

Consequently, as none of the available guidelines or WQOs were suitable for use, the surface water quality 

data collected for the Project was used to calculate interim site-specific trigger values (interim triggers) for 

chemical and physical stressors in accordance with the Australian Water Quality Guidelines (AWQG) sections 

3.3.3.2, 3.3.2.4, 3.4.3.2 and 7.4.4.2 (ANZECC & ARMCANZ 2000).  

The AWQG uses a decision scheme approach to assess test site data and tailor trigger values according to site-

specific environmental conditions.  

The first step is the determination of the management aims - for this Project the aim is to ensure the effluent 

discharge does not negatively impact the Environmental Values of the receiving environment, which is 

classified as a slightly to moderately disturbed ecosystem as per the AWQG (ANZECC & ARMCANZ 2000). For 

2 In this case the R2 provides an estimate of the strength of the relationship between chlorophyll a and the other 
water quality parameters listed 
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moderately to slightly disturbed ecosystems, maintenance of biological diversity relative to suitable reference 

condition should be the key management goal (ANZECC & ARMCANZ 2000).  

Ideally, and in accordance with the AWQG (ANZECC & ARMCANZ 2000), background data upon which such site-

specific guidelines are derived should be collected on a monthly basis for a two-year period. However, the 

AWQG also state that interim site specific guidelines can be derived using data collected over a shorter period.  

Consequently, data collected in the surveys in May 2013, and from June 2015 to July 2016 were used to derive 

interim trigger values.  

The proponent notes that the baseline data collection program is ongoing and it is the intention of the project 

that once there is a data record of the order of two years in length, these data will be used to derive water 

quality objectives that are fully compliant with the recommendations of the AWQG. Based on the data 

collected to date, it is not expected that this process will significantly affect any of the key findings of this study. 

Derivation of interim site specific guidelines for physical and chemical stressors followed the approach for low 

risk trigger values in Section 3.3.2.4 and 3.3.3.2 of the AWQG, being that the 80th percentile of the reference 

data was used as the low risk trigger value. Specifically, where the 80th percentile of background data was less 

than the current AWQG, then the AWQG trigger value was retained as the local trigger value. Where the 80th 

percentile of the background data was above the AWQG, then the 80th percentile of the current monitoring 

data was used as the new trigger value. For parameters that rely on a range for trigger values (e.g. pH and 

dissolved oxygen), the 20th and 80th percentile were used. 

A summary of the IWQG’s that have been derived for the receiving environment, and subsequently used in 

project impact assessments, is provided in Table 4 below.  

TABLE 4 INTERIM WATER QUALITY TRIGGER VALUES 

Parameter AWQG Statistical Analysis of Data Collected to Date Proposed Interim 

Trigger 
Estuaries Median 80th %ile 

Total nitrogen <0.25 mg/L 0.2 mg/L 0.31 mg/L 0.31 mg/L 

Total phosphorus <0.02 mg/L 0.10 mg/L 0.20 mg/L 0.20 mg/L 

Chlorophyll a <2 µg/L <1 µg/L 3.2 µg/L 3.2 µg/L 

Total suspended solids – 190 mg/L 490 mg/L 490 mg/L 

Turbidity 1–20 NTU 180 NTU 450 NTU 450 NTU 

2.7 MIXING ZONE 

Any wastewater discharge will result in changes to water quality in the receiving waters. A mixing zone is an 

area with explicitly defined boundaries where water quality objectives - in this case the interim site specific 

trigger values discussed above - may not be met, but beyond which the water quality objectives must be met. 

Mixing zones have been applied to wastewater discharges for more than 20 years (EPA Victoria 2010).  

The mixing zone for the Project was defined using the numerical modelling described below. 

2.8 NUMERICAL MODELLING 

A suite of numerical models including hydrodynamic, wave and pollutant transport models was developed to 

enable the simulation of tides, waves, freshwater inflows and extreme events and how these may affect key 
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physical processes within the Study Area, and also to determine wastewater concentrations in proximate 

receiving waters. To augment recorded data, this modelling was also used to provide more detailed description 

of the physical processes occurring in the region to better understand the nature of the existing environment. 

2.8.1 MIKE Modelling 

The Danish Hydraulic Institute’s (DHI) MIKE Modelling suite and MixZon CORMIX mixing zone models were 

used to assess the conditions and impacts of the development within the study area. These models are 

internationally recognised and accepted as tools suitable for the required assessments. 

The MIKE models utilise a “flexible mesh” (FM) system which allows areas of interest to be resolved at a higher 

detail and in a combination of triangles and rectangular elements.  

The MIKE modelling included both a 2- and 3-dimensional model of the study area. The size of the site and 

connection across the water bodies result in the large 2-D model domain as shown outlined in green in Figure 3 

A smaller local model domain (shown in purple in Figure 3) within the Keep River and Alligator Creek was 

adopted for the 3-D model.  

Model mesh resolution at the discharge and intake point is in the order of 10m x 20m and 20m x 50m 

respectively. Offshore the element size is up to 2,300 ha. 

2.8.2 CORMIX Modelling 

CORMIX is a near-field mixing zone model developed to assess the environmental impact of point source 

discharges, focussing in this application on the mixing zone in the immediate vicinity of the discharge into 

Alligator Creek.  

The outputs from this model provided an indication of the efficiency of the discharge outfall configuration and 

the likely time and distance downstream of the discharge location required before the effluent becomes fully 

mixed with the river flow. This model was used to validate the results of the 2D and 3D hydrodynamic models. 

Volume 5, Appendix 8 provides further details of the development and calibration of the numerical models 

employed in the coastal environment assessment. 
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FIGURE 3  MIKE MODELLING SUITE MODELLING DOMAIN 
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3 EXISTING ENVIRONMENT 

3.1 COASTAL GEOMORPHOLOGY AND BATHYMETRY 

The geomorphology and bathymetry of the study area can be examined at a range of scales, spanning from the 

regional context of the Joseph Bonaparte Gulf to the tide dominated Keep and Victoria estuary and river 

systems; tidal creeks such as Alligator, Forsyth and Bob’s Creeks; and the intertidal floodplains of Legune 

Station. Each of these components has their own characteristics which are linked via their physical conditions, 

hydrology, sediment transport and water quality dynamics. 

The coastal and marine environment around the Project site is largely forced by processes in the large, shallow 

embayment of Joseph Bonaparte Gulf, which has a consistent and gentle rise in bed level towards the shore 

(see Figure 4). Close to the shoreline, the bathymetry is relatively flat between 20 and 40 km offshore where a 

shelf is observed at around 10 m depth, with the bed rising gradually to the coast. Fluvial channels associated 

with the Keep and Victoria Rivers provide localised deeper areas of up to 20 m below mean sea level, with the 

Bonaparte Basin having maximum depths in the order of 100 m located over 250 km from the Legune 

shoreline. The bed slope from the basin to the coastline is relatively consistent, with some ridges and sub-sea 

channels present on the bed. The Victoria River channel is a significant feature and can cause an increase in 

bed depth by over 30 m in places. 

The banks and beds around the project site are in a constant state of flux, with channel migration and bank 

erosion observed at a number of locations. Accretion of waterway banks was observed with juvenile 

mangroves extending seaward in places and thereby consolidating progressive bank migration. Tidal currents 

are the key driver of this bed and bank erosion, although the macro tides result in the opportunity for wave 

erosion to also contribute to this process.  

Sediments in the region are typically a combination of muds, sands and gravels. Bed material at the site is a 

combination of very fine sands and muds. Banks around the site are the source of much of the mud material, 

with clay and silt banks in various states of erosion around the site. Tidal shoals within the waterways have a 

higher sand content than the banks as the larger and heavier particles of sand are more likely to settle than the 

fine clay and mud - which remains in suspension. 

The coastal geomorphology and bathymetry of the study area is described in detail in Volume 5, Appendix 8, 

and is summarised below. 

3.1.1 Joseph Bonaparte Gulf 

The project site is located on the coastal plain at the southern boundary of Joseph Bonaparte Gulf between the 

estuarine systems of the Keep and Victoria Rivers. Joseph Bonaparte Gulf is located in a large, shallow, macro 

tidal (tides > 4m) embayment situated between Darwin and the northern Kimberley. The gulf is bounded to the 

west, south and east by the West Australian and Northern Territory coastlines, and to the north and northwest 

by the Timor Sea. The morphology of Joseph Bonaparte Gulf is a product of: 

 Marine transgressions and regressions, where sea level changes over geological times result in the 

shoreline moving inland and seaward respectively. 

 Fluvial erosion and deposition (i.e. sediment movement associated with rivers). 

 Littoral and sublittoral (intertidal and near coastal zone) transport processes. 
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The geomorphology of the Joseph Bonaparte Gulf region is complex and consists of rises, depressions, banks, 

terraces and channels, developed through the interplay of the underlying geology and the oceanographic 

conditions described above. In the southern region, towards the mouths of the Keep and Victoria Rivers, where 

the Project is located, the main geomorphic features comprise the shallow continental shelf (Figure 4), and a 

series of deep channels and sandy bars aligned predominantly with the entrances of the estuary systems.  

Joseph Bonaparte Gulf itself is located at the southern end of the Bonaparte Depression which forms a large, 

shallow embayment. The Bonaparte Basin drains through the former Pleistocene coastline splitting the outer 

bank of the Sahul Shelf with an incised channel between 150 – 200 m deep. 

The basin rises steadily towards the coast from the Bonaparte Basin. Close to the shoreline, the bathymetry is 

relatively flat between 20 and 40 km offshore where a shelf is observed at around 10m depth. A cross section 

of the bathymetry from offshore to the Legune Station floodplain is shown in Figure 5 and illustrates this 

consistent and gentle rise in bed level towards the shore. 
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FIGURE 4 GEOMORPHOLOGY OF THE JOSEPH BONAPARTE GULF 
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FIGURE 5 BATHYMETRY OF JOSEPH BONAPARTE GULF 
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3.1.2 Keep River and Victoria River Catchments 

The geomorphology of both the Keep and Victoria River estuary systems is determined by the relative influence 

of wave, tide and river flows. These estuaries formed as the Joseph Bonaparte Gulf embayment gradually 

infilled with marine and terrestrial derived sediment along the drowned river valleys of the Keep and Victoria 

Rivers following sea level changes over the last 10,000-20,000 years. The Keep and Victoria River estuaries are 

both tidally-dominated; comprising an outer landward-tapering funnel shaped entrance, transitioning to a 

narrower inner estuary, bounded by various intertidal plain environments. 

Examples of geomorphic features of the Keep and Victoria River estuary systems are shown in Plate 1 and are 

discussed further in the following sections. 

PLATE 1 EXAMPLES OF COASTAL GEOMORPHIC FEATURES IN STUDY AREA 

Stable, linear tidal 

shoals 

Victoria River 

entrance – funnel 

shaped outer estuary 

Sand cheniers and ridges Keep River entrance 

– funnel shaped

outer estuary

Tidal creeks – varying scales 

Keep River – funnel 

shaped outer estuary 

Keep River form 

becomes more confined 

towards the inner 

estuary 

Tidal creeks – varying scales 

Intertidal Plains 

Legune Station 

Turtle Point Island 

Legune Station 
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The main channels of the Keep and Victoria River estuaries show a varied morphology. The Keep River estuary 

is generally broader and shallower than the Victoria River, with a more extensive low tide channel network and 

low tidal flats. This is reflected in lower tidal currents in the Keep River estuary and more extensive sand banks 

across the mouth. 

The Victoria River estuary morphology is similar to the Ord River estuary (Coleman & Wright 1978) with stable 

linear tidal shoals (see Plate 1).  

Both systems are intersected by tidal channels ranging in scale from a few metres to 1500 metres wide at the 

mouth of Alligator Creek (see Plate 1). These systems are discussed below in Section 3.1.3. 

Bathymetric data within the Keep River is scarce as nautical charts do not cover the region south of Turtle Point 

Island. Bathymetric survey was undertaken to improve the understanding of the Keep River bathymetry as part 

of the Project studies and a bathymetric digital elevation model (DEM) of the Keep River was established using 

the bathymetric survey, nautical chart data (where available) and satellite and aerial imagery. The imagery was 

used to delineate channels and to estimate bed levels based on tidal states.  

At the entrance to the Keep River, bathymetric survey indicates depths of greater than 20m at mean sea level 

(MSL) could be encountered in the main channels. However, the bed level within the main body of the river is 

predominantly above -10m AHD, with the minimum bed level increasing with distance upstream. Increasing 

extent of intertidal banks begins just downstream of the Alligator Creek mouth and continues upstream into 

the Keep River and Sandy Creek waterways.  

Sandbars cover a significant area of the channels, particularly south of Alligator Creek and were formed 

through the deposition of marine sediments. The sand bars are part of the low tide flats which are exposed 

during low tides.  

Bathymetric data of the Victoria River is sparse, and limited to official nautical charts. The charts indicate the 

depth at the entrance may be in the order of 10-15m chart datum (CD) which is equivalent to around -15-20m 

AHD. The river splits into two separate channels close to the mouth where a large vegetated island exists. The 

vegetated section of the island is close to 9 km long and 2.5 km wide with prominent tidal channels draining 

through mangroves. The island extends another 6 km seaward during the low tide with significant banks 

exposed. 

Local elements of both the river and estuarine systems include sand cheniers and ridges and intertidal plains 

(see Plate 1), as detailed below.  

3.1.2.1 Sand Cheniers and Ridges 

In addition to the intertidal plains (or coastal plain) landform which covers the majority of these estuary 

systems, isolated sand ridges (termed cheniers) are present along the exposed shoreline facing Joseph 

Bonaparte Gulf (see Plate 1). These chenier ridges are the most eastern exposure of a complex chenier 

sequence which stretches from the Cambridge Gulf to the Victoria River.  

3.1.2.2 Intertidal Plains 

The intertidal plain environments, or the coastal plain (see Volume 2, Chapter 1) extend from the low tide 

elevations to approximately 5 m AHD. The coastal plain can be further characterised as a series of distinct 

zones, according to their tidal inundation regime and vegetation communities. The classification described 

below has been adapted from those detailed by Thom et al (1975) and Coleman and Wright (1978) for the 

adjacent Ord River estuary system for the specific tidal elevations across the Keep and River estuary systems. 

The intertidal plain environment is depicted in Plate 2 to Plate 9. 
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Low tide flats – range from -5.3 m to -1.0 m AHD. The surfaces of these flats are inundated twice daily by 

tidal waters. This includes areas within the Keep River and Victoria River main channel and those that 

border the exposed shorelines. The low tidal zone is typically bare of vegetation. Sediments within the 

smaller tidal channel are chiefly soft, dark brown to black clays and silts. In the larger channels the low 

tidal zone is generally sandy/silty sands. The sands on exposure at low tide exhibit abundant bedforms. 

Mid-tidal-level flats – range from -1.0 to 3.75 m AHD. These are inundated by a high percentage of the 

tides. The mid tidal zone is characterised by a cover of mangroves or other halophytes although its 

landward side may contain bare mud patches. Sediments are soft, organically rich and burrowed 

extensively by crabs. Frequently a low step or scarp separates the lower unit from the higher portion of the 

mid tidal flat. A more diverse mangrove flora grows on the higher unit. The mid tidal zone is strongly 

dissected by tidal creeks and gullies. These drainage paths permit the finger-like extension of vegetation 

onto the high-tidal flats. 

High-tidal flats – range from 3.75 m AHD to 4.3 m AHD. This surface is transgressed only by high spring 

tides and is subject to subaerial exposure between inundations. These bare flats may be sub-horizontal or 

contain a depression in the centre. Salt crystallises on the mud cracked surface forming thin-discontinuous 

crusts during the dry season. Shallow gullies extend from the mid-tidal flats onto the high-tidal flats. During 

the wet season the regular short, but intense storms inundate the high-tidal flats and result in standing 

water until the next high tide inundates the area. Increased drainage channels across the high tidal flats 

can be observed across some areas. 

Supratidal flats – which have elevations above 4.3m AHD. These flats are subject to inundation only during 

abnormally high tides, commonly referred to as “King tides”. Halophytes occupy much of their hummocky 

surface. Fine grained sediments deflated from the lower elevation tidal flats accumulate in the supra-tidal 

zone. 

In addition, meandering across these various tidal flats are a wide variety of tidal channels that tend to be 

sinuous and show strong meandering characteristics. The tidal creeks are discussed separately in the following 

section. 

PLATE 2 INTERTIDAL PLAIN ENVIRONMENT - LOW TIDE FLATS - OFFSHORE 
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PLATE 3 INTERTIDAL PLAIN ENVIRONMENT - LOW TIDE FLATS - ALLIGATOR CREEK 

PLATE 4 INTERTIDAL PLAIN ENVIRONMENT - MID TIDE FLATS - BOB'S CREEK 

PLATE 5 INTERTIDAL PLAIN ENVIRONMENT - MID TIDE FLATS - FORSYTH CREEK 
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PLATE 6 INTERTIDAL PLAIN ENVIRONMENT - HIGH TIDE FLATS - TIDAL CREEK 

PLATE 7 INTERTIDAL PLAIN ENVIRONMENT - HIGH TIDE FLATS - FLOODPLAIN 

PLATE 8 INTERTIDAL PLAIN ENVIRONMENT - SUPRA TIDAL FLATS - FLOODPLAIN 
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PLATE 9 INTERTIDAL PLAIN ENVIRONMENT - SUPRA TIDAL FLATS - FLOODPLAIN 

3.1.3 Local Tidal Creeks 

Tidal creeks are defined as channels which cut across the intertidal plains (discussed above in Section 3.3.2.2) 

of the Keep and Victoria River estuaries and are dominated by tidal flows rather than freshwater inflows, 

however do have terrestrial catchments which provide freshwater inflows during the wet season. This category 

includes the Alligator Creek, Forsyth Creek and Bob’s Creek systems.  

The geomorphology of the tidal creeks is comprised of straight, sinuous or dendritic (branched) tidal channel(s) 

tapering and shoaling landward (Wolanski et al 1992). The adjacent intertidal plains are as described in Section 

3.1.2.2, although the actual elevation of the high tidal flats varies for the larger of these channels (e.g. along 

Alligator Creek and Forsyth Creek) due to changes in the tidal plane elevations along these waterways.  

3.1.3.1 Alligator Creek 

The main channel of Alligator Creek exhibits a braided type morphology, with a series of sub-channels 

separated by braid bars, essentially the low tide flats, which are flooded at high tide. Observations from site 

indicate that these sub-channels are highly dynamic with significant changes to their planform occurring over 

relatively short timeframes. 

The bank material along Alligator Creek is typically fine grained (silt to clay range) with a more resistant surface 

layer, partially stabilised by vegetation, and with softer more erodible material beneath. The banks are typically 

sloping over much of the tidal range, then transition abruptly to a near vertical bank at the channel margins - 

see Plate 10.  

PLATE 10 BANK SEDIMENT AND PROFILES ALONG ALLIGATOR CREEK 

High tide, bank to bank cross sections of the bathymetric DEM are presented in Figure 6 and demonstrates the 

overall increase in bed level between the entrance and the upper extent of Alligator Creek. 
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FIGURE 6 ALLIGATOR CREEK BATHYMETRY 
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3.1.3.2 Forsyth Creek 

In general, Forsyth Creek shows a meandering planform, comprising a single main channel with dendritic 

smaller tidal creeks joining the main channel along its length. At the proposed intake location on Forsyth Creek, 

the planform changes. Over a distance of 3 km, the single main meandering channel splits into a series of 

channels forming a more braided morphology along this section. Upstream of the divided channels, the creek 

reverts to a single flow path, however the channel centreline follows a more meandering form than the 

downstream channel indicating lower current speeds are present (Figure 7). Aerial images and hydraulic 

modelling results indicate asymmetric flood and ebb tide patterns in this section, with the main creek flow 

being increasingly directed towards the southern branch, where the proposed intake structure is located. 

Bathymetric data shows that the south channel is significantly deeper than the central or northern channels 

and conveys the majority of the flood and ebb tide flows below mean water level. The proposed intake for the 

facility is located on the outside bend of the southern channel. Within a bend, flow is directed preferentially 

towards the outside bank which generates a vertical component of velocity resulting in scour of the bank. 

Studies of the movement of the edge of this bank have shown a very consistent rate of change of around 15m 

of bank erosion per year. 

Figure 8 represents the bathymetry of Forsyth Creek. 

3.1.3.3 Bob’s Creek 

Bob’s Creek is a smaller tidal creek off the Keep River, to the north of Alligator Creek. Additional survey of Bob’s 

Creek was included in the data capture for the project as it was identified as a possible alternative site for 

wastewater discharges from the Project. A naturally-occurring rock outcrop forms a weir across Bob’s Creek 

(Plate 11), approximately 9 km upstream of the creek mouth, which impacts tidal flows and water elevations 

upstream. Bob’s Creek is far narrower than Alligator and Forsyth Creeks and has far fewer exposed low tide 

bars or actively migrating channels during the low tides on both the upstream and downstream side of the rock 

outcrop.  

PLATE 11 ROCK WEIR OUTCROP ON BOBS CREEK 
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FIGURE 7 FLOW PATTERNS IN FORSYTH CREEK –MID-SECTION OF THE CREEK (INTAKE LOCATION) 
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FIGURE 8 FORSYTH CREEK BATHYMETRY 
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3.2 OCEANOGRAPHIC CONDITIONS 

Oceanographic conditions at Legune and within Joseph Bonaparte Gulf are driven by the variations in climate 

and the significant astronomical macrotidal range in the region, with the following key manifestations of these 

influences: 

Tidal water levels 

Sea levels 

Temperatures 

Currents 

Waves. 

These processes are described below. 

3.2.1 Tidal Water Levels 

The project site is located in a macro-tidal environment with tidal waves rotating around an amphidromic 

(nodal) point on the northwest coast of Joseph Bonaparte Gulf. The spring tidal range of Standard Port and 

secondary locations (Royal Australian Navy - Australian National Tide Tables 2016) within the Gulf range 

between 5 and6m. Water level data collected for the project indicates that the spring tidal range offshore of 

Legune Station is in the order of 7-8m. The calculated offshore mean high water spring tide is in the order of 

3.7 m AHD (+/-0.2 m).  

Water levels within the local waterways of interest are impacted by the narrowing of the channel and shallow 

bed with the Keep River and Alligator Creek in particular, presenting a typical asymmetrical estuarine tidal 

signal with water levels dropping slowly across the ebb tide and continuing to flow seaward until the incoming 

tide reverses flow and water levels rapidly rise with the incoming tide. Minimum tidal water levels across the 

site are limited by the increasingly shallow bed in the upstream direction with the tidal range decreasing with 

the reduction in low tide levels. 

The highest astronomical tide (HAT), based on the data measured offshore, is 5.1 m AHD - this is the predicted 

highest tide which could theoretically occur in a tidal epoch – a period of 18.6 years. Meteorological impacts 

such as storm surge and regional seasonal and inter-annual variability may result in a water level higher, or 

lower, than the HAT and the LAT (lowest astronomical tide) respectively. 

The tidal floodplain above the mean high water springs (MHWS) at Legune is very flat and small changes in the 

high tide or local topography may result in large areas being added or removed from the area inundated. The 

potential extent of tidal inundation, based on offshore levels, is shown in Figure 9.  
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FIGURE 9 POTENTIAL EXTENT OF FLOODPLAIN INUNDATION WHEN OFFSHORE WATER LEVELS ARE EXCEEDED 
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The peak spring tidal height within the Keep River increases with distance from the estuary north as the water 

level is setup within the estuary, and at the southern extent the peak spring tidal height is close to 5.0 m AHD. 

Shallow banks within the river result in the minimum water level at the upstream extent being 0.5 m higher 

than the entrance to the Keep River, and 1.5 m higher than offshore illustrating the restriction in ebb tide 

flows.  

Alligator Creek in particular has a number of channels and ponds which do not fully drain on the low tide, 

resulting in a flattening of the low water level during the ebb tide.  

Bob’s Creek is a relatively uniformly shaped waterway until the rock weir shown in Plate 11, however the 

meandering low flow channel and large tidal floodplain prolong the ebb tide and restrict the minimum water 

level in the estuary to around -3.5 m AHD. Upstream of the rock weir, water levels show similar characteristics 

to the pools and channels of Alligator Creek as the slowly draining ebb tide water levels cannot drop below 

around -1.0 m AHD before the returning flood tide overtops the weir and reverses the flow. 

Tidal water levels within the Victoria River are similar to the Keep River estuary such that the water levels at 

the entrance are similar to those offshore, whilst further upstream minimum water levels are restricted as the 

extensive upstream estuary slowly drains until tide reverses and the flood tide pushes water back upstream.  

A full tidal signal is observed within Forsyth Creek, including, and downstream of, the area around the 

proposed intake location. Upstream of the intake, the creek bed levels increase significantly, and the slower 

estuarine ebb tide draining noted above occurs.  

The phase lag (time delay) between the offshore tide and the tides within the Legune Station waterways varies 

across the spring-neap tidal cycle. Phase lags are highest during the spring ebb tides within Alligator Creek with 

the ebb tide still draining up to 4.5 hours after the offshore low tide.  

3.2.2 Sea Levels 

Variations in sea levels at the project site are also driven by more regional processes such as storm surges 

which push water into Joseph Bonaparte Gulf and can increase water levels by 0.2-0.3 m under non-cyclonic 

conditions. The wet and dry season conditions can result in a similar magnitude of water level changes as the 

air pressure, temperature and dominant wind conditions drive water circulation around the Top End. Over a 

longer timescale, ENSO conditions can result in a change in regional water levels by 0.1-0.2 m. 

3.2.2.1 Storm Surge 

Storm surge is the localised increase in water levels due to atmospheric and oceanographic conditions related 

to a storm event. The increase in water level is the combination of water level setup due to wind forces on the 

ocean surface and barotropic (pressure) impacts. Storm surge associated with tropical cyclones is described in 

Section 3.4.1 of this chapter and in more detail in Volume 2, Chapter 11. 

An estimate of the non-tropical cyclone wind driven setup around Legune Station has been established using 

the numerical modelling. Analysis of the regional wind climate between October and February, when onshore 

conditions dominate, was used to establish the 99%, 90% and 75% wind speeds from the north through 

northwest. The model was simulated until the peak water level was reached.  

Atmospheric pressure variations can also cause increases to mean water levels. When considering pressure in 

isolation, a change in atmospheric pressure from 1000 hPa to 1010 hPa will cause (close to) a 10 cm decrease in 

water level. The range in atmospheric pressure in the region is steady at around 20 hPa throughout the year 

(BoM, 2015). By extension, it can be assumed that atmospheric pressure would be expected to contribute as a 

maximum, a change in water level of 0.2 m during the passing of a front and associated change in pressure. As 
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with the impact of wind on water levels, this potential change in water level is low relative to the high tidal 

range. 

3.2.2.2 Seasonal Variability 

Mean sea levels in the north of Australia are also influenced by monsoonal conditions and seasonal changes in 

atmospheric pressure, air temperature and wind conditions. Mean sea levels peak during the southern 

hemisphere summer months when atmospheric pressure and temperatures are high. The northwest 

monsoonal winds also help to push water towards the coastline, increasing levels by around 0.1 m above the 

annual mean sea level during the monsoonal months. During the dry season months of June through October, 

winds are generally offshore (south and east) and the water (and air) temperatures are lower, reducing 

baroclinic impacts on water levels and mean sea levels are around 0.15 m below the annual average. As for 

changes as a result of wind and pressure on sea level, the changes in water level as a result of seasonal 

variability are considered low relative to the high tidal range.  

3.2.2.3 Inter-Annual Variation 

Global weather systems lead to an inter-annual variation in water levels which can cancel out or exacerbate the 

seasonal annual change. The north of Australia is impacted by both the El Niño Southern Oscillation processes 

in the Pacific Ocean. The main regional flow path is from the Pacific Ocean through South-East Asia to the 

Indian Ocean. During an El Niño period, sea surface heights in the western Pacific are lower than normal which 

also results in lower than normal sea surface heights across northern Australia. Conversely, during periods of La 

Niña, water levels are higher than average in the western Pacific and across northern Australia.  

During a prolonged period of La Niña, such as during the period 1998 – 2001, regional water levels can be on 

average 0.1 m higher than average whilst during a strong El Niño as is presently occurring, regional water levels 

can be greater than 0.1 m below the long term average. Again, this change in water level is low relative to the 

tidal range.  

3.2.3 Temperature 

Water temperatures are also impacted by regional and seasonal conditions, with average dry season 

temperatures 4-9oC cooler than during the wet season. Temperatures are driven by regional currents and the 

latent air temperature and as such, conditions inshore are more variable, with average temperatures during 

the dry season as low as 23oC and as high as 32oC during the wet season. 

Water temperatures measured around Legune Station follow this pattern and also highlight the daily variation 

which occurs in the shallow and at times, pooled water. Daily temperature ranges within Alligator Creek of 10 

degrees are common. Within Forsyth Creek, the measured daily temperature range was in the order of 1-2oC. 

Temperature-depth profiles collected across the site indicate the temperature at the bed was similar to that at 

the surface with little vertical stratification during the dry and wet season or during different tidal phases, 

probably as a result of the high rates of tidal mixing. 

3.2.4 Currents 

Regional currents in the area are weak, with some evidence of a post wet season current which drains the 

elevated water levels from the top end out to the Indian Ocean. The Indonesian Throughflow, an important 

global climate driver, is channelled through the Timor Trench north of Joseph Bonaparte Gulf, but has little 

impact on conditions within the Gulf. The seasonal change in wind patterns results in some change in weak 

currents. Dry season southeast trade winds drive currents north and west, whilst wet season monsoonal fronts 

result in weak currents north and east. The magnitude of these currents is low and the macro-tidal driven 

currents dominate within the Gulf, particularly inshore as the water level rises and falls. 
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Currents modelled around the site indicate speeds of 1.5 – 2.0 m/s can occur within the Keep and Victoria 

Rivers during the spring tide. Higher currents are common across the tidal banks within the waterways as flow 

is restricted in area and/or depth. Currents within the Victoria and Keep Rivers are largely bi-directional in line 

with the flood and ebb tides. 

Currents within Forsyth Creek are generally less than 1.5 m/s, although peak spring tide currents of 2-3 m/s 

were simulated in the main eroding channel near the intake location. Unusually for an estuary, currents during 

the ebb tide were higher than the flood tide in Forsyth Creek, contrasting the more typical pattern of high 

current speeds on the flood tide and low current speed on the ebb tide observed in Alligator Creek. The low 

tidal currents during the ebb tide are a result of the elevated bed in Alligator Creek where water levels are 

restricted from dropping below around -2m AHD. As a result, the ebb tide continues for 9-10 hours whilst the 

flood tide increases water levels to the high water in less than 4 hours. Peak current speeds of 1.5 – 2.0 m/s 

were simulated within the channel adjacent to the proposed discharge location within Alligator Creek.  

3.2.5 Waves 

Joseph Bonaparte Gulf is protected (and distant) from swells generated in the Indian Ocean and waves within 

Joseph Bonaparte Gulf are relatively local wind generated sea waves.  

These high currents and macro-tides, combined with the sinuous nature of the tidal channels, limit the fetch 

length and duration for waves at the site. Offshore, non-cyclonic waves are generally low with an average 

annual significant wave height offshore of less than 0.5 m. Measured waves at the site recorded a peak 

significant wave height of 0.8 m during dry season conditions and more energetic wave conditions were 

measured during the wet season with northerly conditions resulting in a significant wave height over 1.0 m. At 

key locations within the waterways, measured waves were less than 0.5 m and modelled conditions indicate 

wave heights at the discharge location are generally less than 0.1 m. 

Wave conditions at Legune Station are significantly affected by the macro-tidal environment, the shallow bed 

and the width and curvature of the waterways. Wave heights peak during high tide and the most extreme wave 

conditions across the Legune Station waterways are thus likely to be limited to high water, with a limited 

duration generally less than 10 hours.  

3.3 SEDIMENT TRANSPORT PROCESSES 

3.3.1 Joseph Bonaparte Gulf 

Sediments in the offshore zone are typically a combination of muds, sands and gravels. The mean grain size 

within Joseph Bonaparte Gulf is in the size considered fine sand, with the bed material found to be 40 – 80% 

sand or gravel and 20 – 40% mud material across the Gulf.  

The high tidal range and relatively shallow topography of Joseph Bonaparte Gulf means that the tidal currents 

are considered strong enough to mobilise sediments of the mean grain size at least once during a spring neap 

cycle within Joseph Bonaparte Gulf. Tides dominate the sediment mobility conditions in Joseph Bonaparte Gulf. 

The high sediment mobility along the coastline is evident in the measured turbidity results, detailed in Section 

3.5.3.1. 

3.3.2 Keep River and Victoria River Systems 

Closer to shore the bed material comprises predominantly very fine sands and muds with shell and gravel 

chenier ridges along the coast.  
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Within the Keep and Victoria River systems, there are considerable differences between the in-channel 

sediments and those of the banks and intertidal areas. There are extensive sand bars within the Keep River and 

these sandbars cover a significant area, particularly south of Alligator Creek. The sand bars are part of the low 

tide flats which are exposed during low tides. The sand is mixed with increasing portions of mud and silt as you 

move towards the banks and mid-level tidal flats (above -1m AHD). 

A sediment sample from the Keep River indicated 98% of the sediment sampled was classified as fine sand 

(<150µm), while samples at the mouths of tidal creeks indicated that the proportion of sand was less than 25%. 

The remainder is made up of silts and clays. 

As with the broader Joseph Bonaparte Gulf, sediment transport conditions are dominated by tides rather than 

waves.  

The banks of the tidal waterways around Legune Station are the source of much of the mud material. Tidal 

shoals within the waterways were observed to have a higher sand content than the banks, the larger and 

heavier particles of sand are more likely to settle than the fine clay and mud which remains in suspension. 

The banks and beds of the waterways around the project site are in a constant state of flux with channel 

migration and bank erosion observed at a number of locations. Accretion of the tidal banks was also observed 

in some locations with juvenile mangroves extending seaward in places and thereby consolidating progressive 

bank migration. Tidal currents are considered to be the key driver of the bed and bank erosion, although the 

macro tides provide opportunity for localised wave induced erosion on the banks.  

Turbidity is especially marked during spring tides, and the location of the turbidity maximum is variable within 

estuaries, depending on the tidal cycle (spring to neap) and river flow velocity (Semeniuk 1982).  This is 

discussed further in Section 3.5.9.  

Ebb and flood tides can follow different channels (which periodically migrate) as has been observed in the Keep 

River and Alligator Creek, and currents may be powerful enough to cause scouring at the channel base, leaving 

gravel and bioclastic debris at the base. This has been observed in the deep channels offshore of the estuaries. 

3.3.2.1 Tidal Creeks 

The sediments within the tidal creeks associated with the Keep and Victoria River estuary systems are typically 

finer than the larger river channels, with a higher proportion of silts and muds. This more cohesive type of 

sediment is typically transported as suspended sediment within the water column. Entrainment of this 

sediment into the water column can occur more readily than for coarser sand and gravel sediments although 

the banks are not typically exposed to high velocity currents except near bends in the creeks where helical 

flows can occur.  

3.3.2.2 Intertidal Floodplain 

Fine sediment undergoes both deposition and erosion on the extensive intertidal flats present in the study 

area. Deposition is aided by biological activity such as burrowing and improved cohesiveness, whereas erosion 

is typically related to storms and high tides. Coarser material is also deposited near the margins of the intertidal 

plains by tidal currents and flood events. 

Areas of mangrove tend to trap sediments through baffling by mangrove vegetation, and percolation of tidal 

water through animal burrows. These result in the trapping and rapid deposition of fine sediment and organic 

material.  
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On the intertidal floodplains of the Legune Station, mangroves are typically restricted to the tidal creek 

margins, and hence much of the suspended sediment settles out close to the creeks. The high tidal flats are 

inundated less frequently and support little, if any, vegetation.  

3.4 TROPICAL CYCLONES 

3.4.1 Tropical Cyclones 

Tropical cyclones occur on average once per year in the area of the Northern Territory west of the Gulf of 

Carpentaria (around 2 per year occur within the Gulf of Carpentaria). Cyclones which may affect the region will 

typically form in the Timor Sea to the north of Joseph Bonaparte Gulf or within the Arafura Sea to the north-

east during the months of November through to April. Cyclones forming in these areas typically travel in a 

southwest and west direction, travelling parallel with the general shape of the coastline. 

Statistics developed by the BoM show an average of approximately two Category 1 and 2 (C1 & C2) tropical 

cyclones in Australia per year, and one Category 3 to Category 5 cyclone every 2 years. Wider climatic weather 

patterns have an impact on cyclone frequency, with more cyclones occurring during La Niña cycles when the 

frequency could be expected to be closer to 2 every 3 years.  

104 cyclones were recorded in the Northern Territory and the Gulf of Carpentaria (including Queensland) in the 

period between 1960 and 2007. Of these, 31 were considered “severe” – a category 3, 4 or 5, and 4 were 

category 5 events. A detailed review of BoM data indicates that 44 cyclones have been recorded within a 

200km radius of the proposed facility since 1906. 15 of these cyclones passed within 50km of Legune (see 

Figure 10).  

3.4.1.1 Predicted Storm Tides  

The term storm tide refers to coastal water levels produced by the combination of astronomical and 

meteorological sea level forcing. The meteorological component of a storm tide is commonly referred to as 

storm surge and collectively describes the variation in coastal water levels in response to atmospheric pressure 

fluctuations and wind setup. 

Probabilistic storm tide modelling was completed for Legune Station and provided a prediction of existing 

storm tide levels for a number of return periods.  

The large tidal range at Legune Station results in a lower storm tide level than might be expected for extreme 

events. The timing of the cyclone track and the tidal phase is a key factor of the storm tide magnitude and the 

worst case scenario for storm surge is obviously the coincidence of the peak storm surge and the peak spring 

high tide. However, the joint probability of these two events is significantly reduced by the large tidal range, 

and the large variability in tidal range between spring and neap tides. As a result, the modelling showed that 

storm tide levels only raise above HAT during the 50 and 100-year average return interval (ARI) events. 
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FIGURE 10 CYCLONES PASSING CLOSE TO LEGUNE (BOM CYCLONE DATASET, 1943 - 2011) 
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3.4.1.2 Recorded Cyclones 

As noted above, Category 3 and above cyclones are likely to occur in the Joseph Bonaparte Gulf region every 2 

to 3 years on average. Analysis of the BoM cyclone dataset indicates that 15 cyclones have been recorded 

passing within 50 km of Legune Station, or passed through Joseph Bonaparte Gulf in a manner which may have 

affected conditions at Legune Station between 1943 and 2011. These are presented above in Figure 10.  

Cyclone Ingrid, shown as the thick purple line, is the only cyclone of any significant intensity to pass across the 

region. Cyclone Ingrid reached a Category 4 with winds of over 180 km/h whilst passing across Joseph 

Bonaparte Gulf.  

An unnamed cyclone (not shown) also passed across Legune Station as a Category 2 storm in 2014 with winds 

of 100 km/h, however staff at Legune Station did not report significant damage from the storm. The cyclone 

travelled from northwest to southeast roughly parallel with the western coast of Joseph Bonaparte Gulf and 

thus conditions offshore were likely to have been driven by easterly winds, resulting in significant damage at 

Port Keats but not Legune. Coupled with this, the cyclone occurred during a neap tide period and crossed the 

coastline at Legune at roughly low tide. This supports the determination of a relatively low extreme water level 

due to the joint probability of cyclones and tides in the region as discussed above. 

3.4.1.3 Storm Tide Inundation 

The storm tide modelling captured the generation and movement of tropical cyclones and oceanic processes 

over a wide region. A synthetic cyclone which produced the 100 year ARI storm tide level on the coast was 

selected at random and simulated in the numerical model established for the project.  

The modelling provides an indication of conditions within the local area which could be expected during the 

passing of a cyclone. As expected, the funnel shape of the Keep and Victoria Rivers results in an increase in 

storm tide into the estuaries. Storm tide levels at the intake location in Forsyth Creek could be 0.1-0.2 m 

greater than offshore, with similar levels occurring at the discharge location on Alligator Creek. Depths across 

the floodplain will vary with vegetation and local topography. However, conditions will be largely driven by 

conditions in and distance to the Keep and Victoria Rivers. In general, modelling of the synthetic cyclone 

indicates that cyclones provide only minor increase to the spring tidal water levels.  

To further assess the potential for cyclonic conditions at Legune Station a higher severity storm was simulated. 

This synthetic storm generated an extreme storm surge offshore, as opposed to an extreme storm tide which 

includes the joint probability of the tidal water level. This indicated a range of offshore storm surges of 

between 0.35 – 0.9 m coinciding with different phases of the tide. This wide range illustrates the sensitivity of 

the storm surge to tidal water level. Considerable difference was also observed in the water levels during the 

preceding low tide where water levels can increase by 0.5 – 1.6 m depending on the timing of the cyclone 

front. As noted earlier however, this second synthetic cyclone modelled provided extreme conditions and 

inundation levels are considered to be well above the 100 year ARI return period. 

3.5 WATER QUALITY CONDITIONS 

3.5.1 Baseline Water Quality 

A considerable number of surveys were conducted over the last 14 months in order to characterise ambient 

water quality levels within the waterways in and adjacent to the project site. Key parameters from these data 

are summarised in Table 5, for selected sites (Forsyth Creek and Alligator Creek) and as discussed in more detail 

with reference to comparison to the AWQG in Section 3.5.3.  



Project Sea Dragon  

Stage 1 Legune Grow-out Facility  

Draft Environmental Impact Statement 

Volume 2 - Environmental Assessment 
Chapter 2 - Marine and Estuarine  2 -44 

Water quality surveys are ongoing to ensure that there is a continually expanding, locally specific, water quality 

data set. The surveys have to date, produced data which are described in more detail in Volume 5, Appendix 9 - 

Marine and Estuarine Water Quality and Ecology.  

TABLE 5 KEY WATER QUALITY STATISTICS IN FORSYTH CREEK AND ALLIGATOR CREEK 

Waterway Site Count 20%ile Median 80%ile 

Turbidity (NTU) 

Forsyth Creek WT07 12 149 305 672 

Forsyth Creek I08 23 69 160 382 

Alligator Creek I27 13 204 250 608 

Alligator Creek I28 21 39 110 420 

Alligator Creek I29 11 180 190 480 

TSS (mg/L) 

Forsyth Creek WT07 11 110 216 460 

Forsyth Creek I08 21 76 140 280 

Alligator Creek I27 13 174 248 434 

Alligator Creek I28 20 60 215 376 

Alligator Creek I29 11 110 350 660 

Total Nitrogen (mg/L) 

Forsyth Creek WT07 11 0.14 0.17 0.20 

Forsyth Creek I08 24 0.10 0.20 0.25 

Alligator Creek I27 13 0.10 0.20 0.32 

Alligator Creek I28 20 0.10 0.20 0.51 

Alligator Creek I29 11 0.10 0.10 0.27 

Total Phosphorus (mg/L) 

Forsyth Creek WT07 9 0.05 0.14 0.20 

Forsyth Creek I08 20 0.04 0.09 0.18 

Alligator Creek I27 13 0.05 0.11 0.18 

Alligator Creek I28 20 0.03 0.09 0.15 

Alligator Creek I29 11 0.05 0.07 0.16 

Chlorophyll a (µg/L) 

Forsyth Creek WT07 7 0.5 1.0 1.0 

Forsyth Creek I08 11 0.5 0.5 1.0 
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Waterway Site Count 20%ile Median 80%ile 

Alligator Creek I27 10 0.5 1.1 2.7 

Alligator Creek I28 11 0.5 0.5 0.5 

Alligator Creek I29 10 0.9 3.0 11.0 

Temperature (deg C) 

Forsyth Creek WT07 10 25.6 30.0 32.0 

Forsyth Creek I08 18 25.7 29.7 32.0 

Alligator Creek I27 12 25.5 30.2 31.4 

Alligator Creek I28 16 26.9 29.6 32.7 

Alligator Creek I29 8 28.5 31.3 33.0 

DO (% sat) 

Forsyth Creek WT07 5 82 91 94 

Forsyth Creek I08 15 90 93 96 

Alligator Creek I27 5 68 93 96 

Alligator Creek I28 13 92 95 97 

Alligator Creek I29 3 92 93 94 

pH 

Forsyth Creek WT07 12 7.9 8.0 8.1 

Forsyth Creek I08 23 8.0 8.1 8.2 

Alligator Creek I27 13 7.9 7.9 8.1 

Alligator Creek I28 20 7.7 8.2 8.2 

Alligator Creek I29 10 7.9 8.0 8.1 

Electrical Conductivity (ppt) 

Forsyth Creek WT07 10 34800 45000 52600 

Forsyth Creek I08 23 39000 46000 54474 

Alligator Creek I27 13 43200 50100 55310 

Alligator Creek I28 21 42000 49000 54000 

Alligator Creek I29 11 39000 53000 58000 

3.5.2 Phytoplankton 

Phytoplankton communities were analysed in March 2016 and were dominated by diatoms, with no flagellates 

or green algae. Cyanobacteria were only recorded in the Keep River at site I34 and comprised Phormidium sp. 

The marine species of this genus of cyanobacteria is not considered to be toxic. 
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The concentration of phytoplankton ranged from 0 cells/ml at site WT07 in Forsyth Creek to 620 cells/ml at site 

I30 in Sandy Creek. These densities are low compared to estuarine phytoplankton communities in Darwin 

Harbour (Dostine 2013). 

3.5.3 Key Physico-Chemical Parameters 

Water quality was characterised by high turbidity and high concentrations of total phosphorus and oxides of 

nitrogen these variables were higher than AWQG at most sites in most surveys. General summaries of the 

observations which resulted from these surveys are provided below for relevant groupings of key water quality 

parameters, based primarily on the data analyses presented in Table 6 and interpretation of the total data set. 

The discussion has focused on those data which were collected in the Forsyth Creek and Alligator Creek 

systems, as these are the areas with the most potential for impact from the proposed marine water intake and 

at the intake infrastructure at Forsyth Creek and the proposed wastewater discharge from the site via the weir 

at the end of the EPZ on Alligator Creek. Those other sites for which data have been, and are continuing to be, 

collected will essentially serve as 'control' sites for future impact assessment purposes and observations that 

can be made based on the data collected from these sites are provided in more detail in Volume 5, Appendix 9. 

3.5.3.1 Turbidity and Suspended Solids 

Turbidity is a measure of water clarity or 'murkiness', and is measured by the amount of light that is scattered 

as it passes through a sample of water. Light penetration is measured using nephelometry (light scattered by 

suspended particles), which quantifies the water clarity as a function of turbidity in units of Nephelometric 

Turbidity Units (NTU). Total suspended solids (TSS) measures all particles suspended in water which will not 

pass through a filter. Generally, as levels of TSS increase, a water body begins to lose its ability to support a 

diversity of aquatic life. Suspended solids absorb heat from sunlight, which in turn can increase water 

temperature and subsequently decreases levels of dissolved oxygen (warmer water holds less oxygen than 

cooler water). 

Turbidity is often related to suspended solids, with higher TSS giving higher turbidity. However, turbidity is also 

affected by other things, such as tanins and other soluble colored organic compounds, which may not collect in 

a filter (i.e. dissolved substances), and so not contribute to the suspended solids load. 

Forsyth Creek and Alligator Creek have extremely high levels of turbidity and suspended solids at all times. In 

addition, turbidity increased with depth in the wet season in Forsyth Creek. These observations are not 

unexpected given the large tidal range and high tidal velocities present in all of these waterways, the 

predominantly fine nature of sediments and the highly mobile bed and bank formations present within the 

study area.  

Available data indicates a system which is highly dynamic and which sees considerable transport, reworking, 

deposition and resuspension of sediments. It also indicates a system which will be significantly light limited as 

the photic depth at all sites where data were collected is effectively zero. 

3.5.3.2 Nutrients 

Phosphorus and nitrogen are plant nutrients, which in excess can cause eutrophication of estuarine and marine 

waterways thus stimulating excess and undesirable e algal/ phytoplankton growth. Confined water bodies or 

slow-moving streams or low energy systems increase this risk. 

Forsyth Creek and Alligator Creek have relatively low total nitrogen levels (medians of 0.2 mg/L or less). 

However, background total phosphorus levels are relatively high (medians of around 0.1 mg/L). 

The data collected are consistent with a system which has low existing inputs of nitrogen and considerable 

particulate phosphorus sources, likely to be bound to the sediment and as such, related to the high rates of 
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sediment re-mobilisation occurring in the system due to the high tidal energy which dominates mixing and 

transport processes. 

3.5.3.3 Chlorophyll a and Primary Productivity 

Chlorophyll-a (Chl-a) is used as a measure of phytoplankton abundance and is primarily controlled by the 

availability of light and nutrients and is also influenced by temperature, zooplankton grazing pressures and 

hydrodynamics.  

Not surprisingly, given the high total suspended solids and turbidity and low nitrogen levels, Forsyth Creek and 

Alligator Creek generally had low chlorophyll a and associated primary productivity levels. Median chlorophyll a 

levels are less than 1.1 µg/L, with the exception of the upstream section of Alligator Creek where a median 

level of 3 µg/L was observed. 

Phytoplankton abundance being limited by high turbidity is characteristic of tropical macro-tidal estuaries 

(OzEstuaries 2016). 

Given the very high turbidity, phytoplankton photosynthesis and hence primary productivity was also 

considered likely to be limited to the surface layer, where water samples were collected. Considering the 

evidence that these water bodies are dynamic and well-mixed surface sampling was considered adequate. 

Available data, coupled with the observations made previously in regard to total suspended solids and 

turbidity, indicates a system with considerable potential to assimilate additional nutrient discharges as (a) 

existing levels of nutrients are low and (b) elevated sediment/turbidity levels mean that the potential for 

additional algal growth, should nutrient levels increase, is extremely low due to the small photic depths of all 

waters in the study area. 

3.5.3.4 Dissolved Oxygen  

The percent saturation of dissolved oxygen (DO) levels in Forsyth Creek and Alligator Creek are high, typically 

close to 100% saturation (see Table 5). This is consistent with the observed high rates of tidal movement and 

associated significant reaeration in Forsyth Creek and Alligator Creek, and also the low rates of loading of the 

system with any potential substances that would otherwise draw down oxygen levels. 

However, in the wet and late wet season the percent saturation of DO, did drop at a number of sites. In the 

wet season (January 2016) DO was low and below the AWQG range in both sites at Forsyth Creek, and again in 

March at site WT07 (at the proposed intake at Forsyth Creek). Low DO could be attributed to a number of 

factors, including: the influx of detrital matter, lower primary production, and/ or lower water movement (e.g. 

as winds are not as strong as in the dry season). Lower primary production in the wet and late-wet seasons 

compared with the dry season has been demonstrated in other very turbid wet-dry tropical estuaries, and was 

likely a result of freshwater flushing nutrients and sediment out to sea (Burford et al. 2012).  

3.5.3.5 Temperature, pH and Salinity 

Sampling at different depths indicated that water quality was well mixed throughout the water column, with 

little variation between surface and deep water at any of the sites. In particular, there was little difference in 

the temperature and salinity profiles at each site, indicating there was no vertical stratification of either 

temperature or salinity.  

Salinity was relatively stable at most sites, and but was lower in the wet and late wet season at sites in Forsyth 

Creek. This is not unexpected as it is likely a result of elevated catchment run-off during the wet season.  

The pH was as expected for a macrotidal estuary and the median pH complied with the AWQG at all sites. pH 

levels in Forsyth Creek and Alligator Creek are acceptable, typically in the range 7.9 – 8.1, which is common for 
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seawater. This indicates that no acid sulphate soil related processes are presently occurring on or around the 

site at present. 

3.5.4 Metals and Metalloids 

Data collected in Forsyth Creek and Alligator Creek indicate generally low levels of metals and metalloids. There 

were some instances of exceedance of AWQG values, but nothing that could not be attributed to natural 

sources, particularly given the high levels of sediments present in all collected water samples. 

These results indicate that Forsyth Creek can supply source waters to the operation without concern for metals 

or metalloids in the waters to be used in the farming process. Given that none of these substances will be 

present in the proposed discharge, it is also considered that Alligator Creek can receive wastewater flows with 

no associated environmental impacts with regard to metals and metalloids. 

3.5.5 Toxicants (Including Pesticides and Hydrocarbons) 

The concentrations of pesticides recorded in Forsyth Creek and Alligator Creek were extremely low, being 

below the laboratory reporting limits for all sites. 

This observation indicates that Forsyth Creek can supply source water of sufficient quality to the operation with 

no concerns for toxicants. As there are no toxicants proposed to be used in the farming operations, there 

would also be expected to be negligible levels of these substances in the proposed site discharge, and as such 

Alligator Creek can receive wastewater flows with no associated environmental impact concerns. 

3.5.6 Variation with Depth 

In regard to all of the above physicochemical parameters, there was little evidence of any appreciable water 

column stratification in Forsyth Creek and Alligator Creek, again not surprising given the high rates of tidal 

mixing and turbulence present within the study area waterways. 

3.5.7 Variation with Tidal Cycle 

At each site there was some variation in turbidity and suspended solids with the tidal cycle, however, there 

were no consistent patterns observed. Variations with tidal cycle are likely to be related to several natural 

factors, such as mixing of the water with the ebb and flow of the tides, the extreme tidal variations, and water 

flow and associated run-off from the surrounding waterways. 

3.5.8 Variation with Season 

Physical and chemical stressors were assessed for differences between the wet (November 2015 to April 2016) 

and dry (June 2015 to October 2015 and May 2016 to July 2016) seasons. There was a significant difference 

between seasons which were due to higher: 

total dissolved solids in the dry season than the wet season 

total suspended solids in the wet season than the dry season 

total nitrogen concentrations in the dry season than the wet season 

total nitrogen was particularly high in the October 2015 dry season survey (see Volume 5, Appendix 9). 

There was no significant difference between seasons for: 

turbidity 

total phosphorus, and 

chlorophyll a. 
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The concentration of total suspended solids was higher in the wet season, but turbidity was not different 

between seasons. Turbidity and TSS also varied with rainfall and tide phase and the possible reasons for 

these variations are discussed below in Section 3.5.9. The fact that measurements of TSS increased and 

turbidity did not may be an artefact of the way turbidity is measured. TSS measures the mass of solids in 

the water, while turbidity measures the cloudiness of water which is affected both by solids and other 

matter such as tannins, pigments etc. As such, whilst sediments increased, other factors that contribute to 

turbidity may have reduced in the dry season.  

There was little evidence of wet season inputs of total phosphorous and chlorophyll a sufficient to increase 

observable increase in either variable. This is consistent with the reported findings from another tropical river, 

the Norman River which flows into the Gulf of Carpentaria in western Queensland (Burford et al 2012). 

3.5.9 Variation of Turbidity with Season, Preceding Rainfall and Tide Phase in the Long Term 

Turbidity was high in both the dry and wet season. Continual resuspension of the fine unconsolidated 

sediments in the estuary by tides and wind is likely to maintain this high turbidity. Tidal resuspension has been 

found to be the dominant physical process in similar turbid wet-dry tropical estuaries (Burford et al. 2012). 

However, when all data (water samples and satellite imagery) was considered, turbidity was, like TSS, higher in 

the dry season than in the wet season (Volume 5, Appendix 9), with a significant difference between both the 

calendar season and seasons based on rainfall. There was also a significant difference between tidal state, with 

higher turbidity during neap and springs tides than in the interim period. 

Higher turbidity in the dry season may be associated with stronger offshore winds at this time (Volume 5, 

Appendix 8).  

In contrast, in the water quality sampling program, there was no significant difference in turbidity between 

seasons. This may have been due to differences in climatic factors during the sampling period, with rainfall 

typically lower than average over the period of sampling (BOM 2016). This indicates the value of analysing the 

water quality data in the longer term using satellite imagery.  

3.6 SEDIMENT QUALITY 

Sediments can act as a source of dissolved contaminants and therefore influence water quality, as well as 

provide a sink for already dissolved contaminants. Sediment quality is often highly heterogeneous, with grain 

size influencing the concentration of contaminants in sediments (Simpson et al. 2005).  

3.6.1 Sediment Composition 

Sediments from each of the sites were dominated by silt / clay with sand. Sites in the main channels and 

inshore waters were dominated by sand, with a low contribution of finer sediments. Gravel was present at 

some sites, but with a low contribution (i.e. < 5%). The high contribution of finer sediments is likely to 

contribute to the high erosion potential observed at each site (Section 3.3) and the high turbidity in the water 

column (Section3.5.3.1). 

3.6.2 Nutrients 

The concentrations of total nitrogen, total Kjeldahl nitrogen and total phosphorus were typically greater than 

100 mg/kg at each site (Volume 5, Appendix 9). This was similar to concentration of nutrients analysed 

previously at sites in the upper Keep River estuary (WRM 2014). All other nutrients were typically below 

laboratory limits of reporting.  
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3.6.3 Metals and Metalloids 

For metals and metalloids that had a sediment quality guideline trigger value, concentrations were below these 

trigger values (Volume 5, Appendix 9).  

3.6.4 Pesticides 

The concentration of all organochlorine and organophosphorus pesticides were below laboratory limits of 

reporting, except methyl azinphos (a broad spectrum insecticide) detected at sites I25 and I27 in the Keep River 

in March 2016 (Volume 5, Appendix 9). 

3.6.5 Hydrocarbons 

Hydrocarbons in the C15-C36 fraction were detected at most sites in June 2015; however, concentrations were 

mostly below laboratory limits of reporting in March 2016. While the C15 to C36 fractions include diesel, fuel 

oils and lubricating oils, they are also found in vegetation. Given the highly dynamic nature of these 

environments, and that none were not detectable in March 2016, the source of hydrocarbons in this survey 

were most likely natural. 
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4 ASSESSMENT OF POTENTIAL IMPACTS 

4.1 CONSTRUCTION  

Most of the Project footprint is removed from the proximity to the marine environment, and is situated on the 

estuarine-deltaic plain, above the area of regular tidal influence. However, the intake structure and channel, 

and the discharge weir points will be located in the coastal plains tidal area, and some elements of the intake 

structure will be permanently submerged in Forsyth Creek. 

The development footprint within the coastal plain (the area subject to regular tidal influence) is 366 hectares 

and comprises 4 x 750 mm diameter pipes and an associated piled jetty structure into Forsyth Creek associated 

with the proposed intake structure (see Plate 12 and Figure 11); a weir that extends a distance of 100 m along 

Alligator Creek for the proposed wastewater discharge (see Plate 13 and Figure 12); and, potentially the lower 

parts of the EPZ that abut the weir (see Figure 13). 

4.1.1 Forsyth Creek Intake Infrastructure 

The intake structure and jetty at Forsyth Creek will consist of an open, steel piled jetty structure 10 - 18 m wide 

and 140 m long, projecting out into Forsyth Creek, carrying the four intake pumps and delivery pipes. There will 

also be a davit for installing and removing the pumps for maintenance; and a trolley for transporting personnel 

and equipment between the head of the jetty and the roadway at the tail of the jetty. 

The intake structure and jetty will be constructed using tubular steel piles, spaced approximately 6 m apart. 

Pile diameters will be approximately 750 mm diameter. Piles will be driven to refusal, and designed with the 

strength to withstand the horizontal and vertical loads without needing bracing or other structure in contact 

with the ground. This will allow water to flow through the structure with little impedance. The piles will be 

driven by a construction method called ' launch beam method' starting from the hard ground 70 m back from 

the shoreline. This is an elevated beam that is supported by the first few driven piles. The beam will be 

cantilevered forward to each new pile position, carrying the crane and piling hammer, tools and workers. This 

means that cranes and equipment do not have to be supported by the soft marine muds. It is a proven method, 

frequently used in over-water construction. This construction method will minimise the potential for impact to 

the intertidal zone to as low as is practicable. 

4.1.2 Alligator Creek Outfall Weir and EPZ 

The weir will be constructed in steel sheet piling, for part of its length (the wing walls). At the overflow point 

the weir will be a concrete gate structure mounted on the sheet piling under, to support the gates. Gates may 

be flume gates or vertical knife gates. Final selection will be made in the detailed design phase. Sheet piling will 

be driven by a land based piling rig (truck mounted), owing to the wall being set back from the creek 

embankment a nominal 30 m. The earth will be graded and levelled to enable the truck mounted rig to traverse 

to and from the area. 

The EPZ walls will be constructed as described for berms and channel walls in Section 5.3 of the Project 

Description Chapter, Volume 1, Chapter 3. Whilst the piling for the EPZ walls will penetrate through any PASS 

material, no such material will be otherwise disturbed, brought to the surface or exposed to the atmosphere. 

The sheet piling will be selected with adequate thickness for long-term corrosion allowance. A walkway will be 

added to the top of the piling for the EPZ walls to permit personnel access, for monitoring and maintenance of 

instruments. 

The concrete gate structure over the sheet piling sub-structure will be pre-cast concrete, manufactured off site. 
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4.1.3 Summary 

The key potential impacts from construction will therefore be physical changes to the tidal lands and, along 

with the construction works on other parts of the site, runoff of sediment and associated nutrients and 

pollutants into estuarine and marine waters. These potential impacts of construction are discussed further 

below with reference to each of the descriptors of the existing environment presented in Section 3. Data 

collected to describe existing environmental conditions and numerical models developed by the study have 

been used to determine the impact of the proposed project on the coastal environment and water quality. 

PLATE 12 TYPICAL BELL-MOUTH INTAKE PIPE 

PLATE 13 EXAMPLE OF TYPICAL CONTROL GATES ON WEIR 
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FIGURE 11 SEAWATER INTAKE STRUCTURES CONCEPT ENGINEERING DRAWING 
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FIGURE 12 ENGINEERING DRAWING OF THE PROPOSED EPZ WEIR 
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FIGURE 13 ENVIRONMENTAL PROTECTION ZONE LAYOUT 
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4.2 OPERATION  

Operationally, the key impact will be associated with the proposed wastewater discharge from the EPZ, in 

terms of discharge and receiving water quality, the amount and rate of flow, and potential erosion and changes 

to coastal landform and bathymetry in the vicinity of the proposed discharge.  

The intake could con affect the tidal hydrodynamics of Forsyth Creek, though the intake flow represents only a 

very small percentage of the overall tidal flows in this waterway and hence potential impacts are minimal.  

4.2.1 Forsyth Creek Intake Infrastructure 

The intake bell-mouth at the inlet to the pump will be fitted with a 100 mm aperture mesh grille, to exclude all 

but the small debris and aquatic fauna. The grille will be regularly cleaned of marine fouling by raising the 

pump assembly up and onto the jetty platform, so that personnel access can be afforded safely and the fouling 

wastes collected without any need for floating plant.  

The intake pumps will terminate in the water at a level below MLWN and above MLWS. Pumping will be 

avoided at times where possible when water levels are low in order to reduce the amount of suspended 

sediment captured. Specifically, the seawater intake pump will only operate between mid to high tide daily. 

Spills, leaks and overflows from site operations may also cause impacts to the estuarine and marine 

environment. 

4.2.2 Alligator Creek Outfall Weir and EPZ 

The primary function of the EPZ is to regulate the flow of the discharge water by reducing the velocity and 

holding the water so that discharge can be timed to the ebb tides and can be discharged at a constant level of 

410 ML/da3y during those ebb tide releases. The majority of the discharge will flow through a 100 m wide 

channel in the centre of the EPZ, but the EPZ is sized for 'overflow' of this channel, to enable it to hold the peak 

discharge and water from storm events, up to the 50 year ARI event. It is expected that this 'overflow' and the 

margins of the channel itself will be colonised by local samphire and/or mangrove species, which will assist in 

nutrient uptake. 

Design of the outlet weir at Alligator Creek is presented in Figure 12. Effluent from the farms will be discharged 

into the main drainage channel (MDC) before passing through the EPZ to the bank of Alligator Creek. Scour 

protection on the downstream side of the Alligator Creek weir will be provided by a rock blanket.  

The outflow weir from the EPZ is 100 m wide and is set back a nominal 30 m from the existing bank. 

4.2.3 Summary 

The potential impacts of operation are primarily associated with the proposed discharge into Alligator Creek. 

To a lesser extent, there is potential for impact to Forsyth Creek as a result of the intake of marine water. 

The potential impacts of operation are discussed further below with reference to each of the descriptors of the 

existing environment presented in Section 3. Data collected to describe existing environmental conditions and 

numerical models developed by the study have been used to determine the impact of the proposed project on 

the coastal environment and water quality. 

3420 ML/day was assessed in the hydrodynamic modelling 
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4.3 COASTAL MORPHOLOGY AND SEDIMENT TRANSPORT PROCESSES  

The majority of the Project footprint consists of the grow-out ponds, which are situated on the estuarine-

deltaic plain, above the area of regular tidal influence. As mentioned above, the development footprint within 

the coastal plain (the area subject to regular tidal influence) is 366 hectares and comprises the discharge weir 

(see Plate 13 and Figure 12), the lower parts of the EPZ that abut the weir (see Figure 13), and the intake pipes 

at Forsyth Creek and jetty structure to support them (see Plate 12 and Figure 11). The very small scale of the 

development on the shoreline compared with the length of shoreline at Legune Station should also be noted. 

The approximate length of the shoreline around the Legune Station peninsula, is in the order of 320km. The 

shoreline of the tidal portion of Forsyth and Alligators Creeks as is around 48km and 28km respectively. By 

contrast as we have noted, the proposed weir at the EPZ is 100 m and the breadth of the proposed intake 

structure projecting out into Forsyth Creek is 140 m long and 10-18 m wide. The area of impact on the coastal 

environment is thus relatively small. 

4.3.1 Forsyth Creek Intake 

For construction, as described above, the piles for the intake jetty structure will be driven by a construction 

method called ' launch beam method' starting from the hard ground 70 m back from the shoreline. This means 

that cranes and equipment do not have to be supported by the soft marine muds, hence minimising potential 

for impact on coastal morphology and sediment transport as a result of construction to be as low as is 

practicable. 

The operation of intake itself will have a negligible impact upon the local coastal morphological and sediment 

transport processes. The use of piles to access the water within the centre of Forsyth Creek, as opposed to a 

more solid structure such as a vertical sheet-pile wall, will reduce the impact on local currents and thus 

minimise changes to the existing erosion at the shoreline. Any changes to current speeds and directions are 

likely to be limited to the immediate area around the piles. It is unlikely that these changes will be of greater 

impact on the bank than existing erosion processes. The change to currents in the area around the piles may 

result in localised bed scour around the piles, however this will occur in tandem with existing bed scour 

detailed previously.  

Some protection from existing wave action may be provided to the bank in the lee of the intake pipes and piles. 

The dynamics of wave induced scour observed along the bank of Forsyth Creek may be altered by the intake 

structure as waves are reflected, or blocked by the piles and intake pipes. These effects are likely to be 

localised and minor compared with the existing erosive forces. 

As the bank continues to erode in a southerly direction, the structure is designed to allow the intake pipes to 

be shifted with the movement of the channel. The piled structure is proposed to extend around 70 m landward 

of the current bank position.  

Sediments within Forsyth Creek are likely to enter the intake pipes in suspension. The volume of suspended 

sediment within Forsyth Creek is high and the removal of suspended sediment with the intake water will not 

impact sediment processes in Forsyth Creek. In a similar manner the actual flow into the intake will not have 

any impact on the flows in Forsyth Creek (and hence sediment mobilisation and transport processes) given the 

relative magnitude of the intake and the prevailing tidal flows. 

4.3.2 Alligator Creek Outfall 

The outfall weir will be constructed in steel sheet piling, for part of its length (the wing walls). At the overflow 

point the weir will be a concrete gate structure mounted on the sheet piling under, to support the gates. Sheet 

piling will be driven by a land based piling rig (truck mounted), owing to the wall being set back from the creek 

embankment a nominal 30 m. This will mean that construction equipment will not need to be placed within the 
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coastal plain. As such the potential for impact to coastal morphology and sediment transport as a result of 

construction will be as low as is practicable. 

The placement of the weir on the bank of Alligator Creek may cause localised changes to bank erosion. The 

current rate of erosion of the bank is in the order of 1-3 m per year at the discharge location. The nominal 

setback distance of the outlet weir structure of 30 m will provide between 10 and 30 years erosion buffer given 

these current day erosion rates. Construction of the weir, including the geofabric and rock blanket immediately 

downstream will limit scour across the surface into Alligator Creek as a result of the discharge.  

Installation of a rock blanket across which discharge water will flow, will prevent the erosion of the bank in this 

area. Terminal scour of the bank at the ends of the rock blanket may occur and change the rate of erosion. The 

discharge is distributed across the 100 m wide weir, and as such, the expected current speeds are low and are 

unlikely to cause bed scour within Alligator Creek above the existing erosion caused by the strong tidal 

currents. Some toe scour may occur along the rock blanket due to the existing tidal currents. 

Peak current speeds within Alligator Creek in the vicinity of the outlet are in the range of 0.5 – 1.5 m/s on the 

ebb and flood tides respectively. The discharge rate of the effluent is controlled by the weir which can be 

designed to limit velocities to be in the order of, or less than, these existing current speeds. Thus the effluent 

flows will have minimal additional impacts on the local bathymetry and sediment transport processes.  

4.3.3 Tidal Floodplains 

Construction of the grow-out ponds, channels and production facilities will to take place on the estuarine-

deltaic plain between Forsyth and Alligator Creeks. This area is generally at a level of greater than 4.5 m AHD. 

In isolated areas along the northern portion of the site, the design footprint crosses some small tidal channels, 

particularly in the area of the intake channel, maintenance and sedimentation ponds. Realignment of the tidal 

channels and erosion along the floodplain adjacent to the project footprint may occur. However, the tidal 

channels are naturally relatively mobile and reducing their upper extent is not likely to have significant impact. 

Any structure built on the floodplain, or across a tidal channel, will be designed to ensure bed erosion adjacent 

to the structure does not cause failure or damage to the facility.  

4.4 OCEANOGRAPHIC CONDITIONS 

4.4.1 Water Levels 

The macro tidal environment at Legune Station is such that the potential changes to tidal water levels 

associated with the intake or discharge are low. The tidal prism (i.e. the volume of water which is exchanged 

during each tide) within Forsyth Creek and Alligator Creek is shown in Table 6 along with the proposed intake 

and discharge average and peak flow rates. 

TABLE 6 COASTAL WATERWAY TIDAL PRISM COMPARED WITH PROPOSED INTAKE AND 
OUTLET DISCHARGE RATES 

Tidal Prism (m3) Spring Tide Neap Tide 

Forsyth Creek 136.0 x 106 40.0 x 106 

Alligator Creek 90.0 x 106  22.0 x 106 

Alligator Creek  

(upstream of discharge) 

15.0 x 106 0.7 x 106 
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Tidal Prism (m3) Spring Tide Neap Tide 

Proposed volume (m3) 

Proportion of spring / neap tidal prism 

Low Mid Peak 

Forsyth Creek Intake 0.09 x 106 

<0.1% / 0.2% 

0.17 x 106 

0.1% / 0.4% 

0.54 x 106 

0.4% / 1.4% 

Alligator Creek Outlet 0.42 x 106 

0.5% / 1.9% 

4.4.1.1 Forsyth Creek Intake 

The projected peak extraction rate of the proposed Forsyth Creek intake is 12.5m3/s for 12 hours per day for 18 

days to enable filling of the farm ponds after a harvest. This is equivalent to approximately 0.5 x 106 m3 of 

water extracted from Forsyth Creek per day. A full harvest of the farm ponds is expected to occur 1-2 times per 

quarter, with no or low flows for partial harvesting and water balance occurring at other times. During periods 

of low seawater extraction, the flow rate will be in the order of 2-4 m3/s. 

The peak rate of extraction represents less than 0.5% of the tidal prism during a spring tide and 1.5% during a 

neap tide. Pumping at a rate of 2 - 4 m3/s for 12 hours represents less than or equivalent to 0.1% and 0.2-0.4% 

of the spring and neap tidal prism respectively within Forsyth Creek.  

The intake represents a low proportion of the tidal prism and is thus unlikely to have any impact on tidal water 

levels or currents. 

4.4.1.2 Alligator Creek Outfall  

The volume of water within Alligator Creek exchanged during a spring tide is in the order of 90,000 ML (90 x 

106 m3). The average daily effluent discharge of 420ML4 into Alligator Creek via the EPZ is a small proportion of 

the tidal prism with less than 0.5 % and 1.9 % of water added during a spring and neap tide respectively which 

is considered unlikely to have any impact on the tidal water levels within Alligator Creek.   

4.4.2 Water Temperatures 

Measurement and modelling of water temperatures around Legune Station indicates the driving factor for 

temperature change is the ambient air temperature sun exposure and depth of water. The effluent discharged 

from the EPZ into Alligator Creek will be more susceptible to the ambient air temperature and solar radiation 

than the receiving water in Alligator Creek due to the low flow and shallow depths through the EPZ. The 

temperature of effluent is thus likely to be slightly higher during the day time and lower during the night time 

than that within Alligator Creek, especially during high tide periods when the depth of water in Alligator Creek 

will be significantly greater than within the EPZ.  

Regardless, numerical modelling and measured depth profiles within Alligator Creek have indicated that there 

is little stratification of temperature within the waterways due to the macro tidal environment, high current 

speeds and regular flushing of Alligator Creek. As such, the discharge will thus have no impact on water 

temperatures within Alligator Creek. 

4 410 ML/day is the expected discharge amount. 420 ML/day was conservatively assessed during the modelling. 
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4.4.3 Currents 

4.4.3.1 Forsyth Creek Intake 

Current speeds within Forsyth Creek at the intake point are high, in the order of 2 m/s during the peak ebb 

tide. Placement of piles within Forsyth Creek will cause a minor blockage within the adjacent channel resulting 

in scour around the piles and possibly locally redirect flows. No increase in current speeds upstream or 

downstream of the structure is expected. 

4.4.3.2 Alligator Creek Outfall 

To mitigate water quality impacts (discussed in Section 4.5) discharge of effluent from the EPZ will be restricted 

to a limited period around the ebb tide. To achieve the long term average daily discharge rate of 420 ML 

through the EPZ, the flow into Alligator Creek may peak over 60m3/s during the neap tides when the ebb tide 

window for discharge of the total effluent load of 420ML is restricted to a few hours. For further detail on this 

discharge timing see Section 4.5.3. 

Whilst the flow rate of water at the outlet weir is relatively high during these neap tide periods, the detailed 

design of the weir crest and rock blanket will consider the required reduction in flow velocities to minimise any 

potential erosion of the channel or floodplain interface.  

4.4.4 Waves 

4.4.4.1 Forsyth Creek Intake 

The construction of piles and placement of pipes into the creek will have a localised impact on wave action at 

the bank, however these impacts will be negligible when compared with the gross, macro scale, changes that 

this area is currently experiencing. Monitoring of the coastline in the vicinity of the intake will be undertaken, 

along with the provision of a sufficient setback distance to ensure that the facility is not at risk from the 

retreating shoreline. The design of the piles will also include an allowance for additional bank scour both at 

piles within the waterway and for the piles located across the present day floodplain. 

4.4.4.2 Alligator Creek Outfall 

Construction of the weir, including the rock blanket immediately downstream will limit scour across the surface 

into Alligator Creek as a result of the discharge. This infrastructure is unlikely to cause any changes to existing 

wave action.  

4.5 WATER QUALITY 

4.5.1 Background and Literature Review 

Prawn pond discharge water generally has high concentrations of inorganic particles, phytoplankton, 

particulate and dissolved organic compounds, and ammonium derived from feeds, excretory products and 

pond erosion (Ziemann et al. 1992; Jackson et al. 2003).  

Although other nutrients are typically also exported from prawn farms, nitrogen has received the 

overwhelming amount of attention, and is commonly regarded as the limiting nutrient in macrotidal estuaries, 

such as the Keep River. This focus has resulted in efforts to produce a typical or generalised mass balance for 

prawn farm operations in Australia (Preston et al., 2000; Jackson et al., 2003) and is shown in Figure 14.  
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FIGURE 14 THE BASIC NITROGEN BUDGET FROM A ‘TYPICAL’ INTENSIVE AUSTRALIAN PRAWN FARM OPERATION (SOURCE: AFTER APFA 
2006) 
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This mass balance approach identified that approximately 27% of the nitrogen introduced to the system exits 

via water transport. In studies of prawn ponds in Australia, nitrogen in the water column of prawn ponds was 

dominated by particulate nitrogen (mostly phytoplankton and uneaten feed), with approximately 10% 

ammonium, 2% nitrate/ nitrite and 30% dissolved organic nitrogen (Burford et al. 2003). 

Typical net loads (discharge minus intake loads) of intensive well managed prawn farms in northeast 

Queensland are approximately 1 kg ha-1 day-1 for TN and 0.12 kg ha-1 day-1 for TP.  

Total suspended solids are more variable, but are in the order of 4.8 to 28.9 kg ha-1 day-1 (Jackson et al. 2004). 

The average discharge of TN, TP and total suspended solids for the Project is estimated to be below these 

typical northeast Queensland net loads, given that design for the Project has focussed on the following: 

maximisation of water re-use/recirculation 

use of settlement ponds, channels and environmental protection zones to treat effluent 

use of outfall controls and optimisation of timing of discharge 

breeding efficiency (i.e. the genetic improvements from the domestication program mean that prawns 

grow faster and require less feed over time), and 

best practice for feed formulation (minimising marine ingredients - fish meal, fish oil) 

Dissolved inorganic nutrients (ammonium and nitrite / nitrate) released directly as excretory products or from 

the remineralisation of particulate organic waste may potentially increase primary production in the receiving 

environment, and at high concentrations may lead to harmful algal blooms and / or create anoxic conditions. 

Nutrient enrichment can also change the community composition of phytoplankton by altering nutrient ratios 

(Burford et al. 2003). 

Phytoplankton and particulate organic matter from uneaten feed and facial material in the water column can 

increase the grazing activity of pelagic organisms such as zooplankton or bacterioplankton (Burford et al. 2003). 

Particulate matter can also increase suspended solids concentrations in the water column, potentially 

increasing turbidity. In receiving environments that are less turbid than the discharge, increased turbidity can 

reduce light levels and decrease primary production. Upon settling to the substrate, suspended solids can also 

smother or change the community composition of benthic communities. 

Prawn pond discharge in northeast Queensland was found to: 

elevate nitrogen, phosphorus (bound to particles) and algal biomass near the discharge 

increase primary production near the discharge, with approximately 15% of the nitrogen transformed by 

the phytoplankton and approximately 10% of the nitrogen transformed by the microbial community within 

2 km of the discharge 

increase denitrification near the discharge, removing approximately 6% of the nitrogen discharged 

increase zooplankton biomass, with high micro zooplankton grazing rates within 2 km of the discharge 

(likely to be feeding on phytoplankton and bacteria) and high mesozooplankton grazing rates further 

downstream (likely to be feeding on the microzooplankton derived from upstream)  

increase juvenile fish biomass at the discharge point (dominated by clupeids and engraulins), likely to be 

filter feeding particulate matter from the discharge  
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favour filter feeding fish near the discharge and fish species that selectively fed on benthic epifauna and 

zooplankton further downstream  

provide a source of nitrogen for mangroves and macroalgae and 

have no obvious effect on sediment processes, possibly due to regular resuspension and removal 

downstream by the scouring action of strong spring tide currents and episodic rainfall events in this region 

(Burford et al. 2003). 

These studies therefore carefully identified key processes and pathways associated with the 'bioassimilation' in 

those environments. 

The receiving environment for this Project has a much higher turbidity and greater tidal range than of the 

studies discussed above from northeast Queensland. The primary consequence of the high turbidity levels and 

greater tidal range is that the waters of Alligator Creek will be strongly light limited with respect to algal growth 

and primary productivity processes, and that the discharge will be dispersed relatively quickly. 

As recently as 2015, there was a comprehensive examination of the science relating to the environmental 

impacts from prawn farming by a parliamentary committee. The evidence brought forward focussed on north 

Queensland as this is the zone in which Australia's prawn farming currently occurs and focussed significantly on 

potential effects on the Great Barrier Reef, since this is the ecosystem with the highest conservation values. 

Evidence from both CSIRO and James Cook University indicated that, notwithstanding the above observations: 

'Amongst the scientific community, the CSIRO and the universities, there is a very strong consensus that it is 

very, very, very, very difficult to find any impact of aquaculture on the Great Barrier Reef.' The Great Barrier 

Reef Marine Park Authority also outlined the differences in the receiving environments at different sites, 

especially contrasts between the Hinchinbrook Channel and Abbot Bay ( Joint Standing Committee on Northern 

Australia, 2015; available 

http://www.aph.gov.au/Parliamentary_Business/Committees/Joint/Former_Committees/Northern_Australia/

Aquaculture/Report). Thus the synthesis of the science undertaken is that any impact of prawn farming activity, 

if observed, is very localised. 

4.5.2 Proposed Licence Conditions 

As described above, the farming of prawns results in effluent containing nitrogen, phosphorus, chlorophyll a 

and suspended sediment. Apart from salinity changes there are not expected to be any chemical changes in the 

constituents of the water leaving the farms. Chlorine products used for disinfection and cleaning will be 

biodegradable and are expected to be fully oxidised in the, IFRP, MDC or EPZ, and as such no free chlorine will 

be released into Alligator Creek.  

Turbidity of the effluent leaving the farms is potentially significantly less than in the waters measured around 

Legune Station (see Table 5), noting that the Ingham farms produce water < 100mg/L TSS (see Table 7) whereas 

the vales for TSS in Alligator Creek are typically > 100mg/L TSS (see  Table 5).  

With respect to the likely levels of the aforementioned parameters in the operational discharge, the proposed 

grow-out ponds at Legune Station are expected to operate within the water quality limits applying to the 

existing Seafarms Group prawn farming operations at Ingham in North Queensland (Seafarms, 2016). The 

license conditions at Ingham are the most recent conditions issued by Queensland EPA for an operating farm 

and are amongst the strictest conditions imposed in Australia.  

http://www.aph.gov.au/Parliamentary_Business/Committees/Joint/Former_Committees/Northern_Australia/Aquaculture/Report
http://www.aph.gov.au/Parliamentary_Business/Committees/Joint/Former_Committees/Northern_Australia/Aquaculture/Report
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Figure 8 presents the Queensland EPA discharge license conditions for the Ingham operations. The long term 

maximum discharge license conditions of the Ingham operations, and the proposed grow out facility at Legune, 

are 3.0mg/L for Total Nitrogen and 0.3mg/L for Total Phosphorus. 

TABLE 7 INGHAM OPERATION DISCHARGE WATER QUALITY – LICENCE CONDITIONS 

Parameter Mean Maximum 

Total Nitrogen (mg/L) 0.8 3.0 

Total Phosphorus (mg/L) 0.1 0.3 

Chlorophyll a (μg/L) 20 100 

Total suspended solids (mg/L) 20 100 

4.5.3 Alligator Creek 

Numerical modelling has been used to quantify the impact of wastewater discharged from the site via the EPZ 

into Alligator Creek. The numerical models were calibrated using hydrodynamic (water level and velocity) data 

collected as part of the project. Numerous variations of discharge flow rates were assessed in order to 

determine the optimum scenario in regard to minimising potential environmental impacts. Table 8 describes 

some of the discharge cases that were assessed. Full details of the modelling are presented in Volume 5, 

Appendix 8. 

TABLE 8 EXAMPLE DISCHARGE SCENARIOS THAT HAVE BEEN ASSESSED 

Discharge Case Description 

1 Constant discharge 

2 Discharge on ebb tide 

3 Discharge on every second ebb tide 

4 Discharge on third ebb tide 

A conservative model tracer was used to track the concentration and location of any effluent in the waterways 

and intertidal areas across the project. This enabled the modelling to be used to establish the proportion of 

wastewater that may be transported to different locations around the project site. All modelling occurred for 

lengthy periods of time (several months) such that quasi steady state conditions developed within the model 

domain. A conservative tracer model models the physical processes of dilution and dispersion and does not 

take into account biological assimilation. Additional biological processes such as those identified in the Burford 

et al (2003) study would simply enhance uptake by the environment. 

The average model tracer concentration within Alligator Creek during the varying discharge rate model 

simulations is shown in Figure 15, compared with the average model tracer concentration for a constant 

discharge rate. The figure illustrates that a significant reduction in average model tracer concentration within 

Alligator Creek is possible when the effluent discharge is limited to ebb tide conditions. 

As can be seen from Figure 15, only minor differences were observed in tracer concentration between the 

different ebb tide scenarios, however, at the point closest to the outlet, the peak model tracer concentration in 

the single ebb tide release was less than that for the every second and every third ebb tide scenarios, hence 

the single ebb tide release scenario was adopted, and is compared with the results of the constant discharge 

release, below.  



Project Sea Dragon  

Stage 1 Legune Grow-out Facility  

Draft Environmental Impact Statement 

Volume 2 - Environmental Assessment 
Chapter 2 - Marine and Estuarine  2 -65 

4.5.3.1 Constant Discharge Rate 

The results of the constant discharge rate modelling indicated that the effluent was rapidly mixed in the large 

waterbodies around Legune Station and very low levels of effluent are expected to be present outside Alligator 

Creek. The effluent concentrations quickly reached steady state levels within Alligator Creek and a pattern of 

increasing and decreasing concentrations within the creek was observed with the spring-neap tidal cycle 

progression. The peak concentrations occur at the outfall site and the effluent accumulates upstream of the 

outfall before reaching equilibrium conditions in the upper reaches of the creek system. Downstream of the 

outfall, the effluent rapidly dilutes. 
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FIGURE 15 AVERAGE MODEL TRACER CONCENTRATION – FOR CONSTANT AND VARIABLE DISCHARGE SCENARIOS. 
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To provide an indication of the impact of the effluent concentrations associated with the constant discharge 

rate on particular water quality parameters, model tracer concentrations were converted to equivalent 

concentrations of nitrogen, phosphorus and chlorophyll a based on the proposed licence average (median) 

discharge conditions described in Table 7. To provide conservative “worst-case” results, modelling was thus 

carried out for representative dry season conditions with no freshwater inflow (and hence no flushing of the 

system with catchment inflows). The modelling was further considered conservative as it was assumed that 

there is no reduction in these parameters with passage through the environmental protection zone (EPZ), 

which conveys the wastewater from the farms to the outfall. The modelling results showed that: 

Additional nitrogen concentrations in Alligator Creek resulting from a constant discharge rate were 

between 0.05 and 0.25 mg/L. The interim site specific water quality trigger value is 0.31 mg/L TN (Table 4) 

and thus little buffer is available for natural variation in nitrogen before this level is exceeded. The 

combination of median values of additional nitrogen and ambient background conditions resulted in a 

mixing zone within Alligator Creek extending approximately 1 km downstream from the outlet and 

upstream to the tidal limit.  

The level of phosphorus within the effluent were low and levels of additional phosphorus predicted to 

occur within the receiving waters are also low. The additional concentrations of phosphorus within 

Alligator Creek under the constant discharge scenario were in the range of 0.01 to 0.04 mg/L, well below 

the interim site specific water quality trigger value of 0.20 mg/L (Table 4). Therefore, no mixing zone 

applied to this parameter. 

The level of chlorophyll-a in the effluent when compared with background conditions was high and the 

modelling predicted that under the constant discharge scenario, a concentration of chlorophyll-a over 2 

μg/L would occur relatively frequently within Alligator Creek. The combination of median values of 

additional chlorophyll-a and ambient background conditions resulted in exceedance of the interim site 

specific water quality trigger value of 3.2 μg/L (Table 4) for the same mixing zone extent as for nitrogen. 

4.5.3.2 Variable (Ebb Tide) Discharge Rate 

The purpose of the variable discharge is to maximise the potential dilution of the effluent as a result of flow 

conditions in Alligator Creek. As described above, sensitivity testing identified that discharging the effluent 

across the ebb tide only, as opposed to a constant rate significantly improved mixing conditions and reduced 

concentrations within the waterways. For result of the ebb tide release is that the effluent mixing zone 

(defined as the zone within which the interim site specific water quality trigger values are exceeded), is 

significantly reduced within Alligator Creek.  

As for the constant discharge scenario, to provide an indication of the impact of the effluent concentrations 

associated with the ebb tide discharge rate, model tracer concentrations were converted to equivalent 

concentrations of nitrogen, phosphorus and chlorophyll a based on the proposed licence average (median) 

discharge conditions described in Table 7. The ebb tide discharge modelling results showed the following 

outcomes: 

Additional nitrogen concentrations in Alligator Creek as a result of the ebb tide discharge regime were 

below 0.1 mg/L. The combined concentration of the effluent and the ambient conditions is 0.2 mg/L and 

therefore the interim site specific water quality trigger value of 0.31 mg/L is not exceeded. No mixing zone 

therefore applies to nitrogen. 

The level of phosphorus within the effluent is low and levels of additional phosphorus predicted to occur 

within the receiving waters are also low. The additional concentrations of phosphorus within Alligator 
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Creek under the ebb tide discharge scenario are less than 0.01mg/L, well below the interim site specific 

water quality trigger value of 0.20mg/L. Therefore, no mixing zone applies to this parameter. 

The level of chlorophyll-a in the effluent when compared with background conditions is high. However, the 

modelling predicts that under the ebb tide discharge scenario a concentration of chlorophyll-a over 2μg/L 

will only occur within 200 m of the outfall. The combination of this median value of additional chlorophyll-

a and the ambient background condition results in exceedance of the interim site specific water quality 

trigger value of 3.2 μg/L for an area approximately 200 m upstream and downstream of the outfall. This is 

therefore the mixing zone. 

In addition to the nutrients associated with the effluent, changes in salinity may occur as the farm grow-out 

ponds will be maintained at an optimum salinity level for production and hence the discharge will have a 

different salinity to background levels in Alligator Creek. The salinity in the effluent may be as high as 70 PSU 

during the build-up to the wet season when evaporation is significant. Numerical modelling was used to 

understand the mixing and dispersion of the higher salinity effluent with the coastal waters. As with the 

nutrient assessment, the rapid mixing that occurs within Alligator Creek means changes in salinity were limited 

to less than 1 PSU for waterways outside of Alligator Creek.  

Therefore, the ultimately adopted discharge strategy which was shown to produce the smallest receiving 

environment concentration of wastewater and produce a situation wherein proposed interim water quality 

trigger values for Alligator Creek are complied with, outside of a very small mixing zone, is 420ML/d released 

on every ebb tide.  

4.5.4 Far Field Discharge 

As described above, discharging effluent only under ebb tide conditions was found to successfully mitigate risks 

related to elevated nutrients and chlorophyll a in Alligator Creek as a result of the effluent discharge. The 

concentration of nutrients outside of Alligator Creek were not increased as a result of only discharging under 

ebb tide conditions. 

Modelling indicated that very low proportions of wastewater will occur outside Alligator Creek. Once dispersed 

into the waters of the Keep River, wastewater concentrations were minimal. When model tracer 

concentrations were converted to equivalent concentrations of nitrogen, phosphorus and chlorophyll a based 

on the proposed licence average (median) discharge conditions described in Table 7, wastewater 

concentrations at the mouth of the Keep River and further afield, were predicted to be essentially 

undetectable. 

Model tracer concentration at the mouth of Alligator Creek, varied between 2 and 15% of the discharge 

concentration through the spring and neap tide respectively.  

Model tracer within the central Keep River was close to an order of magnitude less than the mouth of 

Alligator Creek due to the rapid increase in volume of the 8 km wide Keep River waterway in this location. 

The time series of tracer concentration at the confluence of the Keep River and Sandy Creek indicated that 

low amounts of discharge is flushed upstream with the flood tide and peak concentrations within the 

upper Keep River and Sandy Creek were of the order of 3.5% and 2.5% respectively.  

Negligible levels of model tracer concentration (less than 0.5%) are found within Bob’s Creek, Forsyth 

Creek or at the mouth of the Keep River. 

4.5.5 Mixing Zone 

As described above, the results of the modelling have been used to establish a preliminary mixing zone for the 

discharge. This zone extends 200 metres upstream and downstream of the discharge in Alligator Creek and is 
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an area where the proposed interim trigger values may be exceeded. As described above, modelling has 

indicated that there is no potential for unacceptably elevated nutrient or chlorophyll a levels outside this 

mixing zone.  

It should also be noted that, as identified earlier in this report, ambient or existing total suspended solids and 

turbidity levels in Alligator Creek are naturally extremely high. The primary consequence of these high 

sediment and turbidity levels is that the waters of Alligator Creek will be strongly light limited with respect to 

algal growth and primary productivity. Hence, it is considered highly unlikely that this will cause any additional 

chlorophyll a to develop in the system. By way of comparison, the middle reaches of the Brisbane River are 

similarly light limited, and routinely have total nitrogen levels in excess of 1 to 1.5 mg/L. Even when there are 

summertime temperatures that are similar to those of the Alligator Creek system, no algal bloom processes 

occur. 

In addition to the nutrients to be added to Alligator Creek from the discharge, elevated salinity may be present 

in the effluent as the ponds are maintained at an optimum salinity for production. The salinity may be as high 

as 70 PSU during the build-up to the wet season as a result of high evaporation. Numerical modelling was used 

to establish the mixing and dispersion of this more saline water. The model is conservative because it does not 

include naturally mitigating effects such as local freshwater flows, daily temperature variation and offshore 

conditions may have on salinity. A 20 PSU differential of salinity was added to the model. Similar to the model 

tracer, salinity is well mixed and the concentration of additional salinity is limited to less than 2 PSU greater 

than the background levels within Alligator Creek (Volume 5, Appendix 8). This minor change in salinity is likely 

to be within the tolerable range of aquatic flora and fauna and unlikely to impact aquatic ecology. 

No assessments of total suspended solids or turbidity were conducted using the numerical models as the 

concentrations of these compounds in the proposed discharge will be significantly less than the background 

levels in Alligator Creek. 

4.6 ASSESSMENT OF ALTERNATIVE LOCATION 

To establish the appropriateness of a discharge to Alligator Creek when compared to other locations, an 

assessment of the impacts on the coastal environment and water quality for the discharge was undertaken for 

Bob’s Creek to the north of the site, which was identified as a potential alternative location. 

The assessment identified risks to the alternative discharge location were primarily related to the lower 

elevation of the land around Bob’s Creek and the smaller capacity of the waterway. The lower elevation was 

likely to result in more frequent inundation of the tidal floodplain around the EPZ and discharge weir, resulting 

in a potential increase in erosion around the perimeter of the EPZ and around the discharge weir. 

The tidal prism of Bob’s Creek was roughly 25% of the Alligator Creek tidal prism, and as such the discharge of 

water from the EPZ had increased potential to impact water levels, tidal prism and currents within Bob’s Creek. 

Increases in current speeds could also lead to increased bed scour and channel morphology. 

This decrease in tidal prism also resulted in much higher concentration of discharge material within Bob's Creek 

as initial dilution would be much lower. The zone of high concentration extended a number of kilometres along 

the channel. In addition to the higher concentrations within the channel, the lower topography was likely to 

result in these increased levels of discharge material being transferred to the floodplain during more frequent 

high tide events than would be the case in Alligator Creek. 

As a result of the above works, Alligator Creek was identified as being the preferred option for the project 

discharge and the proposed carefully timed ebb tide release the preferred option for when this discharge 

occurs. 
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5 MITIGATION AND MONITORING 

The Project has adopted mitigation measures and monitoring programs to address the identified risks above, 

focused on: 

design to reduce impacts 

adoption of construction management measures 

seawater extraction timing to avoid neap tides 

erosion and storm tide management, particularly at intake and discharge points. 

These are discussed further below. 

5.1 DESIGN 

Minimisation of environmental impacts has been a key consideration of the design process. Design elements at 

the facility-wide level that minimise potential for impacts to coastal processes and environmental values are as 

follows: 

Use of settling ponds and recirculation within the farms. 

The Environmental Protection Zone prior to discharge. 

Design elements specific to construction in the coastal plain are as follows: 

5.1.1 Forsyth Creek Intake Infrastructure 

The seawater intake at Forsyth Creek will be a steel piled jetty structure extending 70 m back from the 

creek bank to the intake channel abutment, to avoid the erosion zone and any impacts that might arise 

from the naturally changing shoreline 

Rock armour placed on the outer face of the intake channel berms where tides and storm surge will 

penetrate  

A rock blanket placed on the natural surface where the intake channel berms are to be built, to provide a 

stable platform for construction and to support the berms structurally 

Detailed design will include assessment of the sub-surface geology to ensure piles are driven to a depth 

sufficient to ensure stability under the strong directional currents present in Forsyth Creek 

The design of the piles will also include an allowance for additional bank scour both at piles within the 

waterway and for the piles located across the present day floodplain. 

5.1.2 Alligator Creek Weir and EPZ 

The discharge weir will be constructed at the outfall to Alligator Creek to guide the flow from the EPZ. The 

weir has been sited taking into consideration the natural high scour regime of Alligator Creek and seasonal 

movements of the creek sedimentation 

Detailed design of the rock blanket will ensure the ends of the structure are sufficiently “tied-back” to the 

existing bank to minimise erosion at the interface between the bank and the structure, and to ensure 

terminal scour does not occur and undermine the rock blanket. 
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The outfall and EPZ location were selected to minimise impacts to the coastal plain - the EPZ will be 

constructed on the estuarine-deltaic plain with only small elements potentially on the coastal plain where 

it abuts the weir  

Detailed design of the weir and rock blanket will incorporate energy dissipation to ensure the reduction of 

flow velocity between the outlet and Alligator Creek to minimise the impact of high discharge rates.  

5.1.3 Tidal Floodplain 

The constructed bund of the farm will be designed to include sufficient armouring to minimise scour of the 

bund through realignment or increased tidal capacity of the adjacent tidal channels. 

5.2 CONSTRUCTION PHASE 

5.2.1 Forsyth Creek Intake Infrastructure 

For the seawater intake at Forsyth Creek, impacts to the intertidal zone have been minimised by project design, 

by engineering measures and construction techniques, including: 

Avoidance of construction in the wet season 

Avoidance of construction equipment traversing the soft surfaces of the coastal plain, especially where 

tidal inundation is likely to reach - piling and jetty construction will utilise elevated launch-beam 

techniques to avoid equipment traversing the soft surface soils in the coastal plain 

A rock blanket placed on the natural surface where the intake channel berms are to be built, to provide a 

stable platform for construction and to support the berms structurally 

Impacts will be minimised through implementation of the Environmental Management Plan, which 

includes measures to minimise direct impacts during construction, such as an Erosion and Sediment 

Control plan and Acid Sulfate Soil Management Plan, and measures for hazardous materials management 

and pollution control. 

5.2.2 Alligator Creek Weir and EPZ 

Avoidance of construction in the wet season. 

Avoidance of construction equipment traversing the soft surfaces of the coastal plain, especially where 

tidal inundation is likely to reach 

For the EPZ, all berms to be constructed on the estuarine-deltaic plain. No construction is planned for the 

coastal erosion zone 

Impacts will be minimised through implementation of the Environmental Management Plan, which 

includes measures to minimise direct impacts during construction, such as an Erosion and Sediment 

Control plan and Acid Sulfate Soil Management Plan, and measures for hazardous materials management 

and pollution control. 

5.3 OPERATION 

5.3.1 Forsyth Creek Intake Infrastructure 

Operational management plans should include monitoring of bank erosion rates and scour around piles. 

Whilst the current rate of erosion is relatively constant, changing channel morphology could result in an 



Project Sea Dragon  

Stage 1 Legune Grow-out Facility  

Draft Environmental Impact Statement 

Volume 2 - Environmental Assessment 
Chapter 2 - Marine and Estuarine  2-72 

increase or decrease of this rate. Future works could be required if the rate, or direction of bank erosion 

changes 

Monitoring of the coastline in the vicinity of the intake will be undertaken, along with the provision of a 

sufficient setback distance to ensure that the facility is not at risk from the retreating shoreline. 

5.3.2 EPZ and Alligator Creek Weir 

Monitoring of the coastline in the vicinity of the discharge is recommended, along with the provision of 

sufficient setback distance to ensure that the weir is not at risk from the retreating shoreline 

The rock blanket should be inspected and maintained to prevent failure through rock movement or toe 

scour. 

Operational management plans should include monitoring of bank erosion in the vicinity of the outlet 

location to ensure scouring at the ends of the rock blanket will not undercut the structure 

Operational management plans should include maintenance of the rock blanket, and potential reforming 

the blanket slope and end points to manage any scour in these locations. 

5.3.3 Water Quality Monitoring Program 

Baseline water quality data collected from June 2015 to July 2016 is summarised in Section 3.5 and presented 

in detail in Volume 5, Appendix 9. Interim triggers have also been calculated. Water quality data will continue 

to be collected. Trigger values for management of the Project will be calculated from this data, and with 

reference to water quality at reference sites at the time of sampling. 

A Water Quality Monitoring Program will be put in place to monitor the water quality of the effluent discharge, 

which will be monitored on at least a monthly basis. The Monitoring Program will allow for: 

Collection and analysis of key physico-chemical parameters to be collected in the dry season and the post-

wet season at estuarine receiving environment and reference sites on neap tides 

The program will set of how the samples will be collected and analysed. The parameters and sites 

monitored will be reviewed after 2 years of operation, and the monitoring plan revised is required. 

The program will allow for reference sites 

For the monitoring program, data will be analysed using appropriate statistical analyses and the Before-

After Control-Impact (BACI) experimental design. For the purposes of this monitoring program analysis, 

reference sites would be considered control sites. 
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6 COMMITMENTS 

The proponent commits to undertaking the tasks, mitigation measures and monitoring outlined in Section 5 of 

this Chapter. This includes: 

development of site specific erosion and sediment control plans for the site 

construction supervision and monitoring 

noting that the facilities have been engineered to avoid intersection of acid sulfate soils, implementation 

of, and adherence to, an Acid Sulfate Soil Management Procedure, should it be required 

dedicated fuel, oil, chemical and waste storage facilities will be utilised on the site 

monitoring for bank erosion and scour rates around infrastructure on the coastal plain 

maintenance of the rock blanket at the base of the discharge weir on Alligator Creek 

implementation of a Water Quality Monitoring Program. 
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7 CONCLUSION 

The existing coastal environment at Legune is highly dynamic. Macro-tides, mobile beds, rapid bank erosion 

and vastly different seasonal climates drive existing conditions. The study determined that the development of 

the project at Legune is not likely to cause significant impact on these already highly dynamic processes. Any 

changes to the existing coastal environment caused by the project will be in line with or less than the changes 

which are already naturally occurring within the coastal environment, or will be on a scale which is minimal 

compared to the overall disruption of the development footprint. In any case, should such changes occur they 

would not be separately detectible or identifiable from the changes occurring within that environment.  

Using a conservative approach to the assessment of the project on water quality, impacts from the discharge 

are limited to a small part of the local waterway of Alligator Creek. Whereas the modelling can indicate changes 

to the environment in many cases such changes would not be separately identifiable from background 

variation. The discharge waters are not likely to cause significant changes to nutrient, chlorophyll a or 

suspended sediment concentrations within the Keep River. There is no evidence to support detectible changes 

to the waterways beyond. 

The existing coastal environment dynamics may potentially, however, pose risks to proposed development. In 

particular, the low elevation of the development footprint and the rapidly eroding bank at Forsyth Creek have 

been noted and the engineering design has taken this into account. Mitigation of these challenges through 

constructed solutions may cause localised changes on the coastline and tidal floodplain. However, as noted, 

these will be minimal in comparison to the existing natural processes and effect only a small area considering 

the overall scale of the Project. 




