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Executive Summary 
Talis Consultants Pty Ltd was engaged by the Shire of Ashburton to undertake a hydrogeological risk 

assessment at 150 Onslow Road, Thalanyji, Western Australia , approximately 36 kilometres (km) to the south 

of the town of Onslow, on Unallocated Crown Land (the Site).  

Background 

Following the closure of the Onslow Landfill in the latter half of 2015, a Waste Transfer Station was 

constructed at Lot 500 Onslow Road as a replacement service, redirecting waste to the Tom Price Waste 

Disposal Site. With the rapid increase in industrial development and associated growth within the Shire and 

the Pilbara Region and therefore significant increase in the volume of waste generated, the Shire identified the 

need for the establishment of new facility that can meet the waste management needs of Onslow and the 

wider Pilbara region.   

A Site Selection Study was undertaken by the Shire of Ashburton, which identified a preferred site for the 

Pilbara Waste Management Facility (PRWMF) based on best practice siting and design principles.  A Feasibility 

Study was undertaken to ascertain the most appropriate waste management infrastructure to be included, 

assessing the technical and financial implications of developing the PRWMF. The study identified the preferred 

landfill option as a single, lined landfill developed to Class IV standard but accepting both Class III and Class IV 

waste.   

Intrusive Investigations 

In order to complete the assessment, a site investigation comprising intrusive soil bores and trial excavations 

were undertaken. A total of 13 bores drilled into the local aquifer were converted into a series of groundwater 

wells and combined groundwater and landfill gas monitoring wells. Further to this, a total of 112 trial pits were 

excavated into the shallow soils, to assess  the hydrogeological and geotechnical conditions.  

Geology 

Onsite intrusive investigations identified the initial horizon from the surface to be comprised of sandy clayey 

SILT and silty clayey SAND, with trace gravels. This is colloquially known as ‘Pindan’. Underlying this was 

gravelly sand, likely represents a transition into the underlying cemented gravel/silcrete horizon. The 

underlying hardrock geology was described as SANDSTONE from approximately 3.6 m BGL and was 

unidentified Cretaceous sediment; however, it possibly represented the Windalia Radiolarite Sandstone 

Member which forms part of the Carnarvon Artesian Basin. This was interfingered with cemented gravels or 

clayey sands.   

The permeability assessment of the superficial soils highlighted a value of between 9.0 x 10-6 m/s and 1.0 x 10-6 

m/s for the silty sand horizon and between 4.8589 x 10-8 m/s and 6.107 x 10-9 m/s for the sandy silt horizon. 

The cemented gravel/silcrete recorded a permeability of between 1.6339 x 10-7 m/s and 3.382 x 10-9 m/s.  

Aquifer 

No superficial or perched groundwater was identified during the investigation. Laboratory testing undertaken 

on the superficial soils suggests that its presence will be unlikely, with relatively low permeability soils. 

However, one may exist seasonally within lenses of sand or above the cemented gravel/silcrete layer but 

would likely be limited in volume and yield.  
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The aquifer beneath the Site was identified within a sandstone (possibly the Windalia Radiolarite Sandstone 

Member), forming part of the Carnarvon Artesian Basin.  

In reference to groundwater flow, the phreatic surface was shown to be sitting at 6.586 m AHD (BH05) and 

12.026 m AHD (BH01) across the Site and flowing in a westerly/north-westerly direction with a hydraulic 

gradient of 0.00158. The hydraulic conductivity was shown to be up to 0.36 m/day based on data obtained 

through the use of slug tests, with a seepage velocity of 2.08 m/year.   

Geochemistry  

The groundwater beneath the Site was assessed in order to understand the aquifer quality and its likely 

beneficial use. The assessment has suggested that the groundwater is ‘brackish’ and neutral and dominated by 

sodium chloride ions, with concentrations of chloride in exceedance of the DER, 2014 NPUG assessment 

criteria.  

Background dissolved metals concentrations in groundwater were generally reported below the relevant 

adopted assessment criteria, with the exception of copper, cobalt, nickel and zinc. Copper exceeded fresh and 

marine water guidelines at BH01, BH03 and BH05 in January 2018, BH05 and BH15 in March 2018 and at all 

locations in April 2018. Cobalt exceeded marine water guidelines at BH04 and BH05 in January 2018 only. 

Nickel exceeded marine water guidelines at BH05 and BH15 in March 2018 and at BH01 and BH03 in April 

2018.  Zinc exceeded fresh and marine water guidelines at all locations in April 2018. The exceedances are 

considered to be associated with natural aquifer conditions and not an introduced contaminant. 

Hydrocarbons, including TRH, MAH and PAH, were below the laboratory PQL’s suggesting it they are not 

present in groundwater at this time. This was with the exception of TRH >C10-C16 fractions which were 

detected in BH04, BH05 and BH15 during the January 2018 monitoring round. Based on the lack of ‘source’ it 

was considered to represent contamination during drilling and as such these wells were resampled with 

corresponding results below the laboratory PQL’s.  

Low level nutrient concentrations were detected in groundwater across the Site and are not considered to be 

from anthropogenic activates.  

All other COPCs including microbes, PCBs, phenols and PFAS were reported below laboratory PQLs, again, 

suggesting their lack of presence in groundwater.  

Overall, groundwater beneath the Site generally appears to be suitable for use in a non-potable setting 

including irrigation and stock water.  

Tier 1 Risk Assessment 

The pre-development tier 1 risk assessment was completed for the Site and highlighted a low risk to Site users, 

down hydraulic gradient groundwater users and the surrounding environment. This was with the exception of 

deep rooted flora that may draw water from the underlying aquifer. Should a leak occur then there would be a 

potential for such flora to draw contamination from groundwater and in turn impact native fauna.  

In relation to groundwater, the nearest registered down-hydraulic gradient register groundwater bore is 

located approximately 12 km to the north-west of the Site. The hydrogeological assessment indicated a low 

hydraulic gradient and soils with low permeability and as such it is considered that there would be sufficient 

attenuation and dilution of contaminants if a leak were to occur.  
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The risk assessment also considered impacts to the nearest surface water body located hydraulically down-

gradient, the Ashburton River and Indian Ocean, which were located at a distance of approximately 3.5 km, 20 

km and 40 km respectively. Given the large distance between these sensitive ecological receptors, as well as 

the adoption of modern engineering practices, the risk posed to these bodies are considered to be low.  

Recommendations  

A Phase 2 Hydrogeological Risk Assessment utilising LandSim to assess the performance of the engineering 

system.  

Talis has installed a number of pressure transducers across the Site to continually monitor groundwater depth. 

It is recommended that these remain at Site until a true wet season has been experienced. It is also 

recommended that these are serviced, with data downloaded, every quarter.  

Ongoing groundwater monitoring on a bi-annual basis is recommended to develop a thorough understanding 

of groundwater geochemistry. This in turn will act as the ‘trigger levels’ if a WMF is constructed at the Site.  
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1 Introduction  

Talis Consultants Pty Ltd (Talis) was engaged by the Shire of Ashburton (the Shire) to undertake a Phase 1 

hydrogeological risk assessment (HRA)  to the west of Onslow Road, approximately 36 kilometres (km) to the 

south of the town of Onslow, Western Australia (WA) (the Site).  

Following the closure of the Onslow Landfill in the latter half of 2015, a Waste Transfer Station (WTS) was 

constructed at Lot 500 Onslow Road as a replacement service, redirecting waste to the Tom Price Waste 

Disposal Site. Having to transport the waste out of town prior to disposal has increased operational costs 

associated with haulage and highlighted the requirement for a more cost effective and efficient waste disposal 

solution.  

A Site Selection Study was undertaken by the Shire in 2013, which identified preferred sites for the 

development of a waste management facility (WMF) based on best practice siting and design principles. 

Through this process, the Site was identified as the preferred location for the development. It is understood 

that the development will see the creation of a Class IV modern engineered WMF.   

This report documents the Phase 1 HRA carried out at the Site and the associated laboratory analysis results. 

1.1 Objectives 

The objectives of the Phase 1 HRA were to: 

 Understand the groundwater regime across the Site; 

 Understand the properties of the subsoils and their interaction with groundwater across the Site;  

 Understand the potential constraints to the proposed development in relation to groundwater; and 

 Understand the potential implications to the surrounding environment and groundwater users should 

the development proceed.  

1.2 Scope of Works 

To achieve the objectives described above, the investigation included: 

 The drilling of 13 boreholes across the Site; 

o Conversion of eight boreholes into groundwater monitoring wells; and 

o Conversion of five boreholes into combined groundwater and landfill gas monitoring wells. 

 Three rounds of groundwater sampling including in-situ field parameter testing; 

 Geochemical laboratory analysis; and 

 Preparation of this report presenting the results of the investigation and testing.  
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2 Background 

2.1 Location 

The Site is located approximately 36 km to the south-west of the town of Onslow within Lot 150 Onslow Road, 

Onslow (Figure 1). The Lot occupies an area of 434 hectares (ha); however, the proposed WMF footprint only 

occupies a total area of approximately 26 ha.  

The Site is accessible from Onslow Road which is a main road and primary distributor. The Site is located to the 

west of a long sand dune ridge and therefore most of the Site is not visible from Onslow Road. An aerial view 

of the Site is provided in Figure 2. 

2.2 Surrounding Land Use 

Under the Shire of Ashburton Town Planning Scheme No.7 (District Scheme) (TPS No.7), the Site and 

surrounding sites are zoned as 'Conservation, Recreation and Nature Landscape' (Cane River Conservation 

Park), as shown in Figure 3.  

2.3 Certificate of Title 

The details for the Certificate of Title (CoT) for Lot 150 Onslow Road, Onslow are provided in Table 2-1, with a 

copy of the CoT provided in Appendix A.  

Table 2-1: Certificate of Title Details  

Volume Folio 
Register 
Number 

Description Status 
Primary Interest 
Holder 

LR3046 473 150/DP220207 
Lot 150 on Deposited 

Plan 220207 

Unallocated Crown 

Land 

State of Western 

Australia 
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3 Environmental Attributes 

The following section provides details on the Site and surrounds, ascertained from literature review and online 

database searches. It is regional in setting and not Site specific, giving an overview of the likely environmental 

conditions of the area. Site specific conditions are presented in Section 5 and Section 6. 

3.1 Climate 

The climate of the Onslow area is considered to be ‘hot arid to semiarid desert’ in accordance with the 

updated Köppen-Geiger classification map, with mean average temperature greater than 18°C (Updated world 

map of the Köppen-Geiger climate classification, Hydrol. Earth Syst. Sci., 11, 1633-1644, Peel MC, Finlayson BL 

& McMahon TA (2007)). As such, the area is arid with a hot humid summer zone and experiences low rainfall. 

Rainfall data was sourced from the Onslow Airport weather station as data available from the nearby Mount 

Minnie weather station was limited and sporadic. Table 3-1 shows the monthly average rainfall and the mean 

minimum and mean maximum temperature as recorded at the Onslow Airport from 1940 to 2017.  

Table 3-1: Average Rainfall and Temperature 1940-2017 (Onslow Airport) 

Aspect Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

Rainfall 

(mm) 
39.0 62.2 72.9 11.6 49.0 45.5 20.3 8.6 1.4 0.8 2.8 3.4 

Min Temp 

(°C) 
24.4 25.0 24.2 21.4 17.4 14.3 13.0 13.6 15.4 17.9 20.1 22.3 

Max Temp 

(°C) 
36.4 36.4 36.1 33.8 29.3 26.0 25.4 27.3 30.1 32.9 34.4 35.9 

As shown above, the lowest minimum mean temperature for Onslow is 13.0 °C (July) and highest maximum 

mean temperature is 36.4 °C (January). The minimum mean monthly rainfall is 0.8 mm (October) and 

maximum is 72.9 mm (March). The majority of rainfall occurs within the ‘wet season’ which corresponds to the 

warmer months. The monthly rainfall and temperature data is also shown in Chart 1.  

Chart 1: Meteorological Conditions 
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BoM website (2018).  The above data was recorded at Onslow Airport, located approximately 36 km from the Site.  

The total annual and 90th percentile for temperature and rainfall are shown in Table 3-2.  

Table 3-2: Total Annual and 90th Percentile Rainfall and Temperature (1940-2017) 

 Total Annual 90th Percentile 

Rainfall (mm) 315.1 540.6 

Minimum Temperature (°C) 19.1 20.1 

Maximum Temperature (°C) 32.0 32.8 

As shown above, the mean average total annual rainfall received at Onslow Airport is 315.1 mm and the 90th 

percentile is 540.6 mm. 

3.2 Site Conditions 

The Site forms part of the Cane River Conservation Park, with majority of the Site covered in scrub. A ‘pindan’ 

sand dune ridge is located along the eastern portion of the Site.  

3.3 Topography 

Landgate is the Statutory Authority that maintains the State’s official register of land ownership and survey 

information. Utilising topographical contour geospatial data sourced from Landgate, the Site is shown to range 

from 14 m Australian Height Datum (AHD) across the predominantly flat, slightly undulating western portion of 

the Site to 40 m AHD at various points on the sand ridge, see Figure 4.  

3.4 Regional Geological Setting  

The Site was noted to be situated within the Peedamullah Shelf, which is the south-eastern subdivision of the 

Northern Carnarvon Basin. This shelf, and the adjacent Onslow Terrance, are established petroleum provinces, 

formed during the Carboniferous to Jurassic rifting episode (Petroleum Geology of the Peedamullah Shelf and 

Onslow Terrace, Northern Carnarvon Basin Western Australia, Geological Survey of Western Australia, 

Department of Minerals and Energy, A. Crostella, R. P. Iasky, K. A. Blundell, A. R. Yasin, and K. A. R. Ghori, 2000 

(DME, 2000)). 

3.4.1 Quaternary Geology  

The Department of Mines, Industry Regulation and Safety (DMIRS) has described the near surface geology 

across the north-eastern portion of the Site (the sand dune ridge) as “longitudinal and network dunes and 

residual sand plains-reddish-brown to yellowish quartz sand.”  The remainder of the Site was described as 

“colluvium-poorly sorted clay, silt, sand and gravel; formed by sheet flood and deflation”. These horizons were 

generally confirmed during the investigation and are described in more detail in Section 5. 

The superficial geology is presented in Figure 5.  

3.4.2 Cenozoic Geology 

Information supplied within Bulletin 133 geology of the Carnarvon Basin Western Australia, Geological Survey 

of Western Australia, Department of Mines, R.M. Hockling, H.T.Moors, W.J.E.Van De Graff, 1987 (DoM, 1987) 

suggested that two distinct Tertiary (Cenozoic) aged units were present within the Peedamullah shelf, namely 

the following:    
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3.4.2.1 Merlinleigh Sandstone 

The Merlinleigh Sandstone is a coarse to very coarse grained sandstone with limited finer grained sandstone, 

siltstones, claystone and conglomerates. The unit has undergone duricrusting making it difficult to determine 

in field. While this was noted to occur on the Peedamullah shelf, its main outcrop is on top of the Kennedy 

Range and this unit may not be present within the Onslow area (DoM, 1987).  

3.4.2.2 Trealla Limestone 

The Trealla Limestone is a unit of thin to massive-bedded, hard limestone, which can show small scale karst 

features. This unit is widespread in the subsurface of Onslow but is thought to be absent to the southeast of 

Onslow, where the Site is situated (DoM, 1987).  

3.4.3 Cretaceous Geology 

DoM, 1987 has suggested that the Onslow area is underlain by the following Cretaceous formations: 

3.4.3.1 Toolonga Calcilutite 

The Toolonga Calcilutite disconformably overlies the Gearle Siltstone. It is known to consist of light coloured 

calcilutite and calcareous siltstone with some claystone, siltstone and sandstone. Its thickness is highly 

variable, with its absence noted to the east of Onslow, where the Site is situated. A stratigraphic borehole 

(Minderoo 1) ~20 km to the north west of the Site did not encounter this formation (Micropalaeontology and 

Stratigraphy of Minderoo No.1 Bore, Carnarvon Basin, WA, H.S. Edgell 1963 (Minderoo 1)). This stratigraphic 

log is presented in Appendix B. 

3.4.3.2 Winning Group 

The Winning group consists of the following formations: 

 Gearle Siltstone; 

 Windalia Radiolarite; 

 Muderong Shale; and 

 Birdrong Sandstone. 

The depositional history began during a major transgression in the early Cretaceous and continued through the 

Cretaceous. It resulted in the formation of a basal sand (Birdrong Sandstone) in most areas of the Carnarvon 

Basin during the onset of the transgression, following which a low energy environment resulted in the 

deposition of the Muderong Shale. Continued high sea levels and deep weathering resulted in the possible 

excess of dissolved silica in the ocean, which led to substantial siliceous ocean deposition, forming the 

Windalia Radiolarite and Gearle Siltstone (DoM, 1987).  

Gearle Siltstone Formation 

The Gearle Siltstone conformably overlies the Windalia Radiolarite and conformably underlies the Toolonga 

Calcilutite. It is known to consist of siltstone and claystone, which can be locally calcareous, and grading into 

rare limestone beds. It is very similar to the underlying Windalia Radiolarite, and can be glauconitic and pyritic.  

Average thickness ranges from 190 m and 250 m, but a thickness of 599 m has been reported (1:250,000 

Geological Series-Explanatory Notes, Onslow Western Australia, Sheet SF 50-5 International Index, Geological 

Survey of Western Australia, Department of Mines, W.J.E.Van De Graff, P.D.Denman, M. Hockling, 1982 (DoM, 

1982)).  
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Windalia Radiolarite Formation 

This formation lies conformably between the Muderong Shale and Gearle Siltstone. Previous wells sunk within 

this formation reported it as a siltstone and claystone, occasionally sandy, with gradations to very fine 

sandstone. It is also understood that the duricrust experienced within the Onslow area formed primarily on 

the Windalia Radiolarite and Toolonga Calcilutite (DoM, 1987), while the Windalia Radiolarite is known to 

occur near surface within the Onslow area. Additionally, this formation has been reported to contain a 

sandstone member at base, which has also been recognised as the upper part of the Muderong Shale (DoM, 

1987). The thickness of this unit ranges between 20m and 140m.  

Muderong Shale Formation 

The Muderong Shale lies conformably between the Birdrong Sandstone and the Windalia Radiolarite.  It is 

known to consist of siltstone and claystone, shale and silty sandstone with minor limestone. This unit is the 

principal oil and gas being unit in the Barrow Island Oil Field.  A thickness of 200 m has been proven for this 

formation (DME, 2000).  

Birdrong Sandstone Formation 

The Birdrong Sandstone marks the base of the Cretaceous and is conformably overlain by the Muderong Shale.  

The formation is known to consist of friable quartz sandstone with minor shales, siltstones and interbedded 

conglomerates.  An average thickness of between 18 m and 30 m was reported, however, a proven thickness 

of up to 100 m has been recorded (DoM, 1982).  

3.4.3.3 Nanutarra Formation and Yarraloola Conglomerate 

The Nanutarra Formation and Yarraloola Conglomerate are known to consist of sandstone, siltstone and 

conglomerate.  

Figure 6667 depicts the underlying hardrock geology suggesting the Site is underlain by the Winning Group; 

however, it does not differentiate between the specific formations.  

3.4.4 Structural Geology 

No major linear structures were identified within the confines of the Site, while no information has been 

sourced on the dip and strike of the sedimentary lithologies. 

The DMIRS GeoVIEW (https://geoview.dmp.wa.gov.au/GeoViews/?Viewer=GeoVIEW) database indicates that 

the closest fault line is located approximately 42 km and 51 km east of the Site. The fault lines are identified as 

a fold axial trace type 'syncline (exposed)'. 

3.5 Hydrology and Hydrogeology 

3.5.1 Hydrology  

The investigation identified no surface water bodies to be located at the Site. The nearest surface water body 

is an unnamed lake located approximately 3.5 km to the west of the Site. The most significant water body, 

located down-hydraulic gradient from the Site is the Ashburton River, located approximately 20 km to the 

west/north-west. The Cane River is located hydraulically-up gradient, approximately 25 km to the east of the 

Site, see Figure 7778.  
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The Site was noted to be situated in a ‘Surface Water Resource Proclaimed Area’ in accordance with the Rights 

in Water and Irrigation Act 1914 (RIWI Act). This would mean a licence would be required to draw water from 

any surface water course. 

3.5.2 Hydrogeology – Superficial  

NationalMap (https://nationalmap.gov.au/) indicates that the Site is located within a superficial 

hydrogeological unit described as “surficial sediments - shallow aquifers, quaternary surficial sediments - 

shallow aquifers”.  

3.5.3 Hydrogeology – Regional Setting  

The Site is believed to be situated within the Carnarvon Artesian Basin (CAB) which is the largest area of 

artesian conditions of any aquifer in WA. However, it is understood that only a small percentage of the CAB 

actually exhibit artesian conditions (~20%), with a confining shale given rise to these conditions (Carnarvon 

Artesian Basin, Water Management Plan, DoW, 2007 (DoW, 2007)). The CAB extends along the coast in the 

mid-west region of WA, extending from close to the Murchison River in the South to the mouth of the 

Fortescue River in the North (Figure 8). It covers ~150,000 km2 onshore with the majority of the basin located 

within the Gascoyne Groundwater Area (GGA), though it extends north in the Ashburton subarea and the 

Pilbara Groundwater Area (PGA), with the Site situated within the PGA.   

 DoW, 2007 highlighted that, regionally, the CAB may be underlain by several aquifers, namely as follows: 

 Windalia Radiolarite Formation; 

 Windalia Sand Member; 

 Birdrong Sandstone Formation; 

 Nannyarra Sandstone Formation; 

 Kopke Sandstone Formation; and 

 Tumblagooda Sandstone Formation. 

DoW, 2007 goes on to use the terminology ‘Birdrong Aquifer’ to represent all these units. This amalgamation 

was due to recharge of the Nannyarra, Kopke and Tumblagooda Sandstones only taking place via leakage 

through the Birdrong Sandstone; while stating that, while the Windalia Radiolarite Formation and Windalia 

Sand are a discrete system and hydraulically separate, there is insufficient information to manage them as a 

separate resource. As detailed within DoM, 1987, the majority of Tertiary age sediments are absent from the 

Peedamullah shelf, and the area is dominated by Cretaceous sediments. The geological formations/members 

mentioned within DoW, 2007 are all Cretaceous in age and are likely present within the greater Onslow area.  

3.5.3.1 Windalia Radiolarite Formation and Windalia Sand Member  

The Windalia Radiolarite Formation is known to outcrop locally along the eastern areas of the CAB, with the 

Geology of the Carnarvon Basin 1:1,000,000 map recording outcropping of this unit ~20 km south west of the 

Site.  The Windalia Sand Member is restricted to the area south of Shark Bay and is not envisaged to be 

present within the Onslow area.   

The Windalia Radiolarite Formation is typically brackish, with information suggesting bores can be either free 

flowing or non-flowing (DoW, 2007). DoM, 1987 suggests that the aquifer is a ‘local aquifer in weathered 

outcrop, subcrop and in deep bores; small to moderate supplies; occasionally artesian; brackish to brine’.  It 

also suggested that the aquifer has a maximum thickness of 125 m, though a thickness of 140 m has been 

proven. 

https://nationalmap.gov.au/
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It is anticipated that this aquifer was intercepted during the Site investigations.  

3.5.3.2 Birdrong Sandstone Formation 

The Birdrong Sandstone is present throughout the CAB, with recharge along the eastern margins of the CAB 

where it is known to outcrop.  The average thickness of the aquifer is 20-30 m. A stratigraphic borehole 

(Minderoo 1) intercepted what was considered to represent the Birdrong Sandstone at ~1,150 feet (~350 m). 

This bore is ~20 km North West of the Site. DoM, 1987 suggests that this aquifer is a ‘Major aquifer, moderate 

to large supplies, commonly artesian; minor freshwater near outcrop; generally brackish to saline’. 

It is understood that recharge of the aquifer is restricted to areas of outcrop, and areas where favourable 

structures allow groundwater to recharge through other formations. The majority of bores drilled within the 

CAB target this aquifer, with this use primarily within the GGA. The Site is however situated within the PGA and 

is known to have limited users of this aquifer (DoW, 2007).  

Groundwater salinity varies across the aquifer, with high salinity within the confined areas of the aquifer and 

fresh conditions near areas of recharge. The aquifer is also known to become saline towards Onslow.  

3.5.3.3 Nannyarra Sandstone, Kopke Sandstone and the Tumblagooda Sandstone Formations 

A further three known aquifers underlie the Birdrong Sandstone, namely the Tumblagooda, Kopke and 

Nannyarra Sandstone Formations. The Nannyarra Sandstone uncomfortably underlies the Birdrong Sandstone 

in the Carnarvon-Lake McLeod area and is potentially in hydraulic connection with the Birdrong Sandstone. 

DoM, 1987 suggests that this aquifer is a ‘local aquifer; small supplies in outcrop; fresh to brackish’. In the 

Shark Bay region, the Kopke Sandstone underlies the Birdrong Sandstone and can be a significant groundwater 

source. The Tumblagooda Sandstone in the oldest unit in the CAB and is separated from the Kopke Sandstone 

by the Dirk Hartog Group. This aquifer is found at extensive depths (~1,000 m).  DoM, 1987 has suggested that 

the Kopke and Tumblagooda Sandstone Formations may be absent from the Peedamullah shelf.  

Figure 9999 shows hydrogeological conditions of the subject area.  

3.5.4 Groundwater Use 

As of March 2006, the greatest use of groundwater from the CAB was ‘Mining and Industrial’ which accounts 

for ~50 % of its use. Beyond this, ‘Pastoral Stations’ accounts for ~30 %, while ‘Public Services’, ‘Public Water 

Supply’ and ‘Commercial (other)’ account for the remaining ~20 % (DoW, 2007). It should be noted that all 

bores into the CAB may not have been registered, so the full use cannot be fully quantified. Locally, there 

appears to be limited uses of the Windalia Radiolarite Formation, suggesting it is a local resource. Information 

presented within DoM, 1982 highlighted that Onslow town obtains its water from a bore field on the banks of 

the Cane River, drawn from a calcreted alluvial sediment aquifer, which has salinity up to 570 mg/L. Salinity of 

theses alluvial aquifers increases with distance from the Cane River 

As per the RIWI Act, a license is required to install a bore into an artesian aquifer. However, the investigation 

has highlighted the aquifer is not under pressure at the Site.  

3.6 Acid Sulfate Soils 

As the development will see the excavation and stockpiling of soils, it was considered prudent to consider the 

possibility of Acid Sulfate Soils (ASS). ASS are naturally occurring soils that contain iron sulfide (iron pyrite) 

minerals that if disturbed by soil excavation, dewatering or drainage, can then oxidise resulting in the release 

of acidity and potentially causing environmental impacts.  
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The CSIRO Australian Soil Resource Information System (ASRIS) online system was utilised to determine ASS 

risk. The ASRIS provides information on soil and land resources in a consistent format across Australia at 

varying scales.  With regard to ASS, the system brings together ASS mapping from all States and Territories, 

and in the event that these maps do not cover an area of investigation ASS mapping is “backfilled” with a 

provisional ASS classification inferred from national and state soils, hydrography and landscape coverage’s. 

This component is referred to as the ‘Inland’ ASS mapping and is provided at a scale of 1:2M.   

A review of inland ASS mapping revealed that the entire Site is located in an area with an extremely low 

probability of occurrence. Additionally, soils with iron sulfides, such as pyrite, were not identified during site 

works. Information presented in DoM, 1987 suggests that pyrite can be present within the Windalia 

Radiolarite; however, only in small amounts.  
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4 Project Methodology 

4.1 Intrusive Investigation 

The intrusive investigation undertaken included the sinking of 13 boreholes, which were converted to 

groundwater monitoring wells in December 2017. All 13 boreholes were drilled to intercept the regional 

groundwater table, with the location of the monitoring wells presented on Figure 10101010. Five of the 

monitoring wells were also designed to be combined groundwater and landfill gas monitoring wells, as 

summarised in Table 4-1 below: 

Table 4-1: Groundwater Wells/Landfill Gas Wells 

Well ID Groundwater Well Only Combined Groundwater and Landfill Gas Well 

BH01   

BH02   

BH03   

BH04   

BH05   

BH10   

BH11   

BH12   

BH13   

BH14   

BH15   

BH16   

BH17   

4.1.1 Drilling Techniques 

All bores were undertaken using a Jacro 200 drilling rig, utilising HQ3 diamond drilling method. This approach 

allowed for the recovery of intact geological cores to facilitate the assessment of the subsoil profile and the 

underlying geological stratum.   

All field work, including the logging of subsurface profiles and collection of samples, was undertaken by an 

experienced geo-environmental engineer from Talis. The soil profile was logged in accordance with Australian 

Standard (AS) 1726:2017-Geotechnical Site Investigation, with consideration given to the likely flow paths and 

porosity within the geological stratum.  Subsurface conditions are summarised in Section 5.  

4.2 Groundwater Monitoring Wells 

4.2.1 Installation 

As per the Department of Environment Regulation (DER), now known as the Department of Water and 

Environment Regulation (DWER) Assessment and management of contaminated sites, Contaminated site 

guidelines, 2014 (DER, 2014), groundwater wells were installed in accordance with ASTM: D5092-04 Standard 

practice for the design and installation of groundwater monitoring wells.  



Phase 1 Hydrogeological Risk Assessment DRAFT 
Onslow Site Investigations 
Shire of Ashburton  

TW17084-Onslow Site Investigations Hydrogeological Report.1b - Marked August 2018 | Page 11 

4.2.2 Construction Details 

The construction details of the groundwater wells installed are summarised in Table 4-2, with full bore-logs 

provided in Appendix C. 
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Table 4-2: Groundwater well construction details 

Well ID BH01 BH02 BH03 BH04 BH05 BH10 BH11 BH12 BH13* BH14* BH15* BH16* BH17* 

Installation Date 13/12/17 13/12/17 18/12/17 15/12/17 16/12/17 20/12/17 19/12/17 14/12/17 14/12/17 15/12/17 17/12/17 17/12/17 16/12/17 

Well depth BGL 10.5 m 25.5 m 10.5 m 

Bore/casing 

diameter 
96 mm/50 mm 

Screen/casing 

construction  
Class 18 PVC 

Screen length 6.0 m 4.5 m 6.0 m 

Casing length 

(BGL) 
4.5 m 6.0 m 4.5 m 19.5 m 4.5 m 

Filter pack 

3.2 mm 

gravel 

pack 

placed to 

1 m above 

the screen 

3.2 mm 

gravel 

pack 

placed to 

2 m above 

the screen 

3.2 mm 

gravel 

pack 

placed to 

0.5 m 

above 

the 

screen 

3.2 mm 

gravel 

pack 

placed to 

1.0 m 

above the 

screen 

3.2 mm 

gravel 

pack 

placed to 

0.5 m 

above the 

screen 

3.2 mm gravel pack 

placed to 1.0 m above 

the screen 

3.2 mm gravel pack 

placed to 0.5 m 

above the screen 

3.2 mm 

gravel 

pack 

placed to 

1.0 m 

above 

the 

screen 

3.2 mm gravel pack placed to 0.5 

m above the screen 

*Combined groundwater and landfill gas well 
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4.2.3 Groundwater Development 

Following the installation, all groundwater wells were developed using a down-hole pump. Groundwater was 

drawn until the water was free from sediments and/or ran clear.  

4.2.4 Groundwater Sampling 

All groundwater wells were purged and sampled using low flow (micro-purge) sampling technique in 

accordance with AS5667.1.1998 Water Quality Sampling Guidance on the design of sampling programs, 

sampling techniques and the preservation and handing of samples, and Part 11: Guidance on sampling of 

groundwater.   

Using a calibrated water quality meter (calibration certificate provided in Appendix D) groundwater was field 

tested for the following parameters: 

 pH; 

 dissolved oxygen (DO);  

 electrical conductivity (EC); 

 temperature (ºC); and  

 redox potential (mV).  

All groundwater samples were collected into appropriately prepared sample containers provided by the 

analysing National Association of Testing Authorities (NATA) accredited laboratory. Groundwater samples 

analysed for dissolved metals were also field filtered utilising a 0.45 µm Hydroline disposable filter and placed 

into appropriate sample containers. After preparation and labelling, samples were immediately placed into an 

ice brick chilled esky.  

All samples were couriered directly to the testing laboratory at the completion of each groundwater sampling 

event. 

To minimise potential for cross contamination, sampling equipment was decontaminated between each 

location with new tubing, bladders and filters used at each well.  Groundwater sampling, decontamination and 

sample handling procedures were conducted in accordance with Talis’ field protocols.  

4.2.5 Survey Data 

All groundwater wells were surveyed by Handley Surveys on 15 January 2018. The top of casing (ToC) of each 

groundwater well and the ground level for each monitoring well was surveyed to Australian Height Datum 

(AHD) on grid system MGA 94. The survey data is summarised in   
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Table 4-3, with full survey report provided in Appendix E. 
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Table 4-3: Survey Data 

Well ID Eastings Northings TOC Elevation (m AHD) Ground Level Elevation (m AHD) 

BH01 318256.150 7575786.900 19.242 18.739 

BH02 317813.234 7575498.556 21.532 20.937 

BH03 317274.685 7574345.443 17.248 16.734 

BH04 315090.893 7576876.191 13.305 12.758 

BH05 314916.308 7576694.188 13.076 12.524 

BH10 317214.529 7575662.634 32.183 31.541 

BH11 316539.783 7576142.138 27.322 26.708 

BH12 317331.367 7575420.705 17.671 17.150 

BH13 316721.742 7575920.412 16.353 15.784 

BH14 316354.224 7576209.023 16.781 16.257 

BH15 316023.468 7575888.030 14.992 14.376 

BH16 316519.834 7575494.496 16.188 15.629 

BH17 316999.449 7575240.647 17.443 16.822 
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5 Soil Investigation  

A total of 13 soil bores were undertaken across the Site in order to assess the shallow soils, groundwater 

resource and underlying aquifer and their relationship. The following section describes the subsurface 

conditions while Appendix C presents the bore logs with photographs presented in Appendix F. The location of 

the soil bores (which have subsequently been converted into groundwater monitoring wells and landfill gas 

wells) are presented in Figure 10101010.  

In order to complement the hydrogeological risk assessment, a geotechnical investigation was also 

undertaken. This included the excavation of the shallow soils across 112 trial pit locations in order to assess 

the soils for geotechnical purposes. The investigation also allowed for the assessment of the potential for 

superficial groundwater to be present, while allowing commentary on the interaction of surface water flow, 

rainfall and the underlying aquifer. The details pertaining to the full geotechnical investigation undertaken 

across the Site is provided in a separate report (TW17084-Onslow Site Investigations_Geotech.1a (Talis, 2018), 

with a brief summary of the underlying soils provided in the proceeding sections.  

5.1 Generalised Soil Profile 

The soil conditions recorded across the Site consisted of the following: 

 SAND – loose, fine to medium grained (pindan) generally corresponding to the sand dune ridge; 

 Sandy clayey SILT/Silty clayey SAND – loose to dense, fine to medium grained, rounded to sub-

rounded, red brown and dry (pindan); underlain by 

 SILCRETE – cemented gravels in silty sand/sandy silt – hard, red brown and white, becoming brown 

with depth, and dry; underlain by 

 SANDSTONE interfingered with cemented gravel and sand– medium grained, occasional clasts, 

siliceous veins, fractures and vugs, red to yellow.  

5.2 Superficial Soil 

5.2.1 Sand, Silty Sand/Sandy Silt Horizon 

The trial pits described the underlying soil horizon to primarily be SAND, with its structure described as fine to 

medium grained, rounded to sub rounded, dry and loose with occasional roots. It was also described as a Silty 

SAND/Sandy SILT of low plasticity. This horizon is colloquially known as ‘Pindan’. This horizon was encountered 

to a maximum depth of 0.5 m (TP42) to 5 m BGL (TP28)  

Additionally, cores collected during the drilling and installation of groundwater monitoring wells were 

assessed. These generally confirmed the profiling during the trial pits, describing the initial soil horizon as 

SAND. However, its composition was described as SAND with trace gravel, silt and clay. This horizon was 

encountered from ground level to a depth of between 0.94 m BGL (BH13) and 4.13 m BGL (BH2), though BH2 is 

situated on the other side of the sand ridge away from the WMF footprint.   

Laboratory analysis undertaken on this horizon, consisting of Particle Size Distribution (PSD) analysis, generally 

confirmed the visual logging, described this horizon as SAND to Silty/Clayey SAND with trace gravel, gap 

graded and fine to medium grained.  
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5.2.2 Sandy Gravel 

While not encountered during the trial pits, gravelly SAND was recorded during the drilling of boreholes, with 

these bores allowing for a more thorough assessment of soil conditions. The horizon was encountered within 

BH01, BH03, BH11, BH12, BH13, BH14 and BH17 and was described as a Gravelly SAND with trace silt/clay. The 

horizon was encountered immediately beneath the previously described sand horizon at a depth of 0.94 m 

BGL (BH13) and 2.57 m BGL (BH14), with a thickness of between 0.43 m (BH14) and 2.7 m (BH13). It is likely 

this horizon represents the transition into the underlying cemented gravel/silcrete.   

5.2.3 Cemented Gravel/Silcrete Horizon 

SILCRETE/Cemented GRAVEL was encountered underlying the aforementioned horizons. This horizon was 

described as a weakly to moderately cemented GRAVEL, bound by sand cement. The gravel was described as 

sub angular to sub rounded, up to 60 mm in size; while the horizon was described as hard/dense causing 

refusal of the trial pits. The colour was noted to be generally red and white, becoming brown with depth. 

Within the trial pits the horizon was encountered at a minimum of 0.5 m BGL (TP42) to a maximum depth of 

5.0 m BGL (TP28), with the excavations terminated in this horizon due to hard digging. The boreholes managed 

to penetrate this horizon fully and encountered it at a depth of between 2 m BGL (BH1 and BH5) and 4.13 m 

BGL (BH2). A proven thickness of between 0.38 m (BH16) and 4.89 m (BH12) was recorded.   

It is anticipated that this horizon represents a weathering horizon of the Cretaceous sediments, with the 

Windalia Radiolarite Formation known to form a duricrust.   

5.2.4 Sandstone Horizon 

Bedrock was intersected during the drilling of the soil bores at a depth of between 2.04 m BGL (BH16) and 7 m 

BGL (BH12). It was generally described as SANDSTONE, interfingered with cemented GRAVEL and clayey SAND 

horizons. The SANDSTONE was described as fine to medium grained, with occasional clasts of quartz, vugs, 

fractures and siliceous veins, and was pale brown to yellow/red. The GRAVEL was described as weakly 

cemented, sub angular to rounded and consisting of quartz, lateritic gravel and shale. The clayey SAND 

horizons were described as medium to coarse grained, sub angular to sub rounded and gap graded with the 

clay being of low plasticity.  

This deposit was considered to be unidentified Cretaceous sediments; however, the Windalia Radiolarite 

Formation is known to have a sandstone member, grading into the Muderong Shale. A groundwater well 

(Main Roads bore Mrd 30 Slk (http://wir.water.wa.gov.au/Pages/Water-Information-Reporting.aspx) located 

approximately 7 km north-west of the proposed WMF described the stratigraphy as sandstone underlain by 

shale. While it described the lithology as Tertiary (sandstone) and Cretaceous (shale), it’s possible that this 

represents the Windalia Radiolarite Sandstone Member and the Muderong Shale.  Additionally, the Windalia 

Radiolarite Formation has been reported to outcrop ~25 km to the south east of the Site. Therefore, it is 

considered possible that the sandstone represents the Windalia Radiolarite Sandstone Member.  

5.2.5 Sand Ridge 

The investigation undertaken on the sand ridge encountered similar conditions to the rest of the Site, with 

SAND encountered at all trial pits. Two bores (BH10 and BH11) were sunk on the ridge to assess its 

composition in more detail. Recovery was poor due to the loose nature of the soil, but the soils were generally 

described as SAND with trace silt, clay and gravel. This material continued to approximately 15 m BGL (BH10) 

and 12 m BGL (BH11). Again, the sand was gap graded, fine to coarse grained and sub-angular to rounded. 

http://wir.water.wa.gov.au/Pages/Water-Information-Reporting.aspx
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Cemented gravel, representing the ‘silcrete’ was encountered beneath this sand horizon, followed by the 

sandstone unit.  

5.3 Superficial Soil Permeability 

5.3.1 SAND Horizon 

From the PSDs, several performance indices can be estimated, including the permeability. The D10 indicates the 

maximum particle size for which 10% of the sample passes through a theoretical or actual sieve. This is used 

primarily as a soil index, although this index has been empirically related to hydraulic conductivity of sands. 

The empirical relationship, Hazen's Rule, is as follows:  

𝑘(𝑚/𝑠) = 0.01 𝑥 (𝐷10)2 

Where; 

k(m/s) = Coefficient of Permeability 

D10 = Size in mm 

The D10 value for the sand horizon identified across the Site suggested a coefficient of permeability in the 

region of 9.0 x 10-6 metres per second (m/s) and 1.0 x 10-6 m/s, generally lower than would be expected for a 

fine to medium grained, gap graded sand (Geology applied to engineering. West, T.R., 1995). It should be 

noted that the sand horizon had a noticeable volume of silt and clay, generally making greater than 10% of the 

sample submitted for analysis. Hazen’s rule is used to calculate permeability within unconsolidated deposits; 

therefore, these values may not accurately reflect the permeability of the sand horizon.  

In light of this, as Hazen’s rule is only applicable to unconsolidated deposits, a number of failing head 

permeability tests (AS1289.6.7.2) were conducted on the sandy SILT component of this horizon. As would be 

expected, this highlighted a lower permeability when compared to the sand component. Permeability’s were 

recorded to vary between 4.8589 x10-8 m/s to 6.107 x 10-9 m/s.  

5.3.2 Cemented Gravel/Silcrete Horizon 

In addition, falling head permeability tests were run on samples collected from the cemented gravel/silcrete, 

but were supplemented with triaxial permeability tests (AS1289.6.7.3). This testing suggested permeability in 

the region of 1.6339 x 10-7 m/s and 3.382 x 10-9 m/s.  
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6 Groundwater Regime 

A total of 13 groundwater monitoring wells were installed into the underlying aquifer across the Site. Gauging 

was undertaken across the whole groundwater monitoring well network on three separate occasions. 

Additionally, pressure transducers were installed into the monitoring wells, subject to data analysis of 

groundwater depth daily. At the time of reporting, data was available up until the end of July, 2018; however, 

these transducers will remain within the monitoring wells for a period of one year from initial deployment 

(anticipated to be April 2019). A representative number of groundwater wells (six) were also subject to 

sampling on 30 January 2018 and 19 April 2018.  

Note: Following the first groundwater laboratory analysis event, it was deemed that three monitoring wells 

were contaminated during drilling and installation. In light of this, Talis arranged a second round of purging 

and development of the subject wells, following which a further round of confirmatory laboratory analysis was 

completed in March 2018.   

Details pertaining to the groundwater investigation are provided in the following sections, with field recording 

forms for all monitoring events provided in Appendix G . 

6.1 Groundwater Gauging 

The following table (Table 6-1) presents the groundwater gauging data, which represents the determined level 

to groundwater via monitoring well gauging, for January 2018 to July 2018.  
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Table 6-1: Gauging Data 

Well ID 

Well 

depth  

(m bToC) 

ToC 

elevation  

(m AHD) 

January 2018 March 2018 April 2018 May 2018* June 2018* July 2018* 

DTG 

(m bToC) 

RL SWL  

(m AHD) 

DTG 

(m bToC) 

RL SWL  

(m AHD) 

DTG 

(m bToC) 

RL SWL  

(m AHD) 

DTG 

(m bToC) 

RL SWL  

(m AHD) 

DTG 

(m bToC) 

RL SWL  

(m AHD) 

DTG 

(m bToC) 

RL SWL  

(m AHD) 

BH01 11.17 19.242 7.216 12.026 7.314 11.928 7.350 11.892 7.364 11.878 7.378 11.864 7.418 11.824 

BH02 11.27 21.532 9.810 11.722 9.90 11.632 9.935 11.597 9.968 11.564 9.957 11.575 10.008 11.524 

BH03 11.15 17.248 5.903 11.345 5.948 11.300 5.980 11.268 NA NA NA NA NA NA 

BH04 11.07 13.305 6.615 6.690 6.671 6.634 6.700 6.605 6.719 6.586 6.744 6.561 6.762 6.543 

BH05 11.05 13.076 6.490 6.586 6.540 6.536 6.570 6.506 6.586 6.49 6.62 6.456 6.635 6.441 

BH10 27.46 32.183 21.264 10.919 21.31 10.873 21.335 10.848 21.409 10.774 21.455 10.728 21.466 10.717 

BH11 26.27 27.322 17.997 9.325 18.031 9.291 18.080 9.242 NA NA NA NA NA NA 

BH12 11.04 17.671 6.600 11.071 6.652 11.019 6.680 10.991 6.694 10.977 6.718 10.953 6.753 10.918 

BH13 11.05 16.353 6.760 9.593 6.805 9.548 6.860 9.493 6.844 9.509 6.866 9.487 6.884 9.469 

BH14 11.06 16.781 7.560 9.221 7.722 9.059 7.790 8.991 7.679 9.102 7.71 9.071 7.733 9.048 

BH15 11.16 14.992 6.135 8.857 6.185 8.807 6.220 8.772 6.244 8.748 6.269 8.723 6.322 8.67 

BH16 11.06 16.188 6.545 9.643 6.610 9.578 6.635 9.553 6.623 9.565 6.648 9.54 6.667 9.521 

BH17 11.25 17.443 6.852 10.591 6.904 10.539 6.934 10.509 6.987 10.456 7.004 10.439 7.025 10.418 

ToC – Top of Casing 

m btoc- metres below top of collar 

RL SWL – Relative Level ‘Standing Water Level’ m AHD 

DTG- Depth to groundwater 

*Data presented from the 18th of the month  
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6.2 Groundwater Depth Fluctuation 

Table 6-2224 presents the fluctuation in groundwater depth between the January and July 2018 gauging 

events.  

Table 6-2: Groundwater fluctuation  

Well 

ID 

Well depth  

(m below ToC) 

ToC elevation  

(m AHD) 

Depth to groundwater  (m AHD) 
Range (m) 

Min Mean Max 

BH01 11.17 19.242 7.216 7.378 7.837 0.621 

BH02 11.27 21.532 9.810 9.967 10.026 0.216 

BH03* 11.15 17.248 5.903 5.944 5.980 0.077 

BH04 11.07 13.305 6.615 6.731 6.958 0.343 

BH05 11.05 13.076 6.49 6.607 6.657 0.167 

BH10 27.46 32.183 21.264 21.412 21.484 0.22 

BH11* 26.27 27.322 17.997 18.036 18.080 0.083 

BH12 11.04 17.671 6.600 6.716 6.762 0.162 

BH13 11.05 16.353 6.760 6.866 6.904 0.144 

BH14 11.06 16.781 7.560 7.704 7.74 0.18 

BH15 11.16 14.992 6.135 6.273 6.333 0.198 

BH16 11.06 16.188 6.545 6.647 6.678 0.133 

BH17 11.25 17.443 6.852 6.999 7.047 0.405 

ToC – Top of Casing 

RL SWL – Relative Level ‘Standing Water Level’ m AHD 

*Data taken from Jan-April only 

There has been little fluctuation between the monitoring rounds. However, it should be noted that Onslow 

and the surrounding region area did not experience a pronounced wet season during 2018.  

6.3 Field Observations 

6.3.1 January 2018 

Field observations during the January 2018 groundwater sampling event were as follows: 

 BH01 – initially clear with slight red tinge and clear during sampling. No odours noted; 

 BH03 – initially clear and during sampling. No odours noted; 

 BH04 – initially slightly grey and turbid. Clear with slight yellow tinge during sampling. Mild 

sulphurous odour noted;  

 BH05 – initially clear with a yellow tinge and slightly turbid. Clear with slight yellow tinge during 

sampling. No odours noted; 

 BH12 – initially red tinge and slightly turbid. Clear during sampling. No odours noted; and  

 BH15 – initially clear and during sampling. No odours noted.  
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6.3.2 March 2018 

The March 2018 groundwater sampling event targeted the three monitoring wells that identified 

hydrocarbons during the January 2018 monitoring event. Field observations were as follows: 

 BH04 – initially clear and during sampling.  Mild sulphurous odour noted; 

 BH05 – initially clear and during sampling. No odours noted; and 

 BH15 – initially clear and during sampling. No odours noted.  

6.3.3 April 2018 

Field observations during the April 2018 groundwater sampling event were as follows: 

 BH01 – initially clear and during sampling.  No odours noted; 

 BH03 – initially clear and during sampling. No odours noted; 

 BH04 – initially clear and during sampling. No odours noted; 

 BH05– initially clear and during sampling. No odours noted;  

 BH12 – initially clear and during sampling. No odours noted; and  

 BH15 – initially clear and during sampling. No odours noted.  

6.4 Equilibrated Groundwater Parameters 

6.4.1 January 2018 

Prior to sampling, stagnant groundwater was purged using a low flow micro-purge pump to enable the 

collection of a sample which is representative of groundwater conditions. The equilibrated groundwater 

parameters are summarised in Table 6-3335. 

Table 6-3: Equilibrated Groundwater Parameters 

Well ID Sampling Date Temperature (°C) EC (mS/cm) DO (mg/L) pH Redox (mV) 

BH01 

30/01/2018 

32.0 2.29 1.48 7.24 147.0 

BH03 33.1 2.21 0.23 7.24 117.0 

BH04 32.8 3.91 1.27 7.14 64.0 

BH05 32.8 3.25 0.27 7.16 108.0 

BH12 32.0 3.26 2.12 7.24 113.0 

BH15 33.1 3.44 0.18 7.31 133.0 

6.4.2 March 2018 

Prior to sampling, stagnant groundwater was purged using a low flow micro-purge pump to enable the 

collection of a sample which is representative of groundwater conditions. The equilibrated groundwater 

parameters are summarised in Table 6-4446.  

Table 6-4: Equilibrated Groundwater Parameters 

Well ID Sampling Date Temperature (°C) EC (mS/cm) DO (mg/L) pH Redox (mV) 

BH04 
26/03/2018 

32.9 5.10 1.46 7.05 87.0 

BH05 33.2 3.88 0.68 7.07 90.0 



Phase 1 Hydrogeological Risk Assessment DRAFT 
Onslow Site Investigations 
Shire of Ashburton  

TW17084-Onslow Site Investigations Hydrogeological Report.1b - Marked August 2018 | Page 23 

Well ID Sampling Date Temperature (°C) EC (mS/cm) DO (mg/L) pH Redox (mV) 

BH15 33.2 4.30 2.60 7.26 84.0 

6.4.3 April 2018 

Prior to sampling, stagnant groundwater was purged using a low flow micro-purge pump to enable the 

collection of a sample which is representative of groundwater conditions.  The equilibrated groundwater 

parameters are summarised in Table 6-5557.  

Table 6-5: Equilibrated Groundwater Parameters 

Well ID Sampling Date Temperature (°C) EC (mS/cm) DO (mg/L) pH Redox (mV) 

BH01 

19/04/2018 

31.6 3.23 1.23 7.12 -183.9 

BH03 32.1 2.63 2.01 7.43 -178.5 

BH04 32.0 4.28 2.15 7.32 -171.5 

BH05 32.8 3.25 1.72 7.43 -183.3 

BH12 31.7 3.97 1.25 7.28 -189.1 

BH15 31.8 3.67 2.70 7.33 -99.2 

6.5 Superficial/Perched groundwater 

Superficial or perched groundwater was not identified during the investigation. A review of the soil conditions 

and soil laboratory data also suggests the likelihood of such a feature would be limited, with generally low 

permeability soils across the Site. However, there is a potential for a seasonal perched groundwater to exist 

within sand lenses or the gravelly sand horizon. Additionally, one may exist above the cemented gravel/silcrete 

horizon. Overall though, should one exist the volume and yield would likely be limited.  

6.6 Aquifer Conditions 

The aquifer beneath the Site was identified within the sandstone described as fine to medium grained, 

suggesting it would have limited flow rate via intergranular pores (primary porosity), which is typical for a 

sandstone. Numerous secondary porosity features, include vugs (dissolution), joints and fractures, would likely 

result in an increase in flow rates. Additionally, during drilling the sandstone was described to have 

interfingered gravels and sands which would also result in an increase in flow rates and may result in 

preferential pathways for groundwater flow. Therefore, groundwater flow paths would primarily be through 

these secondary opening features and areas of weathered sandstone (gravel and sand layers) and would likely 

increase the overall hydraulic conductivity of the aquifer.  

Overall, the aquifer can be described as an unconfined sedimentary aquifer.  

The findings generally correlate with the published literature which suggested the Site was underlain by a 

sandstone aquifer.  

6.7 Aquifer Parameters 

6.7.1 Hydraulic Conductivity  

In order to assess the hydraulic conductivity of the aquifer beneath the Site, falling head ‘slug’ permeability 

tests were conducted across all of the monitoring wells, excluding BH10 and BH11. A slug test involves a rapid 
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water level change and the measurement of the water level response. This rapid rise involves inserting a ‘slug’ 

which is either a material slug, such as a bailer, or a volume of water.  The water level change is measured via a 

submersed pressure transducer data logger within the well. This pressure transducer allows for the monitoring 

of rapid groundwater level change at a high frequency, such as every second. The data can then be analysed 

using the Bower and Rice analysis of Slug Tests, Bower and Rice 1976 to determine the hydraulic conductivity. 

The following table details the outcome of this analysis, while the slug tests are presented in Appendix H.  

Table 6-6: Hydraulic Conductivity 

Monitoring Well Hydraulic Conductivity (k) (m/day) 

BH01 0.048 

BH02 Failed 

BH03 0.059 

BH04 0.017 

BH05 0.36 

BH12 0.18 

BH13 0.018 

BH14 0.006 

BH15 0.33 

BH16 0.003 

BH17 0.0013 

The analysis has shown that the hydraulic conductivity is generally within the range that would be expected of 

a fine to medium grained sandstone, with expected values for a fine to medium sandstone in the region of 

0.0003 m/day to 0.3 m/day (Summary of Hydrologic and Physical Properties of Rock and Soil Materials, as 

analysed by the hydrologic laboratory of the U.S Geological Survey, D.A. Morris and A.I. Johnson, 1967).   

For the purpose of the ongoing assessment within this report, the highest hydraulic conductivity has been 

utilised (0.36 m/day), with acknowledgement to the limitations set out at the rear of this report.  

6.7.2 Flow Direction 

Utilising the gauging data and survey information, groundwater contour plans have been created for the Site 

for January 2018, March 2018 and April 2018 to July 2018 groundwater monitoring events, which are shown in 

Figure 11 to  Figure 16 respectively. The gauging shows that groundwater consistently flows in a 

westerly/north-westerly direction, towards the Ashburton River and Indian Ocean.    

6.7.3 Hydraulic Gradient 

The hydraulic gradient, which is the change in hydraulic head per unit of distance in a given direction, has been 

calculated for the groundwater monitoring event. The calculation of the hydraulic gradient is undertaken via 

the following equation: 

𝑖 = 𝑑ℎ/𝑑𝑙 

i = hydraulic gradient (unit less) 

dh = hydraulic head (h1) minus hydraulic head (h2), (difference between hydraulic heads) 

dl = Distance between the two measured points (flow path length) 
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The calculated groundwater hydraulic gradient for the Site is provided in Table 6-7779: 

Table 6-7: Hydraulic Gradient 

Date Hydraulic Gradient 

January 2018 0.00158 

March 2018 0.00157 

April 2018 0.00156 

May 2018 0.00158 

June 2018 0.00154 

July 2018 0.00158 

The assessment shows a relatively gentle gradient, while minor changes in the hydraulic gradient between 

monitoring events has been noted.  

6.7.4 Seepage Velocity  

Using Darcy’s seepage velocity, we can calculate the velocity of groundwater through the bulk of the 

sandstone aquifer which can be used to calculate indicative travel times for a contaminant within 

groundwater. This can be completed utilising the following equation:  

𝑉𝑠 = 𝑘𝑖/𝑛 

Vs = Darcy’s Seepage velocity  

k = Hydraulic Conductivity (m/day) 

i = Hydraulic gradient 

n = Porosity. 

 

The porosity of a fine to medium grained sandstone is generally in the region of 0.14 (14%) to 0.49 (49%) (D.A. 

Morris and A.I. Johnson, 1967); however, the effective porosity, which represents all interconnected pores 

which may contribute to fluid movement, is generally lower than the total porosity. With this in mind, an 

effective porosity of 0.1 (10%) has been adopted for this investigation. This also allows for a more conservative 

assessment. Table 6-888109 details the outcome of the Darcy seepage velocity assessment: 

Table 6-8: Seepage Velocity 

Date Vs (m/year)  

January 2018 2.08 

March 2018 2.06 

April 2018 2.05 

May 2018 2.08 

June 2018 2.02 

July 2018 2.08 
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7 Groundwater Risk Assessment  

7.1 Assessment Criteria 

While currently no contaminating industries are located at the Site, in order to assess the overall quality and 

beneficial use of groundwater, the following assessment criteria were adopted for the hydrogeological risk 

assessment. These criteria are set out in the DER, 2014 guidelines and draws on legislative framework from the 

Contaminated Sites Act 2003, Contaminated Sites Regulation 2006 and the National Environmental Protection 

(Assessment of Site Contamination) Measure (NEPM 2013).  

Per-fluoroalkyl and poly-fluoroalkyl (PFAS) is an emerging contaminant of potential concern (COPC) across 

Australia, as such the PFAS National Environmental Management Plan, (NEMP, 2018), has been created by the 

Heads of EPA Australia and New Zealand (HEPA) and the Australian Government Department of the 

Environment and Energy (DoEE) . As the Site will operate as a Class IV waste facility, consideration of these 

compounds is considered warranted. Therefore, PFAS results were compared against appropriate trigger 

values listed in the NEMP, 2018 guidelines.  

Maintenance of ecosystems 

In accordance with the DER, 2014 guidelines, the environmental quality objectives for the maintenance of 

ecosystems were those specified in the Australian Water Quality Guidelines for Fresh and Marine Water 

Quality 2000 (Australia and New Zealand Environmental Conservation Council and Agriculture and Resource 

Management Council of Australia and New Zealand (ANZECC and ARMCANZ 2000)). The groundwater quality 

objectives for the protection of maintenance of ecosystems are applied to groundwater at the point of 

discharge to a surface water body.  

In this report, the criteria were applied at the measuring point to provide a conservative assessment of 

potential risks. With groundwater flow towards the Indian Ocean, the investigation levels for marine water 

with a 95% trigger level have been applied. While in-situ parameters suggested groundwater beneath the Site 

was brackish, fresh water criteria were also considered, given that there are a number of registered 

groundwater bores down-hydraulic gradient of the Site. Tabulated groundwater data was therefore compared 

to:  

 DER 2014 Marine Waters (these investigation levels are based on and are equivalent to the ANZECC 

2000 95% Marine Water guidelines);  

 DER 2014 Fresh Waters (these investigation levels are based on and are equivalent to the ANZECC 

2000 95% Fresh Water guidelines); and 

 NEMP, 2018 Ecological Water (these investigation levels are derived from Department of Agriculture 

and Water Resources (DAWR) National Water Quality Management Strategy (NWQMS, 2015) 

Non-potable groundwater use 

Where a site is up-hydraulic gradient of one or more groundwater abstraction bores used for beneficial 

purposes which may be impacted by contaminated groundwater, the assessment should consider whether the 

public or site occupiers may be exposed directly or indirectly through potable (drinking and cooking) or 

domestic non-potable uses (e.g. filling swimming pools, reticulation, toilet flushing etc.).  

The WA Department of Health (DoH) has developed generic assessment criteria to protect public who may be 

using or may be exposed to groundwater containing chemical residues in a non-potable setting. The 

Contaminated Sites Ground and Surface Water Chemical Screening Guidelines (DoH, 2014) guideline value is 
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generally a factor of 10 times more than the corresponding Australian Drinking Water Guidelines (ADWG, 

2014) Health Value or Aesthetic value, where there is no Health Value, except in specific cases (odoriferous 

chemicals and most pesticides).  

The domestic garden bores generally provide water suitable for irrigation purposes, while the use of garden 

bores for cooking, bathing and filling pools and spas is generally not recommended, unless it has been tested 

and found “fit for purpose” (Operational policy 5.17 Metropolitan domestic garden bores, DoW 2011). A 

review of the surrounding area has highlighted several registered bores located down-hydraulic gradient of the 

Site, therefore, tabulated groundwater was compared to: 

 DER 2014 Non-potable use guidelines (NPUG) which are derived from DoH 2014 guidelines; and 

 NEMP, 2018 Recreational Water which are derived from the Health Based Guidance Values for PFAS 

(DoH, 2018). 

Long-term Irrigation water 

Short and long-term irrigation water guidelines apply to commercial and agricultural applications. These were 

developed to minimise the build-up of contaminants in surface soils during irrigation and to prevent the direct 

toxicity of contaminants in irrigation waters to standing crops. Short-term irrigation guidelines apply for up to 

20 years of irrigation and long-term irrigation guidelines apply for up to 100 years. Groundwater within the 

area will likely be used for irrigation, while it can be expected that landfilling will be ongoing for ~30 years with 

the waste mass biologically active beyond this.  Therefore, tabulated groundwater was compared to:  

 DER 2014 Long-term Irrigation which are derived from (ANZECC & ARMCANZ (2000).  

Stock Water 

Good quality water is essential for successful livestock production. Poor quality water may reduce animal 

production and impair fertility and in extreme cases stock may die. Contaminants in the stock drinking water 

can produce residues in animal products, adversely affecting product saleability and/or creating a risk to 

human health. The daily water intake varies widely among different forms of livestock and is also influenced by 

factors such as climate and the type of feed being consumed.  Due to the potential use of surrounding land as 

agricultural land for grazing cattle, tabulated groundwater data was compared to: 

 Stock Water 2000 guidelines which are derived from ANZECC & ARMCANZ (2000).  

NEPM, 2013 Groundwater HSL D (vapour intrusion) Sand 4-<8 m  

Based on hydrocarbons identified at some locations within groundwater, the NEPM 2013 HSL-D vapour 

intrusion for commercial/industrial site setting has been applied. Tabulated groundwater data was compared 

to: 

 NEPM, 2013 HSL D (vapour intrusion) sand 4-<8 m 

7.2 Groundwater Monitoring 

The initial round of groundwater monitoring was undertaken across six groundwater monitoring wells (BH01, 

BH03, BH04, BH05, BH12 and BH15) in January 2018. 

Due to the presence of Total Recoverable Hydrocarbons (TRH) and organic acids detected in groundwater 

during the January 2018 monitoring round at several locations (BH04, BH05 and BH15), Talis undertook a 

confirmatory round of groundwater monitoring across the ‘impacted’ wells in March 2018.  Prior to the March 
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2018 monitoring round being undertaken, the wells were redeveloped, and were left to sit for a one-week 

period prior to the sampling being completed. 

The second round of groundwater monitoring across the network of six groundwater monitoring wells (BH01, 

BH03, BH04, BH05, BH12 and BH15) was undertaken in April 2018.  

The findings from the groundwater monitoring events are detailed in the proceeding sections, with the values 

reported forming the ‘background’ water quality for ongoing compliance testing should the Site be adopted 

for the construction of the WMF.  

7.3 Laboratory Analysis Schedule 

Groundwater samples collected from six groundwater monitoring (BH01, BH03, BH04, BH05, BH12 and BH15) 

wells in January 2018 and April 2018 were subject to laboratory analysis for the following analytes, which was 

developed based on the proposed end use for the Site: 

 Total dissolved solids (TDS) and Total suspended solids (TSS); 

 Total Organic Carbon (TOC); 

 Major anions and major cations; 

 Nutrients including: nitrate-nitrogen, ammonia, reactive phosphorus, total nitrogen and total kjeldahl 

nitrogen (TKN); 

 Metals including: arsenic, barium, cadmium, chromium, cobalt, copper, lead, mercury, nickel and zinc;  

 TRH; 

 Benzene, Toluene, Ethylbenzene and Xylene (BTEX); 

 Polycyclic Aromatic Hydrocarbons (PAH); 

 Phenols; 

 Polychlorinated biphenyls (PCB);  

 Microbial pathogens (E. Coli and Enterococci); 

 Organic Acids; 

 Chlorinate Hydrocarbons (CHC); and 

 PFAS. 

 

The March 2018 confirmatory groundwater monitoring round, which was undertaken across wells BH04, BH05 

and BH15, included the following analytes: 

 TDS and TSS; 

 TOC; 

 Major anions and major cations; 

 Nutrients including nitrate-nitrogen, ammonia, reactive phosphorus, total nitrogen and TKN; 

 Metals including: arsenic, barium, cadmium, chromium, cobalt, copper, lead, mercury, nickel and zinc;  

 TRH; 

 BTEX; 

 PAH; 

 Phenols; 

 PCB; and 

 Organic Acids. 
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7.4 Laboratory Analysis Results  

The following sections detail the groundwater laboratory analysis results compared against the relevant 

adopted assessment criteria as detailed in Section 7.1. Tabulated groundwater results are provided in 

Appendix I with the full laboratory analysis reports provided in Appendix J.  

7.4.1 TDS and TSS 

7.4.1.1 January 2018 

Groundwater was shown to be ‘brackish’, with TDS concentrations ranging between 1,290 mg/L (BH03) and 

2,680 mg/L (BH04).  

TSS concentrations ranged between <5 mg/L (BH01, BH04 and BH12) and 23 mg/L (BH05). 

7.4.1.2 March 2018 

Groundwater was again shown to be ‘brackish’, with TDS concentrations reported as follows: 

 BH04: 2,750 mg/L; 

 BH05: 2,120 mg/L; and 

 BH15: 2,070 mg/L.  

TSS concentrations were reported as follows: 

 BH04: 8 mg/L; 

 BH05: <5 mg/L; and 

 BH15: 6 mg/L.  

7.4.1.3 April 2018  

Groundwater was again shown to be ‘brackish’, with TDS concentrations ranging between 1,550 mg/L (BH03) 

and 2,840 mg/L (BH04).   

TSS concentrations ranged between 6 mg/L (BH05) and 67 mg/L (BH12). 

7.4.2 Ionic Balance 

7.4.2.1 January 2018 

It was identified that the sandstone aquifer beneath the Site is dominated by sodium chloride ions and is 

presented in the piper diagram (Diagram 7-1).  
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Diagram 7-1: Piper Diagram January 2018 

 

Chloride concentrations at each location exceeded the DER, 2014 NPUG (250 mg/L) assessment criteria, with 

concentrations ranging between 479 mg/L (BH03) and 986 mg/L (BH04).  

7.4.2.2 March 2018 

Again, the aquifer beneath the Site was shown to be dominated by sodium chloride ions.  

7.4.2.3 April 2018 

Again, it was identified that the aquifer beneath the Site is dominated by sodium chloride ions as presented in 

the piper diagram (Diagram 7-2).   
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Diagram 7-2: Piper Diagram April 2018 

 

Chloride concentrations at each location again exceeded the DER, 2014 NPUG (250 mg/L) assessment criteria, 

with concentrations ranging between 580 mg/L (BH03) and 1,050 mg/L (BH04).  

7.4.3 TOC 

7.4.3.1 January 2018 

TOC concentrations ranged between <1 mg/L (BH04 and BH15) and 14 mg/L (BH05).  

7.4.3.2 March 2018 

TOC concentrations were reported as follows: 

 BH04: 1 mg/L; 

 BH05: 2 mg/L; and 

 BH15: 2 mg/L.  

7.4.3.3 April 2018 

TOC concentrations ranged between 5 mg/L (BH03 and BH05) and 10 mg/L (BH12).   

7.4.4 Nutrients 

7.4.4.1 January 2018 

Concentrations of total phosphorus at BH04 (0.79 mg/L) and BH15 (0.11 mg/L) exceeded the DER, 2014 Long-

term irrigation (0.05 mg/L) assessment criteria. All other nutrient concentrations were below the adopted 

assessment criteria.  The minimum and maximum reported concentrations are detailed in Table 7-1.  
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Table 7-1: Nutrient Concentrations 

Analyte Minimum Concentrations Maximum Concentrations 

Ammonia-N 0.02 mg/L (BH01) 0.05 mg/L (BH04) 

Nitrate-N 5.41 mg/L (BH03) 13.5 mg/L (BH12) 

Nitrite-N 0.04 mg/L (BH12) 0.48 mg/L (BH05) 

TKN 0.8 mg/L (BH03) 5.1 mg/L (BH15) 

Total Nitrogen 6.4 mg/L (BH03) 16.9 mg/L (BH12) 

Total Phosphorus <0.05 mg/L (BH05 and BH12) 0.79 mg/L (BH04) 

Reactive Phosphorus 0.03 mg/L (BH04 and BH05) 0.06 mg/L (BH01 and BH03) 

7.4.4.2 March 2018 

Nutrient concentrations were reported below the adopted assessment criteria at the three sampled locations. 

Reported nutrient concentrations are provided in Table 7-2. 

Table 7-2: Nutrient Concentrations  

Analyte BH04 BH05 BH15 

Ammonia-N 0.05 mg/L 0.05 mg/L 0.05 mg/L 

Nitrate-N 13.6 mg/L 12.8 mg/L 13.2 mg/L 

Nitrite-N 0.3 mg/L 0.4 mg/L 0.5 mg/L 

TKN 2.4 mg/L 2.7 mg/L 2.4 mg/L 

Total Nitrogen 16 mg/L 15.5 mg/L 15.6 mg/L 

Total Phosphorus 0.04 mg/L 0.048 mg/L <0.02 mg/L 

Reactive Phosphorus 0.02 mg/L 0.03 mg/L 0.02 mg/L 

7.4.4.3 April 2018 

Concentrations of total phosphorus at all locations, with the exception of BH03, exceeded the DER, 2014 Long-

term irrigation (0.05 mg/L) assessment criteria. All other nutrient concentrations were below the adopted 

assessment criteria. The minimum and maximum reported concentrations are detailed in Table 7-3.  

Table 7-3: Nutrient Concentrations 

Analyte Minimum Concentrations Maximum Concentrations 

Ammonia-N 0.02 mg/L (BH03, BH05, BH12) 0.08 mg/L (BH15)  

Nitrate-N 6.9 mg/L (BH03) 14.8 mg/L (BH12) 

Nitrite-N 0.1 mg/L (BH03) 0.18 mg/L (BH15) 

TKN 2.0 mg/L (BH03) 3.0 mg/L (BH01) 

Total Nitrogen 8.9 mg/L (BH03) 17.6 mg/L (BH12) 

Total Phosphorus 0.03 mg/L (BH03) 0.1 mg/L (BH12) 

Reactive Phosphorus <0.01 mg/L (BH01) 0.05 mg/L (BH05) 
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7.4.5 Metals 

7.4.5.1 January 2018 

All dissolved metals concentrations were below the adopted assessment criteria, with the exception of copper 

at BH01 (0.002 mg/L), BH03 (0.003 mg/L) and BH05 (0.006 mg/L) which exceeded the DER, 2014 Fresh Waters 

assessment criteria (0.0014 mg/L) and the DER, 2014 Marine Waters (0.0013 mg/L) criteria; and cobalt at BH04 

(0.003 mg/L) which exceeded the DER, 2014 Marine Waters (0.001 mg/L) assessment criteria. The 

concentration ranges for the reported dissolved metals are provided in Table 7-4. 

Table 7-4: Metals Concentrations 

Metals Minimum Concentration Maximum Concentration 

Arsenic 0.002 mg/L (BH03, BH04, BH05 and BH12) 0.003 mg/L (BH01 and BH15) 

Barium 0.122 mg/L (BH12) 0.335 mg/L (BH04) 

Cadmium <0.0001 mg/L (all locations) 

Chromium <0.001 mg/L (all locations) 

Copper <0.001 mg/L (BH04 and BH12) 0.006 mg/L (BH05) 

Cobalt <0.001 mg/L (BH01, BH03, BH12 and BH15) 0.003 mg/L (BH04) 

Nickel  0.001 mg/L (BH01) 0.003 mg/L (BH04, BH05 and BH15) 

Mercury <0.0001 mg/L (all locations) 

Lead <0.001 mg/L (all locations) 

Zinc <0.005 mg/L (all locations) 

7.4.5.2 March 2018 

All dissolved metals concentrations were reported below the adopted assessment criteria at the three 

sampled locations, with the exception of copper at BH05 (0.004 mg/L) and BH15 (0.004 mg/L) which exceeded 

the DER, 2014 Fresh Waters (0.0014 mg/L) and the DER, 2014 Marine Waters (0.0013 mg/L) assessment 

criteria; and Nickel at BH05 (0.01 mg/L) and BH15 (0.007 mg/L) which exceeded the DER, 2014 Marine Waters 

assessment criteria. Reported metals concentrations are provided in Table 7-5. 

Table 7-5: Metals Concentrations 

Metals Minimum Concentration Maximum Concentration 

Arsenic 0.002 mg/L (BH04 and BH05) 0.005 mg/L (BH15) 

Barium 0.076 mg/L (BH15) 0.190 mg/L (BH04) 

Cadmium <0.0001 mg/L (all locations) 

Chromium <0.001 mg/L (all locations) 

Copper 0.001 mg/L (BH04) 0.004 mg/L (BH05 and BH15) 

Cobalt <0.001 mg/L (BH04, BH05 and BH15) 

Nickel  0.002 mg/L (BH04) 0.01 mg/L (BH05) 

Mercury <0.0001 mg/L (all locations) 

Lead <0.001 mg/L (all locations) 
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Metals Minimum Concentration Maximum Concentration 

Zinc <0.005 mg/L (all locations) 

7.4.5.3 April 2018 

All dissolved metals concentrations were below the adopted assessment criteria, with the exception of copper 

which exceeded the DER, 2014 Fresh Waters (0.0014 mg/L) and the DER, 2014 Marine Waters (0.0013 mg/L) 

assessment criteria at all locations; nickel at BH01 (0.007 mg/L) and BH03 (0.009 mg/L) which exceeded the 

DER, 2014 Marine Waters (0.007 mg/L) assessment criteria; and zinc at all locations which exceed DER, 2014 

Fresh Waters (0.008 mg/L) and DER, 2014 Marine Waters (0.015 mg/L) assessment criteria. The concentration 

ranges for the reported dissolved metals are provided in Table 7-6. 

Table 7-6: Metals Concentrations 

Metals Minimum Concentration Maximum Concentration 

Arsenic 0.002 mg/L (BH01, BH03, BH04, BH05) 0.004 mg/L (BH15) 

Barium 0.081 mg/L (BH15) 0.237 mg/L (BH01) 

Cadmium <0.0001 mg/L (all locations) 

Chromium <0.001 mg/L (all locations) 

Copper 0.006 mg/L (BH15) 0.048 mg/L (BH01) 

Cobalt <0.0001 mg/L (all locations) 

Nickel  0.003 mg/L (BH04) 0.009 mg/L (BH03) 

Mercury <0.0001 mg/L (all locations) 

Lead <0.001 mg/L (BH01, BH03, BH04 and BH15) 0.002 mg/L (BH05 and BH12) 

Zinc 0.015 mg/L (BH15) 0.08 mg/L (BH01) 

7.4.6 Hydrocarbons  

7.4.6.1 January 2018 

Concentrations of BTEX and PAH were below the laboratory practical quantitation limits (PQLs) and the 

adopted assessment criteria at each location. 

Concentrations of TRH were below the laboratory PQLs and below the adopted assessment criteria at all 

locations, with the exception of detectable concentrations of TRH which are reported in Table 7-7776. 

Table 7-7: TRH 

TRH Fractions Location Assessment Criteria  

TRH >C10-C16 BH04 (230 µg/L), BH05 (450 µg/L) 

and BH15 (1040 µg/L) 
N/A 

TRH >C10-C40 (sum) 

Due to the lack of a ‘source’ for the contamination and the identified carbon chain, which may indicate diesel, 

it was considered that these detections may be due to driller contamination.  
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7.4.6.2 March 2018 

Following the purging and further development of the three wells, the additional round of groundwater 

sampling reported hydrocarbons, which included BTEX, PAH and TRH, below the laboratory PQLs. This 

confirmed the initial assessment that the laboratory detection during the January 2018 sampling event was 

probably due to driller contamination.  

7.4.6.3 April 2018 

TRH concentrations, including BTEX and PAH, were reported below the laboratory PQLs and the adopted 

assessment criteria at all sample locations. No further detection was identified at BH04, BH05 and BH15. 

7.4.7 Chlorinated Hydrocarbons 

7.4.7.1 January 2018 

CHC concentrations, including halogenated hydrocarbons and halogenated phenols, were reported below 

laboratory PQLs and the adopted assessment criteria at each location.  

7.4.7.2 March 2018 

CHC concentrations were reported below laboratory PQLs at all three sample locations. 

7.4.7.3 April 2018 

CHC concentrations, including halogenated hydrocarbons and halogenated phenols, were reported below 

laboratory PQLs and the adopted assessment criteria at each location.  

7.4.8 Phenols 

7.4.8.1 January 2018 

Phenols concentrations were reported below laboratory PQLs and the adopted assessment criteria at each 

location.  

7.4.8.2 March 2018 

Phenols concentrations were reported below laboratory PQLs and the adopted assessment criteria at each 

location.  

7.4.8.3 April 2018 

Phenols concentrations were reported below laboratory PQLs and the adopted assessment criteria at each 

location.  

7.4.9 PCBs 

7.4.9.1 January 2018 

PCB concentrations were reported below the laboratory PQLs and the adopted assessment criteria at each 

location.  
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7.4.9.2 March 2018 

PCB concentrations were again reported below the laboratory PQLs and below the adopted assessment 

criteria at all three sample locations. 

7.4.9.3 April 2018 

PCB concentrations were reported below laboratory PQLs and the adopted assessment criteria at each 

location.  

7.4.10 Organic Acids 

7.4.10.1 January 2018 

Organic Acid concentrations were reported below the laboratory PQLs at each location, with the exception of 

detectable concentrations of acetic acid at BH04 (0.164 mg/L) and BH05 (0.054 mg/L). Following review of the 

drillers MSDS’s, it was considered that these detections represented driller contamination. Therefore, BH04 

and BH05 were resampled.  

7.4.10.2 March 2018 

Resampling of BH04 and BH05 reported concentrations below the laboratory PQLs. 

7.4.10.3 April 2018 

Organic Acid concentrations were again reported below the laboratory PQLs at all locations, including the wells 

that had previously reported the analytes.  

7.4.11 Microbial Analysis 

7.4.11.1 January 2018 

Microbial analysis, which included E.coli and Enterococci, reported concentrations to be below the laboratory 

PQLs.  

7.4.11.2 April 2018 

Microbial analysis during the April round of sampling again reported concentrations to be below the laboratory 

PQLs.  

7.4.12 PFAS 

7.4.12.1 January 2018 

PFAS concentrations were reported below the laboratory PQLs and below the adopted assessment criteria at 

each location.  

7.4.12.2 April 2018 

PFAS concentrations were again reported below the laboratory PQLs and below the adopted assessment 

criteria at each location.  
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7.5 Baseline Values  

The concentrations recorded during the sampling activities, with the exception of TRH and organic acid 

exceedances (believed to be due to driller contamination) will represent the initial baseline groundwater 

quality prior to construction and ongoing site activities. Therefore, these values should be utilised as baseline 

comparison levels to ensure that the Site activities are not adversely impacting groundwater.   
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8 Preliminary Conceptual Site Model 

In general accordance with the NEPM, 2013, a tier 1 risk assessment and preliminary conceptual site model 

(CSM), in relation to the groundwater resource, has been prepared for the Site.  This combines information 

from the environmental investigations undertaken, literature reviews and all relevant information provided to 

Talis. This pre-development CSM identifies potential contamination sources, exposure and transportation 

pathways and receptors that may exist should a WMF be situated within the Site and is presented visually in 

Figure 17171414.   

8.1 Contamination Source 

Should the Site be adopted as a waste management facility, the primary source of contamination will be 

landfill waste.  

8.2 Chemicals of Potential Concern  

The chemicals of potential concern (COPCs) that can be associated with landfilling are dependent on the 

buried waste. The DER, 2014 guidelines list the following COPCs when it comes to groundwater: 

 PCBs; 

 Alkanes; 

 Sulfides; 

 Metals; 

 Organic acids; 

 Nutrients (e.g. nitrogen, phosphorus); 

 TRH; 

 PAH; 

 Ammonia; 

 TDS; 

 Monocyclic aromatic hydrocarbons (MAH) such as BTEX; and 

 Phenols.  

Further to the above, PFAS is considered an emerging COPC across Australia and is included as a COPC.   

8.3 Receptors 

Should the Site be used as a WMF, the onsite receptors which may be present and impacted by adverse 

impacts to groundwater include: 

 Onsite – workers and visitors; 

 Onsite – groundwater resource; and 

 Onsite – flora and visiting fauna. 

The potential future offsite receptors in relation to groundwater include: 

 Offsite – groundwater users down hydraulic gradient, abstracting groundwater for non-potable 

purposes; 

 Offsite – Sensitive ecological receptors (rivers and lakes) and flora and native fauna; and 

 Offsite – Indian Ocean. 
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8.4 Exposure Pathways 

Exposure pathways are means by which COPCs impact receptors.  Exposure pathways for groundwater 

include: 

 Abstraction of groundwater; 

 Dermal contact with groundwater; 

 Ingestion of groundwater; 

 Inhalation of groundwater; and 

 Uptake by groundwater dependent ecosystems, including adsorption to root systems and ingestion of 

impacted flora by fauna.  

8.5 Exposure pathways and Qualitative Risk Assessment 

Table 8-1 identifies the ‘receptor-exposure-pathways’, in relation to groundwater, that may exist should a 

WMF be developed at the Site. The level of risk has been determined by combining consequences and the 

likelihood using the definitions presented in AS31000:2009 Risk Management-Principles and Guidelines.  
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Table 8-1: CSM Risk Assessment 

Receptor Exposure Pathway 

Pathway 

(Complete/ 

Partially 

complete/ 

incomplete) 

Reasoning Risk 

On-site Human Health Risk 

Site workers, 
visitors to the 
Site 

Dermal contact or 
ingestion of 
groundwater 

Partially 
Complete 

It is assumed that groundwater at the Site will not be used for potable purposes. 

Should groundwater in the future be extracted at the Site for non-potable purposes including 
irrigation, should a leak occur, there may be exposure to contaminated groundwater. However, 
modern waste facilities are engineered to reduce the potential for leaks and subsequent 
groundwater impacts.  Further to this, any extraction well should be placed up-hydraulic gradient 
from the WMF, which will further reduce the risk to site workers.  

Overall, should groundwater be used in a non-potable or irrigation setting, the risk from exposure 
to any future groundwater is low.   

Low 

On-site Ecological Risk 

Flora and 
visiting fauna 

Adsorption of 
groundwater by 
flora, dermal 
contact or 
ingestion by fauna 

Partially 
complete 

Where flora roots systems extend into the groundwater, there is a risk they may absorb any 
contamination that has leached into groundwater. Impacted flora may then be ingested by any 
visiting fauna to the Site.    

A review of the current data for the Site has suggested that all roots systems are confined to the 
upper horizons and do not appear to extend into the underlying groundwater. The presence of a 
well compacted and hard cemented gravel/silcrete layer may also prevent the extension of roots 
to the underlying sandstone aquifer. However, deep rooted trees may be able to penetrate this 
layer and draw water from the aquifer, especially due to drought conditions that can exist in the 
Onslow area.  

Therefore, there is a potential for flora to be impacted should a leak occur at the Site. However, 
the development of the Site will also reduce the number of visiting fauna at the Site.  

Moderate 

Off-site Human Health Risk 

Groundwater 
users down 
gradient, 
including users 
in a non-

Dermal contact or 
ingestion of 
groundwater 

Incomplete The investigation has highlighted the potential for groundwater abstraction approximately 4 km to 
the west of the proposed WMF, with the Mount McCann well identified. This well is primarily 
across hydraulic gradient from the proposed WMF and is not considered at risk. Several further 
wells are located down hydraulic gradient; namely Main Roads 30 SLK approximately 7 Km down 
hydraulic gradient; Cootamungra Dam approximately 12 Km to the north west which, while saying 

Low 
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Receptor Exposure Pathway 

Pathway 

(Complete/ 

Partially 

complete/ 

incomplete) 

Reasoning Risk 

potable, 
irrigation and 
stock water 
setting.  

it targets groundwater, may represent a surface water monitoring location; Minderoo No 1 which 
is a stratigraphic monitoring well and discussed within this report; and Cheetawah Well 
approximately 11 Km to the north west.  All wells were at a sufficient distance that the risk would 
likely be limited.  

To reduce a WMF’S environmental legacy, all modern facilities incorporate engineering practices 
that are designed to reduce the potential for impacts to groundwater.   

However, should a leak occur, the hydrogeological assessment has suggested that groundwater 
movement is slow within the aquifer and at such large distance, dispersion, diffusion and 
retardation would likely reduce any contamination level; however, unretarded and persistence 
contaminants may migrate these distance over time. 

Overall however, based on the groundwater regime and the adoption of modern engineering 
practices, the risk to down gradient groundwater users are low. 

Public Drinking 
Water Source 
Area 

Groundwater flow Incomplete  A Priority 1 (P1) Public Drinking Water Source Area is located approximately 21 km to the north-
east of the Site, which is located hydraulically across gradient.   

Therefore, based on this body being situated across hydraulic gradient and at such a large 
distance, the risk posed to it is considered to be low. 

Low 

Off-site Ecological Risk  

Surface water 
users where 
groundwater 
from beneath 
the Site 
recharges a 
surface water 
body. 

Dermal contact or 
ingestion of 
impacted surface 
water 

Incomplete The Site and surrounds are located within both a surface water and groundwater proclaimed area 
where, under the RIWI Act, a licence is required to abstract water.  

No surface water bodies were located at the Site, with the nearest surface water body which may 
receive groundwater is an unnamed lake located approximately 3.5 km to the west of the Site. This 
lake is located across gradient from the proposed WMF and will not be hydraulically connected 
with regards to the Site.  

Again, any WMF will adopt modern engineering practices and further to this, the hydrogeological 
assessment has suggested that a contaminant transport would be slow due to the aquifer 
conditions and that significant attenuation and dilution would occur prior to reaching the receptor. 

Therefore, based on this body being situated across hydraulic gradient and at such a large distance, 
the risk posed to it is considered to be low. 

Low 

Groundwater flow 
and surface water 
flow. 

Incomplete  

Low 
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Receptor Exposure Pathway 

Pathway 

(Complete/ 

Partially 

complete/ 

incomplete) 

Reasoning Risk 

Ashburton 
River 

Groundwater and 
surface water flow 

Incomplete The Ashburton River is located approximately 20 km to the north-west of the Site where it may 
receive groundwater inflow. Given the large distance between the Site and the Ashburton River, 
and modern engineering practices that will be adopted, should a leak occur it is considered unlikely 
that any impact would reach the Ashburton River. 

Low 

Indian Ocean Groundwater flow Incomplete The Indian Ocean is situated approximately 40 km down hydraulic gradient of the Site.  Due to the 
distance, modern engineering practices and the potential for natural attenuation and dilution 
factors, it is likely that any facility would present a low risk to this water body.  

Low 

Native Flora 
and fauna 
down hydraulic 
gradient 

Adsorption of 
groundwater by 
flora, dermal 
contact or 
ingestion by fauna 

Partially 
complete 

There is a possibility for impacted groundwater to be absorbed by native flora whose roots systems 
extend into the groundwater. Generally, a root system will only extend to approximately three 
metres; therefore, groundwater would be required to be shallow for this to occur.  However, larger 
trees may push to a greater depth to draw from the groundwater. Should this occur, there is also a 
potential for native fauna to ingest the impacted flora.  

Moderate 
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9 Discussion 

Talis completed the Hydrogeological risk assessment for the Site with the aim to assess both the groundwater 

regime beneath the Site and the risk to environmental values and adjacent properties in relation to the 

construction of the proposed WMF.  

In order to complete this assessment, site investigations comprising intrusive soil boring and trial pit 

excavations were undertaken. A total of 13 soil boreholes were drilled into the aquifer, with eight converted 

into groundwater monitoring wells and five converted into combined groundwater monitoring wells and 

landfill gas wells. A total of 112 trial pits were excavated into the shallow soils, in order to assess the soils for 

geotechnical purposes as well as the interaction with the surface water flow, rainfall and the underlying 

aquifer.  The details pertaining to the full geotechnical investigation undertaken across the Site is provided in a 

separate report (Talis, 2018).  

9.1 Soil Conditions 

A literature review highlighted the Site to be underlain by superficial soils described as “colluvium-poorly 

sorted clay, silt, sand and gravel; formed by sheet flood and deflation” across the ‘lower’ topographic portion 

of the Site, located the west of the sand ridge. The surface geology of the sand ridge is described as 

“longitudinal and network dunes and residual sand plains-reddish-brown to yellowish quartz sand”.  

These conditions were generally confirmed by onsite intrusive investigations which identified the initial 

horizon from the surface to be comprised of sandy clayey SILT and silty clayey SAND, with trace gravels. This is 

colloquially known as ‘Pindan’. Underlying this was gravelly sand, which likely represents a transition into the 

underlying cemented gravel/silcrete horizon. The underlying hardrock geology was described as SANDSTONE 

from approximately 3.6 m BGL, and  was interfingered with cemented gravels or clayey sands.   

The permeability assessment of the superficial soils highlighted a value of between 9.0 x 10-6 m/s and 1.0 x 10-6 

m/s for the silty sand horizon and between 4.8589 x 10-8 m/s and 6.107 x 10-9  m/s for the sandy silt horizon. 

The cemented gravel/silcrete recorded a permeability of between 1.6339 x 10-7 m/s and 3.382 x 10-9 m/s.  

9.2 Aquifer Conditions  

No superficial or perched groundwater was identified during the investigation. Laboratory testing undertaking 

on the superficial soils suggests that its presence will be unlikely, with relatively low permeability soils. 

However, one may exist seasonally within lenses of sand or above the cemented gravel/silcrete layer but 

would likely be limited in volume and yield.  

The aquifer beneath the Site was identified as the sandstone aquifer (possibly part of the Windalia Radiolarite 

Sandstone Member). Groundwater was encountered at depths between 5.389 m BGL (BH03 located in the 

south-western corner of the Site), and 7.266 m BGL (BH14) across the lower sand plain, west of the sand ridge.  

In reference to groundwater flow, the phreatic surface was shown to be sitting at 6.586 m AHD (BH05) and 

12.026 m AHD (BH01) across the Site and flowing in a westerly/north-westerly direction with a hydraulic 

gradient of 0.00158. The hydraulic conductivity was shown to be up to 0.36 m/day based on data obtained 

through the use of slug tests, with a seepage velocity of 2.08 m/year.   
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9.3 Groundwater Geochemistry  

The groundwater beneath the Site was assessed in order to understand the aquifer quality and its likely 

beneficial use. The assessment has suggested that the groundwater is ‘brackish’ and neutral and dominated by 

sodium chloride ions, with concentrations of chloride in exceedance of the DER, 2014 NPUG assessment 

criteria.  

Background dissolved metals concentrations in groundwater were generally reported below the relevant 

adopted assessment criteria, with the exception of copper, cobalt, nickel and zinc. Copper exceeded fresh and 

marine water guidelines at BH01, BH03 and BH05 in January 2018, BH05 and BH15 in March 2018 and at all 

locations in April 2018. Cobalt exceeded marine water guidelines at BH04 and BH05 in January 2018 only. 

Nickel exceeded marine water guidelines at BH05 and BH15 in March 2018 and at BH01 and BH03 in April 

2018.  Zinc exceeded fresh and marine water guidelines at all locations in April 2018. The exceedances are 

considered to be associated with natural aquifer conditions and not an introduced contaminant. 

Hydrocarbons, including TRH, MAH and PAH, were below the laboratory PQL’s suggesting it they are not 

present in groundwater at this time. This was with the exception of TRH >C10-C16 fractions which were 

detected in BH04, BH05 and BH15 during the January 2018 monitoring round. Based on the lack of ‘source’ it 

was considered to represent contamination during drilling and as such these wells were resampled with 

corresponding results below the laboratory PQL’s.  

Low level nutrient concentrations were detected in groundwater across the Site and are not considered to be 

from anthropogenic activates.  

All other COPCs including microbes, PCBs, phenols and PFAS were reported below laboratory PQLs, again, 

suggesting their lack of presence in groundwater.  

Overall, groundwater beneath the Site generally appears to be suitable for use in a non-potable setting 

including irrigation and stock water.  

9.4 Tier 1 Risk Assessment  

The pre-development tier 1 risk assessment was completed for the Site and highlighted a low risk to Site users, 

down hydraulic gradient groundwater users and the surrounding environment. This was with the exception of 

deep rooted flora that may draw water from the aquifer. Should a leak occur then there would be a potential 

for such flora to draw contamination from groundwater and in turn impact native fauna.  

In relation to groundwater, the nearest registered down-hydraulic gradient groundwater bore is located 

approximately 4 km to the west of the Site, with the nearest down hydraulic gradient (north west) bore 

located at a distance of 7 km. The hydrogeological risk assessment indicated a low hydraulic gradient and soils 

with low permeability and as such it is considered that there would be sufficient attenuation and dilution of 

contaminants if a leak were to occur. However, if a persistence and unretarded contaminant were to enter 

groundwater, this may impact bores down hydraulic gradient; however, travel times would likely be large. 

Overall, the risk is considered low at this time.   

The risk assessment also considered impacts to the nearest surface water body located hydraulically down-

gradient, the Ashburton River and Indian Ocean, which were located at a distance of approximately 3.5 km, 20 

km and 40 km respectively. Given the large distance between these sensitive ecological receptors, as well as 

the adoption of modern engineering practices, the risk posed to these bodies are considered to be low.  
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10 Conclusions 

Based on the hydrogeological risk assessment undertaken, Talis has drawn the following conclusions: 

 The Site is unallocated Crown Land, and is located in the proposed Cane River Conservation Park 

extension area, with no known previous land use; 

 The intrusive investigation included the sinking of 12 boreholes into the underlying aquifer. Of these, 

seven were converted into groundwater monitoring wells, and five were converted into combined 

groundwater and landfill gas wells; 

 The subsurface conditions encountered included a silty clayey sand/sandy clayey silt horizon, 

underlain by cemented gravel/silcrete, further underlain by sandstone interfingered with cemented 

gravels and clayey sand; 

 The hard rock geology encountered was recorded as an unidentified Cretaceous sediment, possibly 

belonging to the Windalia Radiolarite Sandstone Member, which forms part of the Carnarvon Artesian 

Basin; 

 No surface water bodies were identified to be located at or within the direct vicinity (<1 km of the 

Site), with the nearest surface water body being an unnamed lake, located approximately 3.5 km to 

the west; 

 Permanent superficial/perched aquifers were not encountered during the investigation, though one 

may exist seasonally; 

 The aquifer was described as an unconfined sedimentary aquifer with flow controlled via secondary 

porosity and weathered portions; 

 Groundwater was noted to be flowing in a west/north-westerly direction, towards the Ashburton 

River and Indian Ocean located approximately 20 and 40 km away respectively, with the phreatic 

surface ranging between 6.586 m AHD (BH05) and 12.026 m AHD (BH01); 

 The maximum hydraulic conductivity was calculated to be 0.36 m/day; however, rates vary across the 

Site and may be greater in some locations. The ranges were within the expected range for a fine to 

medium grained sandstone; 

 Several inorganic compounds were reported above the adopted assessment criteria including: 

o Chloride at each location in exceedance of the DER, 2014 NPUG assessment criteria. This is 

considered to be associated with the brackish nature of groundwater; and 

o Copper, cobalt, nickel and zinc were recorded above the DER, 2014 Fresh Water and/or the 

Marine Water assessment criteria at certain locations across the Site.   

 Groundwater was shown to be brackish and neutral; and 

 Groundwater quality measured at the Site appears to be generally suitable for stock water, irrigation 

and non-potable purposes though consideration would be needed in relation to the chloride 

concentrations.  

Based on the hydrogeological risk assessment undertaken, it is considered that the overall risk posed by siting 

of the WMF within the Site is considered to be low. A risk, however, may be present to deep rooted flora and 

in turn native fauna that may consume impacted flora.  

10.1 Recommendations 

The following additional work is recommended. 

A Phase 2 Hydrogeological Risk Assessment utilising LandSim. LandSim allows for the assessment of the landfill 

liner performance, and subsequent impacts to groundwater.   
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Talis has installed a number of pressure transducers across the Site to continually monitor groundwater depth. 

It is recommended that these remain at Site until a true wet season has been experienced. It is also 

recommended that these are serviced, with data downloaded, every quarter.  

Ongoing groundwater monitoring on a bi-annual basis is recommended to develop a thorough understanding 

of groundwater geochemistry. This in turn will act as the ‘trigger levels’ if a WMF is developed at the Site.  

The investigation found several monitoring wells down-hydraulic gradient from the proposed WMF. While the 

distances were such that the risk was low, this risk could be further assessed by undertaking a bore survey 

assessing whether these bores are operational etc.   

10.2 Limitations 

Talis has performed this investigation in accordance with the defined scope of works for the Site and in 

accordance with relevant standards. 

Investigations of this nature are not capable of defining all site conditions (which can vary even over short 

distances) and beyond the extent of the investigation locations. The advice given in this report is based on the 

assumption that the test results are representative of the overall site conditions. Should further work reveal 

conditions significantly different from those shown in the report, further assessments should be undertaken. 

The assessment of groundwater users, and subsequent risk, relies on all bores being registered; as such, bores 

may exist in closer proximity to the Site that have not been registered.  

The assessment does not fully aim to evaluate the suitability of groundwater to be used in a stock water, 

irrigation or non-potable setting, and can only provide advice in relation to the analytes tested.  

Slug test have been used as a method for determination of hydraulic conductivity within the aquifer, however 

they are limited to the location and depths at which they were performed. Assumptions made in the process 

of performing the slug tests and data analysis are; 

 Tests are indicative of the overall aquifer conditions; 

 Flow within the aquifer is uniform; 

 Porosity is primary and secondary features such as cavities or fractures are not present; and 

 Saturated thickness of the aquifer is 20.5m.  

Further evaluation of the hydrogeological conditions, if required, can be done by performing pump tests. 

However, based on the overall environmental risk, it is not considered warranted at this time.  
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