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1 INTRODUCTION 
Australasian Environmental Solutions Pty Ltd (AES) was contracted by Bennett Resources Pty Ltd (BNR) to 
undertake a baseline soil quality sampling within the Valhalla Gas Exploration and Appraisal Program’s (the 
Proposal) Development Envelope, in accordance with the SQ1 Baseline Soil Quality Sampling Framework (no 
doc ID). The SQ1 framework involves the one-time sampling of sites, located in proximity to the proposed well 
site locations put forward in the Valhalla Proposal, to gather regional baseline soil quality data. 

Baseline soil sampling was undertaken on 19 August 2021, with samples submitted to the laboratory on 25 
August 2021 for analysis. Soil samples were collected from a total of six representative baseline sites located 
in the Exploration Permit EP 371, in the Canning Basin, Shire of Derby-West Kimberley, Western Australia 
(WA) (Figure 2-1). Specifically, these sites were selected for their location in different mapped soil landscape 
systems, and for their location in relation to the Proposal’s Development Envelope and proximity to the 
proposed well sites. 

1.1 Purpose and objectives 
The purpose of this sampling report is to summarise the baseline soil sampling event, which will aid in the 
understanding of a local and regional soil quality assessment, as well as supporting the development of any 
future soil sampling and monitoring events that may occur throughout the duration of the Proposal.  

The objectives of the report are to: 

• Outline the sampling event 
• Summarise the methodology 
• Present any sampling event limitations 
• Present the laboratory results 
• Interpret and conclude on the baseline results. 

1.2 Scope of work 
The following activities were carried out as part of the scope of work for the baseline soil sampling event: 

In six chosen sites: 

• Measure out one 10m x 10m quadrat at each of the chosen soil locations 
• Select five random locations within each quadrat, to yield one combined representative site sample 
• Collect soil samples 
• Submit samples to a NATA-accredited laboratory for the analysis of a comprehensive list of analytes 

and physical properties, and  
• Prepare this report to inform on the methodology, field activities, limitations, results, interpretation and 

conclusions. 
The results provided in this report are presented against the laboratory’s limits of reporting or detection, which 
do not provide a comparison in terms of soil quality. A comparison against ecological and health screening 
levels has therefore been included to interpret the broad soil quality of the soil landscape systems sampled in 
the Development Envelope. Additional comparison against broader soil quality criteria is also within scope of 
this report. 

 

2 SITE IDENTIFICATION 
The indicative sites were firstly identified following a desktop assessment and scouting trip, undertaken in July 
2021 to ascertain access to the chosen sites. 

The sampling event was undertaken to assess baseline soil quality, therefore sites (Figure 2-1) were selected 
based upon mapped soil landscape systems within the Development Envelope, away from currently known or 
historically disturbed areas, such as near petroleum well sites, gravel pits and pastoral zones of influence 
(highly disturbed areas from cattle aggregation). The sites were selected as close as possible to certain 
proposed well site locations, in three different soil landscape systems (an additional system was sampled near 
the Mount Hardman creek given the proximity of this soil landscape system to some proposed well sites). 
Further detail on the sampling site justification is presented in the SQ1 Baseline Soil Quality Sampling 
Framework (no doc ID). 

The soil sampling sites are presented in Table 4-1. 
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Figure 2-1: Baseline soil sampling sites 
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3 SUMMARY OF RECEIVING ENVIRONMENT 
The Development Envelope is located within the 331 – North Fitzroy Plain Zone (soil landscape land quality 
zone), that covers an area of 17,925 km2 (Tille 2006). The North Fitzroy Plain Zone is comprised of floodplains 
and sandplains (with alluvial plains and undulating plains) on Permian sedimentary rocks of the Canning Basin 
with self-mulching cracking clays, Red deep sands, Red sandy earths and Red / brown non-cracking clays. 
Rangeland Land Systems mapping, prepared by DPIRD, describe the biophysical characteristics of each 
region and separates these into land systems, which are defined as repeating patterns of topography, soil and 
vegetation. The Development Envelope covers four soil landscape systems (as seen in Figure 2-1), which are 
described as (Government of Western Australia 2021, Payne and Schoknecht 2011): 

• 331Cm: Camelgooda System: Sandplains, swales and linear sand dunes supporting low pindan 
woodlands of acacias and low woodlands of bauhinia and bloodwood with curly spinifex and ribbon 
grass 

• 331Cy: Calwynyardah System: Alluvial plains with scalded tracts downslope from lateritic remnants 
with yellowish loamy soils supporting patchy beefwood-bauhinia low woodlands with curly spinifex and 
ribbon grass; also minor hard spinifex grasslands 

• 331Dj: Djada System: Active flood-plains with levees and levee back slopes supporting ghost gum 
open woodlands with frontage grasses, and cracking clay back plains supporting ribbon grass-blue 
grass and Mitchell grass grasslands 

• 331Ma: Mamilu System: Plains and sandplains, deep red sands and yellowish loamy soils on 
lateritised sedimentary rocks supporting beefwood-bauhinia low woodlands and pindan acacia 
shrublands with curly spinifex and ribbon grass. 

4 SAMPLING METHODOLOGY 
Sampling was conducted as per the BNR Water and Soil Sampling Work Procedure (BNR_HSE_PR_006). 
The sampling methodology and analysis were reviewed using the following guideline: Department of 
Environmental Protection (WA): Development of Sampling and Analysis Programs (December 2001) 
(Department of Environmental Protection 2001). 

Samples were collected by AES field staff on 19 August 2021 (Table 4-1). 

Table 4-1: Valhalla baseline soil sampling sites 

Site name Soil 
landscape 
system 

GPS L\location 
of sites (GDA 94) 

Sampling date and 
time 

Sampling depth and method 

SM_1 331Cm 
-18.023804 
124.794597 

19 Aug 2021 
12:15 pm 

0-40 cm mixture, soil shovel and tape 
measure (inappropriate soil for soil 
auger). 
2 x 250 mL jars 
1 x ~1kg soil bag 

SM_2 331Dj 
-18.099759 
124.817378 

19 Aug 2021 
11:10 am 

0-20 cm mixture, soil shovel and tape 
measure (inappropriate soil for soil 
auger) 
2 x 250 mL jars 
1 x ~1kg soil bag 

SM_3 331Cy 
-18.1 
124.839047 

19 Aug 2021 
10:35 am 

0-40 cm mixture, soil shovel and tape 
measure (inappropriate soil for soil 
auger) 
2 x 250 mL jars 
1 x ~1kg soil bag 

SM_4 331Cm 
-18.206345 
124.890748 

19 Aug 2021 
09:45 am 

0-40 cm mixture, soil shovel and tape 
measure (inappropriate soil for soil 
auger) 
2 x 250 mL jars 
1 x ~1kg soil bag 

SM_5 331Cy 
-18.250809 
124.839569 

19 Aug 2021 
08:40 am 

0-40 cm mixture, soil shovel and tape 
measure (inappropriate soil for soil 
auger) 
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2 x 250 mL jars 
1 x ~1kg soil bag 

SM_6 331Cm 
-18.273705 
124.977 

19 Aug 2021 
07:30 am 

0-40 cm mixture, soil shovel and tape 
measure (inappropriate soil for soil 
auger) 
2 x 250 mL jars 
1 x ~1kg soil bag 

4.1 Sampling event limitations 
As per Table 4-1, all sites were sampled. Sampling was undertaken in proximity to the indicative sites identified 
prior to the sampling event.  

A simple soil auger was proposed to be used to sample soil to the depth of <40 cm. However, each soil site 
and thus landscape system was determined to be too dry, compact or difficult (e.g. loose sand or hard clay 
pan) to enable a reproducible, consistent and straightforward sample recovery with the auger.  

As such, the auger was not used, and a small shovel was used. Sampling holes were dug to a depth of 40 cm.  

The soil was too dry, compact or difficult (e.g. loose sand or hard clay pan) to obtain a suitable / consistent soil 
profile at each site with the equipment available. Soil depths were noted in some instances to be <5 cm prior 
to reaching the limit of hardpan.    

All sites, with the exception of SM_2, were easily sampled given the type of soil encountered; predominantly 
sands and sandy soils. Samples from SM_2 were collected in the 331Dj: Djada Soil Landscape System, which 
consists of flood-plains with levees cracking clay back plains. This landscape system is present along the 
Mount Hardman Creek line and will not be encountered on the proposed well site locations for the Proposal. 
Samples were still collected to provide additional local background baseline data and to serve as comparison 
to the other soil landscape systems. Samples from SM_2 were difficult to collect with the shovel given the hard 
compact nature of the dry clay pan (<5 cm sample depth). Samples were required to be collected from a wider 
quadrat to include sandier soil near the dried creek (<20 cm sample depth), in order to submit sufficient soil 
matter for lab analysis. 

 

5 CRITERIA, INVESTIGATION AND SCREENING LEVELS 
Investigation and screening levels have been applied to constituents of potential concern (CoPC) to evaluate 
potential risks to ecosystems and human health from CoPC. Exceedance of the investigation and screening 
levels as presented within the adopted criteria does not necessarily infer that the substance presents a hazard 
or risk to human health, the environment or environmental values but that further investigation, assessment 
and / or risk mitigation measures are required. 

5.1 References for investigation and screening levels 
The following documents and guidelines addressing soil ecological and health criteria and screening levels 
were reviewed and applied for the interpretation of the soil sample results: 

• Department of Environment and Conservation (DEC) (2010). Assessment levels for Soil, Sediment 
and Water. Contaminated Sites Management Series, Version 4 Revision 1, February 2010. 
Government of Western Australia (DEC 2010) 

• Department of Environment Regulation (DER) (2014). Assessment and management of contaminated 
sites – Contaminated sites guidelines. December 2014. Government of Western Australia (DER 2014) 

• National Environment Protection Council (NEPC) (1999). Assessment of Site Contamination) Measure 
(NEPM), Schedule B (1) – Guideline on the Investigation Levels for Soil and Groundwater (NEPC 
1999) 

• Dutch B (Indicative value for further investigation) from Moen, J.E.T., Cornet, J.P and Evers, C.W.A 
(1986). Soil protection and remedial actions: criteria for decision-making and standardisation of 
requirements, in Assink, J.W and van den Brink, W.M (1986). Contaminated Soils, First International 
TNO Conference on Contaminated Soil, 11-15 November 1985 (Assink and van den Brink 1986) 

• ANZECC B (Environmental Investigation Levels) from ANZECC & NHMRC (1992) Australian and New 
Zealand Guidelines for the Assessment and Management of Contaminated Sites (ANZECC and 
NHMRC 1992) 
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• US EPA regional screening levels (RSLs) from US EPA (2009). Regional Screening Levels, available 
from https://www.epa.gov/risk/regional-screening-levels-rsls-generic-tables (US EPA 2021) 

• Department of Health’s (DOH) letter to DEC, dated 21 April 2009 (reference 04- 06372). Contaminated 
Sites Management Series of Guidelines – Assessment Levels for Soils, Sediment and Water (Version 
4.0) (DoH 2009). 

 

The following definitions (NEPC 1999) have been provided to support the basis of comparison with accepted 
levels: 

• “Ecological investigation levels have been developed for selected metals and organic substances and 
are applicable for assessing risk to terrestrial ecosystems. [These] depend on specific soil 
physicochemical properties and land use scenarios and generally apply to the top 2 m of soil” 

• “Ecological screening levels have been developed for selected petroleum hydrocarbon compounds 
and total petroleum hydrocarbon (TPH) fractions and are applicable for assessing risk to terrestrial 
ecosystems. [These] broadly apply to coarse- and fine-grained soils and various land uses. They are 
generally applicable to the top 2 m of soil” 

• “Health investigation levels have been developed for a broad range of metals and organic substances. 
[These] are applicable for assessing human health risk via all relevant pathways of exposure. [These] 
are generic to all soil types and apply generally to a depth of 3 m below the surface for residential use” 

• “Health screening levels have been developed for selected petroleum compounds and fractions and 
are applicable to assessing human health risk via the inhalation and direct contact pathways. [These] 
depend on specific soil physicochemical properties, land use scenarios, and the characteristics of 
building structures. They apply to different soil types, and depths below surface to >4 m”. 

5.2 References for soil criteria and ratings 

5.2.1 pH 
As with many measurements on soils and sediments, pH values will vary depending on the procedure / 
laboratory analytical method used. pH ratings for pH extracted using deionised water (pHH2O) at a sample 
solution ration of 1:5 are presented below in Table 5-1. 

Table 5-1: Soil pHH2O ratings (Rayment and Lyons 2011) adapted from (Bruce and Rayment 2004) and (USDA-NRCS 2004) 

pHH2O range Rating (pH units) 

1.8 – 3.4 Ultra acidic 

3.5 – 4.4  Extremely acidic 

4.5 – 5.0 Very strongly acidic 

5.1 – 5.5 Strongly acidic 

5.6 – 6.0 Moderately acidic 

6.1 – 6.5 Slightly acidic 

6.6 – 7.3 Circum-neutral 

7.4 – 7.8 Slightly alkaline 

7.9 – 8.4 Moderately alkaline 

8.5 – 9.0 Strongly alkaline 

9.1 – 10 Very strongly alkaline 

>10 Ultra alkaline 

5.2.2 Electrical conductivity 
Electrical conductivity (EC) is typically measured in a 1:5 soil:water extract (EC (1:5)). Soil type must be 
considered when assessing soil salinity based on EC (1:5). Soil salinity ratings (based on standard CSIRO 
categories (Rayment and Lyons 2011) for sand, loam and clay types are presented in Table 5-2. 

Table 5-2: Soil salinity rating for EC (1:5) 

Salinity rating Salinity rating based on EC (1:5) (µS/cm) 

https://www.epa.gov/risk/regional-screening-levels-rsls-generic-tables
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Sand Sandy loam Loam Clay loam Light / 
medium 

clay 

Heavy clay 

Non-saline / very low <130 <170 <200 <220 <250 <330 

Slightly saline 130 – 260 170 – 330 200 – 400 220 – 440 250 – 500 330 – 670 

Moderately saline 260 – 520 330 – 670 400 – 800 440 – 890 500 – 1,000 670 – 1,330 

Very saline 520 – 1,060 670 – 1,330 800 – 1,600 890 – 1,780 1,000 – 
2,000 

1,330 – 
2,670 

Extremely saline >1,060 >1,330 >1,600 >1,780 >2,000 >2,670 

5.2.3 Organic carbon and organic matter 
The general ranking of soil organic matter levels (Emerson 1991, Hazelton and Murphy 2016, Charman and 
Roper 2007), presented in Table 5-3 below, has been based on soils that are light-textured (sand loams, 
loams) and weakly structured. These soils broadly coincide with hard-setting soils. 

Table 5-3: Relationship of soil organic matter to soil physical properties 

Level of organic 
matter (%w/w) 

Level of organic 
carbon (%w/w) 

Rating Interpretation 

<0.70 <0.40 Extremely low Subsoils or severely eroded, degraded surface soils 

0.70 – 1.00 0.40 – 0.60 Very low Very poor structural condition, very low structural 
stability 

1.00 – 1.70 0.60 – 1.00 Low Poor to moderate structural condition, low to 
moderate structural stability 

1.70 – 3.00 1.00 – 1.80 Moderate Average structural condition, average structural 
stability 

3.00 – 5.15 1.80 – 3.00 High Good structural condition, high structural stability 

>5.15 >3.00 Very high Good structural condition, high structural stability 
and soils probably water repellent 

5.2.4 Major nutrients 
In literature, major nutrients in WA soils are often analysed using the Mehlich 3 extraction multi-element soil 
test methodology to assess soils for potential nutrient deficiencies, toxicity or imbalance that may affect 
revegetation outcomes. However, the methodology employed by the NATA-accredited laboratory (acid 
extractable metals, AN-045) during this baseline soil analysis differs significantly from the Melhich 3 extraction 
methodology, thus comparison against other WA soil nutrient values was deemed not possible. 

5.2.5 Laboratory analysed parameters 
The analysis undertaken by the NATA-accredited laboratory SGS Perth is presented in the laboratory 
certificate of analysis in Appendix A. The results are also presented in Table 7-1 of Section 7.1, with 
comparison against ecological and health investigation and screening levels. 

 

6 RESULTS AND DISCUSSION 

6.1 Field observations 
The weather condition on the day of sampling was sunny and hot (24-35° Celsius), with no cloud cover and a 
light predominantly south easterly wind. As the sampling was undertaken during the dry season of the 
Kimberley, the soil appeared very dry and in certain areas extremely hard and compact (dry clay pan). 

The quadrat at each sampling site was set up away from the vehicle, with the engine switched off during 
sampling to avoid any potential contamination from exhaust fumes. 

In-field description of the samples are presented in Table 6-1. 
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Table 6-1: Site descriptions 

Site name Soil 
landscape 
system (refer 
to Section 3) 

Brief field description of the sites 

SM_1 331Cm On the top of a dune. Evidence of recent burning (timeframe unknown). 
 

 
 
 

SM_2 331Dj In dry clay pan and along creek line. 
 

 
 
 
 

SM_3 331Cy Evidence of cattle access. Evidence of recent burning (timeframe unknown). 
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SM_4 331Cm Within grasses. 
 

 
 
 

SM_5 331Cy Within spinifex bushes. 
Evidence of cattle presence within the quadrat.  
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SM_6 331Cm Within tall grasses.  

 

 
 

7 RESULTS AND INTERPRETATION 
Soil quality has been compared against the ecological and health levels discussed in Section 5. An 
interpretation of the soil chemistry is further presented in Section 7.1, following a comparison against broad 
soil quality ratings from literature. 

Physical analysis including particle size distribution (PSD) of the soil samples is summarised in Section 7.2. 

7.1 Chemical analysis 
Results show that, for all soil samples, all analytes were below any of the ecological and health investigation 
and screening levels (Table 7-1). Overall, samples from the same soil landscape systems (SM_1, SM_4, SM_6 
in 331Cm red deep sands; and SM_3, SM_5 in 331Cy yellow sandy earth) presented some differences 
however were within similar ranges of results. It can be inferred that the soil quality resulting from these 
samples are representative of the soil landscape systems present throughout the Development Envelope. 
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Table 7-1: Baseline soil chemical analysis and comparison against ecological and health investigation and screening levels 

Analyte1 Units 

Laboratory 
Limit of 
Reporting 

Ecological 
Investigation and 
Screening Levels 
for Soils (mg/kg) 

Health 
Investigation 
and Screening 
Levels for Soils 
(mg/kg) 

Soil Sample Name (Soil Landscape System) 

SM_1 
(331Cm) 

SM_2 
(331Dj) 

SM_3 
(331Cy) 

SM_4 
(331Cm) 

SM_5 
(331Cy) 

SM_6 
(331Cm) 

pH pH Units 0 - - 6.7 7.8 7.1 6.8 6.6 6.7 

Conductivity of 
Extract (1:5 as 
received) 

µS/cm 1 - - 4 29 6 5 20 3 

Total Dissolved 
Solids (by 
calculation) 

mg/kg 5 - - 12 87 18 15 62 10 

% Moisture %w/w 0.5 - - <0.5 1.6 1.0 0.9 0.9 0.9 

Aluminium, Al mg/kg 50 - - 990 5500 2200 1300 2000 1400 

Arsenic, As mg/kg 1 20 100 <1 4 2 1 2 1 

Barium, Ba mg/kg 0.5 300 15,000 12 52 44 21 19 13 

Boron, B mg/kg 5 - 5,000 <5 <5 <5 <5 <5 <5 

Cadmium, Cd mg/kg 0.3 3 20 <0.3 <0.3 <0.3 <0.3 <0.3 <0.3 

Chromium, Cr mg/kg 0.5 Cr III: 400 Cr III: 120,000 8.4 18 26 13 20 14 

Hexavalent 
Chromium, Cr6+ mg/kg 0.5 Cr VI: 1 Cr VI: 100 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 

Copper, Cu mg/kg 0.5 100 1,000 0.9 7.4 2.8 1.5 2.9 2.0 

Lead, Pb mg/kg 1 600 300 2 7 3 2 4 2 

Manganese, Mn mg/kg 1 500 1,500 47 210 150 52 160 47 

Nickel, Ni mg/kg 0.5 60 600 0.9 6.6 3.4 1.7 2.8 1.9 

Selenium, Se mg/kg 3 - 200 <3 <3 <3 <3 <3 <3 

Zinc, Zn mg/kg 2 200 7,000 <2 9 5 <2 6 <2 

Silver, Ag mg/kg 1 - - <1 <1 <1 <1 <1 <1 

 
1 Soil samples analysed at a NATA-accredited laboratory. 
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Analyte1 Units 

Laboratory 
Limit of 
Reporting 

Ecological 
Investigation and 
Screening Levels 
for Soils (mg/kg) 

Health 
Investigation 
and Screening 
Levels for Soils 
(mg/kg) 

Soil Sample Name (Soil Landscape System) 

SM_1 
(331Cm) 

SM_2 
(331Dj) 

SM_3 
(331Cy) 

SM_4 
(331Cm) 

SM_5 
(331Cy) 

SM_6 
(331Cm) 

Iron, Fe mg/kg 50 - - 3900 13000 10000 4300 14000 6000 

Strontium, Sr mg/kg 0.5 - - 1.3 7.4 4.2 2.9 6.2 2.3 

Tin, Sn mg/kg 3 50 47,000 <3 <3 <3 <3 <3 <3 

Sodium, Na mg/kg 10 - - <10 15 <10 <10 24 <10 

Calcium, Ca mg/kg 5 - - 130 1800 250 140 250 240 

Magnesium, Mg mg/kg 10 - - 40 820 270 120 270 73 

Potassium, K mg/kg 10 - - 79 960 400 200 330 130 

Mercury mg/kg 0.05 1 15 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 

Thorium, Th mg/kg 0.5 - - 1.0 4.7 2.7 2.3 3.4 1.9 

Uranium, U mg/kg 0.1 - - <0.1 0.4 0.2 0.2 0.4 0.2 

Total Organic 
Carbon %w/w 0.05 - - 0.22 0.32 0.24 0.28 0.36 0.30 

Organic Matter %w/w 0.1 - - 0.38 0.55 0.41 0.48 0.62 0.51 

Bicarbonate 
Alkalinity as HCO3 
in Soil 

mg/kg 25 - - <25 47 <25 <25 <25 <25 

Carbonate Alkalinity 
as CO3 in Soil mg/kg 25 - - <25 <25 <25 <25 <25 <25 

Hydroxide Alkalinity 
as OH in Soil mg/kg 25 - - <25 <25 <25 <25 <25 <25 

Total Alkalinity as 
CaCO3 in Soil mg/kg 25 - - <25 38 <25 <25 <25 <25 

Water Soluble 
Fluoride mg/kg 0.5 - - <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 

Chloride (water 
extractable 1:5) mg/kg 5 - - 38 11 51 26 51 64 

Sulfate (1:5 water 
extractable), SO4 mg/kg 5 2,000 - 59 52 66 93 87 57 
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Analyte1 Units 

Laboratory 
Limit of 
Reporting 

Ecological 
Investigation and 
Screening Levels 
for Soils (mg/kg) 

Health 
Investigation 
and Screening 
Levels for Soils 
(mg/kg) 

Soil Sample Name (Soil Landscape System) 

SM_1 
(331Cm) 

SM_2 
(331Dj) 

SM_3 
(331Cy) 

SM_4 
(331Cm) 

SM_5 
(331Cy) 

SM_6 
(331Cm) 

Water Soluble 
Nitrate Nitrogen, 
NO₃ as N 

mg/kg 0.025 - - 0.080 2.5 <0.025 0.096 0.096 <0.025 

Water Soluble 
Nitrate/Nitrite 
Nitrogen, NOx as N 

mg/kg 0.025 - - 0.77 2.7 0.80 0.59 0.77 0.93 

Water Soluble ortho 
Phosphorus, P mg/kg 0.02 2,000 - 0.27 0.16 0.45 0.28 0.40 0.51 

Reactive Silica, Si mg/kg 0.05 - - 2.0 15 4.7 2.9 3.3 3.2 

Reactive Silica, 
SiO₂ mg/kg 0.1 - - 4.3 33 10 6.2 7.1 6.8 

Benzene (VOC) mg/kg 0.1 1 1.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 

Toluene (VOC) mg/kg 0.1 3 520 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 

Ethylbenzene 
(VOC) mg/kg 0.1 5 230 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 

m/p-xylene (VOC) mg/kg 0.2 - - <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 

o-xylene (VOC) mg/kg 0.1 - - <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 

Total Xylenes 
(VOC) mg/kg 0.3 5 600 <0.3 <0.3 <0.3 <0.3 <0.3 <0.3 

Total BTEX (VOC) mg/kg 0.6 - - <0.6 <0.6 <0.6 <0.6 <0.6 <0.6 

Naphthalene (VOC) mg/kg 0.1 - - <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 

Benzene (F0) mg/kg 0.1 - - <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 

TRH C6-C9 mg/kg 20 - - <20 <20 <20 <20 <20 <20 

TRH C6-C10 mg/kg 25 - - <25 <25 <25 <25 <25 <25 

TRH C6-C10 minus 
BTEX (F1) mg/kg 25 - - <25 <25 <25 <25 <25 <25 

TRH C10-C14 mg/kg 20 - - <20 <20 <20 <20 <20 <20 

TRH C15-C28 mg/kg 45 - - <45 <45 <45 <45 <45 <45 
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Analyte1 Units 

Laboratory 
Limit of 
Reporting 

Ecological 
Investigation and 
Screening Levels 
for Soils (mg/kg) 

Health 
Investigation 
and Screening 
Levels for Soils 
(mg/kg) 

Soil Sample Name (Soil Landscape System) 

SM_1 
(331Cm) 

SM_2 
(331Dj) 

SM_3 
(331Cy) 

SM_4 
(331Cm) 

SM_5 
(331Cy) 

SM_6 
(331Cm) 

TRH C29-C36 mg/kg 45 - - <45 <45 <45 <45 <45 <45 

TRH C37-C40 mg/kg 100 - - <100 <100 <100 <100 <100 <100 

TRH >C10-C16  mg/kg 25 - - <25 <25 <25 <25 <25 <25 

TRH >C10-C16 - 
Naphthalene  (F2) mg/kg 25 - - <25 <25 <25 <25 <25 <25 

TRH >C16-C34 
(F3) mg/kg 90 - - <90 <90 <90 <90 <90 <90 

TRH >C34-C40 
(F4) mg/kg 120 - - <120 <120 <120 <120 <120 <120 

TRH C10-C36 Total mg/kg 110 - - <110 <110 <110 <110 <110 <110 

TRH >C10-C40 
Total (F bands) mg/kg 210 - - <210 <210 <210 <210 <210 <210 

Naphthalene (PAH) mg/kg 0.1 5 60 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 

2-
methylnaphthalene 
(PAH) 

mg/kg 0.1 - - <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 

1-
methylnaphthalene 
(PAH) 

mg/kg 0.1 - - <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 

Acenaphthylene 
(PAH) mg/kg 0.1 - - <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 

Acenaphthene 
(PAH) mg/kg 0.1 - - <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 

Fluorene (PAH) mg/kg 0.1 - - <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 

Phenanthrene 
(PAH) mg/kg 0.1 10 - <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 

Anthracene (PAH) mg/kg 0.1 10 17,000 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 

Fluoranthene (PAH) mg/kg 0.1 10 2,300 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 

Pyrene (PAH) mg/kg 0.1 10 1,700 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 
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Analyte1 Units 

Laboratory 
Limit of 
Reporting 

Ecological 
Investigation and 
Screening Levels 
for Soils (mg/kg) 

Health 
Investigation 
and Screening 
Levels for Soils 
(mg/kg) 

Soil Sample Name (Soil Landscape System) 

SM_1 
(331Cm) 

SM_2 
(331Dj) 

SM_3 
(331Cy) 

SM_4 
(331Cm) 

SM_5 
(331Cy) 

SM_6 
(331Cm) 

Benzo(a)anthracen
e (PAH) mg/kg 0.1 - - <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 

Chrysene (PAH) mg/kg 0.1 - - <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 

Benzo(b&j)fluoranth
ene (PAH) mg/kg 0.1 - - <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 

Benzo(k)fluoranthen
e (PAH) mg/kg 0.1 - - <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 

Benzo(a)pyrene 
(PAH) mg/kg 0.1 1 1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 

Indeno(1,2,3-
cd)pyrene (PAH) mg/kg 0.1 - - <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 

Dibenzo(ah)anthrac
ene (PAH) mg/kg 0.1 - - <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 

Benzo(ghi)perylene mg/kg 0.1 - - <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 

Carcinogenic PAHs, 
BaP TEQ <LOR=0 
(PAH) 

TEQ 
(mg/kg) 0.2 - - <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 

Carcinogenic PAHs, 
BaP TEQ 
<LOR=LOR (PAH) 

TEQ 
(mg/kg) 0.3 - - <0.3 <0.3 <0.3 <0.3 <0.3 <0.3 

Carcinogenic PAHs, 
BaP TEQ 
<LOR=LOR/2 
(PAH) 

TEQ 
(mg/kg) 0.2 - - <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 

Total PAH (18) 
(PAH) mg/kg 0.8 - 20 <0.8 <0.8 <0.8 <0.8 <0.8 <0.8 

Total PAH 
(NEPM/WHO 16) 
(PAH) 

mg/kg 0.8 -  - <0.8 <0.8 <0.8 <0.8 <0.8 <0.8 
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Source of assessment 
levels 

NEPM 

(NEPC 
1999) 

Dutch B 

(Assink 
and van 
den Brink 
1986) 

DoH 

(DoH 
2009) 

US EPA 
RSLs 

(US EPA 
2021) 

ANZECC B 

(ANZECC 
and 
NHMRC 
1992) 

 

7.1.1 pH 
Soil pH provides a measure of the soil acidity or alkalinity. Based on Table 7-1, overall pH values for the 
samples ranged between circum-neutral (pH 6.6 – 7.3) for red deep sands (331Cm) and yellow sandy earths 
(331Cy), and slightly alkaline (pH 7.4 – 7.8) for self-mulching cracking clays (331Dj). 

7.1.2 Electrical conductivity 
EC measures soluble salts in soils (soil salinity), which results from and depends on natural processes of 
landscape evolution, hydrological processes and rainfall (Hunt and Gilkes 1992). Based on the standard 
CSIRO categories (Rayment and Lyons 2011) (Table 5-2), soils with EC values generally below 130 µS/cm 
are considered non-saline. 

Soils sampled within the Development Envelope recorded low EC values that ranged from 4 µS/cm to 29 
µS/cm. All samples were therefore classed as non-saline. Deep red sands (331Cm) were found to least saline 
than yellow sandy earths (331Cy), with the self-mulching cracking clays having the highest non-saline rating 
of 29 µS/cm. 

7.1.3 Organic carbon and organic matter 
The organic matter content of soil, directly derived from plants and animals, is an important factor influencing 
many physical, chemical and biological soil characteristics. The presence of organic matter may increase water 
retention capacity, buffer pH and improved general soil structure. It is typically determined as a measure of the 
Total Organic Carbon (TOC) percentage.  

By international standards, WA soils contain low concentrations of organic carbon. Organic carbon content is 
dependent upon soil texture and climate, with sandy soils and soils from tropical northern WA and arid central 
WA containing lower carbon contents (typically <1 %w/w in topsoil) compared to clay and loam soils from the 
temperate southwest regions of WA (MBS Environmental 2016). It is expected that organic carbon decreases 
with depth. Samples taken as part of this baseline soil sampling event combined all horizons (soil layers) up 
to <40 cm depth given specific soil profile analysis was out of scope. Thus, the distinction of organic carbon 
decrease with depth was not determined for this study. 

In accordance with Table 5-3, all soils (mixtures of surface and subsoil) sampled within the Development 
Envelope recorded low levels of organic matter (OM) and TOC, with TOC ranging between 0.38 %w/w – 0.62 
%w/w, and OM ranging between 0.22 %w/w – 0.36 %w/w. In general, deep red sands recorded less OM and 
TOC. 

Interpretation of the values recorded for the sampling event and having regard for the relationship between 
OM and TOC suggest that the samples correspond to ‘low subsoils or severely eroded, degraded surface 
soils’. However, these interpretations are for reference only. Given that the baseline samples were selected 
within the wider untouched, natural environment, these are representative of the soil landscape systems. It is 
expected that other sands and earths in the region in the same vegetation systems will also record very low 
levels of OM and TOC. 

7.1.4 Metals and major nutrients 
As stated in Section 5.2.4, comparison of the soil results against other WA sites and their major nutrient values 
could not be undertaken due to the differences in lab methodologies at the time of sample analysis. 

As anticipated, discrepancies were noted between the types of soil landscape systems. Metals (particularly 
chromium, manganese, iron) and minerals (calcium, magnesium, potassium) were generally lower in samples 
from the 331Cm red deep sands than in the 331Cy yellow sandy earths. Metals and silica in the comparative 
sample from the 331Dj self-mulching cracking clay (creekline soil sample) were in most cases significantly 
higher. The discrepancies in geochemistry are characteristic of these different types of soils. 

7.1.5 Hydrocarbons 
BTEX and hydrocarbon results were all below the laboratory’s limit of reporting. 
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7.2 Physical analysis 
Soil particles will vary from fine clay to rocks, conventionally classed between coarse fragments (>2 mm) and 
fine earth (<2 mm). Sand and clay particles dominate in most WA soils and particularly within the Development 
Envelope.  

Limited PSD data was available for these samples as particle sizing of soils <75 µm by hydrometer was not 
conducted where insufficient sample passed the 75 µm fraction. Only the sample SM_2 corresponding to self-
mulching cracking clay soil could be sized through hydrometry <75 µm, confirming that the other samples 
comprise larger particles characteristic of sandy soils. 

All laboratory quality control testing (including spikes and duplicates) were within acceptable ranges (Appendix 
A).  
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