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1 INTRODUCTION  

This chapter addresses the potential impacts on groundwater arising from the construction and operation of 

Stage 1 Legune Grow-out Facility (the Project). 

1.1 ENVIRONMENTAL OBJECTIVES AND TARGETS 

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

Impact Statement (ToR), the overarching objective is to ensure groundwater resources are protected both now 

and in the future, such that the ecological health and land uses, and the health, welfare and amenity of people 

are maintained. 

In this regards, the key values to be protected in relation to groundwater are: 

 the ability of groundwater resources as a water supply for pastoral operations, in the locations, depths and 

at the quality currently found at the site 

 the ability of groundwater dependent ecosystems to continue to be functionally and ecologically 

sustainable 

The key environmental protection objectives and their related specific criteria to protect these environmental 

values are outlined in Table 2. 

TABLE 1 OBJECTIVES AND PERFORMANCE CRITERIA  

Objectives Targets 

Avoid groundwater contamination, maintain the 

quality of groundwater used for water supply 

No leaks or spills 

No change in the quality (chemistry) of a groundwater 

resource due to project operations 

Treated effluent applied to soils in specified land 

application areas, with rates applied within the 

hydraulic and nutrient assimilative capacity of soils 

Avoid oxidation of acid sulfate soils and generation of 

acidic leachate resulting from these soils 

No oxidation of acid sulfate soils on the site due to 

site activities 

No changes in groundwater pH as a result of project 

activities 

Ensure the protection and resilience of groundwater 

dependent ecosystems (GDEs) 

No change in seasonal groundwater level in the 

vicinity of GDEs due to project operations 

No change in the quality (chemistry) of groundwater 

in the vicinity of GDEs due to project operations 

1.2 TERMS OF REFERENCE ADRESSED IN THIS CHAPTER 

Table 2 summarises the Environmental Impact Statement (EIS) requirements from the ToR for the Project, and 

where in this chapter they are addressed. 
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TABLE 2 TERMS OF REFERENCE 

Section Terms of Reference Chapter Section 

3.1 Physical and Biological  

 Existing aspects to be discussed must include: 

 groundwater aquifers and hydrogeological properties, including: 

 

 surface connections via springs or recharge zones Sections 3.3 and 3.4 

 local and regional aquifers and bores Section 3.2 

 depth to water tables Section 3.2 

 groundwater quality. Section 3.2 

4.4 Water  

4.4.2 Assessment of Risks  

 The (EIS) should include an assessment of risks to groundwater at an 

appropriate spatial scale as a result of the Project. In particular, the EIS 

should identify and assess the risks: 

 to existing groundwater quality and quantity, with specific reference to 

the Project components 

 of planned discharges, and potential uncontrolled release or passive 

discharge of contaminants, such as hydrocarbons or nutrients, or 

pathogens to groundwater 

 associated with the new infrastructure or disturbance of soils altering 

the hydrology and disturbing potential acid sulfate soils. 

 of any additional impacts to groundwater resulting from the Project 

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

required for the life of the Project. 

Section 4 

4.4.3 Mitigation  

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

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

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

accordance with appropriate guidelines that clearly outline objectives and 

measures to mitigate likely impacts of the Project on terrestrial, marine and 

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

adequately detailed to demonstrate best practice management and that 

environmental values of receiving waters will be maintained. The plan must 

include but not be limited to measures that: 

 minimise contamination of marine and fresh water systems, and 

groundwater  

 ensure the protection and resilience of water dependent ecosystems 

 avoid the exposure of sensitive biological receptors to pathogens, 

contaminants or poor quality water  

Section 5 
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Section Terms of Reference Chapter Section 

 treat and manage domestic wastewater and sewage 

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

consistent with relevant legislation, including the Water Act, Fisheries 

Act and Waste Management and Pollution Control Act (WMPC Act) 

 account for times of intense and prolonged rainfall, extreme 

meteorological conditions, such as 100 year average recurrence 

intervals (ARI) storm events, cyclones and storm surges, and the 

predicted impacts of climate change.  

1.3 REGULATORY REQUIREMENTS, STANDARDS AND AGREEMENTS 

The regulatory requirements relevant to the Project are discussed below: 

1.3.1 Water Act 

The NT Water Act provides for the investigation, allocation, use, control, protection and management of NT’s 

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

 the discharge of waste to water   

 the extraction of water from surface water sources 

 the drilling and abstraction of groundwater from bores 

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

However, as no groundwater extraction is required for Stage 1, no groundwater extraction license will be 

required. 

The site is not located in a Water Control District.  

1.3.2 Water Supply and Sewerage Act 1983 

The NT Water Supply and Sewerage Act 1983 provides for the protection of the NT's water supply system or 

any water source from which water is drawn for human consumption. This applies to any groundwater 

resources that are, or could be, used for human consumption and potentially affected by the Project. Also 

under this act, a waste water works design approval will be required since the treatment system for the 

Accommodation Village is >8000 L/day capacity. 
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2 SCOPE AND METHODOLOGY 

2.1 OVERVIEW 

Groundwater is found across the Project footprint, however the shallow water table is generally saline (at ~3m 

depth to watertable), with some deeper aquifers providing better quality. The key elements to understand to 

enable assessment of potential impacts are the type of aquifers, and the extent of saline groundwaters, the 

current usable bores on the site, and potential impacts on productive bores or aquifers. The groundwater 

assessment therefore set out to: 

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

literature, and available bore records 

 Determine likely degree of impact and impacting processes, by understanding the potential for 

interactions with groundwater resources, and through a risk based approach to determine likelihood of 

impacts 

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

impacts to minimise harm and ensure the project remains sustainable. 

2.2 DESKTOP REVIEW 

The literature available regarding groundwater is essentially limited to a few site specific studies, and the 

existing registered groundwater bore network, including: 

 Data associated with the geology and hydrogeology of the Bonaparte and Victoria basins 

 Published studies in the region, including several on Legune Station itself 

 NT government groundwater and springs data and online mapping 

 Existing registered groundwater bore data from the Northern Territory government 

2.3 FIELD WORK 

Limited groundwater data has been collected recently for the Project, other than standing groundwater levels 

encountered during the geotechnical investigation by Douglas Partners (2016). Regardless, sufficient data does 

exist to classify the general location, depth and quality of groundwater likely to be encountered at the site, 

including existing bore data, which includes water level and quality over several decades. A number of 

piezometers have been installed on the site for future monitoring, with one round of water levels gathered 

before this EIS was completed. 
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3 EXISTING ENVIRONMENT 

3.1 EXISTING HYDROGEOLOGY 

Legune Station is primarily located in the Bonaparte Basin groundwater province, with the south eastern 

section of the property in the Victoria Basin groundwater province (refer Figure 1).  The Bonaparte Basin is 

characterised as a gently dipping, porous sedimentary rock aquifer capable of groundwater yields over 5 L/s of 

freshwater, with water becoming saline close to the coast.  The Victoria Basin is characterised as a fractured 

rock aquifer of folded siltstone, sandstone, basalt and dolomite capable of freshwater yields of 0.5-5 L/S (DLRM 

2016). 

The Project elements are primarily located in the Bonaparte Basin, with the Legune Access Road, Central 

Facilities and the Forsyth Creek Dam access road and Dam located in the Victoria Basin.  

Within Legune Station, the aquifers can be grouped into three main aquifer types, each with saline and 

freshwater areas. These have been mapped, and are shown in Figure 2, and described below (after Tickell and 

Rajaratnam, 2003): 

 Type 1 - Local aquifers of fractured and weathered rocks, mainly hard sandstones and siltstones (orange on 

Figure 2)  

 These occur in the south east corner of Legune Station, and most of these aquifer types are 

located in the Victoria Basin groundwater province, underlying the ranges and parts of the 

estuarine-deltaic plain and coastal erosion plain  

 Yields are up to 0.5 L/s of fresh, saline or brackish water (the latter from the Keep River Plain 

(western estuarine deltaic plain vicinity)) 

 Groundwater levels range between 8.5 and 22.5 m below ground level.  

 Type 2 - Local aquifers of fractured and weathered rocks with sandstone and cavernous limestone  (blue 

on Figure 2):   

 Within Legune Station these aquifer types traverse the boundary between the Bonaparte Basin 

and the Victoria Basin groundwater provinces 

 They are located approximately along the line of Burt Range residuals (small hills) that run in a 

north-east to south west direction across the southern extent of the estuarine-deltaic plain, and 

occur under parts of the estuarine-deltaic plain and the coastal erosion plain 

 Yield 0.5-5 L/s of fresh or saline water, 

 Groundwater levels are found between 17.3 and 27 m below ground level, with one bore 

RN028621, not in use) identified at 5m below ground level. 

Where it extends beneath the estuarine-deltaic plain, groundwater in these aquifer types is likely to be saline, 

although local freshwater may occur in the vicinity of hills which protrude through the estuarine-deltaic plain. 
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FIGURE 1 MAJOR GROUNDWATER BASINS AND AQUIFERS 
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FIGURE 2 BORE LOCATIONS 
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Type 3 - Widespread aquifers of porous and fractured rock, mainly soft sandstone (yellow in Figure 2). 

These aquifer types lie under the majority of the Project footprint, the majority of the coastal and 

estuarine-deltaic plain, and parts of the coastal erosion plain 

They are primarily saline, other than low salinity groundwater in the vicinity of isolated hills 

typically associated with the coastal erosional plain landform 

Yielding  more than 5 L/s of fresh or saline water 

A shallow (<3m below ground level) saline watertable is encountered on the estuarine-deltaic 

plains, with instances of deeper aquifers encountered in sandstone at 8.8 – 39.6m below ground 

level at the estuarine-deltaic plains (where they were generally ~9m, but with one 17m and 

another 39.6m), and also associated with outcropping low rises and hills near Sweetwater Bore 

(8.8 – 15m), and near Steele’s and Bottle Tree bores (15.2 – 39m). 

Regardless of aquifer type, almost the entire Project Area (with the exception of minor service corridor areas) is 

located in an area mapped as containing saline groundwater (Tickell and Rajaratnam, 2003) (see Figure 1).  The 

soft sandstones that form the aquifer in this area were likely laid in marine conditions and this, together with 

local recharge from tidal creeks, is the probable source of salinity in these aquifers (Tickell and Hill, 2001).   

3.2 GROUNDWATER QUANTITY AND QUALITY 

3.2.1 Water Resources Development Option Study 

Tickell and Ragaratnam (2003) prepared a water resources development options map for Legune Station, 

developing seven water resource development options across the eastern two thirds of Legune Station. In the 

vicinity of the Project footprint, this was limited to: 

Central facilities area on the coastal erosional plain – alluvial outwash plain, minor laterite plain, 60% 

probability of obtaining groundwater supplies of between 0.5 and 5 L/s at selected sites in limestone and 

sandstone (i.e. the isolated hills and rises), with portions (the borrow pits) on the outcrops on rocky ridge 

country, with generally very low groundwater yields 

Forsyth Creek Dam and borrow pits in the ranges - rocky ridge country, with generally very low 

groundwater yields 

Bulk of the Project footprint on the estuarine-deltaic plains, including the runway at Forsyth Creek Dam – 

coastal and alluvial plains, black cracking clay soils, with groundwater generally too salty for use. 

The intake channel and discharge point, on the coastal plains - saline coastal plains, subject to tidal 

inundation.  Generally unsuitable for water resource development. 

Only isolated patches were classed as a groundwater preferred supply option labelled as ‘gently undulating 

country underlain by soft, water bearing sandstone, with a high probability of obtaining more than 5 L/s of 

fresh groundwater in most areas.’ This included coastal erosional plain landforms only, over sand, soil and 

colluvium deposits (Czs), being: 

in the east of the site, associated with Sweetwater bore (RN27017), Rainbow bore (RN27020), Tony’s bore 

(RN29227) and Steele’s bore (RN27016) 

west of the central facilities with Osmans and Archie’s bores (RN27015 and RN27803 respectively) 

northwest of the central facilities at Nelson's Point Bore (RN5147) 
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some isolated patches over the coastal plain west and east of the intake channel (defined still as coastal 

erosional plain). 

None of these areas are in close proximity to the Project footprint, and are not anticipated to be affected 

by the Project in any way. 

Tickell and Ragaratnam (2003) state that bores yielding less than 0.5 L/s are generally regarded as being 

unsatisfactory for the scale of the present day pastoral operations. Broad information on the Type 1 aquifers 

on the estuarine-deltaic plain and coastal plain (i.e. the aquifers under the majority of the Project footprint) 

indicate typical supplies of 0.5L/s or less. 

3.2.2 Review of Available Bore Data 

 Review of available bore water data was undertaken for bore records in proximity to the site, against the 

following Beneficial Uses: 

Supply for stock watering or irrigation 

Supply for potable (human drinking) water – treated, and untreated 

The assessment involved a first pass comparison of salinity against potential use classes, before assessing those 

suitable for beneficial uses against water quality criteria. This data, including the criteria, bore data and the 

assessment, is provided in Volume 5, Appendix 13, and based on: 

Australian Drinking Water Guidelines (NHMRC & NRMMC, 2016) for potable use, and 

Australian and New Zealand Guidelines for Fresh and Marine Water Quality (ANZECC and ARMCANZ, 2000) 

for stock watering and irrigation.  

The groundwater data from Legune Station are discussed with reference to these guidelines below, with the 

available bores and their potential beneficial use categories based on water quality shown on Figure 2. In 

general, the bore records support the mapping and aquifer / groundwater types described further above by 

Tickell and Ragaratnam (2003). 

3.2.2.1 Supply for stock watering or irrigation 

Other bore data indicates there are bores suitable for stock or irrigation use, with two located near ‘Bottle 

Tree’ bore (RN027129), and not impacted by the project, and one located near to the Central Facilities 

(RN025202) (Figure 2). 

Bores suitable for stock watering only are located in a number of locations, with four near the Legune 

homestead and Forsyth Creek Dam (‘Homestead No.8’- RN005180, ‘Homestead No.6’ - RN004118, ‘No 6 

Legune’ – RN5133, ‘No 11 Legune’ – RN5484); one near the Forsyth Creek Dam - central facilities road junction 

associated with Flapper Hill (RN005182), and one between grow-out farms 2 and 3 (No.9 Legune Stn, 

RN005135). 

Looking more closely at the bore data: 

There were quite a number of bores excluded due to elevated lead levels, both for stock and potable use. 

Tickell and Rajaratnam (1995) also indicated unacceptable lead levels have been found in groundwater 

from similar rock formations to that found on Legune, at Sorby Hills, just southwest of the station. 

RN027012 and RN029730 near the Forsyth Creek Dam borrow pits, and RN025202, RN005313, RN029930 

near to the central facilities, all developed in sandstone, did not include heavy metal data. These may or 

may not be suitable depending on further analysis. However, records indicate RN029730 has good yield 
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and is used as a production bore, RN005313 is used as a production bore, though with a lower recorded 

yield of 1.0 - 2.0 L/s, while RN025202 was not in use and RN029930 had been equipped but was not 

working at the last site visit (1994).  

Bore RN027012 did not include any information on yield or status, although the aquifer was identified at 

22.5m below ground level, below the level of excavation in the borrow pits. This was the same for the 

other nearby bore, RN029730. The Central Facilities aquifers were likewise deep, at ~25-28m below 

ground level. 

Similarly, limited metals data and no yield information was available for RN005183, RN005182 and 

RN005135, though the latter two are marked as being production bores. The first two are relatively 

shallow aquifers (possibly ~4m below ground level), while the latter is quite deep (~40m below ground 

level) 

RN005180, developed in shale, was not equipped in the bore records (though marked as a production 

bore, with yield in the 1 – 2L/s range), and limited heavy metals data was available.  

Tickell and Ragaratnam (2003) state that bores yielding less than 0.5 L/s are generally regarded as being 

unsatisfactory for the scale of the present day pastoral operations. All of the above bores were above this 

lower limit, other than possibly RN004118, although broad information on the Type 1 aquifers on the 

estuarine-deltaic lain and coastal plain indicate typical supplies of 0.5L/s or less. 

3.2.2.2 Supply for Potable (Human Drinking) Water – Treated and Untreated 

The data indicated that only a small number of bores were suitable for potable use (based on the available 

data), and of these, only five were located in any proximity to the site. The Sweetwater bore (RN027017), 

Bottle Tree (RN27020) and bore RN27015 are not located in the Project footprint, and the geological units / 

aquifers are not intersected by the Project. The other two (‘90/66 Legune’ - RN027012, and RN029730) are 

located near the Forsyth Creek Dam borrow pits on the same geological unit as the borrow pits (i.e. potentially 

the same aquifer) and there could conceivably be impacts if dewatering were required in the borrow pits, and 

this intercepted the same aquifer. 

There were also quite a number of bores excluded due to elevated lead levels, both for stock and potable use. 

Tickell and Rajaratnam (1995) also indicated unacceptable lead levels have been found in groundwater from 

similar rock formations to that found on Legune, at Sorby Hills, just southwest of the station. 

3.3 RECHARGE ZONES 

Three types of recharge zone have been identified for the Project Area (including associated service corridors 

and other areas): 

Porous soils associated with the ranges and coastal erosion plains 

Streams whose flow is ‘connected’ to aquifers (either widespread or local in size) 

Overland flow. 

These recharge zones are discussed in the sections below: 

3.3.1 Ranges and Coastal Erosion Plains 

The ranges to the southwest of the site, and the low rises and rocky hills generally associated with the coastal 

erosional plain, are typically recharged locally, via permeable surface soils to porous and fractured rock. 
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Despite the general salinity of aquifers on the estuarine-deltaic plain in the Project Area, bores bearing fresh 

water are also present on the estuarine-deltaic plain, either on or beside elevated areas.  A prominent feature 

of the geomorphology of these plains, there are two elevated land forms present: 

Very low rises that are mostly relatively broad with a level, sandy surface, occurring as ‘islands’ in the 

estuarine-deltaic plain (see  - left), mostly to the north and north east of the station homestead, and to the 

north east of Osmans Lake. They can be relatively expansive, with the largest ~ 3,500 ha. 

Low rocky hills, including Flapper Hill and the Red Rock hills (see Plate 1).  Relative to the low rises these 

areas are small – the largest (Red Rock hills) is approximately 120 ha. 

PLATE 1 A LOW ROCKY HILL OF THE BURT RANGE FORMATION 

Left: a low rocky hill of the Burt Range formation, taken from a similar rocky hill nearby.  These hills are located 

on the estuarine-deltaic plain and act as recharge zones.  Note the pandanus  on the edges at far right; Right: 

close up of a low rocky hill. 

Both the very low rises and the low rocky hills have sandy, permeable soils (Tickell and Rajaratnam, 2001) that 

act as recharge zones, receiving large amounts of freshwater recharge during the annual wet season.  The 

resulting high head of pressure keeps groundwater in the vicinity of these elevated landforms fresh (Tickell and 

Hill, 2001).  Humphreys et al. (1995) found a fresh water front was present up to one kilometre from the edge 

of these outcropping sandstone plains in the Keep River plain area to the west of the Project footprint.   

Recharge from a local aquifer associated with low rocky hills is the likely source of Alligator Spring, which is 

located approximately 9 km south-west of the Legune access road, which is the nearest project footprint 

element, at the base of an outcrop of Legune formation sandstone (Dunster et al., 2000).  Alligator Spring is 

located next to Alligator Creek in the Victoria Basin groundwater province in the Type 1 aquifer zone, which 

contains local aquifers of weathered and fractured rocks.  It has an associated permanent associated wetland 

stretching downstream of its discharge point.  

3.3.2 Stream Flow 

Humphreys et al. (1995) observed that where water courses on the Keep River plain (to the west of the Project 

area) had incised permeable layers and black soil areas, infiltration from stream flow forms a source of 

recharge to a larger, widespread aquifer (Type 3 aquifers) - these were termed 'connected streams'.  Given the 

large seasonal volumes of rainfall in this area, such a recharge source may be particularly important.  Where 

this recharge occurs below the tidal limit, the aquifer is saline.  The Keep River was classified as a ‘connected 

stream’, at least near the Legune road crossing, and Sandy Creek is known to be connected to the aquifer 

below the tidal limit (Humphreys et al., 1995).   
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It is possible that streams within the Legune estuarine-deltaic plain such as Forsyth Creek and Alligator Creek 

may also be connected to groundwater, although neither of these streams is incised into the plain to any 

considerable extent within the Project area.  Freeland (2004) stated that the Forsyth Creek wetland (located 

immediately upstream of the current barrage at the upper tidal limit) had a clay substrate, which would imply it 

is not connected to an aquifer.  Upstream of this wetland, the Forsyth Creek channel is alluvial in character 

(that is, it is primarily depositional, shallow, and poorly defined) before becoming erosional closer to the 

Legune dam wall.   

Within this erosional section, channel depth is approximately one to two metres, reducing with distance 

downstream from the dam wall.   This is considered to be too shallow to allow an aquifer connection.  

Consequently, it is considered that Forsyth Creek is unlikely to be a connected stream and so is unlikely to be 

contributing to groundwater volumes, with the possible exception of a very localised aquifer associated with its 

bedload (see paragraph below). 

In addition, Tickell and Hill (2001) identified recharge zones in the immediate vicinity of relict or active stream 

channels on the estuarine-deltaic plain.  In these locations, elongated but relatively thin ‘wedges’ of silty or 

sandy clay, present over a bed of channel sand and buried beneath the cracking clay layer, have formed a 

minor, highly localised aquifer.  Recharge is either saline (from seawards via tidal events) or fresh (through 

annual flooding of the floodplain) (Tickell and Hill, 2001).  Such local aquifers were identified by Tickell and Hill 

(2001) beside tidal and non-tidal creeks, including Alligator Creek and Forsyth Creek.  Possible relict levees have 

also been identified from aerial imagery to the south of and within the southern and western boundary of the 

Project area, including one that is approximately 19 km long.  

3.3.3 Overland Flow 

It should be noted that the black cracking clay layer on the estuarine-deltaic plain is relatively but not 

completely impermeable – this was observed by Humphreys et al. (1995) on the Keep River plain (although he 

classified the black cracking clay layer as having ‘very low permeability’).  This limited recharge would be 

restricted to the upper metre or so, and to periods when the surface is dry – when wet, cracking clays swell and 

rapidly become impervious. Consequently, limited recharge to the sandstone aquifer beneath may occur 

through this layer during very early wet season flood/overland flow events.  The black cracking clay layer 

appears to be generally thicker on the Legune estuarine-deltaic plain (1-5 m) than on the Keep River plain 

(which is also an estuarine-deltaic plain), where it is generally less than two metres thick (Humphreys et al., 

1995).  The ability of water to permeate cracking clays will reduce markedly with increasing depth, so thicker 

layers of clay are likely to be much less permeable overall as the recharge has further to travel before the clay 

swells.  Therefore, this source of recharge is likely to vary across the Project area and be very limited in its 

contribution. 

3.4 DISCHARGE ZONES AND GROUNDWATER DEPENDENT ECOSYSTEMS 

3.4.1 Discharge Zones 

Where it occurs, groundwater discharge is typically saline in nature, and associated with the fringes of low rises 

and rocky hill outcrops (Figure 3), creek and waterway fringes, and through relict levee deposits adjacent to 

relict tidal channels. These include: 

Concentric zones surrounding low bedrock hills, as the fresh local groundwater level, recharged on the 

hills, passes through the fresh/saline transition areas, forcing a surface expression of saline water, either 

from passage through saline colluvial deposits at the base of these hills, or forcing saline groundwater to 

the surface, which underlies the surrounding plains (and likely under the hill itself). 
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Relict river channels and levee complexes, where groundwater is discharged due to high water tables, with 

local water tables being saline due to the seawater trapped in the sediments at their time of deposition 

Zones along the margins of tidal and non-tidal creeks, where perched saline water tables discharge to the 

adjacent tidal creek, with the source of salt the tidal creek water and the saline clay beneath the silt 

aquifer 

Tickell and Hill (2001) also note the lesser occurrence of local discharge through fractures in Proterozoic 

age sandstones, at the base of the hills immediately north of the homestead near Corner Dam. 

The above areas are saline, other than potentially the fractured rock zones, with limited potential for 

supporting any ecological or water resources service. There are some springs and creek flows potentially 

identified as being groundwater dependent. The Keep River was classified as a ‘connected stream’, at least 

near the Legune road crossing, and Sandy Creek is known to be connected to the aquifer below the tidal limit 

(Humphreys et al., 1995).  

FIGURE 3 SALINE DISCHARGE (TICKELL & HILL 2001) 

It is possible that streams within the Legune estuarine-deltaic plain such as Forsyth Creek and Alligator Creek 

may also be connected to groundwater, although neither of these streams are incised into the plain to any 

considerable extent within the Project Area. This implies that they are unlikely to receive recharge from 

groundwaters, as connectivity in shallow creeks would generally be in the other direction (i.e. recharge to 

groundwater). As such, it is considered unlikely that the creeks within the Project footprint incur significant 

support from groundwater systems. 

Alligator Spring is located approximately 9 km south-west of the Legune access road, which is the nearest 

project footprint element, at the base of an outcrop of Legune formation sandstone (Dunster et al., 2000), next 

to Alligator Creek in the Victoria Basin in the Type 1 aquifer zone, containing local aquifers of weathered and 

fractured rocks.  It appears to have an associated permanent wetland downstream of its discharge point. This is 

well to the south-west of the Project footprint, opposite to any potential direction of groundwater flow, and 

therefore will not be impacted by the Project. 

3.4.2 Groundwater Dependent Ecosystems 

Groundwater Dependent Ecosystems are discussed in full in Volume 2, Chapter 5. In brief, however, there are 

some vegetation communities within Legune Station that are thought to have a facultative relationship with 

groundwater (i.e. they make use of, but do not rely upon, groundwater). This is thought to occur in areas 
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where landforms meet, for example, on the fringe of the coastal erosional plain where it meets the estuarine-

deltaic plain and where groundwater is known to move laterally towards the estuarine-deltaic plain; at 

perennial springs along the margin of the ranges with the flood out plain; and in the fringing open forest along 

Forsyth Creek. Apart from small incidences that coincide with the road corridors, these areas are removed from 

the project footprint and there is not expected to be any significant impact to any facultative Groundwater 

Dependent Ecosystem.  

3.5 CONCEPTUAL HYDROGEOLOGICAL MODEL 

The conceptual model for groundwater on Legune Station is that water generally flows from the ranges 

towards the coast in sandstone, fractured rock and sand / colluvial deposits, with a corresponding but opposite 

flow of saline water from coasts back inland, each balanced by the relative hydraulic head. Local recharge 

zones exist around low hills and rises on the plains, which become saline near the foot of these hills, after 

passing through saline deposits, or forcing saltier watertables to the surface.  

Some deep aquifers are located across the site, with recharge to these from sandstone and shale hills and rises, 

and subcrops, particularly on the coastal erosional plain areas. A shallow saline watertable is located at ~3m 

depth in the dry season, and up to ground level in the wet season across the estuarine-deltaic and coastal 

plains, fed by tidal waters and surface rainfall. 

Table 3 summarises the three key groundwater areas on the site. 

TABLE 3 SUMMARY OF GROUNDWATER SYSTEMS 

Item Type 1 (orange) Type 2 (blue) Type 3 (yellow) 

Description Local aquifers of fractured 

and weathered rocks. 

Within Legune Station this is 

mostly located in the Victoria 

Basin aquifer, in the south 

east corner of Legune Station 

Local aquifers of fractured 

and weathered rocks with 

sandstone and cavernous 

limestone. 

Within Legune Station this 

aquifer type traverses the 

boundary between the 

Bonaparte Basin and the 

Victoria Basin aquifers, and 

located approximately along 

the line of Burt Range 

residuals (small hills) that run 

in a north-east to south west 

direction across the southern 

extent of the estuarine-

deltaic plain, representing the 

buried palaeochannel of the 

Ord River. 

Widespread aquifers of 

porous and fractured rock, 

mainly soft sandstone. 

Contains areas of Type 1 

groundwater either on or 

beside rises and low rocky 

hills. 

This aquifer type covers the 

majority of the Project 

footprint  
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Item Type 1 (orange) Type 2 (blue) Type 3 (yellow) 

Project 

Elements 

Forsyth Creek Dam and 

Borrow pits, in freshwater 

areas, and part of the access 

road and runway in saline 

water areas. 

The Central facilities and 

Legune Access Road, within 

freshwater mapped areas 

The access roads between the 

Central Facilities, and Forsyth 

Creek Dam to the Forsyth 

Creek Dam / Central Facilities 

junction within saline 

groundwater areas. 

The bulk of the Project 

infrastructure, all of which is 

mapped as saline 

groundwater 

Landforms South-east corner of Legune 

Station, incorporating the 

ranges and small parts of the 

estuarine-deltaic plain and 

coastal erosion plain. 

Running in a north-east to 

south west direction across 

the southern extent of the 

estuarine-deltaic plain, also 

incorporating parts of the 

coastal erosion plain. 

Over the bulk of the 

estuarine-deltaic plain 

subject to the Project, the 

coastal plain and small parts 

of the coastal erosion plain. 

Groundwater 

Level 

Groundwater levels range 

between 8.5 and 22.5m 

below ground level, with the 

two shallower bores possibly 

due to proximity to Forsyth 

Creek 

Groundwater levels are found 

between 17.3 and 27m below 

ground level, with one bore 

(RN028621, not in use) 

identified at 5m below 

ground level 

A shallow (<3m below 

ground level) saline 

watertable is encountered on 

the estuarine-deltaic plains, 

with instances of deeper 

aquifers encountered in 

sandstone at 8.8 – 39.6m 

below ground level at the 

estuarine-deltaic plains 

(where they were generally 

~9m, but with one 17m and 

another 39.6m), and also 

associated with outcropping 

low rises and hills (8.8 –39m). 

Yield Yielding up to 0.5 L/s of fresh, 

saline or brackish water (the 

latter from the Keep River 

Plain vicinity) 

Yielding 0.5-5 L/s of fresh or 

saline water 

Yielding  more than 5 L/s of 

fresh or saline water 
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Item Type 1 (orange) Type 2 (blue) Type 3 (yellow) 

Recharge Recharge is via permeable 

soils over fractured rocks or 

direct through fractured rock 

to the aquifers. 

Recharge is local, via 

permeable soils over rises and 

hills, to fractured and 

weathered rocks. In the case 

of limestone, aquifers may be 

more widespread, and 

recharge zones less local. 

However in the Project area, 

aquifers are primarily 

sandstone. 

Isolated hills and rises, 

recharge from rainfall 

through sandy, permeable 

soils during the annual wet 

season. 

Limited recharge from 

overland flow during the 

early wet season, before 

surface clay soils close up. 

Recharge from the ocean and 

tidal creeks. 

Discharge Saline seepage at the foot of 

low rises and rocky hills 

where they extend to or 

outcrop on the black soil 

plains. 

Saline seepage at the foot of 

low hills where these border 

or outcrop in the black soil 

plains. 

Saline seepage at the foot of 

low hills where these border 

or outcrop in the black soil 

plains. 

Expression at fringes of tidal 

creeks and waterways, and 

coastal fringe. 

Groundwater 

Dependent 

Ecosystems 

Alligator Spring, ~9 km south-

west of the Legune access 

road, at the base of an 

outcrop of Legune formation 

sandstone 

Nil Nil 

Water 

Quality 

Salinity 500 – 5280 EC, and 

considering chemistry, 

several bore records indicate 

water suitable for all uses 

(including potable supply) and 

for stockwater, in the vicinity 

of Legune Homestead.  

Salinity 560 – 2720 EC, several 

bores in the vicinity of the 

Central Facilities suitable for 

irrigation or stockwater, and 

one in the saline area suitable 

for stockwater only. 

In the identified freshwater 

areas, bores recorded salinity 

< 2420EC (moderately 

brackish - unsuitable for 

drinking water, but suitable 

for cattle, horses and 

livestock) (where data was 

available), while in the saline 

areas, salinity ranged from 

1560 – 44,500EC. This area is 

generally saline.  

Regardless of aquifer type, almost the entire Project area (with the exception of minor service 

corridor areas) is located in an area mapped as containing saline groundwater (Tickell and 

Rajaratnam, 2003) 
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4 ASSESSMENT OF POTENTIAL IMPACTS 

4.1 POTENTIAL IMPACTS 

Potential impacts to groundwater are expected to be minimal, but could include: 

Impacts to productive aquifers due to lowering of groundwater, where excavation in borrow pits or other 

excavations extends below groundwater levels. 

Direct contamination of groundwaters, from general spills and leaks, and leakage of saline and nutrient 

rich waters from farm dams and other infrastructure. 

Contamination of groundwater from wastewater irrigation areas. 

Changes to hydrology, affecting recharge zones and therefore groundwater recharge. 

Interactions with the shallow saline water table on the estuarine-deltaic and coastal plains, with impacts 

possible to Project infrastructure, and to shallow groundwater (refer contamination above). 

4.2 IMPACT ASSESSMENT 

No withdrawal of groundwater is proposed as part of the construction or operational phases of the Project. In 

addition, most of the groundwater resource in the vicinity of the Project footprint is limited to saline shallow or 

deeper aquifers. Some isolated fresher quality bores have been identified from the records, however of these, 

only the following locations have any connectivity or proximity to the Project footprint: 

Aquifers and bores in proximity to the Forsyth Creek Dam borrow pits, which could be impacted if 

groundwater is intercepted in these borrow pits, requiring dewatering. However, the aquifers are 

identified at ~22.5m below ground level, and excavations are not proposed to that depth in this area, 

hence these aquifers are unlikely to be impacted. 

Aquifers and bores in proximity to the central facilities and accommodation village, potentially impacted 

by spills and leaks, and lowering if intercepted in the borrow pit. The aquifers in this location are identified 

at ~25-28m below ground level, indicating that spills and leaks are less likely to affect groundwaters, and 

interception in the borrow pit is also unlikely. 

Roads and service corridors cross close to some productive locations, however are unlikely to affect these, 

since no groundwater interception will occur, and works will not be undertaken on the geological unit 

itself. Care may need to be taken in relation to salt discharge areas at the base of the low hills and rises on 

the plains, for impacts to buried concrete and services, as well as from shallow saline groundwater 

The farms and other associated infrastructure are located on an area identified with saline groundwater, 

although one bore identified potential stock water at ~40m below ground level. Again, this is unlikely to be 

affected by the project operations 

Grow-out ponds comprise the majority of the Project footprint. Ponds will formed by excavating a thin 

layer (nominally 300 mm) to form bund walls and therefore will be unlikely to intersect groundwater. 

There is some potential for some smaller Project elements to intersect the shallow groundwater on the 

estuarine deltaic plain however this resource is not generally useable, other than in some local recharge 

areas associated with low hills and rises on the plains. 
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Given the above, potential impacts and their proximate causes could include: 

Minor potential for leaching of contaminants into groundwater, but particularly in the central facilities and 

accommodation village area, resulting in contamination of groundwater, making it unfit for its current or 

potential future uses (environmental and/or human/livestock use). However large scale spills are 

considered unlikely and procedures will be in place for immediate clean-up in the case of any spills, 

minimising any potential for contamination of groundwater quality. As such, while management measures 

will be required, it is not expected that impacts will occur from leaks and spills and similar activities. 

Interception of groundwater from excavation and earthworks activities, although this will be saline and not 

affecting a known resource. Due to the depths of excavation being limited and above the top of the 

potential ASS layer, and since there is no proposed groundwater extraction, ASS would not be at risk of 

exposure and oxidation from the works. 

Interception of groundwater in borrow pits, potentially lowering water tables and groundwater resource 

levels in their proximity 

Seepage, spills and overflows at the farm ponds and channels, raising saline groundwater levels in the dry 

season beyond the natural regime. However, given the proposed compaction and low permeability of soils 

used in these structures, large leaks are considered highly unlikely, and only leaks of a large magnitude 

would be likely to have any chance of impacting water tables in this manner. As such, impacts would be 

essentially limited to water table changes rather than salinization of groundwaters (which are already 

saline) 

Impacts to Project infrastructure in the wet season, through excessively elevated shallow groundwater 

tables, rising possibly to ground level in some locations. However, this will be no different to management 

of flood and storm events, and general wet season site stabilisation, and design of buried services and 

structures to manage salinity and potentially aggressive soils. 

In addition, impacts to recharge zones could occur, through earthworks, changing groundwater recharge rates 

(lower creates less supply, higher may produce seepage issues in places). These include: 

Impacts to recharge from overland flow - all Project components on the estuarine-deltaic plain will have 

virtually negligible impact on recharge from overland flow as this route is likely to contribute very little 

overall volume to the aquifers beneath, and would only be accessible in the very early wet season before 

clays swell 

The sand and shale borrow pits on the sandy soils of the coastal erosion plain are important recharge 

zones for fresh water.  The sand borrow pit is located beside Nelson’s Point bore, and some service 

corridors will also cross this extensive recharge zone.  However, the flood mitigation works (culverts, 

crossings etc.) have been designed to mitigate flooding effects and achieve no change between pre- and 

post-constructed discharges. As such, flows to these areas will not change. 
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5 MITIGATION AND MONITORING 

5.1 OVERVIEW 

The key control measures will include: 

spill and leak controls, including dedicated fuel, oil, chemical and hazardous waste storage locations 

Managing excavation depths in borrow pits and monitoring groundwater levels to avoid lowering 

groundwater and damaging productive aquifers / bores 

ensuring that stormwater diversions and flood management does not change the flow into, and out of, 

recharge and discharge zones. 

Avoidance of the existing pastoral operations bores and borefield areas. This is because pastoral 

operations will be required to continue, as a part of the non-pastoral lease approvals for the Project. 

Instead of drawing from these existing bores for potable water for human consumption, the project will 

draw from the freshwater channel and Forsyth Creek Dam, and treat that water for the potable water 

requirements. 

monitoring the shallow and deep groundwater levels and quality in the vicinity of the farms, and 

implementing procedures for rapid response to identified large pond and channel leaks 

identifying acid sulfate soils (ASS) prior to deep (≥2m deep) excavation occurring on the site, and 

implementing the Acid Sufalte Soil Management Plan. 

These are explored in more detail below. 

5.2 FUEL, OILS, CHEMICALS AND WASTE MANAGEMENT 

During both construction and operation, potential contaminants stored and used on the site will include: 

fuel for plant and machinery, including central facility storage, and distributed/mobile refuelling 

equipment 

oil and waste oil 

concrete, paints, other chemicals and waste chemicals. 

Fuel will be stored within impermeable and bunded areas (and double skinned storage tanks where required), 

with refuelling areas being either a built for purpose bunded, concreted refuelling area (larger central storage), 

or smaller bunded refuelling location (permanent or temporary). Permanent refuelling stations will include 

stormwater first flush diversion and emergency stops, and spill kits will be on hand during all refuelling 

operations. 

Chemicals and waste chemicals, fuel and oil, oil-water mixtures, and waste drums or containers, will be stored 

within designated roofed and bunded chemical and waste storage facilities. 

Monitoring will include: 

Visual assessment of the site in the vicinity of any potentially polluting activities (i.e. central facilities, 

accommodation village, farm services, farms) on a daily basis for signs of spills, leachate from ponds and 

embankments, or land contamination. These will be rectified as soon as possible. 
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5.3 GROUNDWATER LEVELS IN PROXIMITY TO BORROW PITS AND FARMS 

Groundwater level will be managed in proximity to these locations, by limiting excavation depths in borrow pits 

and minimizing or eliminating leaks from ponds and channels. Productive bores in proximity to borrow pits 

(where excavation could potentially extend below groundwater levels) will be monitored to ensure bores are 

not impacted causing loss of productive supplies. 

Although considered unlikely, early warning of potential impacts will be provided by a monitoring program, 

involving: 

Monitoring of site piezometers installed around the farm area, and if required additional water level 

loggers installed in the vicinity of borrow pits, with logged data collected and assessed monthly for 

groundwater level.  

Groundwater quality will be sampled in the farm area for in-situ parameters (pH, electrical conductivity) 

and for a suite of anions and cations, to allow identification of leaks (by matching groundwater changes to 

the ‘fingerprint’ from pond/channel water if possible).  

5.4 DRAINAGE MANAGEMENT FOR GROUNDWATER RECHARGE ZONES 

As noted above, the design has taken account of groundwater recharge zones, and for flooding purposes, post 

developed flows will match pre developed flows as much as practicable. With the proposed mitigation 

measures in place, there are not expected to be significant changes to post-development flooding (see 

Volume 2, Chapter 3).  

A site wide groundwater monitoring program will be initiated to monitor groundwater levels in productive (and 

saline) aquifers and provide early warning of potential impacts from the Project. This will include monitoring 

for loss of aquifer level, with investigations into causes to include investigation of possible effects on recharge 

zones. 

5.5 ACID SULFATE SOILS 

Impacts to groundwater from ASS are expected to be essentially negligible. However, as part of managing ASS 

more generally (for land and surface water protection), an ASS Management Plan will be adopted for the site to 

address issues around potential disturbance and mitigation measures. 

5.6 MONITORING PROGRAM 

A robust monitoring program will be further developed, to include: 

A baseline sampling round of the identified groundwater monitoring bores in Table 4 for level and water 

quality, continuing each quarter until the start of operations. 

Depending on the results, continue quarterly monitoring of water level and chemistry. Key chemical 

parameters to monitor will be those sufficient to identify any leak source, such as major cations and 

anions, and nutrients. Monitoring parameters will be matched in pond monitoring. 
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TABLE 4 GROUNDWATER MONITORING LOCATIONS 

ID Easting Northing Total Depth 

(mbgl) 

Slotted Range 

(mbgl) 

Aspect Monitoring 

Piezo 1 541643 8338152 3.0 1.5 to 3.0 Farms 

(Peizos 3 and 5 

will be within 

ponds during 

operation, and 

will no longer 

be monitored) 

Logged water 

level 

Water 

chemistry 

Piezo 2 542258 8342899 2.81 1.31 to 2.81 

Piezo 3 540822 8341687 3.0 1.5 to 3.0 

Piezo 4 537957 8340712 3.0 1.5 to 3.0 

Piezo 5 539683 8337478 3.2 1.7-3.2 

RN027014 542131.5 8331961 20 nd Water level 

(preferably 

logged, but 

not necessary) 

Water 

chemistry 

RN005135 539131.5 8335161 39.6 nd 

RN038543 538158 8333350 24 Aquifer 9 -24m 

RN027012 547831.5 8316211 60 nd Water level 

associated with 

Forsyth Creek 

Dam borrow 

pits 

Water level 

(preferably 

logged, but 

not necessary) 

RN029730 549031.5 8316411 38.6 22.6 – 34.6 

RN005484 548731.5 8316561 22.3 nd 

RN005180 549837.5 8317497 36.6 nd 

RN005133 549231.5 8319261 50 nd 

RN004118 548431.5 8318261 120.4 nd 

RN025202 536565.5 8314901 36 28 - 33 Water level 

associated with 

central facilities 

borrow pits. 

Select the one 

most promising 

bore of these 

three. 

Water level 

(preferably 

logged, but 

not necessary) 

RN005313 536566.5 8314936 28 nd 

RN029936 536566.5 8314961 24.48 nd 

New Bore 1 TBD TBD Shallow, deep 

nested 

Central facilities 

Land 

Application 

area, up and 

down gradient 

(for 

groundwater 

flow) 

Water level 

Water 

chemistry, 

nutrients, 

E.coli, BOD 

New Bore 2 TBD TBD Shallow, deep 

nested 

New Bore 3 TBD TBD Shallow, deep 

nested 

Accommodation 

village land 

Water level 

Water 
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ID Easting Northing Total Depth 

(mbgl) 

Slotted Range 

(mbgl) 

Aspect Monitoring 

New Bore 4 TBD TBD Shallow, deep 

nested 

application 

area, up and 

down gradient 

(for 

groundwater 

flow) 

chemistry, 

nutrients, 

E.coli, BOD 

New Bore 5 TBD TBD Shallow, deep 

nested 

Farm services 

land application 

area, up and 

down gradient 

(for 

groundwater 

flow) 

Water level 

Water 

chemistry, 

nutrients, 

E.coli, BOD 

New Bore 6 TBD TBD Shallow, deep 

nested 

Reference / 

background 

Sites 

TBD TBD Sufficient reference and unimpacted sites to allow comparison of results 

from the above for (primarily) salinity and groundwater level impacts. 

These will show similar historical results to monitored bores, and/or be 

in similar hydrogeological locations, but their aquifers isolated from 

Project impacts, or up-gradient from the Project (to detect changes with 

distance). 

Table notes: 

nd - no data available; TBD - location to be determined 
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6 COMMITMENTS 

PSD commits to undertaking the following tasks in relation to groundwater: 

 Implement a spill controls system, including dedicated fuel, oil, chemical and hazardous waste storage 

facilities, and spill response training 

 Manage excavation depths and flood impacts to avoid lowering groundwater, and changing flow into and 

out of important recharge and discharge zones 

 identify acid sulfate soils prior to deep (≥2m deep) excavation occurring on the site, and implementing the 

Acid Sufalte Soil Management Plan 

 Implement a robust monitoring program to provide early warning of potential issues, particularly shallow 

groundwater in the vicinity of the farms, and excessive nutrient loss from on-site wastewater irrigation 

areas 

 Implement procedures for rapid response to identified leaks and other issues identified by the monitoring 

program. 
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7 CONCLUSION 

Three main aquifers have been mapped on Legune Station, with almost the entire Project Area (with the 

exception of minor service corridor areas) located in areas mapped as containing saline groundwater. Typically 

this is a shallow, <3m deep saline watertable, and is found across most of the estuarine-deltaic plain. 

Examination of groundwater bore data found some productive bores (stock and, in some cases, potential raw 

potable supply quality) scattered across the lease, with no projected impacts to any of these sources. 

Potential impacts were identified as minor or unlikely, given the saline nature of shallow watertables, and the 

depth to fresher supplies. No withdrawal of groundwater is proposed as part of the construction or operational 

phases of the Project, further limiting potential impacts. The remaining impacts to be managed include: 

 potential spills and leaks, including from farm ponds and channels 

 changes to recharge zones (and to a lesser extent discharge zones) as a result of the Project changing flood 

levels 

 impacts from acid sulfate soil disturbance. 

Mitigation measures to provide early warning and to avoid these will include: 

 spill and leak controls, including dedicated fuel, oil, chemical and hazardous waste storage locations 

 ensuring that stormwater diversions and flood management does not change the flow into, and out of, 

recharge and discharge zones 

 monitoring the shallow and deep groundwater levels and quality in the vicinity of the farms, and 

implementing procedures for rapid response to identified large pond and channel leaks 

 identifying acid sulfate soils prior to deep (≥2m deep) excavation occurring on the site, and implementing 

the Acid Sufalte Soil Management Plan 

 a robust monitoring program to provide early warning of potential issues, particularly shallow groundwater 

in the vicinity of the farms. 

Given the low potential for impacts to groundwater, and the proposed mitigation measures, the residual risk to 

groundwater from the Project is anticipated to be low. 

 




