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1 INTRODUCTION 

This chapter addresses the potential impacts on geology, geomorphology and soils arising from the 

construction and operation of Stage 1 Legune Grow-out Facility (the Project). 

1.1 OBJECTIVES AND TARGETS 

The overarching objective for geology, geomorphology and soils is to ensure that land and soil 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. 

The key environmental values related to this overarching objective are: 

 the ability of undisturbed land systems to be self-supporting, sustainable and stable soil-vegetation 

systems 

 the ability of the soils and landforms to provide a stable landform and infrastructure, both during 

construction and post-construction 

 the in-situ topsoils as a resource for land stabilisation and rehabilitation 

 ability of the land to continue to support pastoral uses during operation of the Project 

 post Project beneficial landuses, notably pastoral uses. 

Environmental protection objectives and their related targets to protect these environmental values are 

outlined in Table 1. 

TABLE 1 OBJECTIVES AND TARGETS – GEOLOGY, GEOMORPHOLOGY AND SOILS 

Objectives Target 

Protection of non-impacted site soils and land 

systems (i.e. outside of the project footprint) to 

enable stable, self-regulating soil-vegetation 

environments (management of cover, fertility and 

contamination) 

No vegetation clearing outside of approved areas 

No traffic outside of defined roadways  

Minimise erosion by minimising vegetation clearing, 

and stabilising exposed surfaces as soon as possible 

No evidence of erosion or sediment loss from the site, 

due to site construction activities 

Avoid soil contamination, or overloading of 

wastewater application areas 

No leaks or spills 

All unexpected findings notified, works stopped and 

addressed prior to works proceeding 

Soil chemical and structural characteristics do not 

show a trending deterioration due to land application 

of treated wastewater 

Avoid oxidation of acid sulfate soils and generation of 

acidic leachate resulting from these soils 

No oxidation of acid sulfate soils on the site as a result 

of site activities 
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Objectives Target 

Appropriate engineering design to ensure long term 

stability and integrity of worked landforms and 

infrastructure 

Engineering design by registered professional 

engineer, following advice of registered geotechnical 

engineer 

Post-closure plans for rehabilitating site soils to allow 

beneficial post-closure land use (pastoral uses) 

Post closure plans prepared and available. 

1.2 TERMS OF REFERENCE ADDRESSED IN THIS CHAPTER 

Table 2 summarises the Environmental Impact Statement (EIS) requirements from the Terms of Reference 

(TOR) for the Stage 1 Legune Grow-out Facility (the Project or Project Area), and references where in this 

chapter they are addressed. 

TABLE 2 TERMS OF REFERENCE  

Section  Terms of Reference Chapter Section 

3.1 Physical and Biological   

 Existing aspects to be discussed must include:  

  regional  topography and geomorphology Section 3.2 

  regional geology  Section 3.1 

  soil types and land unit(s) Section 3.3 

  details of any limiting properties of soil and substrate types and land 

units in the Project footprint 

Section 3.5 

4.3 Biodiversity  

4.3.2 Assessment of Risks  

 The EIS should consider risks to protected matters, sensitive terrestrial 

vegetation and marine ecosystems from threatening processes. Key 

threatening processes could include but not be limited to acid sulphate 

soils, erosion and sedimentation, soil compaction and 

inappropriate/ineffective rehabilitation. 

Section 4 

4.4 Water  

4.4.2 Assessment of Risks  

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

and fresh) and groundwater at an appropriate spatial scale as a result of 

the Project. In particular, the EIS should identify and assess the risks: 

 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 

Section 4 

4.4.3 Mitigation  
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Section  Terms of Reference Chapter Section 

 The EIS should contain management plans (such as 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 terrestrial, marine 

and freshwater systems. 

Section 5 

1.3 REGULATORY REQUIREMENTS, STANDARDS AND AGREEMENTS 

The relevant legislation and guidelines for this chapter are discussed below. 

1.3.1 Pastoral Lands Act 

The Pastoral Lands Act provides for the administration, management and conservation of pastoral land and 

establishes the Pastoral Land Board - the statutory authority charged with the administration of pastoral leases 

in accordance with the Act. The Pastoral Land Board has a range of responsibilities and is the consent authority 

for non-pastoral uses of pastoral land and the clearing of native vegetation on pastoral land.  

A non-pastoral use permit will be required which will allow the use of part of the Legune Station pastoral lease 

for a non-pastoral purpose (i.e. aquaculture). The process of the application for this permit requires the 

Pastoral Land Board to consider whether the soils are suitable for the intended use, among other things.  

1.3.2 Soil Conservation and Land Utilisation Act  

The NT Soil Conservation and Land Utilisation Act to make provision for the prevention of soil erosion and for 

the conservation and reclamation of soil. Project activities must comply with this legislation to manage erosion 

on construction sites. 
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2 METHODS 

The geology, geomorphology and soils assessment was designed and implemented to: 

 understand the existing environment, through review of existing literature, field sampling and data 

collection 

 determine likely degree of impact and impacting processes, based on the type, location and depth of 

works being conducted 

 from this identify design and mitigation measures that can address and appropriately manage these 

impacts to minimise harm and ensure the project remains sustainable. 

2.1 DESKTOP REVIEW 

A literature review was conducted for the Project, beginning with Territory wide soil and land systems 

mapping, and identifying existing studies in the region, and then where possible on site. Very few existing 

studies were available for the project site itself, with the following relevant data sets / studies found: 

 land Systems of the Northern Part of the NT 1:250,000 Mapping (DLRM 2008) with descriptions from Lands 

of the Ord-Victoria Area , Western Australia and Northern Territory (Stewart et al. 1970) 

  soil Salinity on Legune Station N.T  (Tickell and Hill 2001) 

 reconnaissance Land Resource Survey of Auvergne and Sections of Spirit Hills Stations (Brocklehurst et al. 

1998). 

2.2 FIELD WORK 

A preliminary soil survey was conducted by Seafarms in 2013 (Seafarms 2013), sampling for soil texture, 

plasticity, and field pH / pHfox testing for acid sulfate soils. This was followed by a more extensive geotechnical 

investigation by Douglas Partners in 2016 (Volume 5, Appendix 7), which tested for a range of geotechnical 

properties, acid sulfate soils (field pH and Chromium Reducible Sulfur suite), and conducted test pitting and 

boreholes across the Project footprint. Seafarms conducted a trial earthworks program in June 2016, which 

involved the excavation of a trial pond and channel embankments, and tested the water holding capacity of 

these structures. 

A preliminary site contamination assessment was also conducted by Douglas Partners (Volume 5, Appendix 7) 

coinciding with, and using data from, the above field investigation. 

Additional field work associated with the Flora and Vegetation surveys (Volume 5, Appendix 14) was also 

conducted, identifying the land systems boundaries across the site mapped in the Land Systems of the 

Northern Part of the NT 1:250,000 Mapping (DLRM 2008). This work, coupled with the Douglas Partners work 

above, satellite aerial imagery and LiDAR contour data, was used to modify the coarser scale land systems 

mapping to better reflect conditions on the ground as shown in this chapter. 
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3 EXISTING ENVIRONMENT 

3.1 REGIONAL GEOLOGY 

Legune Station is located at the junction of two geological basins – the Bonaparte Basin in the north and west 

of Legune, comprising level to undulating plains (with occasional rises and hills), and the Fitzmaurice Basin, 

comprising hills and ranges in the south east.  

The Fitzmaurice Basin is a Mesoproterozoic basin (approximately 1640 million years old) characterised by one 

geological group – the Fitzmaurice Group (Ahmad and Munson 2013b), this forms the ranges in the south and 

south east of Legune Station, referred to as the Legune Range. It comprises a succession of unmetamorphosed 

siliciclastic, dominantly arenaceous sedimentary rocks, probably in excess of 3.5km thick (Dunster 2013). 

A feature of the Fitzmaurice Basin is the overlapping Fitzmaurice Mobile Zone, a north-east trending structural 

corridor dominated by numerous roughly parallel fault systems. The main fault present on Legune Station is the 

Indian Hill Fault, which roughly aligns with the north eastern boundary of Legune Station (the Spirit Hills Station 

boundary). A multitude of minor faults traverse the Legune Ranges, most of them trending north east to east.  

The bulk of the project is located on the Bonaparte Basin, a large predominately offshore sedimentary basin (~ 

270,000 km2), with a relatively minor onshore component (~ 20,000 km2) straddling the NT-WA border. It 

extends north to the Timor Shelf, and has layers to a thickness of approximately 15 km marine and fluvial, 

siliciclastic and carbonate Phanerozoic (primarily Cambrian to Ordovician sedimentary rocks (Ahmad and 

Munson 2013a). Onshore, it reduces to at least 5km thick, represented by the Carlton, Burt Range and Keep 

Inlet sub-basins, of which only the latter occurs on Legune Station (although sub-basin boundaries are often 

poorly defined). The Carlton Sub-basin abuts Legune on the WA side of the border and the Burt Range Sub-

basin abuts Legune to the south west (Ahmad and Munson 2013b). 

Within Legune Station and east of Sandy Creek, the geology of the Keep Inlet Sub-basin is comprised of the 

Cockatoo, Langfield and Kulshill Groups, and the Legune Formation (part of the Fitzmaurice Group) (Ahmad and 

Munson 2013b; Geoscience Australia 2016).  

All formations (with the exception of some in the Kulshill Group) are generally apparent within Legune Station 

as isolated rises and hills jutting from the plains as residuals (i.e. residual from a formerly more widespread 

landform). These mostly outcrop as hills from the coastal erosional plain but are also present as low hills and 

rises on the estuarine-deltaic plain.  

The major geological groups are described in Table 3. 

TABLE 3 MAJOR GEOLOGICAL GROUPS 

Rock 

Group 

Description 

Cockatoo 

Group 

A late Devonian group (410 to 435 million years ago) formed in warm, shallow seas and nearby 

onshore environments, it is comprised of quartzose sandstone with conglomerate towards the 

base, represented by the Kelly’s Knob Sandstone formation and a second un-named formation. 

 Contemporaneous uplift and faulting in the adjacent terrestrial land surface had resulted in 

extensive erosion, and large volumes of gravel and sand were deposited in aeolian, fluvial and 

tidal environments (Geoscience Australia 2016; Veevers and Roberts 1968). Within the project 

footprint, Kelly’s Knob Sandstone formation is present as rises and hills on the estuarine-deltaic 
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Rock 

Group 

Description 

plain and the coastal erosional plain. More common is an unassigned Cockatoo Group formation 

described as siliciclastic sandstones with conglomerates – this formation is present as residuals on 

the coastal erosional plain (Dunster et al. 2000). 

Langfield 

Group 

An early Carboniferous group comprised of calcareous sandstone, quarztose limestone and 

dolostone and minor carbonaceous shales represented by the Burt Range formation, the most 

common outcropping Keep Inlet Sub-basin formation on Legune Station. These rocks are believed 

to have been formed on an inner shelf to shoreface environment – that is, lagoonal conditions - 

between the mainland and an offshore reef that was believed to have occupied the area 

approximately where the Keep River and its estuary are today (Veevers and Roberts 1968). 

Burt Range residuals (and to a lesser extent, those of the Cockatoo Group) form a conspicuous 

element to both the coastal erosional plain and the estuarine-deltaic plain. On the latter they are 

important fresh water recharge zones and provide local aquifers of freshwater that are often 

utilised in the form of bores such as the Flapper Hill bore. Their edges are also often associated 

with seasonal groundwater discharge and can represent a salinity hazard (Tickell and Hill 2001). 

Kulshill 

Group 

A late Carboniferous-early Permian group that has minor outcrops on Legune Station, restricted 

to two small outcrops of the Port Spring Sandstone/Border Creek formation east of Sandy Creek, 

on the coastal erosion plan. This formation is described as sandstone, conglomerate and minor 

siltstone formed in a fluvial to deltaic depositional environment (Ahmad and Munson 2013b).  

The Kulshill Group is also thought to be present at shallow depths (from approximately three to 

five metres) beneath the estuarine-deltaic plain and possibly the coastal erosional plain. The Keep 

River 1 well, a petroleum exploration well drilled in 1968-69, recorded the Keyling formation from 

the surface to 50 m (Geoscience Australia 2016), and other formations from the Kulshill group 

may also immediately subtend the regolith.  

The Keyling formation is a sandstone with a minor component of siltstone, shale, coal, 

conglomerate and limestone, interpreted as having formed under a non-marine depositional 

environment, perhaps as part of a belt of meandering streams with minor lacustrine and coal 

swamp elements (Ahmad and Munson 2013b). It is also possible that groups from the Mesozoic, 

characterised by the presence of shallow water marine fossils, may subtend the coastal and 

estuarine-deltaic plains in the Project Area, given observations by geologists of ‘broken 

microfossil fragments…possibly Cretaceous in age’ in bore logs from the Turtle Point and 

Barramundi tank area (bore logs RN05665 and RN05666 (NT Maps, 2016). 

Legune 

formation 

On Legune Station, rocks in the Legune Range are all mapped as being of the Legune formation, 

comprised of silica cemented quartz, medium grained sandstone and siltstone (Ahmad and 

Munson 2013b; Dunster et al. 2000). The depositional environment for the Legune formation is 

interpreted as a high energy, shallow marine environment – possibly an alluvial fan or braided 

delta (Ahmad and Munson 2013b). 

Residuals of the Legune formation are also present on the coastal erosional plain and estuarine-

deltaic plain, in the vicinity of Alligator Spring, and to a lesser extent further west (Ahmad and 

Munson 2013b; Dunster et al. 2000). 
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In terms of Project specific geology, the proposed footprint for the Project is located on the Auvergne and Port 

Keats geological sheets, and the surface geology in relation to the project is shown in Figure 1. The northern 

part of Legune Station comprises Quaternary age (Qc) tidal flats bordering the Victoria and Keep Rivers, 

comprised of coastal deposits of mud, silt and evaporates, and subject to tidal inundation. 

The majority of the project footprint, however, is located south of the tidal flats in the coastal floodplains 

(above the areas of tidal inundation, described as the estuarine-deltaic plain, refer below), predominantly 

Neogene age black soil (Czb), typically present landward of the river alluvium deposits and comprising poorly 

drained black soils derived from the underlying carbonates or volcanics. These coastal floodplains are 

seasonally flooded and inundated for 3 to 6 months a year, and desiccation cracks and gilgais form on these 

soils as they dry after the wet season (Dunster et al. 2000). Scattered Quaternary river and creek alluvium (Qa) 

and Sheet wash (Qs) is present, comprising gravel, sand, silt and clay, typically to the land side of the coastal 

deposits within the Black soil zone, as well as patches of Neogene sand, soil and colluvium deposits (Czs). 

Other project elements lie to the south-west of the coastal floodplains, an area of lateritic plains and rises 

associated with deeply weathered profiles (laterite) including sand soil colluvium (Czs) and other depositional 

products. Within these lateritic plains calcareous sandstone, quartzic dolarinite and leached carbonite rocks of 

the Burt Range Formation, the Kellys Knob Sandstone and other Cockatoo Group outcrops are found.  

The south eastern part of the site comprises rocky hills formed by the Legune Formation (sandstone and 

siltstone). 

Forming a backdrop to the Legune plains is a low range that represents the boundary of the ‘lowlands’ or plains 

with the adjoining structural unit, the Sturt Block (the ‘highlands’ or ranges) (Mory 1991). These highlands 

comprise the Wave Hill surface (Hays 1968) and are composed of Proterozoic sandstone and siltstone 

(approximately 1600 million years old) (Dunster et al. 2000). Apart from a gravel borrow pit, these ranges will 

not be impacted by the Project. 

3.1.1 Borrow Pits 

A number of existing borrow pits exist on the site, taking materials largely from outcropping or subcropping 

rocks of the Legune and Burt Range Formations. These are shown on Figure 2, and comprise shale, lateritic 

gravels and sands for structural fill, subgrade and pavements, and the concrete batching plant.  

Observations by Douglas Partners (Volume 5, Appendix 7) of existing pavements, the Forsyth Creek Dam wall, 

existing rip-rap emplacements, bridging layers along access ways and causeways, indicates that the material 

currently used on site is performing well and is durable, though more frequent maintenance is sometimes 

required on softer materials (such as siltstones compared to laterites). 

Material required for construction includes for pavements, embankment protection and rip-rap, bridging layers 

and other engineered fill (such as for areas of weak or potentially unstable soils). Test pits excavated by 

Douglas Partners (2016) in borrow pit locations confirmed suitable materials are available for these uses, and 

that the borrow pits have the potential to be expanded, suitable for supply for the Project. The footprint for 

these borrow pits will be subject to the findings of the combined Aboriginal Areas Protection Authority and 

Northern Land Council heritage clearance survey. 

They noted that consideration could be given to improving the gravels by mixing/blending of materials with 

other gravel or rock, screening where large particles are present or by lime / cement stabilisation. These types 

of improvement methods have been carried out occasionally and successfully on natural laterite gravels in the 

past for other projects. 
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During extraction it will be necessary to continually inspect and undertake laboratory testing (quality assurance 

testing) on representative samples of material to be used re-used as engineered fill to confirm material 

parameters. Further to this preliminary investigation, it is recommended that additional investigation and 

laboratory testing should be undertaken at the identified borrow pits prior to construction to more accurately 

define material thickness, lateral extent and material types. 

3.1.2 Economic Minerals and Petroleum Deposits 

Zinc, lead and silver have been discovered on Legune Station, entirely within Carboniferous carbonate rocks of 

the Burt Range formation, in a north-east to south west trending line from Spirit Hills to Landandi. Similar 

deposits of these minerals are currently mined at Sorby Hills, just across the border (also located in rocks of the 

Burt Range formation). Potentially exploitable reserves of these minerals have been identified near the 

Kununurra road where it crosses Sandy Creek and at Djibitgun on the coastal erosional plain, within 200 m of 

the surface (Ahmad and Munson 2013b). Collectively, the Landandi, Djibitgun and Sandy Creek prospects are 

known as the Manbarrum Zinc-Lead-Silver Project. 

In 2008 high grade haematite iron mineralization was discovered capping a low hill at a site known as Ochre 

Mine (the site of a former ochre mine), on the coastal erosional plain. Assay results indicate greater than 60% 

iron and low levels of undesirable elements. Now known as the Legune Prospect, this deposit falls within the 

Manbarrum Zinc-Lead-Silver Project. This is associated with two exploration tenements - EL25646 and EL24395, 

both held by Tenant Creek Gold (NT) Pty Ltd. EL25646 is located midway between Forsyth Creek Dam and the 

farms, generally east of the Project but with the western edge of the lease crossing the services corridor and 

central access road. EL24395 is located over the Central Facilities and Accommodation Village, and extending 

southwest along the Legune Access Road. See Figure 3. 

A petroleum exploration licence EP126 also covers the site (the entire Legune Peninsula), held by Beach 

Petroleum (NT) Pty Ltd / Territory Oil and Gas Pty Ltd, representing the Bonaparte Basin Project, including the 

drilling of the Cullen-1 exploration drill hole, on the western side of Farm 3. Indications from the available data 

indicates the supply would not be economic for a supply beyond local sources, and it has been considered as 

potential for liquified natural gas (LNG) energy supply to the Project. 
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FIGURE 1 GEOLOGY OF LEGUNE STATION 



Project Sea Dragon  

Stage 1 Legune Grow-out Facility  

Draft Environmental Impact Statement 

Volume 2 - Environmental Assessment 
Chapter 1 - Geology, Geomorphology and Soils 1-10 

FIGURE 2 BORROW PITS 
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FIGURE 3 ECONOMIC MINERALS AND PETROLEUM DEPOSITS 
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3.2 TOPOGRAPHY, GEOMORPHOLOGY AND LAND UNITS 

The land that now comprises Legune Station has, at least for the last 600 million years, been either directly on 

or adjacent to the edge of the continent (BMR Palaeogeographic Group 1992). It is situated on an old river 

delta (the ‘Legune delta’) that juts into a broad coastal (tidal) plain at the southern end of the Joseph 

Bonaparte Gulf. The coastal plain stretches approximately 185 km laterally, from the Ord River mouth in WA to 

Fossil Head, north of the Victoria River mouth in the NT, occupying an area of nearly 475,000 ha. This is the 

second largest area of contiguous coastal plain in the NT and the second largest in northern Australia (the 

largest is the narrow coastal plain located along the southern and eastern coastline of the Gulf of Carpentaria – 

approximately 1.4 million ha and over 1, 200 km long). 

Together with its associated river delta plains and areas of slightly higher erosion plain this vast coastal plain 

comprises an elevated shelf that is the southern edge of the northward dipping Bonaparte Basin. This former 

undersea platform is mostly comprised of Carboniferous sedimentary rock (approximately 354 to 410 million 

years old), which is considerably younger than the adjoining ranges to the south (Mory 1991).  

The extensive area of combined plains on Legune Station forms a section of the much larger Koolpinyah 

surface, a mature erosional surface present between the Darwin-Katherine plains and the Cambridge Gulf (Ord 

River mouth) that extends from sea level to approximately 30 m elevation. The Koolpinyah surface is 

characterised by alluvial plains and swamps, and older slightly elevated erosional plains, punctuated in places 

by rises and hills that are residuals of an older, higher land surface. Legune station is located in the southern 

section of the Koolpinyah surface (Hays 1968). 

Within Legune Station the estuarine-deltaic and coastal erosional plains are characterised by occasional low 

rocky hills and rises called residuals. These residuals are elevated up to 55 m from the plains, and are present 

primarily in the southern section of the Project Area on the coastal erosional plain. They are mostly formed of 

Burt Range formation sandstones. 

The southern Koolpinyah Surface, including Legune Station, has experienced extensive recent alluviation 

(coastal and estuarine-deltaic plain formation), triggered by a rapid rise in sea level about 18,000 years ago, 

when for 8,000 years the sea in this part of Australia encroached on the land by almost one metre a week 

(Cowie et al. 2000). Sea level rises finally stabilised around 6-7000 years ago, when many estuaries began to fill 

with sediment, forming land that was colonised by mangroves for some thousands of years, before the 

mangroves disappeared (Cowie et al. 2000).  Successive flood events of the Victoria and Keep Rivers then 

deposited fine clays over the coastal plain, perhaps hastening the decline of the mangrove communities and 

building seawards what is the largest estuarine-deltaic plain in the NT (Dunster et al 2000; Paterson 1970). 

Forming a backdrop to the Legune plains is a low range that represents the boundary of the ‘lowlands’ or plains 

with the adjoining structural unit, the Sturt Block (the ‘highlands’ or ranges) (Mory 1991). These highlands 

comprise the Wave Hill surface (Hays 1968) and are composed of Proterozoic sandstone and siltstone 

(approximately 1600 million years old) (Dunster et al. 2000), which predate all forms of life on earth except 

bacteria and algae (BMR Palaeogeographic Group 1992). Apart from a gravel borrow pit, these ranges will not 

be impacted by the project. 

The Project footprint traverses Legune Station from north-east to south-west, crossing each of four plain ‘tiers’ 

extending from the delta between the mouths of the Keep and Victoria Rivers to the foot of the Legune ranges 

and Spirit Hills. The plains elevations increase moving away from the coast to the highest, the Coastal Erosional 

Plain, on which the Central Facilities and Accommodation Village is located, before dropping again to the fourth 

plain system, a flood-out plain from the ranges to the south and east.  
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These systems have been identified and named using the land systems outlined in Stewart et al. (1970), a 

report produced by the CSIRO on the Ord-Victoria area, and are broadly consistent with the land systems 

mapping by DLRM (2008). Each plain has its own characteristic soils, formation history and vegetation 

communities, and is summarised in Table 4 in order of increasing elevation. Backing these stepped plains are a 

series of ranges (the Legune ranges to the east, and Spirit Hills to the south), also shown in Table 4.  

These stepped plains and the backing ranges have been mapped in Figure 4, based on the Land Systems of the 

Northern Part of the NT 1:250,000 mapping (DLRM, 2008) and Stewart et al (1970), modified by results from 

the soil investigations (Volume 5, Appendix 7,), the Soil Salinity on Legune Station N.T. study (Tickell and Hill 

2001), and the Flora and Fauna assessment (Volume 5, Appendices 14 and 15). Importantly, differences in 

mapping between the different mapping sources are minimal in the areas where Project infrastructure crosses 

these boundaries. 

Details of the plains impacted by the project, and summarised in Table 4 are provided in the following sections. 

3.2.1 The Coastal Plain 

A very extensive, contiguous plain formed from marine sediments, subject to tidal influence. It is directly 

analogous to the coastal plain of Cowie et al. (2000), and the Carpentaria land system outlined in Stewart et al. 

(1970), which is described by the latter as ‘a discontinuous strip of saline country, with some sand dunes along 

the coastline’ (although sand dunes were not observed on the Legune delta). 

The coastal plain is formed from Holocene (recent) marine sediments (Dunster et al. 2000), and is actively 

extending, cutting into the plain above it, the estuarine-deltaic. It is characterised by widely spaced to sparse 

erosional drainage lines arranged in a distinctive trellis pattern and lined by mangrove low closed forest, 

dissecting vast areas of bare clay pan and generally sparsely vegetated samphire forblands.  

Soils are silty clays, usually displaying hexagonal cracking patterns. This plain is tidal, with mangrove areas 

generally occupying the inter-tidal zone, and the samphire forblands and bare clay pan occupying the supra-

tidal zone (the zone above the usual tidal limit, but which is tidally inundated from time to time), and located 

between sea level and ~4.5m AHD. The only project elements to be located on the coastal plain are the 

discharge weir, part of the environmental protection zone (EPZ) and the intake channel. 
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TABLE 4 SUMMARY OF REGIONAL GEOLOGY, GEOMORPHOLOGY AND LAND TYPES 

Landform 

and size in 

project area 

Nature/elevation Soils/geology Project Elements Drainage Vegetation 

Coastal plain 

(~60, 000 ha) 

Marine depositional 

, elevation  0-4.5 m. 

Quaternary age (Qc) tidal flats, 

with patches of Neogene age 

sand, soil and colluvium deposits 

(Czs). 

Soils: Carpentaria 1 (Crp1) - Pale 

silty clay, commonly cracking 

hexagonally. 

Hydrosols 

Inlet Works, EPZ and 

Outlet 

Channels are widely spaced to 

sparse, trellised, erosional, and 

integrated. 

Low closed mangrove 

forest, samphire 

forbland. 

Estuarine-

deltaic plain 

(~50, 000 ha) 

Estuarine 

depositional, 

elevation 4.5-10 m, 

scattered residuals 

rising to 30 m. 

Neogene age black and grey soil 

(Czb), scattered sand, soil and 

colluvium deposits (Czs), and 

Quaternary age river and creek 

alluvium (Qa) and sheet wash 

(Qs). 

Soils: Legune (Lgn) - Black/dark 

cracking clays, often with gilgai; 

sandstone residuals. 

Vertosols 

Bulk of the Project 

(Farms, channels, 

roads, inlet and outlet 

ponds – Settlement 

Pond, Maintenance 

Pond, IFRP, MDC, etc.). 

The Central Facilities 

solar PV farm and 

treated effluent land 

disposal area. 

Channels are widely spaced to 

rare, incipient, very shallow, 

generally interrupted to 

disintegrated and often non-

directional or centripedal, 

draining inwards to a playa 

(such as Osman’s Lake). The two 

major watercourses in the 

project area dissect this plain - 

Alligator Ck and Forsyth Ck. 

Grassland, open 

woodland, 

wetland/swamp. 

Coastal 

erosional 

plain 

(~14, 000 ha) 

Erosional (remnant 

of a previous land 

form), elevation 10 

to ~ 50 m, with 

residuals rising to 

Sand, soil and colluvium 

sediments (Czs), with outcrops of 

sandstone, conglomerate and 

siltstone (Cub), and silica-

cemented quartz sandstone and 

Central Facilities, 

Legune access road, 

borrow pits 

Rare, incipient, very shallow, 

often centripedal i.e., draining 

inwards. Occasional playas. 

Sclerophyll 

woodland, minor 

wetland areas 

around playas. 
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Landform 

and size in 

project area 

Nature/elevation Soils/geology Project Elements Drainage Vegetation 

100 m. siltstone (PFe). 

Soils: Cockatoo 1 (Cct1) - Red or 

pale sandy loam/sand; residuals 

sandstone. 

Tenosols 

Flood out 

plain 

(~10, 000 ha) 

Depositional, 

elevation ~ 18 to 

22m 

Neogene age black and grey soil 

(Czb), outcrops of the Burt Range 

Formation (Clb) and Cockatoo 

Group (Duc, Duk) comprised of 

sandstone, quartzic limestone, 

dolostone, conglomerate. 

Soil: Angallari plains (Angp)  - 

Sandy clay loam, sandy loam. 

Hydrosols 

Legune Access Road Closely to moderately spaced, 

alluvial, non-tributary to 

distributary and interrupted or 

appearing disintegrated. The 

main flood out plain in the 

project area is that of Sandy 

Creek. 

Wetland/swamp, low 

melaleuca open 

woodland. 

Ranges 

(~40ha) 

Erosional, elevation 

10 to ~ 250 m. 

Legune Formation, comprised of 

silica-cemented quartz sandstone 

and siltstone (PFe), backing onto 

the Lalngang Sandstone to the 

south and further to the east 

(Silica-cemented quartz 

sandstone, conglomerate, minor 

siltstone)(PFl).  

Skeletal soils; Proterozoic 

sandstones. 

Rudosols 

Forsyth Creek Dam 

Shale Borrow Pits 

Sparse, erosional to alluvial, 

tributary, integrated, 

convergent. Main drainage 

systems in project area are 

Forsyth Ck, Alligator Ck and 

Sandy Ck. 

Open sclerophyll 

woodland. 
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FIGURE 4 LANDFORMS OF THE PROJECT AREA 
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3.2.2 The Estuarine-Deltaic Plain 

A broad, contiguous plain above the level of tidal influence (except perhaps during king tides and cyclones), 

composed of black/brown cracking clays deposited during these events by the Victoria and Keep Rivers. The 

majority of the Project is located on this plain. 

The estuarine-deltaic plain extends from ~ 4.5 to 10m AHD, and is characterised by dark cracking clays, often 

with gilgai microrelief. It extends into the coastal plain in a rough delta and was formed in the Cainozoic from 

river sediments deposited by the Victoria and Keep Rivers (Dunster et al. 2000; Paterson 1970). The estuarine-

deltaic plain comprises approximately 50, 000 ha in the project area, and is the site of the majority of proposed 

infrastructure for Project Sea Dragon.  

It is analogous to the deltaic-estuarine plain described by Cowie et al. (2000), with shallow (less than one metre 

deep) back-water swamps associated with Forsyth Creek and Alligator Creek. Stewart et al. (1970) mapped the 

estuarine-deltaic plain as the Legune land system, described as ‘nearly flat grasslands behind the littoral fringe 

at the mouth of the Keep and Victoria Rivers’. 

The Legune estuarine-deltaic plain (i.e. the estuarine-deltaic plain between the Victoria and Keep River mouths) 

is a particularly extensive example of this land system/plain type (apparently the largest in the NT using 

mapping produced by Natural Systems (2004)). To the east and west of the Legune delta either the sandy 

coastal erosional plain or rocky ranges directly front the coastal plain, and extensive black cracking clay plains 

are not present, except in relatively small patches. 

Drainage channels are rare on most parts of the estuarine-deltaic plain, but when present they are generally 

shallow, poorly defined and widely spaced. Two major watercourses in the Project Area are prominent features 

of this plain - Forsyth Creek (a third order stream) and Alligator Creek (a fourth order stream).  Both have 

seasonally inundated floodplains that have been ‘bunded’ near the tidal limit and elsewhere to increase their 

water holding capacity throughout the dry season (in addition to periodic releases from the large Legune dam), 

which is likely to have increased their value as wetlands.  

Another feature of the Legune estuarine-deltaic plain is a number of playas - shallow closed depressions or 

lakes - which indicate a degree of centripedal or internal drainage. At least 30 playas can be counted in the area 

west of Alligator Creek, including the largest in the project area, Osmans Lake. Many of these playas are 

seasonally dry and occupied by grassland and/or sedgeland. Soils in these areas appear to have a higher silt 

content than the generally heavy cracking clays characteristic of the estuarine-deltaic plain elsewhere. A 

number of smaller playas were also observed within the proposed Stage 1 Project footprint, in the immediate 

vicinity of Barramundi dam. 

A small number of lower residuals (to 30 m) punctuate the estuarine-deltaic plain – Flapper Hill (Burt Range 

formation) is the most prominent. The Red Rock rises (Cockatoo group) are considered part of the coastal 

erosional plain (see below). 
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PLATE 1 IMAGES OF THE ESTUARINE-DELTAIC PLAIN 

Left: characteristic estuarine-deltaic plain in northern part of the delta: expansive, level cracking clay plain with 
grassland.  

Right: another habitat type common on the estuarine-deltaic plain where water ponds – closed sedgeland and 
aquatic plant beds. In the background can be seen the coastal erosional plain with Burt Range residuals 
emergent. 

PLATE 2 PLAYA LAKES ON THE ESTUARINE-DELTAIC PLAIN 

Left: Osman’s Lake – the largest playa on the Legune estuarine-deltaic plain. 

Right: A small, ephemerally inundated playa near Osman’s tank, vegetated by a mixed Xerochloa 
imberbis/Fimbristylis dichotoma grassland/closed sedgeland. The coastal erosional plain can be seen in the 
background. 

3.2.3 The Coastal Erosional Plain 

A sandy/sandy clay plain, often laterised and a remnant of a land surface that likely predates the coastal and 

estuarine-deltaic plain, and which has been encroached upon by both (and is being eroded by the processes 

that formed them). It is present within the Project Area as one large plain and a number of smaller remnants, 

situated between 10 and 50 m AHD. 

The coastal erosional plain is characterised by sandy soils and a level to undulating surface, punctuated by the 

sandstone rises and low hills of residuals from the Burt Range formation and the Cockatoo group (see Section 

3.1). This plain is included in the Cockatoo land system, which is described as ‘gently undulating timbered sandy 

country…’, with minor areas in the Cockburn land system, ‘small patches of undulating to low shaly country 

with sparse shrub vegetation…’. Residuals have been mapped as the Weaber land system, described as 

‘scattered small areas of rugged sandstone hills with some gentle lower slopes…’ (Stewart et al. 1970). 
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This plain is likely to be an older land surface that pre-dates the estuarine-deltaic plain and coastal plain. To the 

north and north east of the Legune homestead, and adjacent to the Nelson Point bore, remnants of this surface 

are present as islands within the black cracking clays of the estuarine-deltaic plain, which appears to have been 

built up around the coastal erosional plain by successive flood deposition events of the Victoria and Keep Rivers 

(whose action also erodes the margins of these coastal erosional plain ‘islands’). 

In general, defined drainage channels are absent on the coastal erosional plains - those present are usually 

incipient, probably rapidly mobile, poorly defined and very shallow. An interesting feature of the drainage of 

the coastal erosional plains is the occasional presence of playas, shallow lakes in closed drainage depressions. 

They are not fed by watercourses and appear to fill by overland flow, and it is likely these playas are completely 

dry for at least part of the year. The largest playa is a set of two waterbodies covering almost 38 ha located 

approximately two kilometres north of Linden’s bore. 

In the vicinity of the Red Rock dam, the coastal erosional plain is represented by rolling sandstone rises to 30 m 

elevation – elsewhere, Burt Range formation and Cockatoo group residuals are relatively common, rising to 100 

m in places (but generally less than 50 m). 

PLATE 3 IMAGES OF THE COASTAL EROSIONAL PLAIN 

Left: view of the wooded coastal erosional plain in the background, taken from grassland on the estuarine-
deltaic plain.  

Right: view over the wooded coastal erosional plain from a Burt Range residual, to other Burt Range residuals in 
the background. 

PLATE 4 PLAYA LAKES ON THE COASTAL EROSIONAL PLAIN 

Left: a view of the larger playa lake (the southern one) visible in the right hand image. 

Right: A satellite image of two playa lakes located over an area of 38 ha, two kilometres north of Linden’s bore. 
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3.2.4 Flood-Out Plain 

Next in the tiered series of plains is a flood-out or covered plain, which occurs in one relatively small area 

(approximately 10, 000 ha) between 10 and 25 m AHD, in the far south of the Project Area. It is traversed by 

approximately five kilometres of the Kununurra-Legune access road (the Weaber Plain/Cave Spring Road). 

Another large flood-out plain is located in the mid-catchment of Alligator Creek, immediately upstream of 

Alligator Spring, but it is not in the Project Area.  

This land form comprises a sheet-fan flood-out plain formed when a tributary of Sandy Creek emerges from the 

ranges and disgorges onto the estuarine-deltaic plain. Floodwaters fan out, losing energy as they do so, and 

deposit a sheet of alluvium in a fan (because this alluvium covers the plain it disgorges onto, it can also be 

termed a covered plain). A characteristic of this flood plain is a broad (approximately one kilometre wide), 

divergent, multi-channelled and interrupted/discontinuous drainage pattern formed by the deposition of large 

amounts of alluvium, which persists for some distance downstream, before a single channel pattern reasserts 

itself. This multi-channelled, interrupted drainage patterns results in the formation of numerous seasonally 

inundated swamps and flats (Twidale and Campbell 2005).  

It is associated with a tributary of Sandy Creek crossing the Project Area in the far south, characterised by 

seasonally inundated swamps. It has the smallest Project Area extent of any of the plains. 

The flood out plain is analogous to the seasonally inundated flood basin of Cowie et al. (2000). Stewart et al. 

(1970) do not use the term flood-out plain – they call this a ‘coarse-textured fluvial plain’ and have mapped it in 

the Angallari land system, which they describe as ‘small areas of timbered gently sloping alluvial plains 

scattered with benched yellowish loamy or sandy soils’. 

PLATE 5 THE SANDY CREEK FLOOD-OUT PLAIN 

Direction of flow is from the bottom right to top left (north westerly). Note the tributary streams emerging from 
the Legune ranges (in the bottom right and mid-bottom) into a mass of poorly defined, 
interrupted/discontinuous, often divergent channels. The corridor coming in the left of the image from the top is 
the southern-most extent of the project area – the access corridor where it enters Legune Station. Three small 
lagoons in a relict channel, and a playa not associated with the flood-out plain, can be seen in the bottom left 
corner (adjacent to the Marrulum community) 
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3.2.5 Ranges 

Forming a backdrop to the plains is a low range that represents the boundary with the adjoining structural unit, 

the Sturt Block (the ‘highlands’ or ranges) (Mory 1991). These highlands comprise the Wave Hill surface (Hays, 

1968) and are composed of Proterozoic sandstone and siltstone (approximately 1600 million years old) 

(Dunster et al. 2000).  

These ranges are located within the Fitzmaurice Group (in the Fitzmaurice basin), and the rocks within these 

ranges are all mapped as being of the Legune formation - silica cemented quartz, medium grained sandstone 

and siltstone (Ahmad and Munson 2013b; Dunster et al. 2000). The depositional environment for the Legune 

formation is interpreted as a high energy, shallow marine environment – possibly an alluvial fan or braided 

delta (Ahmad and Munson 2013b). 

Apart from a gravel borrow pit, these ranges will not be impacted by the project. 

3.3 SOILS 

3.3.1 Available Soil and Land Systems Information 

Published soils and land systems information was reviewed for the Project site, including regional soils 

information, land systems mapping, site specific investigations, and groundwater bore records where a bore 

log was available. These are detailed below: 

Land Systems of the Northern Part of the NT 1:250,000 Mapping (DLRM 2008) with descriptions from Lands 

of the Ord-Victoria Area , Western Australia and Northern Territory (Stewart et al 1970). 

The amalgamated survey Land Systems for the Northern Part of the Northern Territory was undertaken as 

part of the ASRIS (Australian Soil Resource Information System) project. This involved the amalgamation of 

16 existing land systems surveys covering the northern portion of the Northern Territory. The Legune 

Station area is mapped as ‘interim’ land system designations, areas where little or no field data was 

available, and based on extrapolated data from existing studies, remote and opportunistic methods. 

However, this was based on field traverses and aerial photography interpretation by CSIRO (Stewart et al. 

1970), mapping the lands of the Ord-Victoria region, with field surveys completed in the 1940s and 1950s, 

updated with more relevant geological and agricultural research and development at publication. 

This land systems mapping forms the basis for the land units, and was modified following site soil and flora 

investigationsTable 4, and corresponds to the five land systems detailed in Section 3.2.   

Soil Salinity on Legune Station NT  (Tickell & Hill 2001). 

An investigation of soil salinity was conducted in 2001 by the Natural Resources Division of the Northern 

Territory Department of Infrastructure and Environment. The study investigated six locations, all on the 

estuarine-deltaic plain, with particular interest in the evidence and causes of salinity on the property. Soils 

were classified to The Australian Soil Classification (Isbell 1996). 

Reconnaissance Land Resource Survey of Auvergne and Sections of Spirit Hills Stations (Brocklehurst et al. 

1998). 

A survey was undertaken on Auvergne station and a section of Spirit Hills Station for the purposes of 

assessing the similarity of these areas with those outlined in the M2 Development Area report (the Keep, 

Weaber and Knox Creek plains). The survey was primarily based on assessing the flora and vegetation 

communities (i.e. as a surrogate for 'habitat') of these two regions. Soil surface textures were taken though 

time, however deeper soil pits were not excavated. 



Project Sea Dragon  

Stage 1 Legune Grow-out Facility  

Draft Environmental Impact Statement 

Volume 2 - Environmental Assessment 
Chapter 1 - Geology, Geomorphology and Soils  1-22 

A number of test pits were located on the Flood out plains, however only two are representative of the 

Project Area, being sites 65 and 66 either side of the proposed Legune Access Road re-alignment, near 

Marralum. 

Preliminary Soil Investigations by Western Australian Resources Limited (Seafarms 2013). 

A soil investigation was undertaken in the early phases of the Project by the Project proponent, then 

Western Australian Resources Limited, testing for texture, plasticity and field and field-oxidised acid sulfate 

soils (undertaken by ALS Laboratories). The sample sites were solely on the estuarine-deltaic plain, other 

than one site west of the farms in the Coastal Plain, and several sites on the edge of the estuarine-deltaic 

plain that may have edged into the Coastal Plain.  

Geotechnical Investigation, Project Sea Dragon, Legune Station (Volume 5, Appendix 7). 

A geotechnical investigation and acid sulfate soil testing was undertaken by Douglas Partners (2016) in late 

2015, covering all of the key infrastructure areas for Stage 1 of the Project. Soil descriptions were given for 

test pits (to 3 m depth) and Cone Penetration Tests (up to ~30 m depth). Soil textural descriptions were 

provided, however do not easily correspond to the above soil investigations. However, in general, site soils 

were found to be consistent with those described by Tickell & Hill (2001), Seafarms (2013) and Stewart et 

al. 1970. 

3.3.2 Soil Types 

Mapping and soil information from DLRM (2008) and Stewart et al (1970) provided broad land systems across 

the site, each consistent with a particular land system (see Figure 4), as described in Section 3.1 and 

summarised below: 

Coastal plain - Carpentaria 1 (Crp1) (Marine depositional): frequently inundated tidal mudflats and coastal 

floodplains with channels and estuaries, poorly drained silty clays and muds (Hydrosols - marine alluvium, 

saline mud). 

Estuarine-deltaic plain – Legune (Lgn) (estuarine depositional): seasonally flooded coastal floodplains, 

inundated 3‐6 months per year, poorly drained clay soils (Vertosols - self mulching cracking clays). 

Scattered sandstone residuals are found rising to 30 m, as well as and gilgai associated with the dark 

cracking clays. 

Coastal erosional plain - Cockatoo 1 (Cct1) (Erosional): Lateritic plains and rises, gently undulating sand 

plains, associated with deeply weathered profiles (laterite) including sand sheets and other depositional 

products, sandy and earthy soils (Tenosols - Deep red and yellow sands). Sandstone residuals present rising 

to 100 m. 

Flood out plain - Angallari plains (Angp) (Depositional): Alluvial floodplains, swamps, drainage depressions 

and alluvial Fans, sandy, silty and clay soils (Hydrosols - Yellow podzolics and yellow earths) on Quaternary 

alluvium.  

Ranges – two joined but separately mapped landforms, located in the south (Pinkerton, Pnk) and the east 

(Macadam, Mcd) (Erosional): rugged and steep quartz sandstone plateaux and hills on quartz sandstone 

and sandstone, shallow sandy soils and rock outcrop (Lithosols) on sedimentary rocks. 

The majority of the Project footprint (i.e. the grow-out ponds and most of the linear supporting infrastructure) 

is located on the estuarine-deltaic plain. Soils were classified by Tickell & Hill (2001) approximately in the centre 

of the estuarine-deltaic plain as Aquic Vertosols - Moderately deep seasonally inundated self-mulching cracking 



Project Sea Dragon  

Stage 1 Legune Grow-out Facility  

Draft Environmental Impact Statement 

Volume 2 - Environmental Assessment 
Chapter 1 - Geology, Geomorphology and Soils  1-23 

clays (the ‘black soils’), over brown medium to heavy clay (oxidised estuarine clays in some holes) over 

estuarine heavy clays.  

This same basic soil description was confirmed in this area by Seafarms (2013), who found mostly clay textured 

soils, from medium to heavy clays, but with patches of sandy/silty/clay loams in other locations across the site, 

particularly at the surface, generally grading to more heavy clays at depth (down to ~3m), other than some 

localised sandier areas of the site. These deeper heavier clays correspond to the estuarine clays found by 

Tickell & Hill (2001). 

Douglas Partners (2016) survey sites covered a slightly larger area than Seafarms (2013), finding generally a 

very stiff to hard, grey-brown to black reactive shrink-swell topsoil (‘Black soils’), over a brown or yellow brown 

clay (often silty), over soft grey to blue estuarine clays, though in places sands, and clay/silt/sand mixtures were 

found. Very soft to firm clays were found particularly in areas of the coastal plain, and in close proximity to 

estuarine creeks. Again, this corresponds to the more detailed soil description of Tickell & Hill (2001) for the 

estuarine-deltaic plain, and to the general soil descriptions given above for the landforms. However, no sites 

were excavated in the coastal erosional plain outside of the Central Facilities, none at all on the flood out plain, 

and only in borrow pits in the ranges land system (refer Section 3.1.1). 

Investigations by Brocklehurst et al (1998), while only of surface soils, were described as a swamp area on the 

alluvial plain, on very poorly drained Hydrosols, described as dark grey, earthy and massive sandy clay loams 

(site 65) to brown, massive sands (site 66), again consistent with the mapped data by DLRM (2008) and Stewart 

et al. (1970).  

3.4 ACID SULFATE SOILS 

The Northern Territory Acid Sulfate Soils Risk 1:2M spatial mapping (DLRM 2000) identifies most of the site 

within the medium risk area for Acid Sulfate Soils (ASS) area (refer to Figure 5). Areas within the high risk areas 

are located in the far north of the project, and include: 

the inlet, settlement pond and maintenance pond in the north and 

the Main Discharge Channel (MDC) from farms 1 and 2, the Internal Farm Recirculation Pond (IFRP) in 

Farm 2 and the Environmental Protection Zone (EPZ). 
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FIGURE 5 ACID SULFATE SOIL MAPPING 



Project Sea Dragon  

Stage 1 Legune Grow-out Facility  

Draft Environmental Impact Statement 

Volume 2 - Environmental Assessment 
Chapter 1 - Geology, Geomorphology and Soils  1-25 

The airstrip, dam and borrow pit, and the road south of the central facilities and the borrow pit are mapped as 

no risk (though the central facilities area itself is in the medium hazard area).  

Three soil investigations included ASS testing, have been conducted in the Project Area, namely Tickell and Hill 

(2001), Seafarms (2013) and Douglas Partners (2016). The results show: 

No Actual Acid Sulfate Soils (AASS) were found based on pH results, which showed soils to be generally 

alkaline (~8.4 – 9). 

While field oxidation tests indicated some samples with a pH drop, only a small number showed a large 

enough drop (>1 pH unit), to a low enough pH level (<3.5) to indicate Potential Acid Sulfate Soils (PASS). 

However not all sites were investigated to a sufficient depth to identify that PASS was not present 

(proposed disturbance depths in these areas is much shallower than the expected 3m depth of PASS, 

typically 1 - 1.5m at most). 

Chromium Reducible Sulfur suite testing on 20 samples (Douglas Partners 2016), and POCAS (Peroxide 

Oxidisable Combined Acidity and Sulfate) results from 1 site (Tickell and Hill 2001) indicated that: 

Sixteen of the Douglas Partners (2016) samples returned an existing + potential acidity less than 

the laboratory reporting limit, while the top 2m of the Tickell and Hill (2001) site was likewise 

below the laboratory reporting limit. 

Three of the Douglas Partners (2016) samples returned low existing + potential acidity values of 

0.012 - 0.092%S1 indicating possible relict and weakly PASS material may be present, or that 

stronger PASS may be present deeper at these sites. This is below the action criteria of 0.1%S 

(Dear et al, 2014) for disturbance of 1-1,000 tonnes of PASS material, but one is above the action 

criteria of 0.03%S where >1,000 tonne of PASS would be disturbed (unlikely to occur during the 

works). 

Tickell and Hill (2001) identified oxidised estuarine sediments above PASS layers which may 

explain these findings. 

Two samples (Douglas Partners, 2016, TP21 at 2.9m depth; Tickell and Hill, 2001, Site 1 at 2.5m 

depth) showed high %S (1.49% and 5.5% respectively) indicating PASS. However, both Douglas 

Partners (2016) samples also contained a significant amount of shell material, comprised of 

calcium carbonate which can neutralise acid before it is generated, referred to as the Acid 

Neutralising Capacity (ANC). The TP21 site contained shell / fine carbonate material, with an ANC 

of 7.04%S, sufficient to reduce the net acidity to below the action criteria.  

Another consideration is how fine the ANC material is - too coarse, and it will not dissolve fast 

enough to react with the acid before it is released. The above ANC value was also determined to 

be suitably fine to be considered in the net acidity (total acidity minus ANC) according to Dear et 

al (2014). For the second Douglas Partners site, shell fragments were also present, although the 

fineness of the ANC fraction was not assessed. 

No data was available on ANC from Tickell and Hill (2001). 

1 Acid sulfate soil is defined by the presence of oxidisable sulfur, and the laboratory tests measure or infer the 
sulfidic acidity as an equivalent sulfur unit, %S. This is the percentage of oxidisable inorganic sulfur by weight in 
a dry soil material 
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Additional excavation in the area of the farms during the trial earthworks program by Seafarms in June 2016 

did not encounter PASS to the depth excavated, however test pitting by Aurecon (2016) found blue/grey 

estuarine clay PASS material at between 2.9 - 3.8m depth, though this appeared patchy, either confined to tidal 

channels or relict channels, or between sandy levee deposits.  

Widespread and shallow ASS are not present at the site, in the areas investigated, and AASS are not likely to be 

present. Given that site soils are understood to be regularly subject to saturated and dry conditions associated 

with variable climactic conditions and the NT wet season, it is considered that such moisture variations would 

have assisted in the oxidation of shallow ASS, if present, such that any generation of AASS would have been 

completed in the past.  

The results given above do however confirm the presence of PASS at a number of locations at or below 2.5 - 

3m depth below ground level. In relation to reduced levels (relevant to Australian Height Datum, AHD) this 

equates to: 

~1.3m AHD at the location of the intake channel and settlement/maintenance ponds, and the edges of the 

Farms (soil site was northwest of Farm 1), where excavation is anticipated to extend at most to ~3.7m 

AHD. 

~2.4m AHD along the MFC, with excavation expected to extend to no lower than 4.7m AHD. 

PASS material was encountered by Aurecon (2016) at 1.7 - 2.7m AHD within the farm areas, and an implied 

level from the MFC and a site northwest of farm 1 at 1.3 - 2.4m AHD. Excavation is expected to extend to 

no lower than 4.2m AHD. 

One ASS result was found at 0.8 m depth, at TP11 (Douglas Partners 2016), being a weak PASS signal in the 

southern end of the MFC, below the action criteria of 0.1%S (at 0.016%S). Furthermore, the naturally occurring 

acid neutralising capacity in the soil was enough to reduce it to <0.02%S, and the site appears to be co-located 

with a drainage depression extending north-south and located east of the MFC. As such, this result appears not 

to be representative of subsoil conditions in this area. 

The lack of ASS testing at depth at all locations (though to suitable depths to account for excavation), and the 

broad region it has been identified over, indicates that PASS is likely present across the site, at ~1.3 m AHD 

along the coastal Plain / estuarine-deltaic plain boundary, and up to ~2.7 m AHD within the estuarine-deltaic 

plain.  

In addition, where PASS was located, there appears a good chance that soils will have sufficient ANC to result in 

no Net Acidity (i.e. no chance for PASS to produce acid leachate or runoff). This is further supported by 

reference to bore logs across the site indicating significant shell and carbonate finds within bore holes 

(formanifera and other microfossils). 

The farm discharge channels (PDC and FDC), where the deepest excavations will occur, have been hydraulically 

designed by width, slope and depth (and hence farm shape) to avoid PASS and to minimise construction cost.  

3.5 SOIL SALINITY AND SODICITY 

Sampling and site observations on Legune Station indicate that the soils in the region of the proposed farm 

infrastructure and much of the estuarine-deltaic and coastal plains, are saline-sodic, evidenced by elevated 

salinity and exchangeable sodium percentage (ESP), although this is patchy and does not show any clear 

patterns, other than stronger associations closer to the coastal plain. Sampling also indicates that some soils 

are potentially dispersive, though this is not widespread, and is also relatively patchy.  
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3.5.1 Salinity 

Tickell & Hill (2001) found soil salinity to be widespread, but to be a natural phenomenon, with the major 

occurrences being groundwater sourced. This occurs when groundwater recharge is increased due to a run of 

above average wet seasons, raising watertables sufficiently to cause widespread discharge of saline water, 

particularly on the margins of low bedrock hills. The salt originates from seawater trapped in the sediments at 

their time of deposition and more recent saltwater recharge from tidal creeks. Other forms include surface 

expression of salts on the margins of tidal and non-tidal creeks due to perched saline watertables, and scalding 

from windblown salts, though both are relatively minor in comparison. 

Sampling by Douglas Partners (Volume 5, Appendix 7) confirmed the general findings of Tickell & Hill (2001) 

across a broader section of the site, particularly in the northern part of the estuarine-deltaic plain. Salinity in 

both studies varied between 0.02 dS/m and 4.9 dS/m in topsoils on the estuarine-deltaic plain, plus a reading 

of 9.7 dS/m on the Coastal Plain, at the inlet, in a location below the level of regular tidal inundation.  

The salinity profile through the soils that were measured ranged up to ~7.1 dS/m on the estuarine-deltaic plain 

at 3m depth, generally increasing with depth at the sites measured. This is shown in Figure 6, with sites 

reduced to AHD levels for comparison, with generalised soil horizons. Some of the key point to note from 

Figure 6 are: 

Tickell & Hill (2001) Site 3 evidenced salinized surface soils, as reflected by the salinity profile results, 

indicating evaporative salt concentration at the land surface via capillary rise from shallow groundwater. 

The salinity bulge at approximately 3.5 m in the Tickell & Hill (2001) Site 3 profile indicates could be due to 

increased recharge resulting from land use changes such as land clearing for pasture. 

The salinity bulge at approximately RL 3.5 m AHD (1.5m depth below ground level) in the Tickell & Hill 

(2001) Site 3 profile indicates the presence of the permanent saline watertable in these sandy relict levee 

soils.  

Otherwise, sites at or above 5 m AHD showed increasing salinity with depth to a saline groundwater table. 

Most of the surface soil results were <1.1 dS/m, other than at Inlet 3 on the Coastal Plain, where the black 

soil topsoils were absent. 

Salinity at all sites on the estuarine-deltaic plain were similar at depth, and the type of soils and saline 

groundwater indicate salinity would likely increase to similar levels at all sites as shown by Tickell & Hill 

(2001) Sites 1 and 2 (~7 dS/m at 3m below ground level). 

Salinity at the Inlet 3 site, on the coastal plain and at RL4.1, within the level of frequent tidal inundation, 

may serve as a useful reference site for soil salinity and sodicity under the saline ponds and channels. 

The Tickell & Hill (2001) Site 2 is located on the plain, next to an active tidal channel, and subject to lateral 

movement of salt water during flooding and drying episodes. The profile at this site indicates relatively 

rapid flushing of salts through the profile with wet season rainfall and flooding. 

Given the tidal flooding influence at a number of the sites tested, including locations on the coastal plain, and 

the salinity profiles recorded by Tickell & Hill (2001), salinity is leached through the profile by wet season rains 

and floods. Site 3 (Tickell & Hill 2001) in particular is subjected to flooding and lateral movement of salt water 

from nearby tidal creeks, and still evidences movement of salts through the profile. In addition, groundwater 

data indicates a salinity of the shallow water table in the range of 1.6 – 44.5 dS/m (refer Volume 2, Chapter 4), 

which is similar at its upper range to seawater at ~50 dS/m, that will be used within the farm ponds and 

channels.  
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Overall the site is subjected to extremes of saline waters (groundwater, tidal influences and flooding) and 

freshwater (wet seasons and floods). Soil salinization from shallow, saline groundwater occurs in various parts 

of the site due to rising groundwater levels, particularly after a wet run of years, which is subsequently washed 

from or through the soil profile. The findings from soil salinity profiles were indicative of a leaching rainfall 

environment that appeared to passively remediate surface soil salinity at elevations above 5mAHD. 

FIGURE 6 SALINITY PROFILE IN SOUTHERN ESTUARINE-DELTAIC PLAIN SOILS 

3.5.2 Sodicity 

Soils across the farm area appear to be generally sodic, with the potential to disperse when wet, although no 

issues were identified further south, near the facilities (refer to Volume 5, Appendix 7).  

Dispersive, sodic soils can coincide with saline soils, particularly in these types of coastal locations, with high 

marine influence and high evaporation rates throughout dry season months. Salinity is a function of dissolved 

salt concentrations, notably chloride. Salinity exerts osmotic potential stress on plant water uptake and some 

direct toxic effects depending on plant tolerance. Chloride is paired with sodium in cyclic salts present in 

seawater and rainfall. 

Soil sodicity relates to the dispersive behaviour of the clay in soils in response to adsorbed sodium and solution 

salt concentrations. There is an equilibrium between sodium concentration in the soil solution and the solid-

state fraction of sodium adsorbed as an exchangeable cation to clay surfaces in the soil.  

Sodic soils typically contain clays with a higher relative abundance of sodium ions compared to calcium and 

magnesium that predisposes them to disperse readily in water. The dispersive effect can be attributed to the 

larger hydrated radius of exchangeable sodium cations (a monovalent cation with 1+ charge) relative to more 

charge dense calcium and magnesium cations (polyvalent with 2+ charges). The larger hydrated radius 

associated with exchangeable sodium increases diffuse double layer charge repulsion surrounding clay surfaces 

and dissipates van der Waals forces (weak forces between molecules) that attract clay particles and cause them 

to aggregate. The net result of increasing exchangeable sodium in the soil is an increased tendency to 

dispersion, or structural instablility of the aggregated dry clays when wet. 
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The key issue associated with sodicity relates to degraded soil structure, where dispersed particles can block 

soil pores and root channels, lowering infiltration and leading to surface soil crusts, and hard setting soils. This 

can in turn lead to waterlogging, reduced ability for plants to grow, and enhanced erosion. 

Laboratory dispersion test results (Emerson Aggregate and pinhole dispersion tests) using distilled water 

showed dispersive characteristics. However, when tested with saline water, these tests typically return non-

dispersive results due to the flocculating effect of electrolyte concentration in the soil solution — i.e. the soil 

structure would be stable under saline saturated conditions.  

Investigations and observations across the site confirm this, with no signs of dispersion noted, such as 

waterlogged soils, tunnelling, erosion, even though there are numerous opportunities such as site turkey nest 

dams, farm channels and roads in the district, all constructed from similar soils. Dispersivity results were also 

sporadic across the site, with many soils that were identified as sodic, being non-dispersive, possibly due to this 

high interstitial salinity. 

The relative proportion of the various cations in the soils tested by Douglas Partners (Volume 5, Appendix 7) in 

relation to salinity (ranging from 0.02 – 9.7 dS/m) is shown in Figure 7. Increasing salinity initially resulted in a 

decrease in exchangeable calcium and magnesium, and increased sodium up to a point in the salinity range 

indicated by electrical conductivities (EC) exceeding 0.8 dS/m. The soil structural stability field characterised 

using sodium adsorption ration (SAR) and EC indicates that the soils tested will tend to disperse over most of 

the measured salinity range2, although as noted above this was not observed on the site. This unstable zone is 

denoted grey in Figure 7.  

Note that given Inlet 3 is in the region identified as ‘frequently inundated by tidal waters’ (refer to Volume 2, 

Chapter 2 - Marine and Estuarine Water) and the level of salinity at this site, it may be a reasonable reference 

for salinity and sodicity in soils under the Project saline ponds and channels.  

As noted above, the sodium in solution forms an equilibrium with the sodium to the exchangeable sodium 

adsorbed to clay surfaces in the soil. Given that increasing salinity appears to not further increase sodium in 

soils, this may indicate that exchangeable sodium percentage might not further increase as salinity rises in 

these particular soils. 

2 ANZECC & ARMCANZ 92000). Australian and New Zealand Guidelines for fresh and marine water quality The 
guidelines – Volume 1 – Chapter 4 Primary Industries.  
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FIGURE 7 CATION BALANCE AND ESP IN RELATION TO SOIL SALINITY 

3.5.3 Summary 

In summary, the results indicate typical saline-sodic coastal soils in the area of the Project. The saline and sodic 

nature of soils in this area are a direct result of marine influence on these plains, which are subject to 

alternating drying out and large freshwater pulses onto, over and through soils each wet season. Salinity 

profiles indicate generally increasing salinity with depth associated with a shallow, saline groundwater table, 

and relatively rapid leaching of salts through the profile. This may be explained by the character of these saline-

sodic soils, where the inherent saline soil water acts to keep these clay minerals flocculated and soil structure 

stable naturally, as is indeed found across the site. Alternatively, the dispersive nature of some site soils may be 

counteracted by these cracking clay soils aggregating as they dry out. 

More generally, site soils are naturally habituated to the salt/fresh cycle, without apparent breakdown. In 

particular, site investigations found no evidence of current dispersion or breakdown of sodic soils, even in 

excessively worked portions of the site such as turkey nest dams, embankments, roadways and channels. 

3.6 CONTAMINATED LAND 

A preliminary contaminated site investigation was conducted by Douglas Partners, coinciding with and using 

data from the geotechnical investigation (refer to Volume 5, Appendix 7). The investigation found no evidence 

of gross contamination on the site; though elevated aluminium was identified from natural mineral deposits, 

and was also reflected in some surface water quality results (refer to Volume 2, Chapter 3). Data from 

groundwater bores also indicates elevated lead levels have been found in some bores, consistent with the 

identified lead/zinc/silver deposits in the range land system, and outcrops in the south of the site. 

Communication with the pastoral operators indicates the presence of a cattle dip in the region of the Legune 

homestead, but well outside of any Project works, and a cattle yard in the region of the central facilities, 

though this does not contain any cattle dip or spray race facilities. 

While no existing contamination was found or is expected in the Project footprint, it is possible that 

contaminated sites do exist, such as spray race or cattle dips, on-site landfills, etc. As such, an Unexpected 

Findings Protocol will be adopted for any unexpected finds of contaminated material or sites. 
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3.7 GEOTECHNICAL ASSESSMENT 

The geotechnical assessment conducted by Douglas Partners (2016) was largely focused on the estuarine-

deltaic plain, in which the majority of the project will be situated, with some sites in the Coastal Plain and 

Coastal Erosional Plain. They found a number of issues across the site, including: 

Significant areas of soft clays, particularly in the northern parts of the site within the coastal plain, and in 

close proximity to estuarine creeks, and other weak load bearing soils including soft silt/clay layers, loose 

sands, and deeper interbedded soft silt/clay layers and loose silty sands in other areas of the site. These 

are compressible and susceptible to settlement / consolidation over time. 

Surface soils were found to be highly reactive (shrink well). 

Silt and clayey silt surface materials are likely to soften significantly and expand with increases in moisture 

content, and considered susceptible to rutting/heaving if accessed by tyre vehicles during wet periods. 

Emerson Class and pinhole dispersion classification results also indicated potentially dispersive conditions 

within these surface soils, although compaction was identified as a suitable control method. 

The results of geochemical tests indicate a range of soils, from non-damaging to severely damaging for 

concrete structures in soil. Where structures are exposed to seawater, this is classed from severe to very 

severe. 

Consolidation settlement will occur for the proposed structures over many years, depending on the 

thickness of clay stratum, in-situ consolidation, applied load and drainage, and there is the risk of potential 

instability associated with embankment fill over low bearing materials (i.e. soft clays/silts). 

The soft clays and other weak soils present at various locations across the site present the potential for 

instability, both during construction and in the longer term. However, engineering and construction 

methodologies were presented by Douglas Partners (2016), which if adopted will overcome these site 

difficulties, determining that: 

sufficiently prepared, compacted and stabilised berms and embankments from site soils could be stable 

over the long term 

suitable pavement, engineered fill and bridging material could be used and was likely available on the site 

to provide stability and long term success for the Project.  

The other identified constraints can be likewise addressed, with shrink/swell and dispersive soils addressed 

through adequate surface preparation, compaction and where required amelioration, and by adequate footing 

and concrete structure protection and traffic / construction management.  

3.8 EARTHWORKS FIELD TRIAL 

A subsequent earthworks field trial was conducted in June 2016 by Aurecon and Golders, in conjunction with 

Seafarms, to test and validate the findings and recommendations of the Stage 1 earthworks planning (refer 

Volume 5, Appendix 7). The trial involved construction of a 2.4ha trial pond and a 60m wide channel  and was 

undertaken to: 

test earthmoving equipment selection, cycle times and productivity rates 

test the level of compaction required, and the optimum moisture content to achieve this compaction level 
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validate the type of soils expected to be encountered during site works, including looking for signs of acid 

sulfate soils. 

The trial pond will be used as a turkey nest dam during construction of the Project. To allow for worst case, this 

pond can be used as a water supply dam for ongoing pastoral operations should the Project not proceed. 

The trial found the following key elements in relation to the EIS and this chapter in particular: 

Soils in the trial area were the estuarine-deltaic black soils anticipated in this area, generally over light 

brown to brown sandy Clays, over brown slightly clayey sands at 1-2 m depth. Wet soils indicative of the 

local watertable were encountered at a depth of 3 - 4 m. 

PASS materials (blue-grey estuarine clays) were encountered in 3 boreholes at a depth of 2.9 - 3.8 m, and 

RL of 1.7 to 2.7 m AHD, covering an area between farms 1 and 2, and including the very north of farm 2, 

and south of farm 3. However some adjacent holes did not encounter PASS material (instead clayey sands) 

indicating considerable patchy distribution, possibly associated with existing or relict tidal channels, or 

areas between relict sandy levee systems. 

The cut to fill ratio for the works was 1.09 (9% increase in fill volume), due to the purposeful selection of a 

less than optimal area for the trial, to test methods where suitable locally won material was not as thick as 

elsewhere. 

In general, the trial found that the works could be undertaken successfully, given suitable detailed design and 

planning, using locally won materials (albeit with some transport required in some locations). 



Project Sea Dragon  

Stage 1 Legune Grow-out Facility  

Draft Environmental Impact Statement 

Volume 2 - Environmental Assessment 
Chapter 1 - Geology, Geomorphology and Soils  1-33 

4 ASSESSMENT OF POTENTIAL IMPACTS 

4.1 POTENTIAL IMPACTS 

In terms of impacts to and associated with land systems (geology, geomorphology and soils), the key potential 

risks can be summarised as: 

direct disturbance of soils and landscapes through earthworks and traffic 

soil erosion from vegetation clearing and batter / channel works, and bare or imperfectly stabilised 

surfaces 

disturbance and oxidation of acid sulfate soils 

soil contamination from leaks and spills 

soil structural decline from working and exposure of sodic sub-soils 

salinization and sodification of soils subject to saline Project waters (ponds, farm channels) 

revegetation problems with poor rainfall infiltration and soil structure for plant root growth 

instability, settlement / consolidation, and poor trafficability from weak soils or unsuitable embankment, 

berm and supporting materials 

deterioration of in-situ concrete structures and footings from aggressive soils 

sterilisation of potential economic mineral resources. 

Dust generation and management is further discussed in Volume 2, Chapter 10 - Air Quality. The other 

potential impacts above and an assessment of the Project risks are discussed in more detail below. 

4.2 IMPACT ASSESSMENT 

4.2.1 Land Changes Due to Earthworks 

The proposed Project footprint involves relatively large farm pond and channel structures in the north of the 

site. Ponds will involve the excavation of around 300 mm of the surface clay material to form embankments 

walls for the ponds and channels. Excavations for the channels will be deeper than ~300 mm, but (outside of 

the borrow pits) are unlikely to be more than ~1.5m depth.  

The embankment walls for the ponds and the channels will be above-ground earthen structures. Farm walls 

will be ~2.0m above the natural ground level. Embankment walls for channels will be ~1.0- 5.0m above natural 

ground level. 

The seawater intake channel will be on the surface of the Coastal Plain, and very limited excavation (for 

controlled fill where required) will be undertaken in this area. 

Supporting farm services, roads and the Central Facilities to the south will also change the existing land 

configuration, however, the farms will form the bulk of the land changes due to earthworks. 

However it should be noted that these Project structures are intended to last as a sustainable aquaculture 

activity, and so not intended to be removed or decommissioned. Regardless, a preliminary Decommissioning 

and Rehabilitation Plan has been developed as described in Section 5.3, to ensure stable, long lasting and 
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ecologically and beneficially useful landforms can and will be developed if the Project ceases to operate, suited 

to the natural landscape. 

Topsoils and soils of importance to the long term stabilisation and revegetation (and future rehabilitation) will 

be stockpiled separately for reuse where required. 

4.2.2 Traffic Impacts 

During the dry season, potential impacts from traffic may include soil compaction, rutting and soil erosion, 

particularly where vegetation is damaged / removed by traffic. However this would be expected to be fairly 

minimal, particularly compared to the wet season, where severe rutting (and bogging) are expected to occur in 

many locations without effective all weather built access, when soils are wet. Site works will include all weather 

access roads and traffic management to avoid these impacts, and as such impacts from traffic are expected to 

be minimal in terms of land resources. 

4.2.3 Soil Erosion 

The project is located adjacent to an active erosional area, the Coastal Plain (refer to Section 3.1), which 

contains the Environmental Protection Zone and the intake channel. This zone is actively extending, cutting into 

the estuarine-deltaic plain above it, on which the majority of the project is located. The remaining project 

elements are on the estuarine-deltaic plain, other than the Central Facilities, Legune Access Road and the 

Forsyth Creek Dam borrow pit. 

Potential impacts to the Coastal Plain from construction and operation of the outfall structure at Alligator 

Creek and the seawater intake at Forsyth Creek will be avoided by engineering measures and construction 

techniques as outlined in Section 5.1.2. These controls will act to effectively mitigate erosion in these locations. 

The identified dispersive and sodic soils will require special consideration, and in places potentially 

amelioration, to ensure soil erosion is controlled. 

Soils with a high risk of developing erosion in the event of vegetation clearing include (DNREAS 2010): 

soils that are imperfectly to very poorly drained 

soils on slopes in excess of one degree 

fragile soils including sandy and dispersive soils, sodic soils, and soils derived from siltstone. 

Field observations suggest that the majority of the Project footprint on the estuarine-deltaic plain will be 

located on slopes of zero to two degrees slope, which is why the project site is so suitable for this project, 

which requires large areas of very flat ground. Many of these soils will also be imperfectly to very poorly 

drained. In some places, soils were observed to have a high silt content (at least on the surface) and may 

therefore be relatively fragile if vegetation cover is removed.  

In the vicinity of Alligator Creek service corridors will be required to cross wetland areas, however, having been 

highly modified over time as a result of management for grazing practices, the Project footprint generally does 

not contain riparian vegetation. In addition, the main (existing) access road to Legune Station crosses 

approximately one kilometre of a Sandy Creek tributary (the sumplands of the flood-out plain) which contains 

closed sedgeland (flood-out plain wetland). This access road will be widened and elevated, with culverts added 

to pass floods.  

The clearing footprint in these areas will however be minimised to reduce the required removal of fringing 

vegetation, and disturbed areas carefully rehabilitated post-construction, with the aim to stabilise land surfaces 

prior to the wet season. 
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Potential impacts to waterways as a result of erosion and sediment loss from the site are discussed in Volume 

2, Chapters 3 and 7. 

4.2.4 Disturbance of Acid Sulfate Soils 

The majority of the Project footprint is located in areas considered likely to contain Potential Acid Sulfate Soils 

at depths at or below ~2-3m, equivalent to reduced levels of: 

~1.3m AHD along the Coastal Plain / estuarine-deltaic plain boundary and 

up to ~2.7m AHD within the estuarine-deltaic plain. 

Should acid sulfate soils be encountered and disturbed, this can result in oxidation and generation of acid 

leachate, which can acidify runoff or groundwater leachate, affecting receiving waters. Acid leachate can also 

affect infrastructure particularly concrete structures, such as footings and culverts. 

However, the majority of earthworks will be confined to the top 2m of soil, and generally much shallower (the 

top 1m of soil), above RL 4.2m AHD. As such while PASS should be expected to exist at all locations in the 

Project footprint on the estuarine-deltaic and coastal plains, it is also unlikely to be encountered for any of the 

excavation works. Site investigations also confirm, where tested, that soils showed sufficient ACN to negate the 

ASS risk, with carbonate materials also noted in groundwater bore records in other areas across the site. 

Concrete structures in contact with the soils will be designed for sulphate resistance or chloride resistance, 

depending on the soil pH at the specific location. 

Given the large tidal influence and the influence of succeeding wet and dry seasons, it is considered that the 

anticipated changes in groundwater level that could result from the project (small to negligible) will not change 

the hydrology to the point where PASS will be exposed and oxidise in-situ. 

4.2.5 Soil Salinity and Sodicity 

Soil sodicity and dispersion may potentially be an issue during construction of the ponds and channels, in terms 

of its effect on enhancing erosion and the breakdown of soil structure. However, as noted in Section 3.5.2 

existing structures on the site have evidenced no enhanced erosion and structural decline. Given the saline-

sodic nature of soils, this is not surprising, as the more saline soil interstitial water acts to stabilise soil 

structure. Limited laboratory test results indicate that there could be water stability issues with these soil 

materials.  

During operation, the effect of having the saline farm pond and channels overlaying the site soils might be 

expected to increase soil salinity and sodicity. The effect of increasing salinity and sodicity on soil stability 

provides some illumination on the possible effects. Section 3.5 showed that increases in Sodium Adsorption 

Ratio as a measure of sodicity with salinity was likely to lead to soils being potentially water unstable 

depending on soil properties and rainfall. 

Reference to some other studies on abandoned prawn pond soils indicates soils reached a salinity of: 

9.3 – 9.5 dS/m (Thailand, Towatana et al. 2003) 

~16 – 18 dS/m, although this was for benthic material rather than pond soils as such (Boonsaner and 

Hawker 2012) 

3.9 – 30 dS/m (Bangladesh, Chowdhury et al, 2011), although 89% of farms were ≤ 10dS/m, and they note 

significant issues with leaching and saline intrusion which may explain the very high values compared to 

the mostly lower salinities at most sites, possibly due to poor leakage control 
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12 – 18 dS/m (Bangladesh, Ali, 2006). 

Given that the Inlet 3 site on the Coastal Plain was within the level of frequent tidal inundation, that it recorded 

the highest salinity during the study, and that it is similar to many of the referenced site salinities above, it may 

serve as a useful reference site for anticipated soil salinity and sodicity under the saline ponds and channels. As 

noted above, sodicity indicators stabilised after salinity exceeded ~0.8 dS/m. 

Overall, given that the influence of saline water will be stronger within ponds and channels holding saline water 

than soils adjacent to tidal areas, even if subject to regular inundation, it is probable that salinity will rise, at 

least in the immediate clay pond liner layers. Sodicity indicators may also change, with an increase in sodium 

and Exchangeable Sodium Percentage (ESP), and reduction in calcium and magnesium. However the natural 

conditions on the site indicate this is much less likely, and may actually stabilise to levels naturally found in 

these site soils. As such, leaching of elevated salts during the wet season (as naturally occurs at the site) may 

act to counteract salinity rises if any ponds or channels were to be discontinued, without further risks from 

elevated sodicity. 

There is unlikely to be any negative effects from the saline waters on the pond and channel liner soils during 

operations, as these waters will act to further stabilise and counteract any potential dispersion in these already 

saline-sodic soils. This is particularly the case given the proposed compaction levels, and routine leak detection 

inspections, monitoring and rectification proposed. Conservative design has adopted measures to avoid 

dispersion issues inside embankments such as non-sodic liners around pipes, and amelioration and stabilisation 

of embankments. 

In the event the Project ceases to operate, and full remediation of site soils is required, natural rainfall 

conditions will generally reduce salinity in site soils over time. Measures such as drainage, salt tolerant 

vegetation and surface soil stabilisation with gypsum would increase the rate of remediation to an equilibrium 

saline-sodic situation fairly rapidly.  

Soils below 5mAHD necessitating an acid sulfate soil management plan are unlikely to be affected due to the 

shallow excavation planned for the site. 

4.2.6 Soil Contamination and Decline 

Soil contamination and decline (structural or chemical) could occur through spills or leaks of fuel, soils, 

chemicals, paints etc., through overloading of the wastewater irrigation areas, over-working of sodic soils, 

inappropriate disposal of waste, or disturbance of historical contaminated sites.  

The structural decline of sodic soils can occur through the irrigation of treated effluent when irrigation water 

replaces cations in the soil, leading to an excess of sodium ions. This in turn can lead to structural decline when 

fresh waters are again applied to the soil (i.e. from excess rainfall or when irrigation ceases). However, 

irrigation of treated effluent is not expected to result in changes to the sodic nature of topsoils, and will not 

change current conditions significantly enough to impose changes on the landscape in this manner. 

4.2.7 Geotechnical Stability and Integrity 

Geotechnical considerations have determined that the majority of the topsoil material (Unit 1 'black soils') are 

expected to be suitable for placement of fill, if undertaken in the dry season with no wet periods. However, 

should prolonged wet weather occur, these materials are expected to soften significantly, requiring drying to 

facilitate effective compaction, which will result in project delays but no impacts to the structural integrity of 

Project components.  
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The Project footprint also includes areas of weak load bearing soils, presenting the potential for instability, 

both during construction and in the longer term. Topsoils are generally highly reactive (shrink – swell), will 

soften considerably when wet becoming susceptible to rutting/heaving, are dispersive and sodic, and soils (top 

and subsoils) are potentially aggressive for concrete structures.  

Some potentially dispersive and reactive soils to be used for embankments implies a potential issue in their 

long term stability, however, inspection of the currently existing numerous channels and farm dams in the area 

constructed of similar soils showed no signs of dispersion. Sodic topsoils across the site are subject to periodic 

saline and freshwater influence, and it may be that these soils have stabilised in their current form to some 

extent, and that ESP results likely over represent the risk of soil structural decline.  

Effective construction techniques and engineering design can be employed to ensure structural integrity, 

trafficability and workability during the construction of the Project, and for long term integrity and stability 

during operations. 

4.2.8 Sterilisation of Potential Economic Mineral Resources 

Some supporting elements of the project design, such as the proposed village, are located in the vicinity of the 

Manbarrum Zinc-Silver Project, and liaison with the owner of that project will occur to ensure that, should their 

project proceed, the two projects can coexist cooperatively. 
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5 MITIGATION AND MONITORING 

5.1 CONSTRUCTION 

The following management strategies and monitoring will be adopted during the construction phase: 

5.1.1 Soils 

The proponent undertook soils testing to a level considered sufficient to the design requirements and to 

demonstrate the state of the soils within the Project footprint. Given the relatively uniform nature of the plains 

under the footprint, this testing has confirmed the depth to acid sulfate soils, the saline and sodic nature of 

soils, presence of weak or soft soils requiring specialised fill or bridging layers during construction, and other 

relevant soil features, suitable for the approval of the Project. Additional monitoring is outlined in Section 

5.1.7. 

During construction, supervision and where required additional sampling, testing and analysis will be 

undertaken to identify problem areas and appropriate mitigation works, relevant to the limitation. 

Generally, where areas at risk of land degradation through erosion have been identified, site specific sediment 

and erosion control plans (drawings) will be prepared showing controls proposed, such as sediment fences, 

sediment ponds, rock rip rap for protection against tidal forces, etc. prior to works commencing. 

Management of saline-sodic and dispersive soils will include suitable compaction, using gypsum ameliorant, 

internal batter liners (sandy gravel materials, geofabrics such as Bidim or equivalent), or filters internally within 

embankments. Close attention will be paid to pipes and culverts through embankment walls, including seepage 

control measures, filters, backfill to limit the risk of dispersion and erosion due to seepage along these pipes. As 

noted in Section 3.5, similar structures presently on the site have not suffered failure, even without treatment, 

and so it is very unlikely that more focused amelioration will be required. 

5.1.2 Coastal Plains Infrastructure 

For the seawater intake at Forsyth Creek this erosional and high energy tidal environment will be avoided by 

engineering measures and construction techniques, including: 

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. 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. 

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. 

Rock armour placed on the outer face of the intake channel berms where tides and storm surge will 

penetrate. 

Similar measures will be taken for the EPZ, including: 
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All berms to be constructed on the estuarine deltaic plain. Minimal construction is planned for the coastal 

plain. 

The sheetpile weir will be built 30m back from the Alligator Creek bank, to allow for future natural erosion. 

Sheetpiling will be driven to sufficient depth (embedment) such that if the bank erodes up to the wall, the 

wall will not lose structural stability.  

5.1.3 Acid Sulfate Soils 

Acid sulfate soils will be managed under an Acid Sulfate Soil Management Procedure (also in the Construction 

Environmental Management Plan) as follows: 

Acid sulfate soils have been encountered on the site below 2m depth, and are typically dark blue-

green/grey and wet estuarine deposits, with no to little structure. No excavation will be conducted below 

2m depth without investigation of soils to the depth of disturbance (+ 0.5m) for the presence of acid 

sulfate soils. In addition, any excavation that encounters these visibly dark soils (below the black surface 

cracking clays) will require further testing. 

This testing will be in accordance with Ahern et al. (1998), including: 

sampling to at least 1m below the depth of excavation 

field pH and peroxide pH sampled every 0.25m 

samples tested using the chromium reducible sulfur suite every 0.5m down the profile, submitted 

for laboratory analysis. 

Manage acid sulfate soils as follows: 

Acid sulfate soils are to be avoided, and groundwater level not lowered in their vicinity, OR 

Acid Sulfate soils are reinterred below the water table or back in the same layer, within 12 

hours of the disturbance, OR 

The neutralising capacity of any exposed acid sulfate soil (after treatment) must exceed the 

existing plus potential acidity of the soil, with a Factor of Safety of 1.5, AND 

Acid Neutralising Capacity, whether naturally available or added, must be sufficiently fine to 

counteract oxidation and acid generation, as outlined in Dear et al (2014) 

Any placement of ASS is to be in a place such that future exposure of the material to oxidising 

conditions is prevented, unless the material is validated as having been neutralised. 

5.1.4 Soil Contamination 

Fuel, oil and chemical storage, and liquid waste storage, will be undertaken in: 

bunded and contained fuel, oil and chemical storage, and waste oil and chemical stores 

bunded fixed fuel transfer points (also incorporating other re-fuelling controls such as automatic 

stops). 

Spill kits and spill management controls will be present in areas of fuel, oil and chemical storage, and liquid 

waste storage. 

Treated effluent irrigation areas will be sized appropriate to the load, suitable to the soil types and climate. 



Project Sea Dragon  

Stage 1 Legune Grow-out Facility  

Draft Environmental Impact Statement 

Volume 2 - Environmental Assessment 
Chapter 1 - Geology, Geomorphology and Soils  1-40 

All waste will be disposed of to off-site licenced premises, or to the on-site dedicated and designed landfill. 

An Unexpected Findings Protocol will be adopted, where work stops and containment / cleanup measures 

will be enacted on finding unexpected existing contamination, until the contamination is removed, cleaned 

up or otherwise suitably contained. 

5.1.5 Geotechnical 

Engineering design has adopted techniques to overcome site constraints outlined in the site geotechnical 

assessment (refer Volume 5, Appendix 7), and construction techniques will be adopted to overcome these 

constraints as required. This is outlined in Volume 1, Chapter 3 - Project Description and the geotechnical 

report in Volume 5, Appendix 7, and includes: 

compaction of material, in suitably staged rises, managing material moisture, to obtain suitable 

compaction to provide stability and reduce seepage to acceptable levels 

the use of engineered low reactive material, bridging layers and geotextiles for the management of shrink-

swell, soft and weak soils  

protection for all buried concrete structures against decay and corrosion 

choice of batter slopes, earthworks preparation measures, staging of the fill height in lifts over time, and 

test/monitoring during construction, and post-construction to minimise the risk of instability 

embankments designed to act as dams (e.g. ponds, IFRP, etc.) will include emergency spillways to prevent 

overtopping and consequent scour and instability 

all weather access roads will be constructed before the start of the wet season for key access areas 

required during wetter periods. 

5.1.6 Potential Economic Mineral Resources 

Some supporting elements of the project design, such as the proposed village, are located in the vicinity of 

the Manbarrum Zinc-Silver Project, and liaison with the owner of that project will occur to ensure that, 

should that project proceed, the two projects can coexist cooperatively. 

5.1.7 Monitoring 

Additional monitoring will be conducted after approval, and both before and during construction of the project 

to include: 

Soil investigations in areas of excavation below 2m depth below ground level, and where excavation 

extends below 3m AHD, and where blue/grey estuarine soils likely to be PASS are found (regardless of 

depth), to identify acid sulfate soils, and testing of these soils during and after construction to ensure ASS 

oxidation and acidification is managed. 

Ongoing geotechnical inspection to confirm the subgrade conditions and the requirements for the select 

subgrade layer or, alternatively, where excessively wet or weak material is encountered, bridging layers. 

Further investigation will be required along the length of all embankments. 

Representative sampling of soil profiles for fertility characterisation, salinity and sodicity preceding 

earthworks for the purpose of characterising soils for impact assessment during operations, and 

rehabilitation post-closure (should this be required). 

Regular site inspections to ensure erosion and sediment controls are in place, and to identify any 

rectification works required. 
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An incident-complaint register including for all spills and leaks, reviewed regularly, to keep track of and 

where required improve spill management on the site. 

Regular tank integrity testing for all large fuel, oil, chemical and waste storages. 

5.2 OPERATION 

Mitigation and monitoring during the operational phase, for land systems and soils, will involve essentially 

monitoring and maintaining existing structures from erosion, instability / cracking, and avoidance of soil 

contamination or structural decline. 

Observation and inspection of pond and channel structures in particular will be undertaken to provide early 

warning of potential erosion, seepage or other issues with the structures. A groundwater monitoring program 

will also be conducted to provide early warning of potential leaks from pond and channel structures. Pond 

fallow periods will allow rectification of any structures as required, with emergency pond emptying available in 

extreme situations.  

Regular visual monitoring of the site will be conducted, with potential issues identified and entered into the 

corrective action system for rectification. Ongoing groundwater monitoring will be undertaken to test for leaks 

from ponds and channels. 

Continued erosion control and rehabilitation is likely to be required, due to the type of infrastructure, and the 

naturally erosive nature of the site. This will include topping up and reshaping works after each wet season. 

Topsoils may be replaced with stabilised pond spoil (mixed with coarser sandier materials where required) to 

reform topsoil where required for vegetation growth. 

Dedicated fuel, oil, chemical and waste storage facilities will be utilised on the site, including: 

bunded and contained fuel, oil and chemical storage, and waste oil and chemical stores 

bunded fixed fuel transfer points (also incorporating other re-fuelling controls such as automatic stops) 

spill kits and spill management controls 

hazardous waste storage facilities for ultimate removal of waste materials from the site 

appropriate waste management, including disposal at a dedicated and designed on-site landfill, and off-

site removal of recyclable materials and listed wastes. 

Wastewater treatment plants and irrigation areas will be sized appropriate to the hydraulic load and the soils 

to avoid overwatering, by matching hydraulic load to the hydraulic capacity of the soils, matching  nutrient 

application rates to the nutrient assimilation capacity of the soil/vegetation system, and manage salinity 

buildup, by using a salt leaching fraction (if required). This sizing will be conducted during the site detailed 

design stage, as part of an application for a Wastewater Works Design Approval from the NT Department of 

Health. 

Flow meters will be installed to measure the daily amount of irrigation water applied to each separate 

irrigation area, recorded on a daily basis to ensure that the scheduled volume of recycled water is not 

exceeded. 

Monitoring will include: 

regular visual monitoring of land application areas for signs of: 



Project Sea Dragon  

Stage 1 Legune Grow-out Facility  

Draft Environmental Impact Statement 

Volume 2 - Environmental Assessment 
Chapter 1 - Geology, Geomorphology and Soils  1-42 

soggy ground with or without ponding evident on the land application area 

patchy vegetation growth (or limited growth) indicating blockages or preferential flow pathways 

to deeper soils 

drains and toilets running slowly, which may indicate a blockage in the pipework or treatment 

system 

excessive effluent odour (both land application and sewage treatment systems) which may 

indicate the system is not performing adequately. 

2 yearly soil monitoring in disposal areas, to include monitoring for nutrients, major anions and cations, 

pH, salinity, and heavy metals.  

5.3 DECOMMISSIONING AND REHABILITATION 

The process for decommissioning and rehabilitation of the Project Area depends on the circumstances causing 

the closure. Closure due to changes in, or collapse of, the market for prawns, may permit the facilities to be 

adapted for other aquaculture, e.g. barramundi farming. In this event there could be redevelopment and 

scaling back of the infrastructure. A complete study of the adaptive use of the facilities would be required, and 

a new business case would need to be established.  

Full closure of the facilities, assuming no alternative or adaptive use for aquaculture, would comprise all the 

activities necessary to return the area to cattle operations, assuming that the Pastoral Lease conditions remain. 

This is the worst case condition. As such, this Section outlines a preliminary Decommissioning and 

Rehabilitation Plan for the Project, based on this option of full Project closure, with the aim to return lands to 

pastoral use as much as practicable. Areas that cannot be returned to pastoral use would be returned to 

environmental uses. 

5.3.1 Environmental Objectives and Success Indicators for Rehabilitation 

The general rehabilitation goals and success indicators are outlined in Table 5 

TABLE 5 REHABILITATION OBJECTIVES AND SUCCESS CRITERIA 

Objectives Success Criteria 

Stable, self-regulating soil-

vegetation environments 

Review of site structures, particularly berms and embankments, by an 

appropriately experienced and qualified professional, determines that site 

structures are sufficiently stabilised to present no ongoing risk 

No areas visibly scalded from saline deposits, beyond that expected naturally on 

the site 

No areas visibly affected by acid sulfate soil leachate (iron staining, excessively 

clear and acidic receiving waters, etc.) 

Re-vegetation achieves minimum 70% cover, not requiring further management 

to retain, beyond normal (existing) pastoral operations practices 

Organic and nutrient rich residues have been removed from ponds and channels, 

stabilised on the site, within non-eroding and stabilised structures 

Other residuals, including wastewater treatment plant sludge, hydrocarbons, 

and other hazardous materials, are removed from the site and any areas of 

potential contamination remediated 

Safe to humans and wildlife 

Non-polluting 
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Objectives Success Criteria 

Water quality runoff from the site, and water quality within receiving waters, 

meets relevant Water Quality Objectives 

Able to sustain suitable 

post-closure land use, 

primarily pastoral 

The total carrying capacity (based on grazing land and water supply) of the 

Legune Station pastoral lease is sufficient to support a pastoral operation post 

closure 

5.3.2 Rehabilitation Planning 

A detailed site Decommissioning and Rehabilitation Plan will be prepared following Project approval, and 

adapted based on findings during the operation of Stage 1. In particular, a trial of rehabilitation methods for 

pond and channel infrastructure will be developed during the operation of Stage 1, implemented when 

operations first begin on the site, involving: 

Emplacement of a number of small ponded structures to hold saline water, using farm pond water. 

Retention of these structures for a suitable time period to quantify the impact and provide a pre-

rehabilitation baseline. Testing of the pond base soils will determine when salinity and sodicity peaks and 

is unlikely to further increase. 

Emptying and application of rehabilitation measures in each trial pond. These would involve a ‘no control’ 

option trialling natural wetting, drying and re-colonisation by vegetation, with other options such as: 

bioremediation using plant stock, adopting several different stocking options, locally native 

species, and/or those that can be used as stock feed (depending on salt and other constituent 

levels in the plants) 

amelioration by application of gypsum to replace sodium with calcium in the soils 

amelioration by organic matter, by placing and scarifying stabilised organic pond silt into the trial 

pond. 

The intention will be to provide a proven rehabilitation method that is cost effective and practical, and achieves 

the rehabilitation aims. Monitoring will include sampling of soil cores in the base of the test ponds for salinity, 

major cations and anions, bulk density and permeability of soils before and after saline water, with (and 

without) controls, spaced so as to determine the likely time and cost of site rehabilitation.  

5.3.3 Decommissioning 

Decommissioning of the Project will involve the following key processes: 

Destocking and residuals management: 

All ponds will be de-stocked by terminal harvests. 

Following removal of water, all pond residuals will be removed and managed as per the 

operational phase Waste Management Plan (refer to Volume 2, Chapter 9 – Waste Management). 

Feed, organic residues, and other materials will be removed and managed as per the operational 

phase Waste Management Plan (refer to Volume 2, Chapter 9 – Waste Management). 

Management of Water: 
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Ponds, farm channels and IFRP will be emptied through the control structures to the MDC and 

EPZ. 

The outfall weir at Alligator Creek will be demolished to allow complete drainage. 

The seawater intake channel will be opened by digging and removing a part of the earthen wall, to 

provide a controlled release of the water in the MFC, settlement pond and sea intake channel 

back to Forsyth Creek. 

The FWC will be decommissioned, and depending on the intended use of Forsyth Creek Dam, the 

outlet structure and channel reconfigured. In the event that the land is to be re-developed for 

irrigation and more intensive agriculture the FWC may be retained for distributing the water 

across the floodplain. 

Natural drainage of the pond and channel areas through the MDC/EPZ, thus allowing wet season 

freshwater flushing of assets that previously held saline water. 

Removal and/or stabilisation of structures: 

All distributed power will be isolated and decommissioned. 

All tanks, chemical stores and silos will be emptied and the products disposed of according to 

value and hazard. 

The landfill site will be covered, unless there is justification for keeping it operational for the 

ongoing pastoral operations. 

Concrete ground slabs and pond drainage structure bases will be broken up and/or buried 

Wastewater sprayfields will have the irrigational pipework removed and the area opened up for 

continued pastoral use. 

Mobile plant will be transported offsite for sale. 

Most buildings and equipment assets will be packaged, transportable, or otherwise readily 

disconnected.  

All items having sufficient re-sale value would be trucked offsite, which would include power 

generating sets, switchrooms, transmission towers, fuel storage, solar panels, pumps, furniture 

and fitout, workshop tools and equipment, etc. 

5.3.4 Rehabilitation 

The Decommissioning and Rehabilitation Plan will be developed to include management and mitigation of the 

key risks likely to be present in terms of rehabilitating the site. For general areas of the site this will include: 

Project Roads and Services:  The main project roads would likely be retained unaltered, as these would 

provide access benefit to the ongoing pastoral operations and rehabilitation works. These include the 

Legune Station access road, the central services road, and the road to Forsyth Creek pump station. Other 

services would be removed if not considered beneficial or otherwise required for the site.  

Revegetation: this will aim to return as much of the site as practicable to pastoral use, reinstating pasture 

grasses similar to existing conditions. Where this is not possible, return of lands to environmental uses may 

be more practicable. A revegetation plan will be prepared, including species and community types to be 
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replanted / encouraged, and a weed management plan, based on the weed management plan prepared 

for the site construction and operational activities. 

Post Closure Monitoring: A post closure rehabilitation monitoring program will be developed, including 

monitoring of vegetation health and cover, embankment stability and presence of biting insects. 

Throughout all of the above works, control measures similar to those utilised during construction will be 

adopted, particularly in relation to wet season rainfall and run-off, and revegetation, including: 

a detailed Erosion and Sediment Control Plan, including drainage design (transition and ultimate), 

and contouring 

vegetation and surface stabilisation measures 

measures for managing oils and fuels, hazardous substances, spills and leaks 

control of noise, dust, etc. as part of closure works. 

5.3.4.1 Rehabilitation of Farms Ponds and Channels 

The largest effort involves rehabilitation of the farm areas, with the key focus areas to include: 

salinity-sodicity 

acid sulfate soils 

landscape and Revegetation and 

control of biting insects. 

Salinity-Sodicity 

A soil salinity-sodicity control plan, based on the results from the trial rehabilitation plots, will be prepared 

aiming to return soils to a suitable and stable status, able to support pasture growth or similar uses, 

commensurate with existing conditions where practicable. Importantly, the post-closure soils would not be 

returned to non-saline non-sodic status, as this is the existing natural (saline-sodic) condition. 

Natural wet season rainfall and flood waters are expected to flush salts from the soils without any intervention, 

and management measures in this regards involve measures for the controlled release of saline waters from 

ponds and channels, retention of freshwaters or breakout of pond/channel walls to avoid ponding, and surface 

treatments or revegetation to allow salt flushing through soil profiles without damaging surface soils. 

Control of sodicity involves returning the cation balance in surface soils (where disturbance has occurred) to a 

status similar to that existing on the site, which represents a natural balance between fresh and saltwater 

influences. Use of organic matter to improve soil cation exchange capacity, dosing with gypsum and use of 

plants for bioremediation are all methods that can be used in ameliorating soils if required. The best source of 

organic material will likely be the stockpiled pond spoil, located close to the farm areas, and the best methods 

will be developed during the field trails in the operational phase. 

Acid Sulfate Soils 

Acid Sulfate Soils (ASS) will not be an issue in the vast bulk of the site, since excavation, and therefore pond and 

channel depths, do not extend into the ASS zone. The area where potential disturbance may conceivably occur 

is small and associated with the seawater intake structure in Forsyth Creek. Decommissioning and removal of 
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infrastructure in this area will be short lived and any possible exposure quickly encapsulated. Treatment of 

encountered ASS will involve: 

encapsulation back within the natural ASS layers within 12 hours of disturbance, without further treatment 

or 

liming to ensure no net acidity in disturbing ASS, and either reburiel or encapsulation post liming. 

Landscape and Revegetation 

Revegetation will aim to return as much of the site as practicable to pastoral use, returning pond and channel 

areas to pasture grasses similar to existing conditions. Where this is not possible, return of lands to 

environmental uses may be more practicable. This can be accommodated in the structures through strategic 

removal of portions of bund walls, and drainage and channel works, to allow flushing and wetland, mangrove, 

saltmarsh or other revegetation development. Photo 1 shows an example of a decommissioned and 

rehabilitated prawn farm pond in the NT, encouraging mangrove re-colonisation. Other options would include 

other native plant species, or even use of pond or embankment structures to enhance ponded pasture areas. 

PLATE 6 EXAMPLE OF PAST PRACTICE: ABANDONED AQUACULTURE VENTURE ON THE 
ROPER RIVER NT SHOWING COLONIZATION OF MANGROVE SPECIES 

Control of Biting Insects 

Without adequate planning, there is the potential for post closure land uses to result in increased areas of 

standing water that may encourage new biting insect breeding sites. However, a 12 month baseline biting 

insect assessment undertaken for the Project by the Medical Entomology Group of the NT Department of 

Health found the existing site contains extensive areas of mosquito breeding habitat (refer to Volume 3, 
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Chapter 3 - Human Health and Safety). These mosquitos have the potential for nuisance and as vectors of 

diseases such as Ross River virus, Barmah Forest virus, Murray Valley encephalitis virus and Kunjin virus.  

Preferably, remaining structures would be similar to existing landforms, either grazing lands, or functioning 

ecosystems (wetlands, mangrove coastal lands, etc.) and should consider the following design options for biting 

insect control (after Medical Entomology 2009a): 

free draining, or deep water (>1m) with steep sides, to avoid developing breeding areas for biting insects 

incorporate fish access into structures that dry out when ponded areas fill, or areas of permanent water 

for fish refuge during the dry season 

drainage to avoid extensive shallow pooled areas in the landscape. 

A biting insects management plan will be prepared at the time of any closure in consultation with relevant 

experts, particularly the NT Department of Health. 
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6 COMMITMENTS 

PSD commit to undertaking the tasks, mitigation measures and monitoring outlined in Section 5 of this 

Chapter. These commitments are outlined below.  

6.1 CONSTRUCTION 

development of site specific erosion and sediment control plans for the site 

construction supervision and additional sampling, testing and analysis where required to confirm site 

conditions 

suitable ground preparation, compaction, stabilisation and other geotechnical works to ensure stability, 

and protect against dispersion and structural issues, in accordance with the advice of a suitably 

experienced and qualified geotechnical engineer 

no excavation below 2m depth without testing for PASS, and testing also to be done where dark estuarine 

sands/clays encountered, regardless of depth. Manage any acid sulfate soils by avoidance, containment 

and/or neutralisation 

storage of fuels, oils, chemicals and liquid wastes in bunded and otherwise contained storage locations, 

with bunded transfer points. Spill kits will be utilised on the site, with appropriate training and restocking 

undertaken 

waste confined to dedicated and contained areas on the site, or removed off-site to licenced premises 

adopt an unexpected findings protocol for unexpected finds of contamination 

a monitoring program, to include for: 

erosion and sediment controls 

acid sulfate soils where required (see above) 

incident complaints register and tracking for spills and leaks 

6.2 OPERATION 

appropriate sizing and management of wastewater application (irrigation) areas to avoid land and 

groundwater contamination or decline 

ongoing liaison with nearby mineral projects to ensure cooperate coexistance 

regular tank integrity testing,  

monitoring and maintaining existing structures from erosion, instability / cracking, and avoidance of soil 

contamination or structural decline 

Continued erosion control and rehabilitation 

Dedicated fuel, oil, chemical and waste storage facilities will be utilised on the site 

2 yearly soil monitoring in wastewater irrigation areas 
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6.3 DECOMMISSIONING AND REHABILITATION 

A detailed site Decommissioning and Rehabilitation Plan will be prepared following Project approval, and 

adapted based on findings during the operation of Stage 1.  

Operations will also include a trial of rehabilitation methods for pond and channel infrastructure to provide a 

proven rehabilitation method that is cost effective and practical, and achieves the rehabilitation aims. 
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7 CONCLUSION 

The character of the Legune Station landscape, soils and geology is typical of tidal and coastal plains in this part 

of Australia. The Project footprint is located on a series of stepped plains, with the inlet on a tidally dominated 

Coastal Plain, and the bulk of the project on an estuarine-deltaic plain above the level of regular tidal influence. 

Minor project elements are located on other landforms, including the Central Facilities and Accommodation 

Village on an elevated Coastal Erosional Plain, the Legune Access Road crossing a Flood Out Plain, and the 

Forsyth Creek Dam works and some borrow pits within the fringing Ranges. 

The key risks on the site are essentially related to changes in landform, soil erosion and traffic impacts, 

disturbance of acid sulfate soils, management of saline and/or sodic soils, soil contamination, geotechnical 

concerns and potential economic resources.  

Due to the nature of the works and depth to acid sulfate soils, minimal to no interaction is likely to occur, and 

an Acid Sulfate Soil Management Plan will be implemented on the site to control any potential impacts. Saline-

sodic soils do occur across the farms area, however it appears as though current conditions favour a relatively 

stable soil structure, and measures have been proposed to manage risks from these soils. 

Potential impacts to economic minerals are also unlikely to occur, and other elements will be managed through 

appropriate design, preparation, construction management and supervision, and testwork as required.  

While Project closure is not envisaged, a preliminary decommissioning and rehabilitation plan has nevertheless 

been prepared in Section 5.3, which will be updated as a detailed Decommissioning and Rehabilitation Plan 

following approval. During Stage 1 operations, test ponds will be developed and then 'abandoned' to test and 

find robust rehabilitation methods for implementation on the site, should this phase be required, for 

implementation in this detailed plan. 

Overall, the residual impact of the Project on land systems is expected to be acceptable, with suitable 

measures in place to detect and manage potential impacts, and provide for post-closure rehabilitation if 

required. 




