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1. INTRODUCTION 

 BACKGROUND 

Kleinfelder Australia Pty Ltd (Kleinfelder) was engaged by Williamtown Sand Syndicate (WSS) 

to undertake a 12 month surface water and groundwater monitoring program to establish 

baseline conditions at the Newcastle Sands quarry site, 298 Cabbage Tree Road, Williamtown, 

New South Wales (NSW) (the ‘Site’). The Site is located approximately 12 km north east of 

Newcastle at Williamtown, NSW. The location of the Site is depicted on Figure 1 and the site 

layout is presented in Figure 2. This revised version of the Kleinfelder (March 2020) Baseline 

Water Quality Summary Report addresses comments provided by the NSW Department of 

Planning, Industry & Environment (DPIE). 

Monitoring was undertaken to satisfy the requirements of the Soil and Water Management Plan 

(SWMP) (KLF, 2019) and Environmental Protection Licence 21264 (EPL). It is noted that the 

SWMP is a sub-plan within the overarching ‘Newcastle Sands Quarry Environmental 

Management Plan’ (June 2018), referred to herein as the EMP.  

Groundwater and surface water monitoring was conducted over 12 consecutive months from 

February 2019 through to January 2020 and was generally completed between the 11th and 

18th of each month. A Sampling Plan was prepared and presented in the SWMP, covering an 

appropriate methodology and quality control requirements for the monitoring program (see 

Section 3 for further details). 

The Sampling Plan was designed to obtain representative background data on water flow and 

quality in surface water bodies and groundwater that has the potential to be impacted by the 

site operations, or unrelated off-site sources. The SWMP identifies that, unless amended, the 

ongoing surface water and groundwater monitoring program will be consistent with the 

baseline water quality program. 

 PURPOSE OF THE BASELINE SUMMARY REPORT 

The SWMP identifies that on completion of the baseline monitoring program, the following 

parameters would be reviewed and advice provided regarding ongoing monitoring 

requirements including:  

• Location of sampling points, e.g. more suitable / representative location identified, or 

sampling location has insufficient water to accurately monitor development;  

• The frequency of the sampling may be reduced, or increased, depending on the 

fluctuations in the results; and  
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• The parameters may be adjusted to remove superfluous analytes and/or add additional 

analytes.  

 OBJECTIVES 

The objectives of the monitoring program were to: 

• Establish background groundwater and surface water conditions across the Site; 

• Establish site specific trigger values to be used during the operation of the quarry whereby 

concentrations outside these trigger values need to be reviewed in more detail; and  

• Develop an ongoing sampling program (frequency and analysis) that will maintain 

compliance with the conditions of the EPL and EMP.  

 SCOPE OF WORK 

The following provides the scope of work to deliver the baseline water quality summary report:  

• Review and present Site characteristic information; 

• Provide an assessment of quality assurance (QA) and quality control (QC) undertaken 

over the 12-month period and validate the data;  

• Provide a summary of the water quality identified across the Site including: 

o Field observations;  

o Analytical results; =  

o Trend analysis;  

• Establish trigger values for review against ongoing sampling; and  

• Propose an ongoing monitoring program to be conducted during operations that will 

maintain compliance with the EMP and EPL.  

The scope of work for each of the background monitoring rounds can be seen in the monthly 

summary reports.  
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2. SITE CHARACTERISTICS  

 SITE IDENTIFICATION DETAILS 

Table 2.1 provides site-specific identification details.  

Table 2.1 Site details 

Site address 298 Cabbage Tree Road Williamtown, NSW. 

Site name Newcastle Sands Quarry. 

Current Title 

identification details 

Four titles within the Parish of Stockton, County of Gloucester including: 

• Lot 1 DP 224587 at 398 Cabbage Tree Road, Williamtown 

• Lot 121 DP 556403 at 282B Cabbage Tree Road, Williamtown. 

• Lot 11 DP 629503 at 282A Cabbage Tree Road, Williamtown. 

• Lot 1012 DP 814078 at 282 Cabbage Tree Road Williamtown 

Current land use Currently the Site comprises mostly native vegetation. Initial quarry works have 

progressed to include pre-works hardstand areas and administration buildings. 

Site total area Total Project Area of approximately 42.3 hectares from a Subject Land Area of 

approximately 176.2 hectares. 

Current ownership  Port Stephens Shire Council under lease to Williamtown Sand Syndicate Pty Ltd. 

Current land use 

zoning 

The Site is currently RU2 – Rural Landscape (Port Stephens LEP 2013). 

Local government Port Stephens Council. 

Proposed site use Sand quarry extracting up to 530,000 tonnes per annum over a period of 6 to 15 

years including the construction of an intersection with Cabbage Tree Road, 

sealed and gravel access roads, site office, workshop and weighbridges. 

Progressive rehabilitation of quarried land returning to native vegetation 

communities with potential future use of the facilities area. 

 

 CURRENT LAND USE  

The Site currently has a workshop, office area comprising of demountable buildings, gravel 

aggregate hardstand areas for transitioning vehicles and future sorting. The areas surrounding 

the immediate vicinity of the Site comprise predominantly natural vegetation with exception to 

a gravel road, two former silica sand extraction areas and the verge of Cabbage Tree Road. 

 FORMER LAND USE 

The Project Area consists predominantly of native vegetation, with some previously cleared 

areas present in the eastern part of the Site. Approximately 48 ha of the 176.2 ha Site was 

previously disturbed by heavy mineral sand mining and associated activities that were 

undertaken on the Site between 1970s and late 1990s. This disturbance included areas that 

were dredged as part of extracting heavy minerals, sand borrow pits, settling ponds, monazite 

trenches and access roads. 
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In March 2002, Port Stephens Council (PSC) purchased four allotments comprising the project 

area (398, 282B, 282A and 282 Cabbage Tree Road Williamtown) from Rutile and Zircon 

Mines and was subsequently used for cattle adjustment. In 2012 PSC sought tenders from 

interested parties for the extraction of sand from the project area. 

 SURROUNDING LAND USE 

The Williamtown RAAF base is located 2.5 km to the north east, with Fullerton Cove 

approximately 600 m to the south and the Hunter River estuary beyond (Figure 1). 

Residential dwellings are located to the east (closest dwelling is 244 m), south (closest dwelling 

is 61 m) and west (closest dwelling is 83 m) of the Site. Most are small properties utilised as 

hobby farms (e.g. keeping horses and chickens), some are larger and also graze livestock. 

Potable water for dwellings is likely to comprise primarily reticulated water from Hunter Water 

network and rainwater. Many properties appear to have spear point wells installed for stock 

and domestic use. No dwellings are located within 4 km north of the Site. 

 GEOLOGY 

Review of the Newcastle 1:250,000 series geological map (Sheet S1 56-2, 1966) indicates that 

the site is underlain by Quaternary aged marine and freshwater deposits comprising gravel, 

sand, silt, clay and “Waterloo Rock”.  

The majority of the Site is located above the Tomago Sandbeds. The Tomago Sandbeds were 

formed during the Pleistocene era with the original sand deposits occurring up to 250,000 

years ago. Rising sea levels created a large bay extending from Newcastle to Port Stephens. 

The Hunter and Karuah Rivers both flowed into the bay and deposited large volumes of sand. 

A combination of wave and wind action spread the sand along the coastline and formed the 

series of shallow dunes that make up the Tomago Sandbeds (Hunter water website 

15/08/2018). 

The sand dunes consist of a layer of highly permeable fine-grained sands underlain by 

impervious clay and rock. The thickness of the sand layer reaches a maximum of 50 metres, 

but on average is 20 metres deep (Hunter Water website 15/08/2018). 

The North Stockton Sandbeds, which form the current coastline between Newcastle and Port 

Stephens, were deposited much more recently than the Tomago Sands. They overlie the 

eastern extremity of the Tomago Sands and were deposited in the Holocene era (10,000 years 

ago) (Hunter water website 15/08/2018). 
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 HYDROLOGY & HYDROGEOLOGY 

2.6.1 Surface Water 

The high permeability of the Tomago Sandbeds results in little or no defined surface runoff, 

noting no defined natural drainage lines are on the Site. Drainage is therefore predominantly 

via vertical infiltration into the sand, with any ephemeral surface drainage generally expected 

to be in the direction of the existing surface slopes.  

In the area around the Site, the Tomago Sandbeds are located on the edge of low lying (about 

2-3 m AHD) Holocene aged freshwater and alluvial and estuarine swamps deposits. These 

low-lying areas adjoining the Site are frequently waterlogged during high rainfall, due to 

increasing and shallow groundwater levels and a shallow groundwater gradient that slows the 

percolation of surface water. It is likely that the majority of accessible surface water onsite is 

an expression of groundwater, typically created through man made excavation. 

The western portion of the southern and norther resources areas theoretically drain to the west, 

while the dominant surface drainage direction for most of the Site is to the east (i.e. Catchments 

2 and 3 above). Here the landform drops from the edge of the resource area around 5 m AHD 

to the swamp or flats over a relatively short distance with the gradient reaching up to 16%. The 

swamp areas have a gradient of approximately 0.1% with the elevation falling 1.5 m over the 

1100 m to the eastern boundary of the Subject Land with water conveyed by an open 

constructed channel (in middle of Catchment 3). 

From the eastern boundary of the Site, drainage is directed via constructed channels through 

to Dawsons Drain and the northern extent of Fullerton Cove where the elevation drops 1 m 

over 1900 m (with an average gradient of 0.05%).   

For the south eastern portion of the Project area, a portion of the resource area has the 

potential to drain south east across the Subject Land to a culvert beneath Cabbage Tree Road 

(Catchment 4). In this area the landform drops at about 14% to the swamp or flats that then 

appears to have a very slight gradient to the south eastern corner of the Site (i.e. less than 0.5 

m over at least 140 m). From this point the area drains via series of constructed channels 

through to the Ring Drain, a large constructed channel around the northern extent of Fullerton 

Cove over a distance of 590 m with an average gradient of less than 0.4%. Inspection of the 

Site shows this culvert is only likely to flow during periods of extended rainfall and a high-water 

table. 

Cabbage Tree Road has been built up during its construction, with shallow table drains 

constructed partially along the northern side of the road and deeper drains constructed partially 
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along the southern side. The nearest culvert is located at the eastern extent of the subject land, 

approximately 80 m beyond the proposed road construction area.  

Following quarrying at the site the catchments will progressively change with Catchment 3 

increasing in size with water from within the quarry footprint (currently draining west) directed 

south east into Catchment 3 (i.e. Catchment 1 will drain to Catchment 3). However, given the 

high permeabilities it is highly unlikely that any changes in flow would be realised across the 

site. 

2.6.2 Groundwater 

The Site is located on highly permeable Pleistocene Tomago Sandbeds (sand dunes). The 

source of the water within the Tomago Sandbeds is rainfall that lands directly on the sand 

surface. While a proportion of the rainfall is lost to plants and evaporation, sufficient water is 

stored in the sand to provide a viable and significant source of water for ongoing extraction. 

Over time rainfall landing on the sandbeds has washed out any remnants of sea salt leaving 

the deep sand system full of fresh water (Hunter Water website 15/08/2018). 

A previous groundwater investigation was undertaken by RCA Australia (RCA Australia, 2015), 

groundwater was encountered on the Site ranging from 0.67 m below ground level (mbgl) to 

15.65 mbgl. Groundwater when at its highest is visible at or near the surface for land below 3 

m AHD. Groundwater at the Site has a low hydraulic gradient and was interpreted to flow in a 

general southerly to south-easterly direction, towards Fullerton Cove (RCA Australia, 2015) 

from Grahamstown Dam in the north toward Fullerton Cove in the south, the groundwater 

gradient within the local area is less than 0.2%.  

The northern portion of the Site is located within the Hunter Water Special Area, owing to the 

presence of the Tomago Sandbeds and their use for a portion of the lower Hunter’s drinking 

water supplies. 

The Project area and extent of extraction has been designed such that sand extraction remains 

a minimum of 0.7 m above the highest predicted groundwater level, with the final landform to 

be established at no less than 1 m above the highest predicted groundwater level (about 2 m 

above the average level). 

 RCA GEOTECHNICAL AND GROUNDWATER 
INVESTIGATION 

A geotechnical and groundwater investigation was undertaken by RCA Australia in 2015 to 

provide input into the characterisation of Site resources for the extraction of sand and to 
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provide further information on background groundwater quality and elevations across the Site 

in preparation for the preliminary Site Environmental Impact Statement. 

As part of the investigation, the installation of 12 groundwater monitoring wells were 

undertaken including subsequent soil and groundwater analyses. Soil logs including 

groundwater and soil results from RCA Australia, 2015 are provided as Appendix A. 
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3. BACKGROUND MONITORING PROGRAM 

 SAMPLING PLAN 

The SWMP required monthly sampling to be undertaken over a 12-month period to 

characterise background groundwater and surface water conditions throughout the Site.  

10 groundwater (BH1, BH2, BH4, BH6, BH7, BH8, BH9, BH10, BH11 and MW239S) and 4 

surface water (SW1, SW2, SW3 and SW4) locations were sampled throughout the 12 

monitoring rounds as outlined in Figure 2. The remaining Site wells (BH3, BH12, MW239D 

and BH5) were used to provide additional groundwater elevation data.  

Each monitoring event included sampling for:  

• General water quality parameters: (Calcium (Ca), Magnesium (Mg), Sodium (Na), 

Potassium (K), pH, Electrical Conductivity (EC), Chloride (Cl), Sulphate (SO₄), Alkalinity, 

Hardness & Total Dissolved Solids (TDS) (Calc’));  

• Total Recoverable Hydrocarbons (TRH);  

• Total Petroleum Hydrocarbons (TPH); 

• Benzene, Toluene, Ethylbenzene, Total Xylenes, Naphthalene (BTEXN);  

• Metals (Arsenic (As), Boron (B), Barium (Ba), Beryllium (Be), Cadmium (Cd), Chromium 

(Cr), Cobalt (Co), Copper (Cu), Iron (Fe), Lead (Pb), Manganese (Mn), Mercury (Hg), 

Nickel (Ni), Selenium (Se), Vanadium (V), Zinc (Zn)); and  

• PFAS including Perfluorooctane sulfonate (PFOS), Perfluorooctanoic acid (PFOA), 

Perfluorohexanesulfonate (PFHxS) & Perfluorodecane sulfonic acid (PFDS).  

 

Each well location was gauged using a water level meter to determine groundwater depth 

(relative to the top of the well casing) and the total depth of the well, in order to calculate the 

volume of water in the well. Following gauging, a high-density polyethylene (HDPE) 

HydraSleeveTM was then placed into the well ensuring the top of the sleeve was located below 

standing water level and left in place while all remaining wells were gauged. Following gauging, 

each of the HydraSleeves were removed and representative groundwater samples taken. 

HydrasleevesTM were applied to this project as outlined in the SWMP and as recommended 

within the PFAS National Environmental Management Plan (Version 2.0, January 2020) given 

their suitability for sampling of PFAS.  

The baseline sampling program also included an initial sampling round and quarterly 

monitoring where additional analysis was included for an extended water quality suite 

(including hardness, Nitrate, Nitrite, Ammonia, Reactive Phosphorous, Total Nitrogen and 
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TKN). Some additional groundwater monitoring locations were also included in quarterly 

monitoring as identified in Table 3.1. 

Table 3.1 2019-2020 Monitoring Schedule 

Action 2019 2020 

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

Monthly Gauging and 

groundwater sampling 

BH1, BH2, BH4, BH6, BH7, 

BH8, BH91, BH101, BH11, 

MW239s 

✓  ✓  ✓  ✓  ✓  ✓  ✓  ✓  ✓  ✓  ✓  ✓  

Surface water sampling 

SW1, SW21, SW3, SW4 
✓  ✓  ✓  ✓  ✓  ✓  ✓  ✓  ✓  ✓  ✓  ✓  

Gauging only 

BH3, BH5, BH12, MW239D 
✓  ✓  ✓  ✓  ✓  ✓  ✓  ✓  ✓  ✓  ✓  ✓  

Groundwater Sampling  

BH3 & BH5 
✓             

1: Sample locations were dry 
* Shaded months indicate quarterly sampling suite 
 

Following each monitoring round, a monthly factual letter report was prepared (see Appendix 

B). Each report presented: 

• The field observations and field data; 

• The results of the laboratory analysis;  

• A comparison of the results against industry guidelines; and  

• Rainfall data from the preceding month.  

 FIELD OBSERVATIONS 

3.2.1 General 

Surface water and groundwater monitoring was initiated in February 2019 and continued each 

month for a duration of 12 months until January 2020. Sampling times were generally 

consistent, undertaken each time within the middle of the month (between the 11th and 18th of 

the month). Within the first two monitoring rounds (February and March) re-insertion of PVC 

piping was required at fire effected location BH1 and for root bound effected location BH12. 

Site works, focussing on initial Site infrastructure and access roads, began in October 2019 in 

preparation for the proposed quarry extraction works which are expected to initiate from early 

to mid-2020. 

3.2.2 Monitoring Location Observations 

Groundwater and surface water observations made during gauging and sampling at monitoring 

locations BH1, BH2, BH3 BH4, BH6, BH7, BH8, BH9, BH10, BH11, MW239S, SW1, SW2, 
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SW3 and SW4 are summarised below. Conditions at each location were generally consistent 

throughout the monitoring period with the exception of surface water which provided 

intermittent periods of accessible water throughout the monitoring program. 

Sensory observations of visual and olfactory quality were made on groundwater and surface 

water during sampling. A summary of these observations is presented in Table 3.2 below. 

Table 3.2 Monitoring locations:  General observations 

Location General Observations 

BH1 

Generally, slightly cloudy brown with occasional sulfur odour. Well was reinstated in 

February 2019 following fire damage. The month following reinstatement an acrylic odour 

was detected which was most likely a bonding material used to fuse the PVC well piping 

together.  

BH21 
Mostly dark brown in colour with a silty material at the base of well. A slight sulfur odour 

was evident throughout the monitoring period.  

BH3 

Prior to well decommissioning in September 2019 due to initial site works, observations of 

groundwater were identified as light brown with no odour. Well base contained fine silty 

material. No samples were taken following initial sampling round in February 2019. 

BH41 Generally light brown in colour with slight sulfur odour. 

BH5 
Generally light brown with no apparent odour. No samples taken throughout the 

monitoring program, only gauging. 

BH62 Generally, light brown in colour with a slight sulfur odour. 

BH71 Generally, light to moderately brown in colour with a slight sulfur odour. 

BH8 Generally, brown to dark brown in colour with a moderate sulfur odour. 

BH91 Well was dry for the duration of the baseline monitoring program. 

BH10 Well was dry for the duration of the baseline monitoring program. 

BH112 Generally, cloudy light brown with a moderate sulfur odour. 

BH12 

Well was reinstated in March 2019 following inundation of roots into the well. A 40mm 

inner PVC pipe was installed. The months following reinstatement of a well an acrylic 

odour was detected which was most likely a bonding material used to fuse the PVC well 

piping together. No sample was taken. 

MW239S1 Cloudy dark brown in colour with a moderate sulfur odour. 

MW239D Cloudy dark brown in colour with a moderate sulfur odour. No sample was taken. 

SW01 
Intermittent periods of pooling at monitoring location. Water is generally stained with 

natural tannins, dark brown with a slight sulfur odour. 

SW02 
Monitoring location was observed to be dry for the duration of the baseline monitoring 

program. 

SW03 Water mostly clear with no apparent odour. Often water was stagnant and at times dry. 

SW04 Water mostly clear with no apparent odour. Often water was stagnant and at times dry. 

1 – Down-gradient monitoring location 
2 – Up-gradient control location 
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3.2.3 Geochemical Parameters and Gauging Data 

Geochemical parameters and gauging data were recorded during the sampling program and 

are presented on field sheets in Appendix C and summarised as maximum and minimum 

values in Table 3.3 and Table 3.4. 

Table 3.3 Geochemical parameters (maximum and minimum values) February 2019 – 

January 2020 

Monitoring 

Location 

Temp (°C) EC (µs/cm) 

(Chart 3) 

pH 

(Chart 20) 

Redox (mV) 

Min Max Min Max Min Max Min Max 

BH1 18.4   22.52 18  182 5.39  6.43 15.2  103 

Groundwater 

BH2 18.3 24.49 48 136 4.29 6.41 88 308 

BH31 22.1 82.4 4.54 94 

BH4 17.6 23.3 8 129.2 3.85 6.49 88 322 

BH52 20.1 320 4.06 122 

BH6 17.2 24.62 110 335 4.28 5.52 -144 178 

BH7 17.2 25 164 391 4.04 5.93 -228 179 

BH8 16.8 22.5 224 995 4.08 7.43 -341 176 

BH9 Dry Dry Dry Dry 

BH10 Dry Dry Dry Dry 

BH11 16.9 22.65 124 402 3.78 6.41 -117 176 

BH123 - - - - 

MW239S 15.8 24.71 37 718 4.09 5.7 -132 179 

MW239D3 - - - - 

Surface Water 

SW1 9.52 23.75 811 1964 3.95 6.4 99 406 

SW2 Dry Dry Dry Dry 

SW3 11.96 26 290 470 4.27 6.41 -12.8 315 

SW4 8.07 18.46 313 538 3.69 6.44 116 430.5 

1 – One sampling event (Feb 2019) and well decommissioned September 2019 
2 – One sampling event (Feb 2019) 
3 – No sampling undertaken 
 

Table 3.4  Gauging data (maximum and minimum values) February 2019 – January 2020 

Monitoring 

Location Georeferenced 

Location (MGA-UTM) 

Ground 

Surface 

RL 

(mAHD) 

Top of 

Casing 

(mAHD) 

Bore 

Depth 

(m) 

Depth to 

Water 

(mBTOC)  

Groundwater 

Elevation 

(mAHD) (Chart 

2) 

Easting Northing Min Max Min Max 

Groundwater 

BH1 387741.2 6369495.8 8.21 8.64 9.45 5.776  6.701 1.939 2.864 

BH2 387704.7 6369175.1 7.4 7.79 9.45 5.083 6.153 1.637 2.707 
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Monitoring 

Location Georeferenced 

Location (MGA-UTM) 

Ground 

Surface 

RL 

(mAHD) 

Top of 

Casing 

(mAHD) 

Bore 

Depth 

(m) 

Depth to 

Water 

(mBTOC)  

Groundwater 

Elevation 

(mAHD) (Chart 

2) 

Easting Northing Min Max Min Max 

BH31 387751.7 6368964.4 7.03 7.57 9.45 5.938 6.146 1.424 1.632 

BH4 387855 6368742.8 2.81 3.06 6.45 1.531 2.252 0.808 1.529 

BH52 388768.5 6369334.7 6.76 7.36 9.28 5.767 6.315 1.045 1.593 

BH6 388729.8 6369582.3 3.01 3.62 4.95 1.591 2.169 1.451 2.029 

BH7 388827.8 6369245.3 2.6 2.98 4.95 1.514 2.169 0.811 1.466 

BH8 389178.3 6369271.7 3.28 3.88 6.28 2.233 2.969 0.911 1.647 

BH9 387520.4 6368798.9 17.07 17.745 18.18 Dry 

BH10 387931.2 6369744.4 6.09 6.69 5.45 Dry 

BH11 387650.7 6369979.8 6.02 6.63 5.95 3.02 3.962 2.668 3.61 

BH123 388203 6369333 8.06 8.67 8.39 6.799 7.252 1.418 1.871 

MW239S 388619.1 6369306.6 3.09 3.04 4 1.248 1.823 1.217 1.792 

MW239D3 388619.2 6369305.7 2.97 2.92 20 1.226 1.799 1.241 1.814 

Surface Water4 

SW1 387693 6368814 NA NA NA NA NA Dry 290mm 

SW2 387995 6369246 NA NA NA NA NA Dry3 

SW3 388424 6369061 NA NA NA NA NA Dry 290mm 

SW4 389053 6368967 NA NA NA NA NA Dry 350mm 

1– One sampling event (Feb 2019) and well decommissioned September 2019 
2 – One sampling event (Feb 2019) 
3 – No sampling undertaken 
4 - Surface water levels (mm) identified from measured stake at each location (When dry number is ground elevation AHD) 
NA – Not applicable 
 

 GROUNDWATER AND SURFACE WATER ANALYSIS 

3.3.1 Industry Guidelines  

In order to understand background surface and groundwater quality in relation to published 

data, laboratory results were compared against trigger values found in industry guidelines as 

outlined in the SWMP.  

An exceedance of any adopted trigger value does not necessarily indicate that there is an 

unacceptable risk on site (CRC-CARE Technical Report 10: 2011), but rather identifies the 

need to explore the results in more detail. For this report we are reviewing natural background 

conditions and this comparison identifies the quality of the natural conditions indicative of the 

Site and regional area.  
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The following industry guidelines have been used for baseline characterisation: 

• Australian and New Zealand Environment and Conservation Council (ANZECC) & 

Agriculture and Resource Management Council of Australia and New Zealand 

(ARMCANZ), Water Quality Guidelines for Fresh and Marine Water Quality 95% species 

protection for fresh water (ANZECC 2000); 

• The Heads of Environmental Protection Authorities in Australia and New Zealand (HEPA) 

Per- and polyfluoroalkyl substances (PFAS) National Environmental Management Plan 

(NEMP 2018); and 

• Australian Drinking Water Guidelines 6 (ADWG) (2011). 

3.3.2 Summary of results 

Summary tables outlining the analytical data obtained from the Baseline Monitoring Program, 

and a comparison against trigger values are provided within the Tables section at the rear of 

this report. Table 3.5 below provides a summary of groundwater and surface water 

concentrations as a range (minimum to maximum) for all analytes across the Site. 

An assessment of Kleinfelder’s Quality Assurance and Quality Control (QA/QC) processes and 

procedures has been provided in Section 6. Laboratory Certificates of Analysis (COA) 

including laboratory QC reports are presented as Appendix A of the monthly reports, which 

have been provided as Appendix B of this document. 
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Table 3.5 Summary of groundwater and surface water concentration range 

Analyte Units LOR ANZECC (2000) 

95% level of 

species 

protection 

freshwater 

ADWG 

(2011) 

Detected 

Concentration 

Range 

(Groundwater) 

Detected 

Concentration 

Range 

(Surface 

Water) 

Comparison against trigger values  

BETXN (Table A) 

Benzene µg/L 1 950 1 <1.0 <1.0 Below LOR 

Toluene µg/L 2 - 800 <2.0 <2.0 Below LOR 

Ethylbenzene µg/L 2 - 300 <2.0 <2.0 Below LOR 

o Xylene µg/L 2 350 350 <2.0 <2.0 Below LOR 

Total Xylenes µg/L 2 - 600 <2.0 <2.0 Below LOR 

Naphthalene µg/L 5 16 - <5.0 <5.0 Below LOR 

Total Petroleum Hydrocarbons – Silica Gel Clean up (Table A) 

Sum of C10-

C36 

µg/L 50 
- - 

<50-250 <50 No criteria 

Total Recoverable Hydrocarbons – Silica Gel Clean up (Table A) 

Sum of C10-

C40 

µg/L 100 
- - 

<100-280 <100 No criteria 

Dissolved Metals (Table B) 

Arsenic mg/L 0.001 0.013 0.01 <0.001-0.003 <0.001-0.006 Concentrations below trigger values 

Barium mg/L 0.001  -  - 0.001-0.034 0.027-0.08 No criteria 

Beryllium mg/L 0.001 - 0.06 <0.001 <0.001 Below LOR 

Boron mg/L 0.05 0.37 4 <0.05-0.06 <0.05-0.14 Concentrations below trigger values 

Cadmium mg/L 0.0001 

0.0002 0.002 

<0.0001 <0.0001-

0.0002 

Concentrations below trigger values 

Chromium mg/L 0.001 0.001 0.05 <0.001-0.004 <0.001-0.002 

Elevated concentrations above trigger values (ANZECC 2000 trigger 

values) were detected at BH1 (entire monitoring period), BH2 (Dec 

2019), BH3 (Feb 2019), BH7 (Feb, April, May, Jun, Jul, Aug, Sep, Oct, 

Nov, Dec 2019 & Jan 2020), BH8 (Sep, Nov, Dec 2019 & Jan 2020), 
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Analyte Units LOR ANZECC (2000) 

95% level of 

species 

protection 

freshwater 

ADWG 

(2011) 

Detected 

Concentration 

Range 

(Groundwater) 

Detected 

Concentration 

Range 

(Surface 

Water) 

Comparison against trigger values  

BH11 (Feb, Apr, May, Jul, Aug, Oct, Nov, Dec 2019 & Jan 2020), 

MW239S (entire monitoring period) and SW3 (Dec 2019) 

Cobalt mg/L 0.001 - - <0.001-0.003 <0.001-0.017 No criteria 

Copper mg/L 0.001 0.0014 2 <0.001-0.051 <0.001-0.02 

Elevated concentrations above trigger values (ANZECC 2000 trigger 

values) were detected at BH1 (Apr, Jul, Aug, Oct 2019 & Jan 2020), 

BH2 (Feb, Mar, Apr, Jun, Jul, Aug, Sep, Oct, Nov, Dec 2019 & Jan 

2020), BH4 (Feb, Apr, Jun, Jul, Aug, Sep, Oct, Nov, Dec 2019 & Jan 

2020), BH6 (Aug, Sep & Dec 2019), BH7 (Oct & Nov 2019), BH8 (Oct, 

Nov & Dec 2019), SW1 (Apr, May, Jun, Jul, Aug, Sep & Oct 2019), 

SW3 (Jul, Aug, Sep, Oct & Dec 2019), SW4 (Apr, Jun, Jul, Sep & Oct 

2019) 

Iron mg/L 0.05 - 0.32 <0.05-12.5 0.57-9.26 

Elevated concentrations above trigger values (ADWG) were detected 

at BH1 (entire monitoring period), BH2 (Oct 2019 & Jan 2020), BH4 

(Apr & Oct 2019), BH5 (Feb 2019), BH6 (entire monitoring period), 

BH7 (entire monitoring period), BH8 (entire monitoring period), BH11 

(Mar, Apr, May, Jun, Jul, Aug, Sep, Oct, Nov, Dec 2019 & Jan 2020), 

MW239S (entire sampling period), SW1 (entire monitoring period), 

SW3 (entire monitoring period), SW4 (entire monitoring period) 

Lead mg/L 0.001 0.0034 0.01 <0.001-0.001 <0.001-0.001 Concentrations below trigger values 

Manganese mg/L 0.001 1.9 0.5 0.003-0.136 0.026-0.841 
Elevated concentrations above trigger values (ADWG) were detected 

at SW1 (Apr, May, Jun, Jul and Sep 2019) 

Mercury mg/L 0.0001 0.0006 0.001 <0.0001 <0.0001 Concentrations below initial baseline criteria 

Nickel mg/L 0.001 0.011 0.02 <0.001-0.07 <0.001-0.02 

Elevated concentrations above trigger values (ANZECC trigger 

values) were detected at BH2 (Feb 2019), BH4 (Feb 2019), BH7 (Sep 

& Nov 2019), BH8 (Nov 2019), SW1 (Apr, May & Sep 2019) and SW4 

(Sep 2019). Elevated concentrations above trigger values (ADWG 

trigger values) were detected at BH3 (Feb 2019) and BH4 (Mar & May 

2019) 

Selenium mg/L 0.01 0.011 0.01 <0.01 <0.01 Below LOR 
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Analyte Units LOR ANZECC (2000) 

95% level of 

species 

protection 

freshwater 

ADWG 

(2011) 

Detected 

Concentration 

Range 

(Groundwater) 

Detected 

Concentration 

Range 

(Surface 

Water) 

Comparison against trigger values  

Vanadium mg/L 0.01 - - <0.01 <0.01 Below LOR 

Zinc mg/L 0.005 0.008 32 <0.005-1.27 <0.005-0.535 

Elevated concentrations above initial trigger values (ANZECC 2000 

trigger values) were detected at BH1 (entire monitoring period), BH2 

(Nov 2019 & Jan 2020), BH4 (Feb, Mar, May, Oct 2019 & Jan 2020), 

BH6 (Feb, Mar, Apr, Sep & Nov 2019), BH7 (Feb, Mar, Apr, May, Sep, 

Oct & Nov 2019), BH8 (Oct, Nov 2019 & Jan 2020), BH11 (Feb, Mar, 

Apr, May, Sep & Oct 2019), MW239S (Sep, Oct & Nov 2019), SW1 

(entire monitoring period), SW3 (Feb, Mar, Apr, May, Jun, Jul, Aug, 

Sep & Oct 2019), SW4 (Apr, May, Jun, Jul, Aug, Sep & Oct 2019) 

PFAS (Table C) 

PFOS µg/L 0.01 0.000233 - <0.01 <0.01-0.05 Concentrations reported above LOR at SW4 (16 Sep & 25 Sep 2019).  

PFOA µg/L 0.02 193 

5.64 

0.56 <0.02-0.02 <0.02 Concentrations below trigger values 

PFOS/PFHxS µg/L 0.01 0.74 0.07 <0.01 <0.01-0.05 Concentrations below trigger values 

PFDS µg/L 0.02 - - <0.02-0.02 <0.02 Concentrations reported above LOR at BH4 (16 Sep 2019) 

Sum of 

PFHxS and 

PFOS 

µg/L 0.01 - 0.07 <0.01 <0.01-0.05 Concentration reported above LOR at SW4 (16 Sep & 25 Sep 2019) 

Sum of PFAS 
µg/L 0.01 - - <0.01-0.19 <0.01-0.05 

Concentrations reported above LOR at BH4 (16 Sep 2019), BH6 (17 

Dec 2019) and SW4 (16 Sep & 25 Sep 2019) 

Physical and Chemical Stressors (Table D) 

pH pH units 0.01 6.5-8.01- 6.5-8.52 4.37-6.29 4.0-6.21 

pH values across the entire Site for both surface water and 

groundwater were below ANZECC 2000 and ADWG acceptable 

range 

Sodium mg/L 1 - 1802 6.0-67 32-142 Concentrations below trigger values 

Calcium mg/L 1 - - <1.0-3.0 4.0-34 Concentrations below trigger values 
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Analyte Units LOR ANZECC (2000) 

95% level of 

species 

protection 

freshwater 

ADWG 

(2011) 

Detected 

Concentration 

Range 

(Groundwater) 

Detected 

Concentration 

Range 

(Surface 

Water) 

Comparison against trigger values  

Magnesium mg/L 1 - - <1.0-10 4.0-52 Concentrations below trigger values 

Potassium mg/L 1 - - <1.0-2.0 <1.0-6.0 Concentrations below trigger values 

Sulphate mg/L 1 - 2502 2.0-70 16-324 Elevated concentrations above trigger values (ADWG aesthetic) 

detected in April and May 2019 at SW1 

Chloride mg/L 1 - 2502 16-127 53-234 Concentrations below trigger values 

Fluoride mg/L 0.1 - 1.5 <0.1-0.2 <0.1-0.7 Concentrations below trigger values 

Reactive 

phosphorus 

as P 

mg/L 0.01 0.021 - <0.01-0.03 <0.01-0.01 
Elevated concentrations above trigger values (ANZECC 2000 

default trigger values) detected at BH1 in May 2019 

Total 

Phosphorus 
mg/L 0.01 0.051 - <0.01-2.76 <0.01-0.13 

Elevated concentrations above trigger values (ANZECC 2000) trigger 

values were detected at BH1 (Sep 2019), BH2 (Feb, Sept & Nov 

2019), BH3 (Feb 2019), BH4 (Feb, May, Sept, Nov 2019), BH 5 (Feb 

2019), BH6 (May, Sep & Nov 2019), BH7 (Feb, May & Sep 2019), 

BH8 (Feb, Sep & Nov 2019), BH11 (Sep & Nov 2019), MW239S (Feb, 

May, Sep & Nov 2019), SW1 (May 2019) and SW3 (Feb 2019) 

Ammonia as 

N 

mg/L 0.01 0.9 0.52 <0.01-0.34 <0.01-0.16 Concentrations below trigger values 

Total Nitrogen 

as N 

mg/L 0.01 0.351 - 0.03-5.9 0.1-1.8 Elevated concentrations above trigger values (ANZECC 2000 trigger 

values) were detected at BH2 (Feb, May, Oct & Nov 2019), BH3 (Feb 

2019), BH4 (Feb, May & Oct 2019), BH5 (Feb 2019),  BH6 (Feb, May, 

Sep and Nov 2019), BH7 (Feb, May, Sep & Nov 2019), BH8 (Feb, 

May, Sep & Nov 2019), BH11 (Feb, May, Sep & Nov 2019), MW239S 

(Feb, May, Sep & Nov 2019), SW1 (May, Sep & Nov 2019) and SW3 

(Feb & Nov 2019) 

Total Cations meq/L 0.01 - - 0.39-3.57 2.23-10 No criteria 

Total Anions meq/L 0.01 - - 0.54-6.61 2.18-11 No criteria 
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Analyte Units LOR ANZECC (2000) 

95% level of 

species 

protection 

freshwater 

ADWG 

(2011) 

Detected 

Concentration 

Range 

(Groundwater) 

Detected 

Concentration 

Range 

(Surface 

Water) 

Comparison against trigger values  

Total Alkalinity 

as CaCO3 
mg/L 1 - - <1.0-24 <1.0-11 

No criteria 

Total 

Hardness as 

CaCO3 

mg/L 1 - 2002 5.0-41 26-299 

Elevated concentrations above trigger values (ADWG aesthetic) were 

detected at SW1 (Apr, May & Sep 2019) 

Electrical 

Conductivity 

@ 25°C* 

mg/L 1 125-2200 - 54-439 220-1090 

Concentrations below trigger values 

Total 

Dissolved 

Solids 

mg/L 1 - 6002 35-285 143-708 Elevated concentrations above trigger values (ADWG aesthetic) were 

detected at SW1 (May, Sep, Oct & Nov 2019) 

1 – Default trigger values for physical and chemical stressors, for slightly disturbed ecosystems in lowland rivers, Southeast Australia (value is for base flow and not storm event) 
2 – Aesthetic 
3 – HEPA NEMP 2020 99% level of protection in freshwater 
4 – HEPA NEMP 2020 Recreation Water 
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4. BASELINE WATER QUALITY ASSESSMENT  

 METALS 

Elevated concentrations of chromium above trigger values (ANZECC 2000) were recorded at 

monitoring locations BH1, BH2, BH3, BH7, BH8, BH11, MW239S and SW3. Concentrations 

ranged from <0.001mg/L - 0.004 mg/L for groundwater and from <0.001 – 0.002 mg/L for 

surface water. 

Elevated concentrations of copper above trigger values (ANZECC 2000) were recorded at 

monitoring locations BH1, BH2, BH4, BH6, BH7, BH8, BH11, MW239S, SW1, SW3 and SW4. 

Concentrations ranged from <0.001mg/L - 0.051 mg/L for groundwater and from <0.001 mg/L 

– 0.02 mg/L for surface water. 

Elevated concentrations of iron above trigger values (ADWG) were recorded at all monitoring 

locations. Concentrations ranged from <0.05 mg/L – 12.5 mg/L for groundwater and from 

0.57mg/L– 9.26 mg/L for surface water. Iron concentrations were particularly higher at location 

BH1. 

Elevated concentrations of manganese above trigger values (ADWG) were recorded at 

monitoring location SW1. Concentrations ranged from <0.003 mg/L – 0.136 mg/L for 

groundwater and from 0.026 mg/L– 0.841 mg/L for surface water.  

Elevated concentrations of nickel above trigger values (ANZECC 2000) were recorded at 

monitoring locations BH2, BH4, BH7, BH8, SW1, SW3 & SW4. Elevated concentrations of 

nickel above trigger values (ADWG) were recorded at monitoring locations BH3, BH4 and 

BH11. Concentrations ranged from <0.001 mg/L – 0.07 mg/L for groundwater and from 

<0.001mg/L– 0.02 mg/L for surface water.  

Elevated concentrations of zinc above trigger values (ANZECC 2000) were recorded at 

monitoring locations BH1, BH2, BH4, BH6, BH7, BH8, BH11, MW239S, SW1, SW3 and SW4. 

Concentrations ranged from <0.005 mg/L – 1.27 mg/L for groundwater and from <0.005 mg/L 

– 0.535 mg/L for surface water. 

 PHYSICAL AND CHEMICAL STRESSORS 

Elevated concentrations of sulphate above trigger values (ADWG aesthetic) were recorded at 

monitoring location SW1. Concentrations ranged from 2.0 mg/L – 7.0 mg/L for groundwater 

and from 16 mg/L – 324 mg/L for surface water. 
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An elevated concentration of reactive phosphorus above trigger values (ANZECC 2000) 

default trigger values was recorded at BH1. Concentrations ranged from<0.01 – 0.03 mg/L for 

groundwater and <0.01-0.13 mg/L for surface water. 

Elevated concentrations of total phosphorus above trigger values (ANZECC 2000) were 

recorded at monitoring locations BH1 and BH2. Concentrations ranged from <0.01 mg/L – 2.11 

mg/L for groundwater and from 0.01 mg/L – 0.13 mg/L for surface water. 

Elevated concentrations of total nitrogen above trigger values (ANZECC 2000) were recorded 

at monitoring locations B2, BH3, BH4, BH5, BH6, BH7 BH8, BH11, MW239S, SW1 and SW3. 

Concentrations ranged from <0.01 mg/L – 2.11 mg/L for groundwater and from 0.01 mg/L – 

0.13 mg/L for surface water 

Elevated concentrations of Total Hardness as CaCO3 above trigger values (ADWG aesthetic) 

were recorded at monitoring location SW1. Concentrations ranged from 5.0 mg/L – 41 mg/L 

for groundwater and from 26 mg/L – 299 mg/L for surface water. 

Elevated concentrations of Total Dissolved Solids above trigger values (ADWG aesthetic) were 

recorded at monitoring location SW1. Concentrations ranged from 35 mg/L – 285 mg/L for 

groundwater and from 143 mg/L – 708 mg/L for surface water. 

Concentrations of pH were below/outside the trigger value range at all monitoring locations. 

Concentrations ranged from 4.37– 6.29 for groundwater and from 4.0– 6.21 for surface water. 

 TPH, TRH AND BTEXN 

No hydrocarbon exceedances above adopted criteria were recorded throughout the 12-month 

monitoring program. Detections were recorded at locations BH1 and BH4. Detections of 

hydrocarbons at BH1 can be attributed to an acrylic adhesive used for the reinstatement of the 

above ground section of the well. Detections of hydrocarbons at BH4 followed in close 

succession with rainfall recorded in the region. BH4 is located adjacent to Cabbage Tree Road 

and detected concentrations may be attributed to roadway runoff. 

 PFAS 

One detection of PFOS above adopted aquatic criteria (LOR) protection was recorded at SW4 

(0.03 µg/L) and subsequently identified again (0.05 µg/L) during follow-up sampling one week 

later. Further detections above LOR were identified at BH4 (PFDS -0.02 µg/L) and BH6 (6:2 

FTS – 0.19 µg/L). Detections of PFAS at SW4 followed on from recent rainfall in the area which 

may have contributed to groundwater migration from surrounding known sources (i.e. 
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Williamtown RAAF Base). Kleinfelder would expect local groundwater to exceed the aquatic 

criteria given the scale of PFAS reported in groundwater within the Red Zone. 

 TREND ANALYSIS 

A description of the trends observed throughout the 12-month monitoring period are provided 

in the sections below and graphical representations are located in the Chart section at the rear 

of this report.  

4.5.1 Rainfall 

Rainfall for the Site was generally well below the mean average (1942-present) for the locality 

(BOM Williamtown RAAF 61078) over the 12-month monitoring period. Rainfall exceedances 

above the mean were recorded in March, June, August and September 2019 with the 

remainder of months experiencing significantly lower rainfall than would normally be expected. 

The total rainfall recorded over the 12-month monitoring program was 731.8mm which is 

486.4mm less than the yearly mean total of 1218.2mm. Chart 1 provides a graphical 

representation of rainfall totals for each month. 

4.5.2 Groundwater Elevation 

Groundwater throughout the sampling locations demonstrated a general decline in elevations 

throughout the 12-month period. Most notably the greatest decline in groundwater elevations 

was observed in the months following the November 2019 water monitoring event which 

correlate directly with a significant decrease in rainfall from the mean average and increase in 

temperatures. Chart 2 provides a graphical representation of groundwater elevation identified 

following gauging throughout the 12-month monitoring period. 

4.5.3 Mann Kendall Analysis 

Where sufficient data is available, statistical trend analysis using the Mann-Kendall Trend Test 

has been undertaken for selected analytes at EPL and SWMP monitoring points to determine 

if obvious trends were apparent in the dataset (Table 4.1 and Table 4.2). The purpose of the 

Mann-Kendall Test (Mann 1945, Kendall 1975, Gilbert 1987) is to statistically assess if there 

is a monotonic upward or downward trend of the variable of interest over time. A monotonic 

upward (downward) trend means that the variable consistently increases (decreases) through 

time, but the trend may or may not be linear.  

MKA relies on three statistical metrics including: 

• The ‘S’ Statistic: Indicates whether concentration trend vs. time is generally 

decreasing (negative S value) or increasing (positive S value). 
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• The Confidence Factor (CF): The CF value modifies the S Statistic calculation to 

indicate the degree of confidence in the trend result, as in ‘Decreasing” vs. “Probably 

Decreasing” or “Increasing” vs. “Probably Increasing.” Additionally, if the confidence 

factor is quite low, due either to considerable variability in concentrations vs. time or 

little change in concentrations vs. time, the CF is used to apply a preliminary “No Trend” 

classification, pending consideration of the COV.  

• The Coefficient of Variation (COV): The COV is used to distinguish between a “No 

Trend” result (significant scatter in concentration trend vs. time) and a “Stable” result 

(limited variability in concentration vs. time) for datasets with no significant increasing 

or decreasing trend (e.g. low CF).  

Where an analyte has recorded a non-detect following laboratory analysis half of the value of 

detection (LOR) has been applied.   
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Table 4.1  Mann-Kendall analysis for metals 

Site 

ID 
Mann-Kendall Analysis 

Metals 

Barium Chromium Copper Iron Manganese Nickel Zinc 

B
H

1
 

Coefficient of Variation 0.47 0.24 0.93 0.31 0.25 0.67 1.91 

Mann-Kendall Statistic (S) -3 -12 11 -15 -16 -2 -33 

Confidence Factor 56.0% 79.9% 77.7% 85.9% 87.5% 53.0% 99.5% 

Concentration Trend Stable Stable No Trend Stable Stable Stable Decreasing 

B
H

2
 

Coefficient of Variation 0.20 0.69 0.62 1.05 0.27 1.77 1.15 

Mann-Kendall Statistic (S) -9 9 29 16 -26 -8 24 

Confidence Factor 70.4% 70.4% 97.4% 87.5 95.7% 68.1% 94.2% 

Concentration Trend Stable No Trend Increasing No Trend Decreasing No Trend Prob. Increasing 

B
H

4
 

Coefficient of Variation 0.10 0.27 1.15 0.90 1.11 1.38 1.02 

Mann-Kendall Statistic (S) -26 9 13 2 -16 -31 -25 

Confidence Factor 95.7% 70.4% 79.0% 59.2% 84.5% 98.1% 95.0% 

Concentration Trend Decreasing No Trend No Trend No Trend No Trend Decreasing Prob. Decreasing 

B
H

6
 

Coefficient of Variation 0.09 0.27 1.37 0.29 0.20 1.54 1.27 

Mann-Kendall Statistic (S) -6 9 10 -2 -19 9 -12 

Confidence Factor 63.1% 70.4% 72.7% 52.7% 88.9% 70.4% 77.0% 

Concentration Trend Stable No Trend No Trend Stable  Stable No Trend No Trend 

B
H

7
 

Coefficient of Variation 0.45 0.15 1.56 0.28 0.38 0.92 1.37 

Mann-Kendall Statistic (S) 18 9 7 -49 -43 -14 -6 

Confidence Factor 87.5% 70.4% 65.6% >99.9% 99.9% 81.0% 63.1% 

Concentration Trend No Trend No Trend No Trend Decreasing Decreasing Stable No Trend 

B
H

8
 

Coefficient of Variation 0.23 0.37 0.90 0.24 0.36 1.10 1.70 

Mann-Kendall Statistic (S) -8 30 23 -26 9 2 20 

Confidence Factor 68.1% 97.8% 93.3% 95.7% 70.4% 52.7% 90.2% 
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Site 

ID 
Mann-Kendall Analysis 

Metals 

Barium Chromium Copper Iron Manganese Nickel Zinc 

Concentration Trend Stable Increasing Prob. Increasing Decreasing No Trend No Trend Prob. Increasing 

B
H

1
1

 

Coefficient of Variation 0.35 0.26 1.10 0.35 0.28 1.9 0.87 

Mann-Kendall Statistic (S) -24 9 16 7 23 -28 -32 

Confidence Factor 94.2% 70.4% 84.5% 65.6% 93.3% 96.9% 98.4% 

Concentration Trend Prob. 

Decreasing 

No Trend No Trend No Trend Prob. Increasing Decreasing Decreasing 

M
W

2
3
9
S

 

Coefficient of Variation 0.25 0.14 0.41 0.20 0.24 0.78 1.10 

Mann-Kendall Statistic (S) 11 9 -1 5 6 5 5 

Confidence Factor 74.9% 70.4% 50.0% 60.6 63.1% 60.6% 60.6% 

Concentration Trend No Trend No Trend Stable No Trend No Trend No Trend No Trend 

S
W

1
 

Coefficient of Variation 0.27 0.37 0.77 0.67 0.27 0.858 0.88 

Mann-Kendall Statistic (S) 5 10 7 -20 -26 -19 -16 

Confidence Factor 68.3% 86.2% 80.9% 99.3% 100.0% 98.9 96.9% 

Concentration Trend No Trend No Trend No Trend Decreasing Decreasing Decreasing Decreasing 

S
W

3
 

Coefficient of Variation 0.37 0.64 1.48 0.95 0.21 1.07 1.20 

Mann-Kendall Statistic (S) -23 18 8 -25 -34 -9 -3 

Confidence Factor 95.7% 90.5% 89.8% 97.0% 99.6% 83.2% 56.0% 

Concentration Trend Decreasing Prob. Increasing No Trend Decreasing Decreasing No Trend No Trend 

S
W

4
 

Coefficient of Variation 0.17 0.00 1.3 1.18 0.13 1.06 1.08 

Mann-Kendall Statistic (S) -20 0 2.0 -8 -3 -9 -11 

Confidence Factor 99.3% 45.2% 57.0% 80.1% 59.4% 83.2% 88.7% 

Concentration Trend Decreasing Stable No Trend No Trend Stable No Trend No Trend 
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Table 4.2 Mann-Kendall analysis for anions, cations alkalinity and inorganics 

Site 

ID 
Mann-Kendall Analysis 

Anions and Cations Alkalinity Inorganics 

S
o

d
iu

m
 

C
a
lc

iu
m

 

M
a

g
n

e
s
iu

m
 

S
u

lp
h

a
te

 

C
h
lo

ri
d
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T
o

ta
l 
A

lk
a
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it
y
 

a
s
 C

a
C

O
3
 

T
o

ta
l 

H
a
rd

n
e

s
s
 a

s
 

C
a
C

O
3

 

E
C

 

T
D

S
 

p
H

 

B
H

1
 

Coefficient of Variation 0.14 0.68 0.22 0.46 0.08 0.48 0.16 0.12 0.12 0.05 

Mann-Kendall Statistic (S) 24 -19 19 3 -17 22 -5 14 14 11 

Confidence Factor 96.4% 91.8% 91.8% 56.0% 89.1% 94.9% 61.9% 84.0% 84.0% 77.7% 

Concentration Trend Increasing Prob. 

Decreasing 

Prob. 

Increasing 

No Trend Stable Prob. Increasing Stable No Trend No Trend No Trend 

B
H

2
 

Coefficient of Variation 0.10 0.27 0.15 0.54 0.11 1.48 0.13 0.11 0.29 0.06 

Mann-Kendall Statistic (S) 17 -5 -7 -2 -46 21 -13 30 10 34 

Confidence Factor 86.0% 60.6% 65.6% 52.7% 100.0% 91.3% 79.0% 97.8% 72.7% 99.0% 

Concentration Trend No Trend Stable Stable Stable Decreasing Prob. Increasing Stable Increasing No Trend Increasing 

B
H

4
 

Coefficient of Variation 0.19 0.30 0.41 0.75 0.06 1.27 0.30 0.14 0.27 0.05 

Mann-Kendall Statistic (S) 28 -18 19 14 -9 8 5 33 16 4 

Confidence Factor 96.9% 87.5% 89.9% 81.0% 70.4% 68.1% 60.6% 98.7% 84.5% 58.0% 

Concentration Trend Increasing Stable No Trend No Trend Stable No Trend No Trend Increasing No Trend No Trend 

B
H

6
 

Coefficient of Variation 0.11 0.21 0.12 0.21 0.10 1.29 0.10 0.12 0.13 0.07 

Mann-Kendall Statistic (S) 23 -2 -11 -19 16 19 -15 42 27 36 

Confidence Factor 93.3% 52.7% 74.9% 88.9% 84.5 88.9% 82.8% 99.8% 96.3% 99.3% 

Concentration Trend Prob. 

Increasing 

Stable Stable Stable No Trend No Trend Stable Increasing Increasing Increasing 

B
H

7
 

Coefficient of Variation 0.12 0.00 0.15 0.14 0.14 1.31 0.16 0.10 0.13 0.05 

Mann-Kendall Statistic (S) -36 0 -20 -4 -35 20 -20 -8 -21 42 

Confidence Factor 99.3% 47.3% 90.2% 58.0% 99.2% 90.2% 90.2% 68.1% 91.3% 99.8% 
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Site 

ID 
Mann-Kendall Analysis 

Anions and Cations Alkalinity Inorganics 

S
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T
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C
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C

O
3

 

E
C

 

T
D

S
 

p
H

 

Concentration Trend Decreasing Stable Prob. 

Decreasing 

Stable Decreasing Prob. Increasing Prob. 

Decreasing 

Stable Prob. 

Decreasing 

Increasing 

B
H

8
 

Coefficient of Variation 0.08 0.00 0.27 1.49 0.18 1.55 0.29 0.09 0.12 0.05 

Mann-Kendall Statistic (S) -1 0 -29 2 -18 18 -29 4 2 51 

Confidence Factor 50.0% 47.3% 97.4% 52.7% 87.5% 87.5% 97.4%% 58.0% 52.7% >99.9% 

Concentration Trend Stable Stable Decreasing No Trend Stable No Trend Decreasing No Trend No Trend Increasing 

B
H

1
1
 

Coefficient of Variation 0.27 0.00 0.56 1.52 0.20 0.78 0.58 0.28 0.36 0.03 

Mann-Kendall Statistic (S) -26 0 -14 -23 -34 20 -14 -4 -5 28 

Confidence Factor 95.7% 47.3% 81.0% 93.3% 99.0% 90.2% 81.0% 58.0% 60.6% 96.9% 

Concentration Trend Decreasing Stable Stable Prob. 

Decreasing 

Decreasing Prob. Increasing Stable Stable Stable Increasing 

M
W

2
3
9
S

 

Coefficient of Variation 0.10 0.00 0.12 0.43 0.18 1.33 0.12 0.12 0.12 0.04 

Mann-Kendall Statistic (S) 22 0 19 -3 11 7 19 46 40 -11 

Confidence Factor 92.4% 47.3% 88.9% 55.4% 74.9% 65.6% 88.9% 100.0% 99.7% 74.9% 

Concentration Trend Prob. 

Increasing 

Stable No Trend Stable No Trend No Trend No Trend Increasing Increasing Stable 

S
W

1
 

Coefficient of Variation 0.21 0.29 0.20 0.30 0.33 0.00 0.22 0.12 0.12 0.09 

Mann-Kendall Statistic (S) 20 -21 -20 -14 25 0 -20 10 10 10 

Confidence Factor 99.3% 99.6% 99.3% ’94.6% 100.0% 45.2% 99.3% 86.2% 86.2% 86.2% 

Concentration Trend Increasing Decreasing Decreasing Prob. 

Decreasing 

Increasing Stable Decreasing No Trend No Trend No Trend 
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Site 

ID 
Mann-Kendall Analysis 

Anions and Cations Alkalinity Inorganics 

S
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D
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p
H

 

S
W

3
 

Coefficient of Variation 0.11 0.24 0.32 0.52 0.14 1.47 0.25 0.21 0.19 0.12 

Mann-Kendall Statistic (S) -2 -14 18 -4 2 -14 3 17 5 -12 

Confidence Factor 53.0% 84.0% 90.5% 59.0% 53.0% 84.0% 56.0% 89.1% 61.9% 79.9% 

Concentration Trend Stable Stable Prob. 

Increasing 

Stable No Trend No Trend No Trend No Trend No Trend Stable 

S
W

4
 

Coefficient of Variation 0.06 0.19 0.14 0.23 0.06 0.00 0.16 0.08 0.08 0.04 

Mann-Kendall Statistic (S) 8 1 5 -7 -5 0 0 10 10 21 

Confidence Factor 80.1% 50.0% 68.3% 76.4% 68.3% 45.2% 45.2% 86.2% 86.2% 99.6% 

Concentration Trend No Trend No Trend No Trend Stable Stable Stable Stable No Trend No Trend Increasing 
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Table 4.1 and Table 4.2 provide trend analysis on sampling locations for a number of 

chemicals, primarily those identified in the EPL as requiring analysis. The trend analysis 

identifies if the chemical is stable, increasing or decreasing in concentration. This will be useful 

in future monitoring should a sample be found to be above the adopted trigger value, triggering 

further assessment.  

The majority of the chemicals were found to be stable or no trend was identified. This is typically 

expected from background monitoring programs. A number of monitoring locations have 

identified decreasing trends (i.e. Barium is decreasing in BH4, BH11, SW3 and SW4 and 

Manganese is decreasing in BH2, BH7, SW1 and SW3). Only a few locations were found to 

be have an increasing trend (Copper in BH2, Chromium in BH8). Throughout the 12-month 

sampling period NSW was undergoing one of the worst drought periods on record. Changing 

concentrations of some chemicals may be due to natural fluctuations in in the water (especially 

following a rainfall event) and/or could be due to the drought conditions. Should this be the 

case then when periods of heavy rainfall occur it is likely that changes in chemical 

concentrations may also occur. 
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5. SITE SPECIFIC ASSESSMENT CRITERIA 

 SWMP & EMP REQUIREMENTS  

As identified in Section 1.1Error! Reference source not found. and 1.2 the SWMP requires 

that surface and groundwater monitoring is to continue as identified in Section 1.2. However, 

it also states that the following monitoring parameters will be reviewed:  

• Location of sampling points, e.g. more suitable / representative location identified, or 

sampling location has insufficient water to accurately monitor development;  

• The frequency of the sampling may be reduced, or increased, depending on the 

fluctuations in the results; and  

• The parameters may be adjusted to remove superfluous analytes and/or add additional 

analytes.  

Therefore, this section presents a review of the parameters identified and makes 

recommendations for the ongoing monitoring program. It is noted that any proposed changes 

must be approved by the Department’s Secretary (or delegate) and must also be updated in 

the SWMP.  

 EPL REQUIREMENTS 

The Sites EPL minimum requirements for the monitoring of groundwater are outlined in Table 

5.1 below. 

Table 5.1 EPA Site water monitoring requirements (EPL21264) 

Pollutant Unit of measure Frequency Sampling Method Sample location 

Arsenic mg/L Monthly Grab Sample BH2, BH4, BH6, BH7, BH9, 

BH11 & MW239S 

Conductivity mS/cm Monthly Grab Sample BH2, BH4, BH6, BH7, BH9, 

BH11 & MW239S 

Depth M Monthly Grab Sample BH2, BH4, BH6, BH7, BH9, 

BH11 & MW239S 

Iron mg/L Monthly Grab Sample BH2, BH4, BH6, BH7, BH9, 

BH11 & MW239S 

Manganese mg/L Monthly Grab Sample BH2, BH4, BH6, BH7, BH9, 

BH11 & MW239S 

pH pH Monthly Grab Sample BH2, BH4, BH6, BH7, BH9, 

BH11 & MW239S 

Turbidity Nephelometric Turbidity 

Units (NTU) 

Monthly Grab Sample BH2, BH4, BH6, BH7, BH9, 

BH11 & MW239S 
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 ANALYTICAL PARAMETERS 

This section provides details on the recommended analytical suite for ongoing monitoring (note 

this is in addition to the requirements of the EPL).  

5.3.1 Metals 

Beryllium, Cadmium, Mercury, Selenium, Vanadium were all identified to be below the 

laboratory LOR throughout the 12-month sampling period. The operations across the Site are 

not considered likely to introduce sources of these metals and therefore it is not considered 

necessary to continue to monitor for these metals. Analysis for lead identified only four samples 

out of 124 to be above the LOR and these were reported at the LOR. Analysis for Cadmium 

identified only 3 samples at SW1 to be at or marginally above the LOR. It is recommended that 

Lead and Cadmium also be removed from the monitoring programme.  

Concentrations of Boron were identified to be present above the LOR in 7 samples. However, 

the exception is SW1 where all samples taken had concentrations above LOR. Cobalt was 

found to be above LOR in one sample with the exception of surface water and in BH7. There 

are no trigger values presented in the ANZECC 2000 guidelines. It is considered unlikely that 

the quarrying operations would introduce Boron and Cobalt into the environment at significant 

concentrations and therefore it is recommended that Boron and Cobalt not be analysed in 

groundwater. However, due to the presence of Boron in SW1 and Cobalt in the surface water, 

both Boron and Cobalt should continue to be monitored in surface water. Should future surface 

water monitoring identify an increase in Boron or Cobalt concentrations, then consideration 

should be given to adding these to the groundwater analytical suite.  

It is recommended that 8 Metals continue to be analysed in groundwater and surface water: 

• Arsenic (this is required by the EPL); 

• Barium (all samples were above LOR, there is no ANZECC criteria for Barium); 

• Chromium (samples were found to be above LOR and some samples were found to be 

above the ANZECC trigger criteria); 

• Copper (samples were found to be above LOR and some samples were found to be above 

the ANZECC trigger criteria); 

• Iron (this is required by the EPL); 

• Manganese (this is required by the EPL); 

• Nickel (samples were found to be above LOR and some samples were found to be above 

the ANZECC trigger criteria); and 

• Zinc (samples were found to be above LOR and some samples were found to be above 

the ANZECC trigger criteria). 
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An additional two metals (Boron and Cobalt) should also be analysed in surface water.  

5.3.2 Nutrients  

Concentrations of Total Phosphorous and Total Nitrogen were found to be elevated above 

ANZECC 2000 Trigger Values for a low land river in south-east Australia in a number of 

sampling locations on multiple occasions.  

Concentrations of Ammonia were also identified to be present above LOR, however, 

concentrations were all recorded below the ANZECC 2000 Trigger Values and aesthetic 

ADWG values.  

It is therefore considered appropriate to maintain sampling to identify potential significant 

changes in concentrations that would impact the local environment. 

5.3.3 Hydrocarbons  

With the exception of 4 samples, all concentrations were found to be below the LOR. However, 

the quarry operations plan to store diesel fuel on Site for the operational plant. The Site will 

also have a maintenance workshop where oils, greases, lubricants and cleaning agents 

(degreasers) will be stored and used on Site. It is therefore necessary to continue to monitor 

for hydrocarbons.  

It is recommended that TRH continues to be monitored. Should the TRH identify 

concentrations of C6 to C10 then this should trigger further analysis of BTEXN. Likewise, should 

concentrations of C16 to C40 be identified then this should trigger the analysis of PAH.  

5.3.4 PFAS 

The majority of results were identified to be below the LOR. However, due to the sensitive 

nature of PFAS and the location of the Site being on the edge of the Williamtown Red Zone, 

PFAS monitoring should continue.  

 LOCATIONS  

BH2, BH4, BH6, BH7, BH9, BH11 and MW239S are required to be monitored on a monthly 

basis as part of the EPL requirements. It is noted that MW9 has been dry consistently through 

the background monitoring period.  

In addition to the above it is recommended that BH8 also be monitored.  
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 SCHEDULE  

Monthly monitoring is required by the EPL. It is not recommended that additional monitoring 

be undertaken above this every month (however we understand that DPIE has requested Site 

to make minor modifications to the below program e.g. monthly PFAS monitoring).  

It is recommended that quarterly monitoring be undertaken to include:  

• 8 metals (as identified above); 

• TRH; 

• PFAS; 

• Nutrients (Total Phosphorus, Total Nitrogen and Ammonia as N); and 

• and the inclusion of sampling BH8. 

As part of the quarterly monitoring, all available wells should be gauged for groundwater depths 

and observed for monitoring well condition.  

In order to review and confirm the continued relevance of the outcome of this summary 

document and proposed analytical program, an annual monitoring event should be undertaken 

including all analytes and locations sampled as part of the background monitoring.  

Additional analysis may be required should there be a recorded spill event or other potential 

pollution incident.  

 SUMMARY OF PROPOSED SAMPLING  

Table 5.2 provides a summary of the proposed ongoing operational monitoring schedule for 

the Site. Table 5.3 provides a summary of the proposed testing schedule for the different 

monitoring events .  

Table 5.2 Proposed operational monitoring schedule 

Location Monthly Quarterly Annually 

BH2, BH4, BH6, BH7, BH9, BH11 and 

MW239S 
✓  ✓  ✓  

BH8 

SW1, SW2, SW3, SW4 
 ✓  ✓  

BH1, BH5, BH12   ✓  
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Table 5.3 Proposed testing schedule 

Monthly Quarterly Annually 

• Conductivity; 

• pH; 

• Depth; 

• Turbidity; 

• Arsenic; 

• Iron; and 

• Manganese. 

• Gauging all available wells; 

• Conductivity; 

• pH; 

• Depth; 

• Turbidity; 

• Nutrients (Total Phosphorus, 

Total Nitrogen and Ammonia 

as N); 

• 8 metals (As, Ba, Cr, Cu, Fe, 

Mg, Ni and Zn); 

• Additional 2 metals (B and Co) 

for surface water; 

• TRH; and 

• PFAS. 

• Gauging all available wells; 

• Conductivity; 

• pH; 

• Depth; 

• General water quality parameters (Ca, Mg, Na, 

K, pH, EC, Cl, SO₄, Alkalinity, Hardness & TDS); 

• Nutrients (Total Phosphorus, Total Nitrogen and 

Ammonia as N); 

• Turbidity; 

• Metals (As, B, Ba, Be, Cd, Cr, Co, Cu, Fe, Pb, 

Mn, Hg, Ni, Se, V, Zn);  

• TRH and BTEXN; and  

• PFAS. 

 

 SITE SPECIFIC TRIGGER VALUES 

As discussed in Section 1.3 one of the objectives of this report is to establish Site specific 

trigger values to be used for long-term monitoring during the operation of the sand quarry. An 

exceedance of a trigger value does not necessarily indicate that there is an unacceptable risk 

on Site, but rather a trigger for further investigation or evaluation of management options (CRC-

CARE Technical Report 10: 2011). Section 5.8 provides details on the proposed action 

response should a trigger value be exceeded.  

The baseline groundwater and surface water assessment criteria adopted for future quarry 

extraction works for locations to be monitored under the Sites EPL, and defined in the SWMP, 

are summarised below. Nationally accepted water quality guidelines; ANZECC (2000) 

Australian and New Zealand Water Quality Guidelines for Fresh and Marine Waters, 95% 

species Protection for freshwater, HEPA NEMP (2018) PFAS National Environmental 

Management Plan and ADWG (2011) Australian Drinking Water Guidelines 6, have been 

considered in developing Site specific trigger values.  

Table 5.4 and Table 5.5 presents the proposed trigger values for groundwater and surface 

water respectively along with a justification for selecting that value. The trigger values are to 

be applied to the sample locations monitored monthly and quarterly. Locations monitored as 

part of the annual monitoring should be compared against currently available data for that 

location only as they have not been considered when developing the trigger values.  
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Table 5.4 Site specific trigger values for Groundwater 

Analyte Units Adopted Site 

specific 

trigger value 

Location  Justification 

Inorganics 

pH 
pH 

units 
4 - 7 Site wide  

The lowest pH value recorded was 4.37 (noting 4.0 in surface water). It is feasible that pH values 

could continue to be low. The highest pH value recorded was 6.21 indicating a generally acidic 

environment. It is therefore unlikely the pH would exceed 7.  

Total Phosphorus mg/L 2 Site wide 

The majority of baseline results were found to be elevated above the ANZECC 2000 trigger values 

for a Lowland river in South-east Australia. It is therefore not considered appropriate to use this 

criterion. The majority of baseline sample results were less than 2mg/L, however it is noted that 

the highest value recorded was 2.76mg/L at BH3 (noting one sample event and the well is no 

longer operational) and 2.11mg/L in BH11. The third highest concentration of 1.97mg/L was 

located at BH8. The sample locations identified represent a large cross section of the Site 

therefore represent the likely range that could be expected at the Site.  

Ammonia as N mg/L 0.5 Site wide The detected range of <0.01-0.34mg/L was not found to be elevated above the ANZECC 2000 and 

ADWG. Based on the results obtained it is considered that adopting the 0.5mg/L ADWG provides 

a conservative value for a trigger response. It is noted that the ANZECC criteria is 0.9mg/L.  

Total Nitrogen as N mg/L 3 Site wide Results from the majority of locations were generally found to be elevated above the ANZECC 

2000 trigger values, with the exception of BH1 where concentrations were recorded to be 

marginally lower than the initial criteria. The highest concentrations were recorded in BH11 

(considered to be up hydraulic gradient of the Site) and BH2 located centrally on Site. 

Concentrations as high as 2.2mg/L (in BH7) were identified at locations down/ cross hydraulic 

gradient of the Site. It is evident that concentrations of Nitrogen can be found naturally across the 

Site and can be varied over time. Concentrations of Total Nitrogen are not expected to be elevated 

above the highest recorded value of 5.9mg/L. However, to maintain a level of conservatism a 

trigger value of 3mg/L (half the highest concentration) has been adopted understanding that four 

previous samples exceeded this value. Elevated concentrations above the adopted trigger value is 

a requirement to look at the concentration with more detail to determine if it is in line with previous 

sampling results or considered to be an outlier potentially presenting a significant increase.  

Electrical Conductivity 

@ 25°C* 
µc/cm 125-2200 

Site wide Concentrations across the Site were identified to vary considerably. However, no concentration 

was found to be elevated above 2200 µc/cm.  

Trigger criteria has been taken from ANZECC 2000 for a lowland river is south-eastern Australia 

and is considered appropriate. 
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Analyte Units Adopted Site 

specific 

trigger value 

Location  Justification 

Turbidity  NTU 6-50 Site wide Criteria taken from ANZECC 2000 for a lowland river is south-eastern Australia. 

Dissolved Metals 

Arsenic  mg/L 0.003 Site wide Arsenic was not detected within the majority of groundwater locations with the exception of BH8 

recording a maximum concentration of 0.003 mg/L. The adopted trigger value has been taken as 

the maximum value obtained throughout the baseline monitoring period.  

Barium mg/L 0.035 Site wide All results for Barium were found to be above the LOR. The highest concentration recorded was 

0.034mg/L in BH6 (considered to be up/ cross hydraulic gradient of the Site). The adopted trigger 

value has been taken to be one significant figure above the highest concentration. 

Chromium mg/L 0.004 Site wide 

All locations recoded concentrations of chromium at or marginally above LOR. Exceedances 

above initial baseline criteria (ANZECC 2000) were recorded at most locations with the exception 

of BH4 & BH6. The adopted trigger value has been taken as the maximum value obtained 

throughout the baseline monitoring period. 

Copper mg/L 

0.013 
Site wide 

(except BH4) 

Detections of copper concentrations above LOR were recorded at all locations. The adopted 

trigger value has been taken as the maximum value obtained throughout the baseline monitoring 

period. 

0.051 BH4 

Concentration range for copper at location BH4 was generally greater than other locations. It is 

feasible that stormwater runoff from the adjacent Cabbage Tree Road may impact this borehole. 

Therefore, a higher specific trigger value has been adopted which is the highest concentration 

identified during the baseline monitoring. 

Iron mg/L 

4.1 

Northern Half 

(BH6, BH7, 

BH8, BH11 

and MW239S),  

The Site can be divided into a northern section and southern section with an access road between 

the two sections (between BH2 and SW2). The north and south areas are divided by surface water 

(where SW2 and SW3 are located). Upon review of the groundwater data from the baseline 

monitoring it appears that there are greater concentrations of iron in the northern area than the 

southern area.  

Two separate criteria have been developed based on this. The highest concentration identified 

during the baseline monitoring for this area has been adopted as the Trigger Value.  

1 

Southern half 

(BH2, BH4, 

BH9) 

The highest concentration identified during the baseline monitoring for this area has been adopted 

as the Trigger Value. 
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Analyte Units Adopted Site 

specific 

trigger value 

Location  Justification 

BH1, BH5, BH12 are only proposed to be sampled during the annual monitoring round. When 

assessing these wells, concentrations will be assessed against previous criteria for those 

locations.  

Manganese mg/L 0.136 Site wide A similar range of results were identified across all locations. BH4 recorded the highest value of 

Manganese (0.136mg/L) across the Site. The highest concentration identified during the baseline 

monitoring has been adopted as the Trigger Value. It is noted that the ANZECC 2000 criteria is 

1.9mg/L.  

Nickel mg/L 

0.037 BH11 

BH11 is located to the north of the Site and is considered to be in an up hydraulic gradient 

location. The highest concentration identified in BH11 was 0.037mg/L. This has been adopted as 

the trigger value for this location. 

0.022 

Site wide 

(excluding 

BH11) 

With the exception of BH6 and MW239S, at least one concentration from each monitoring location 

throughout the baseline monitoring was found to be elevated above than the ANZECC 2000 

trigger values. Generally, concentrations of Nickel are similar across the Site (with the exception of 

BH11). Therefore, the highest recorded value from the baseline monitoring round has been 

adopted as the trigger value. 

Zinc mg/L 0.085 Site wide  

At least one concentration from each monitoring location throughout the baseline monitoring was 

found to be elevated above than the ANZECC 2000 trigger values. Generally, concentrations of 

Zinc are similar across the Site. Therefore, the highest recorded value from the baseline 

monitoring round has been adopted as the trigger value.  

Noting that BH1 is not proposed to be sampled until the annual monitoring round where the results 

should be assessed against previous results from that location only.  

TRH 

TRH C6 – C10 µg/L 20 Site wide  Concentrations of TRH were identified to be below the LOR for the majority of the baseline 

monitoring. The exceptions were following well maintenance work or were observed in BH4 

following a high rainfall event. It is feasible that stormwater runoff from the adjacent Cabbage Tree 

Road may locally impact BH4.  

Based on the understanding of the above, generally TRH is not identified within the groundwater 

across the Site. The Laboratory LOR has therefore been adopted as a trigger value.  

C6 - C10 minus BTEX 

(F1) 
µg/L 20 Site wide  

TRH C10 – C16 µg/L 100 Site wide  

TRH C10 - C16 minus N 

(F2) 
µg/L 100 Site wide  

TRH C16 – C34 µg/L 100 Site wide  
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Analyte Units Adopted Site 

specific 

trigger value 

Location  Justification 

TRH C34 - C40 µg/L 100 Site wide  

PFAS 

PFOS+ PFHxS µg/L 0.07 Site wide  Site criteria has been provided in the SWMP.  In 2016, Food Standards Australia New Zealand 

(FSANZ) were commissioned to develop health-based guidance values for a selection of PFAS. 

FSANZ (2017) published levels for use in Site investigations which were updated and incorporated 

into the HEPA NEMP (2018), which was revised in 2019. The HEPA NEMP (2019) is the 

recognised national guidance for the investigation and management of PFAS in Australia and 

forms the key guidelines for this SWMP. This has therefore been adopted in this report.  

PFOA µg/L 0.56 Site wide  

PFOS µg/L 0.01 Site wide 

Standard LOR has been adopted as the Site wide criteria as it is known that PFAS are widely 

present in the local area owing to the Red Zone. Ambient concentrations have been detected 

above this in groundwater emanating from Williamtown RAAF Base. 

1- National Health and Australian Drinking Water Guidelines 6 (ADWG) (2011) 
ANZECC (2000) 95% level of species protection in freshwater -  

Table 5.5 Site specific trigger values for Surface Water 

Analyte Units Adopted Site 

specific 

trigger value 

Location  Justification 

Inorganics 

pH 
pH 

units 
4 - 7 Site wide  

The lowest pH value recorded was 4.01 in surface water). It is feasible that pH values could 

continue to be low. The highest pH value recorded was 6.21 indicating a generally acidic 

environment. It is therefore unlikely the pH would exceed 7.  

Total Phosphorus mg/L 0.13 Site wide 

The two out of the 10 surface water baseline results were found to be above the ANZECC 2000 

trigger values for a Lowland river in South-east Australia. It is therefore not considered appropriate 

to use this value. The highest recorded value in the surface water was 0.13mg/L in SW1. This 

value has been adopted as the trigger value for surface water.  

Ammonia as N mg/L 0.25 Site wide The detected range of <0.01-0.16mg/L was not found to be elevated above the ANZECC 2000 and 

ADWG. Based on the results obtained it is considered that adopting half the 0.5mg/L ADWG value 

provides a conservative approach for a trigger level. It is noted that the ANZECC criteria is 

0.9mg/L.  
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Analyte Units Adopted Site 

specific 

trigger value 

Location  Justification 

Total Nitrogen as N mg/L 1.8 Site wide Results from the majority of locations were found to be elevated above the ANZECC 2000 trigger 

criteria. The highest concentrations were recorded in SW1. It is evident that concentrations of 

Nitrogen can be found naturally across the Site and vary over time. Concentrations of Total 

Nitrogen are not expected to be elevated above the highest recorded value of 1.8mg/L. Therefore, 

this has been adopted as the trigger value.  

Electrical Conductivity 

@ 25°C* 
µc/cm 125-2200 

Site wide Concentrations across the Site were identified to vary considerably. However, no concentration 

was found to be elevated above 2200 µc/cm.  

Trigger criteria has been taken from ANZECC 2000 for a lowland river is south-eastern Australia 

and is considered appropriate for this Site. 

Turbidity  NTU 6-50 Site wide Criteria taken from ANZECC 2000 for a lowland river is south-eastern Australia. 

Dissolved Metals 

Arsenic  mg/L 0.001 Site wide Arsenic was not detected within the majority of groundwater locations with the exception of SW3 

recording a maximum concentration of 0.006 mg/L. As the majority of results were recorded below 

the LOR, the adopted trigger value has been taken as the laboratory LOR.  

Barium mg/L 0.08 Site wide All results for Barium were found to be above the LOR. The highest concentration recorded was 

0.08mg/L in SW3. The adopted trigger value has been taken to be the highest concentration 

recorded. 

Boron mg/L 0.14 SW1 All results at SW1 for Boron were found to be above the LOR compared to all other locations that 

had concentrations below LOR. Therefore, a location specific trigger value has been adopted for 

SW1.  

0.05 SW3 & SW4 All results were found to be below the LOR. The adopted trigger value has been taken as LOR. 

Chromium mg/L 0.002 Site wide 

The majority of results were found to be below the LOR with one result higher than the ANZECC 

2000 trigger value recorded in SW3. The adopted trigger value has been taken as the maximum 

value obtained throughout the baseline monitoring period. 

Cobalt mg/L 0.017 Site wide 

Detections of Cobalt concentrations above LOR were detected at all surface water locations. The 

highest concentration was 0.017mg/L in SW1. The adopted trigger value has been taken to be the 

highest concentration recorded. 

Copper mg/L 0.013 Site wide  

Detections of Copper concentrations above LOR were recorded at all locations. The adopted 

trigger value has been taken as the same value as the groundwater trigger value. The maximum 

value obtained in surface water throughout the baseline monitoring period was 0.012mg/L. 
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Analyte Units Adopted Site 

specific 

trigger value 

Location  Justification 

Iron mg/L 9.26 Site wide  

The concentrations of Iron identified in the surface water monitoring results were varied and the 

Mann-Kendal analysis identified a decreasing trend in SW1 and SW3 and no trend in SW4.  

The highest concentration identified during the baseline monitoring for this area has been adopted 

as the Trigger Value. Based on the trend analysis it is not expected this value would be exceeded. 

Manganese 

mg/L 0.048 SW1 & SW3 Concentrations of manganese in SW1 and SW3 were found to be similar. The highest 

concentration identified has been adopted as the trigger value for these locations.  

0.841 SW4 

Concentrations of manganese in SW4 were found to be elevated above those in SW1 and SW3. It 

is feasible that stormwater runoff from the adjacent Cabbage Tree Road may impact this location. 

Therefore, the highest concentration found in SW4 has been taken as the trigger value.  

Nickel mg/L 0.022 Site wide  

Concentrations of nickel in each of the surface water locations was found to be similar. The 

highest concentration identified in SW1 was 0.02mg/L. This is similar to the trigger value adopted 

for groundwater; therefore, the same value has been adopted as the trigger value. 

Zinc mg/L 

0.085 SW1 & SW3 
Concentrations of Zinc in SW1 and SW3 were found to be similar. The highest concentration 

identified has been adopted as the trigger value for these locations.  

0.535 SW4 

Concentrations of Zinc in SW4 were found to be elevated above those in SW1 and SW3. It is 

feasible that stormwater runoff from the adjacent Cabbage Tree Road may impact this location. 

Therefore, the highest concentration found in SW4 has been taken as the trigger value.  

TRH 

TRH C6 – C10 µg/L 20 Site wide  All concentrations of TRH were identified to be below the LOR. The Laboratory LOR has therefore 

been adopted as the trigger value.  
C6 - C10 minus BTEX 

(F1) 
µg/L 20 Site wide  

TRH C10 – C16 µg/L 100 Site wide  

TRH C10 - C16 minus N 

(F2) 
µg/L 100 Site wide  

TRH C16 – C34 µg/L 100 Site wide  

TRH C34 - C40 µg/L 100 Site wide  
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Analyte Units Adopted Site 

specific 

trigger value 

Location  Justification 

PFAS 

PFOS+ PFHxS µg/L 0.07 Site wide  Site criteria has been provided in the SWMP. In 2016, Food Standards Australia New Zealand 

(FSANZ) were commissioned to develop health-based guidance values for a selection of PFAS. 

FSANZ (2017) published levels for use in Site investigations which were updated and incorporated 

into the HEPA NEMP (2018). The HEPA NEMP (2018), revised in 2019, is the recognised national 

guidance for the investigation and management of PFAS in Australia and form the key guidelines 

for this SWMP. 

This has therefore been adopted in this report.  

PFOA µg/L 0.56 Site wide  

PFOS µg/L 0.01 Site wide 

Standard LOR has been adopted as the Site wide criteria as it is known that PFAS are widely 

present in the local area owing to the Red Zone. Ambient concentrations have been detected 

above this in groundwater emanating from Williamtown RAAF Base. 
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 TRIGGER RESPONSE ACTIONS  

5.8.1 Metals & Nutrients 

The following provides details on the proposed response action required should an analyte 

concentration be found above the adopted trigger value: 

• Review value against previous data including Mann-Kendal trends presented in Table 4.1 

to determine if the concentrations is in line with previous monitoring data, or if considered 

significantly different then: 

o Question result with the laboratory; 

o Discuss what operations have been undertaken that may cause the elevated 

concentration; and 

o Review rainfall data and groundwater elevations to establish if concentration is due to 

seasonal adjustments. 

• Re-sample location and elevated metal in the following two monthly monitoring rounds to 

gauge if the exceedance was an exception of change in trend or characteristic of 

background changes. 

Where the outcome of the above assessment indicates a potential contamination issue then a 

water trigger investigation should be undertaken in accordance with the SWMP (see Section 

5.8.4).  

5.8.2 Hydrocarbons 

The following provides details on the proposed response action required should an analyte 

concentration be found above the adopted trigger value: 

• Question result with the laboratory to determine if there were any laboratory errors; 

• Discuss what operations have been undertaken that may cause the elevated 

concentration; 

• Review rainfall data and groundwater elevations to establish if concentration is due to 

seasonal adjustments; and 

• Re-sample location in the following two monthly monitoring rounds to gauge if the 

exceedance was an exception of change in trend, or characteristic of background changes, 

and include the following additional analysis: 

o Where TRH C6 to C10 has been detected then BTEXN will also be analysed; and/or 

o Where TRH C16 to C40 has been detected then PAH will also be analysed. 

Where the outcome of the above indicates a potential issue then a water trigger investigation 

should be undertaken in accordance with the SWMP (see Section 5.8.4).  
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Where a spill or potential pollution incident event has occurred, or the above conversation with 

the quarry operations indicates a potential contamination issue, then sampling (or re-sampling) 

at the closest (down hydraulic gradient) location should be undertaken within 48 hours. An 

incident investigation in accordance with the SWMP must be undertaken.  

5.8.3 PFAS 

Where PFAS is identified above the adopted criteria (or maximum background value detected 

previously at a specific monitoring location) an additional water sample will be collected within 

48 hours and submitted for analysis.  In the event the trigger value is exceeded by more than 

10% in both the primary sample and the follow-up sample, a water trigger Investigation will be 

completed to determine if the change is related to:  

• The quarry operations;  

• External influence; and/or  

• Natural variation.  

5.8.4 Water Trigger Investigation  

Upon triggering the need for a water trigger investigation Hunter Water Corporation (HWC), 

NSW Environmental Protection Agency (EPA) and Department of Planning Industry and 

Environment (DPIE) must be notified within 24hours. The SWMP stipulates that the water 

trigger investigation will evaluate the following:  

• A review of the Site conceptual site model to understand the risk potential of the 

exceedance; 

• Identify the potential for other sources to be present that may require confirmatory 

sampling (and include intrusive investigation if considered appropriate); 

• Recent climate and rainfall data; 

• Other activities within the catchment (both on and off the Site) in the preceding period; 

• Operational activities of the quarry in the preceding period; and 

• Historical potential for those quarry activities to cause exceedance.  

The water trigger investigation report will be submitted as an incident notification to HWC, EPA 

and DPIE. The report will also be summarised in the Annual Environmental Review (AER).  
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6. QUALITY ASSURANCE AND QUALITY CONTROL 

 DATA VALIDATION  

The QA/QC program implemented for this monitoring program followed the requirements of 

the SWMP. 

Data Quality Indicators (DQIs) were developed prior to commencing background monitoring 

and have been summarised in Table 6.1. DQIs established acceptable limits for field and 

laboratory data collected from the monitoring program. 

Table 6.1 QA/QC data quality indicators 

QA/QC Objective Data quality indicator (DQI) 

Successful 

completion of 

project 

To conduct a baseline water quality sampling program in accordance with NEPM 2013 

and AS4482.1 – 1999 in order to achieve the objective set out in Section 1. 

Suitable 

environmental 

consultant 

The environmental consultant was to maintain QA Systems certified to AS/NZS ISO 

9001:2015. 

Suitable field 

personnel 

All Kleinfelder field personnel conducting sampling were to be trained in the 

requirements detailed in this SWMP. All Kleinfelder field personnel have relevant 

tertiary qualifications and have demonstrated competence in Kleinfelder procedures for 

sampling (consistent with NEPM 2013 and AS4482.1 - 1999).   

Adequate sample 

collection density 

The sampling strategy was developed based on historical information available for the 

Site and the objective of the investigation.  

Standardised 

sample 

nomenclature 

All samples were labelled with a unique identifier that can be related to sample location. 

Surface water and Groundwater samples were labelled as per monitoring well ID. The 

following naming convention was utilised: 

Bore Hole (BH) – Number (1, 2, 3…): 

E.g. MW1  

Surface water (SW) – Number (1, 2, 3…):  

E.g. SW1  

Decontamination of 

field equipment 

When sampling equipment was used, nitrile gloves were worn and changed between 

locations. Non-dedicated sampling equipment was decontaminated between sample 

locations using an appropriate surface-active cleaning agent (e.g. Liquinox for use with 

PFAS) as consistent with NEPM 2013 and HEPA NEMP (2019). 

Calibration of field 

instruments 

All field instruments were calibrated prior to use, and the calibration certificates have 

been provided in Appendix C .  

Transportation A Chain of Custody (COC) document was used to ensure the integrity of the samples 

from collection to receipt by the analytical laboratory within appropriate holding times.  

National 

Association of 

Testing Authorities 

(NATA) accredited 

laboratory analysis 

All samples were forwarded to a laboratory holding NATA accreditation for the required 

analyses. 

The following Laboratories were utilised:  

• ALS – Primary Laboratory for chemical analysis; and 

• Eurofins – Secondary Laboratory for chemical analysis. 
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QA/QC Objective Data quality indicator (DQI) 

Field QA/QC Duplicate samples (intra-laboratory) were collected at a rate of one in every twenty 

(1:20) primary water samples and submitted to the primary laboratory for analysis. 

Standard NEPM 2013 duplicate and triplicate requirements were deemed reasonable 

for the sampling of PFAS for the purpose of baseline water monitoring. 

Triplicate samples (inter-laboratory) were also collected at a rate of one in every twenty 

(1:20) primary water samples and submitted to the secondary laboratory for analysis.  

Field duplicate and triplicate samples are used to assess field and analytical precision 

and the precision measurement is determined using the relative percent difference 

(RPD) between the primary sample (X1) and duplicate sample (X2) results, as shown in 

the following equation: 

 Relative percent difference (RPD) = (X1 – X2) x 100 

     (X1 + X2)/2 

Generally, it is recommended that RPD is <30% (NEPM 2013).  

Default RPD levels in the field may be non-compliant for the following reasons: 

• The differing laboratory equipment, procedures and limits of reporting (between the 

primary and secondary laboratories); 

• Due to sample matrix interference; and/or 

• Due to the reported concentrations being close to the limit of reporting where 

laboratory precision and accuracy are inherently low. 

A rinsate blank sample was collected for each piece of non-dedicated sampling 

equipment per day onsite and submitted to the primary laboratory for analysis. 

A transport blank sample was collected for each batch of samples sent to the laboratory 

(~one per day in the field) and submitted to the primary laboratory for analysis for each 

day samples are taken. 

QA/QC non-compliance was documented and discussed in the monthly summary letter 

(see Appendix B). Where exceedances were identified (i.e. duplicates and triplicates 

be above the RPD or rinsate blanks, field blanks or transport blanks be above the LOR) 

then consideration was given to the sample(s) being re-analysed, the higher 

concentration level to be conservatively adopted and/or reviewing field practices for 

continued prevention of potential cross contamination. 

Laboratory Quality 

Control – 

Duplicates, spikes, 

blanks and 

surrogates – 

Acceptable Limits 

Laboratory QA/QC acceptance limits are as follows: 

Surrogates: 70% to 130% recovery; 

Matrix Spikes: 70% to 130% recovery for organics or 80% to 120% recovery for 

inorganics; 

Control Samples: 70% to 130% recovery for soil or 80% to 120% recovery for waters; 

Duplicate Samples: <4 Practical Quantitation Limits (PQL) - +/- 2PQL, 4-10PQL – 0.-25 

or 50%RPD, >10PQL – 0-10 or 30%RPD; and 

Method Blanks: zero to <PQL. 

 

 QA/QC RESULTS 

6.2.1 Field Method Validation 

To ensure the completeness, comparability, representativeness, precision and accuracy of 

QA/QC items, Table 6.2 details how the QA/QC compliance has been met. 
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Table 6.2 Field QA/QC 

QA/QC Objective Data Quality Indicator (DQI) 

Suitable field 

personnel 

The Site work was undertaken by Dan Kousbroek who has 4 years’ experience in 

contaminated land investigations. Dan was informed of the requirements of the agreed 

scope of works. Dan has relevant tertiary qualifications and has demonstrated 

competence with Kleinfelder’s sampling procedures (consistent with NEPM 2013 

requirements and AS4482.1 2005). 

Adequate sample 

collection density 

Water sampling was undertaken based on information provided in the SWMP.  

A targeted sampling program was undertaken requiring sampling at 10 groundwater 

locations and 4 surface water locations and then analysed. It is noted that a number of 

the surface water locations were found to be dry throughout the 12 months due to an 

extended drought period in NSW.  

Field equipment YSI 556 Water Quality Meter and Solinst oil/water interface meter were used during 

field works. 

Calibration of field 

instruments 

Calibration certificates for each piece of equipment used in the field are attached in 

Appendix C 

Sample 

preservation 

Samples were collected in laboratory supplied containers and immediately stored in an 

insulated esky chilled with ice.  

Sample handling Samples were delivered straight to ALS Newcastle following each sampling event. 

Chains of custody are included in Appendix A of the monthly reports, which have been 

provided as Appendix B of this document. 

6.2.2 Laboratory QA/QC 

The results for internal laboratory QA/QC procedures are provided within the laboratory 

analysis reports (Appendix A of the monthly reports, which have been provided as Appendix 

B of this document). Table 6.3 summarises conformance to specific QA/QC procedures, also 

see Tables E, F and G at the rear of this report for a summary of the data. 

Table 6.3 Laboratory QA/QC 

Quality assurance Conformed Comment 

Collection of rinsate water 

from decontaminated field 

equipment 

Yes  Rinsate was sourced from a NATA accredited laboratory and 

supplied with the sample containers.  

A rinsate sample was taken from the sampling equipment 

during each sampling event. A total of 12 rinsate samples were 

taken. All samples were non detect. 

See Tables E, F and G at the back of this report. 

Collection of transport 

blanks through the sampling 

day 

Majority 12 transport blank samples were collected (two samples in 

March (due to a return confirmatory sampling event), no 

transport taken in August 19) 

2nd transport blank taken in March (15/03/19) was found to 

contain barium (2ug/l). As no other transport blanks were found 

to have concentrations above LOR and the following months 

samples resulted in non detect the data is considered reliable.  

See Tables E, F and G at the back of this report. 

Holding times met Yes Holding times were met for all analytes and samples.  

Every effort was made by Kleinfelder to deliver samples to the 

laboratory as soon as possible after sampling. 



 

Ref: NCA20R107317/20193820.001A Page 46 14 September 2020 

Copyright 2020 Kleinfelder   

Quality assurance Conformed Comment 

LOR less than assessment 

criteria 

Yes Majority of LOR were below the adopted screening criteria. 

Adopted criteria for PFOS (HEPA NEMP 2018) is below LOR. It 

is noted that PFAS are likely to be in the region given the 

reported scale of PFAS in groundwater within the Red Zone, 

therefore the standard LOR has been adopted. 

All analyses National 

Association of Testing 

Authorities (NATA) 

accredited 

Yes All samples were delivered to a NATA accredited laboratory for 

the required analysis, within specified holding times. The 

primary laboratory used was ALS (delivered to the Newcastle 

laboratory). Triplicate samples were forwarded by ALS to the 

secondary laboratory, Eurofins mgt (Newcastle). 

Field intra-laboratory 

duplicate samples collected 

and analysed to represent 

5% of sample population 

Majority One intra-laboratory duplicate sample and one inter-laboratory 

triplicate water sample were collected. This is considered to 

exceed the requirement of 5% of the total number of primary 

analyses undertaken (minimum 1 in 20 duplicate and 1 in 20 

triplicate samples).  

Due to a laboratory error in transferring samples, one intra-

laboratory triplicate (March 2019) was only sampled for Metals 

and PFAS with TRH and BTEX being missed from the COC to 

the tertiary laboratory. With the exception of some minor 

elevations of TRH and BTEX which were attributed to 

maintenance work on the well, there were no recorded 

concentrations above LOR. Therefore, this is not considered to 

impair the reliability of data in meeting the objectives of this 

monitoring programme.  

See Table 6.5 for details. 

Did duplicate sample meet 

RPD requirements 

Majority The majority of samples met the RPD requirements of being 

within 30% (See Tables E, F and G at the back of this report). 

The following did not meet these requirements: 

• Arsenic – 67% BH8 (Feb 2019) 

• Cobalt – 40% BH7 (March 2019) 

• Copper – 190% SW4 (September 2019) 

• Lead – 67% SW4 (September 2019) 

• Nickel – 140% SW4 (September 2019), 67% BH6 (January 

2020) 

• Zinc – 100% BH8 (February 2019), 151% SW4 (September 

2019) 

In general, for these exceedances at least one sample was 

found to be below or close to the Laboratory LOR, which leads 

to exaggerated RPD calculations. In order to take a 

conservative approach, the highest recorded concentration has 

been selected for results screening. These RPD exceedances 

are therefore not considered to have a negative impact on the 

outcome of the assessment.   

Did triplicate sample meet 

RPD requirements 

Majority The majority of samples met the RPD requirements of being 

within 30% (See Tables E, F and G at the back of this report). 

The following did not meet these requirements: 

Water: 

• Arsenic – 67% BH8 (February 2019) 

• Chromium – 86% BH8 (February 2019), 67% SW3 (June 

2019) 

• Cobalt – 40% 

• Copper – 190% SW4 (September 2019), 156% BH6 

(January 2020) 
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Quality assurance Conformed Comment 

• Lead – 67% SW4 (September 2019) 

• Nickel – 156% BH7 (March 2019), 140% SW4 (September 

2019), 111% SW4 (November 2019) 

• Zinc – 113% BH7 (March 2019), 151% SW4 (September 

2019), 172% SW4 (November 2019) & 131% BH6 (January 

2020) 

• PFOS – 100% SW4 (September 2019) 

• Sum of PFHxS and PFOS – 100% (September 2019) 

• Sum of PFAS (WA DER List) – 86% (September 2019) 

• Sum of PFAS – 133% (September 2019) 

A number of exceedances were calculated with one sample 

being below the Laboratory LOR. This leads to a potentially 

exaggerated RPD calculations. In order to take a conservative 

approach, the highest recorded concentration has been 

selected for results screening.  

RPD exceedances for triplicates can often be attributed to 

differences in methods used by each of the labs and are not 

considered to impair the reliability of the data in meeting the 

objectives of this monitoring programme.  

Internal laboratory 

procedures 

Majority. Holding time breaches are discussed above. 

Internal laboratory QC procedures were generally met. Some 

exceedances of internal procedures for laboratory duplicates 

and matrix spikes were recorded for water samples, for organic 

analysis. However, the primary laboratory results recorded 

these analytes to be below the LOR. Therefore, this does not 

impair the reliability of the analytical data for decision making. 

This is not considered to impact the outcome of the results and 

thus unlikely to impair the outcome of decision making.  

 

A summary of the water sample container types, preservation and the order of container filling 

is provided in Table 6.4. 

Table 6.4 Container types, preservation and order of filling 

Analyte Container Type Preservation 

PFAS incl PFOS, PFOA, 

PFOS/PFHxS, PFDS 

1 x 60mL Plastic Bottle - Unpreserved Refrigerate 

TPH (C10-C36) 1 x 100mL Amber Glass Bottle - Unpreserved Refrigerate 

TRH (C6-C10), BTEXN, VOC  2 x 40mL amber Glass Vials with Teflon lined 

septa 

Sulfuric Acid 

Heavy metals - Dissolved 1 x 60mL Clear Plastic Bottle - Filtered Nitric acid 

Extended Water Suite 1 x 500mL Clear Plastic Bottle – Unpreserved 

1 x 60mL Clear Plastic Bottle 

Refrigerate 

Sulfuric Acid 

General Water Suite 1 x 500mL Clear Plastic Bottle – Unpreserved Refrigerate 
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Table 6.5 Summary of groundwater QC program  

Analyte 

Number of Groundwater Samples Analysed % QC Samples 

Relative to 

Primary Samples 
Primary Field Duplicates 

(intra-lab) 

Laboratory Splits  

(inter-lab) 

TRH 124 6 5 9% 

BTEXN 124 6 5 9% 

Dissolved metals 124 6 6 10% 

PFAS 65 5 5 15% 

Bold: Indicates not meeting the triplicate density. 

 QUALITY STATEMENT 

Field sampling procedures conformed to Kleinfelder’s QA/QC protocols to prevent cross 

contamination, preserve sample integrity and allow for collection of a suitable data set from 

which to make technically sound and justifiable decisions with data of satisfactory useability.  

Based on a review of the results for the Kleinfelder and laboratory QA/QC program adopted, 

the overall data quality is considered to be suitably reliable and representative of groundwater 

conditions beneath the Site. Copies of the final NATA endorsed laboratory reports, including 

internal QA/QC results and chain-of-custody documentation for the primary and secondary 

laboratories are attached as Appendix A of the monthly reports, which have been provided as 

Appendix B of this document. 

 EQUIPMENT CALIBRATION 

All equipment used was supplied calibrated with appropriate calibration certificates (see 

Appendix A). Kleinfelder undertook pre-mobilisation checks of equipment (including 

calibration as required). Prior to commencing field operations, the following equipment and 

calibration checks were conducted: 

• Water Quality Meter – The water quality meter came calibrated from the supplier. A daily 

confidence check of dissolved oxygen, pH and EC was undertaken using air and standards 

of known concentration, and calibration performed as warranted. 

• PID – the PID came calibrated from the supplier. A daily fresh air calibration check was 

undertaken on Site.  
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7. SUMMARY STATEMENT 

A baseline water monitoring program was conducted at the Site to characterise groundwater 

and surface water for ongoing use of the Site as an operational sand quarry from February 

2019 through to January 2020. 

The analytical results indicate that metals, namely barium, chromium, copper, iron manganese, 

nickel and zinc, were detected regularly throughout the monitoring period, and at the majority 

of the sample locations, indicating likely natural background concentrations. Iron 

concentrations were typically higher at BH1 throughout the baseline monitoring program which 

are likely indicative of concentrations in this area.  

BTEXN, TPH and TRH were generally not detected across the majority of the Site with the 

exception of BH1 and BH4. At the initiation of the baseline sampling program in February 2019 

BH1 was refitted with a PVC pipe to replace a previously fire damaged one. In the process an 

acrylic adhesive was applied to fuse the pipes together which likely initiated increased 

concentrations of TPH C6 - C9 (1,710µg/L) and TRH C6 - C10 (1,690µg/L) within the well. The 

subsequent months following reinstallation of the well concentrations of TPH and TRH fell to 

below LOR. Concentration of hydrocarbons detected at BH4 are most likely influenced by the 

adjacent Cabbage Tree Road. Concentrations were detected following some form of rainfall in 

the region and ongoing detections are likely given the location of BH4 being in close proximity 

to a relatively busy carriageway. Ongoing monitoring of hydrocarbons is recommended, for 

due diligence purposes, given the potential likelihood for spills to occur from operational 

vehicles.  

PFAS detections above LOR were recorded at locations BH4, BH6 and SW4. Concentrations 

of PFAS identified at BH6 and SW4 are likely sourced from an upgradient source from the Site, 

namely the Williamtown RAAF Base where historical use of PFAS containing materials have 

been used. PFAS identified at location BH4, and directly adjacent to Cabbage Tree Road, is 

likely to have occurred from a different historical source. Ongoing monitoring of PFAS should 

be undertaken directly following initial excavation works. 

It should also be noted that the Site and regional area has experienced a significant drought 

over the past couple of years and this may have a bearing on groundwater and surface water 

conditions should significant rainfall reoccur in the region. Baseline data provided within this 

report should be reassessed following a full year of data with average to above average rainfall 

to identify potential outliers that may be present. 

Table 7.1 provides a summary of the proposed ongoing operational monitoring schedule for 

the Site (however we understand that DPIE has requested Site to make minor modifications 
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to the below program e.g. monthly PFAS monitoring). Table 7.2 provides a summary of the 

proposed testing schedule for the different monitoring events and presents the adopted 

groundwater (GW) and surface water (SW) trigger values.  

Table 7.1 Proposed operational monitoring schedule 

Location Monthly Quarterly Annually 

BH2, BH4, BH6, BH7, BH9, BH11 and 

MW239S 
✓  ✓  ✓  

BH8 

SW1, SW2, SW3, SW4 
 ✓  ✓  

BH1, BH5, BH12   ✓  

 

 



 

Ref: NCA20R107317/20193820.001A Page 51 14 September 2020 

Copyright 2020 Kleinfelder   

Table 7.2 Proposed testing schedule 

Testing schedule Specified Location 

otherwise site wide 

Trigger value 

Monthly Quarterly Annually  Units GW SW 

pH pH pH   4 - 7 4 - 7 

Conductivity Conductivity Conductivity  µc/cm 125-2200 125-2200 

Turbidity Turbidity Turbidity  NTU 6-50 6-50 

Arsenic Arsenic Arsenic  mg/L 0.003 0.001 

Iron Iron Iron Northern Half (BH6, BH7, 

BH8, BH11 and MW239S),  

mg/L 
4.1 

9.26 

Southern half (BH2, BH4, 

BH9) 

mg/L 
1 

Manganese Manganese Manganese  mg/L 0.136 0.048 

Gauging selected wells Gauging all available wells; Gauging all available wells;  - - - 

 Total Phosphorus Total Phosphorus  mg/L 2 0.13 

 Total Nitrogen Total Nitrogen  mg/L 3 1.8 

 Ammonia as N Ammonia as N  mg/L 0.5 0.25 

 Barium Barium  mg/L 0.035 0.08 

 Chromium  Chromium   mg/L 0.004 0.002 

 Copper Copper Site wide (except BH4) mg/L 0.013 0.013 

BH4 mg/L 0.051 

 Nickel Nickel BH11 mg/L 0.037 0.022 

Site wide (excluding BH11) mg/L 0.022 

 Zinc Zinc Site wide (excluding SW4) mg/L 0.085 0.085 

SW4 mg/L 0.535 

 Boron Boron SW1 mg/L N/A 0.14 

SW2, SW3 & SW4 mg/L 0.05 

 Cobalt Cobalt  mg/L N/A 0.017 
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Testing schedule Specified Location 

otherwise site wide 

Trigger value 

Monthly Quarterly Annually  Units GW SW 

 TRH C6 – C10 TRH C6 – C10  µg/L 20 20 

 C6 - C10 minus BTEX (F1) C6 - C10 minus BTEX (F1)  µg/L 20 20 

 TRH C10 – C16 TRH C10 – C16  µg/L 100 100 

 TRH C10 - C16 minus N (F2) TRH C10 - C16 minus N (F2)  µg/L 100 100 

 TRH C16 – C34 TRH C16 – C34  µg/L 100 100 

 TRH C34 - C40 TRH C34 - C40  µg/L 100 100 

 PFOS PFOS  µg/L 0.01 0.01 

 PFOS+ PFHxS PFOS+ PFHxS  µg/L 0.07 0.07 

 PFOA PFOA  µg/L 0.56 0.56 

  General water quality parameters 

(Ca, Mg, Na, K, pH, EC, Cl, SO₄, 

Alkalinity, Hardness & TDS); 

 - - - 
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1. INTRODUCTION 

 BACKGROUND 

Kleinfelder Australia Pty Ltd (Kleinfelder) was engaged by Williamtown Sand Syndicate (WSS) 

to undertake a 12 month surface water and groundwater monitoring program to establish 

baseline conditions at the Newcastle Sands quarry site, 298 Cabbage Tree Road, Williamtown, 

New South Wales (NSW) (the ‘Site’). The Site is located approximately 12 km north east of 

Newcastle at Williamtown, NSW. The location of the Site is depicted on Figure 1 and the site 

layout is presented in Figure 2. 

Monitoring was undertaken to satisfy the requirements of the Soil and Water Management Plan 

(SWMP) (KLF, 2019) and Environmental Protection Licence 21264 (EPL). It is noted that the 

SWMP is a sub-plan within the overarching ‘Newcastle Sands Quarry Environmental 

Management Plan’ (June 2018), referred to herein as the EMP.  

Groundwater and surface water monitoring was conducted over 12 consecutive months from 

February 2019 through to January 2020 and was generally completed between the 11th and 

18th of each month. A Sampling Plan was prepared and presented in the SWMP, covering an 

appropriate methodology and quality control requirements for the monitoring program (see 

Section 3 for further details). 

The Sampling Plan was designed to obtain representative background data on water flow and 

quality in surface water bodies and groundwater that has the potential to be impacted by the 

site operations, or unrelated off-site sources. The SWMP identifies that, unless amended, the 

ongoing surface water and groundwater monitoring program will be consistent with the 

baseline water quality program. 

 PURPOSE OF THE BASELINE SUMMARY REPORT 

The SWMP identifies that on completion of the baseline monitoring program, the following 

parameters would be reviewed and advise ongoing monitoring requirements including:  

• Location of sampling points, e.g. more suitable / representative location identified, or 

sampling location has insufficient water to accurately monitor development.  

• The frequency of the sampling may be reduced, or increased, depending on the 

fluctuations in the results.  

• The parameters may be adjusted to remove superfluous analytes and/or add additional 

analytes.  
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 OBJECTIVES 

The objectives of the monitoring program were to: 

• Establish background groundwater and surface water conditions across the Site; 

• Establish site specific trigger values to be used during the operation of the quarry whereby 

concentrations outside these trigger values need to be reviewed in more detail; and  

• Develop an ongoing sampling program (frequency and analysis) that will maintain 

compliance with the conditions of the EPL and EMP.  

 SCOPE OF WORK 

The following provides the scope of work to deliver the baseline water quality summary report:  

• Review and present site characteristic information; 

• Provide an assessment of quality assurance (QA) and quality control (QC) undertaken 

over the 12-month period and validate the data;  

• Provide a summary of the water quality identified across the site including: 

o Field observations;  

o Analytical results; and  

o Trend analysis;  

• Establish trigger values for review against ongoing sampling; and  

• Propose an ongoing monitoring programme to be conducted during operations that will 

maintain compliance with the EMP and EPL.  

The scope of work for each of the background monitoring rounds can be seen in the monthly 

summary reports.  
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2. SITE CHARACTERISTICS  

 SITE IDENTIFICATION DETAILS 

Table 2.1 provides site-specific identification details.  

Table 2.1 Site details 

Site address 298 Cabbage Tree Road Williamtown, NSW. 

Site name Newcastle Sands Quarry. 

Current Title 

identification details 

Four titles within the Parish of Stockton, County of Gloucester including: 

• Lot 1 DP 224587 at 398 Cabbage Tree Road, Williamtown 

• Lot 121 DP 556403 at 282B Cabbage Tree Road, Williamtown. 

• Lot 11 DP 629503 at 282A Cabbage Tree Road, Williamtown. 

• Lot 1012 DP 814078 at 282 Cabbage Tree Road Williamtown 

Current land use Currently the Site comprises mostly native vegetation. Initial quarry works have 

progressed to include pre-works hardstand areas and administration buildings. 

Site total area Total Project Area of approximately 42.3 hectares from a Subject Land Area of 

approximately 176.2 hectares. 

Current ownership  Port Stephens Shire Council under lease to Williamtown Sand Syndicate Pty Ltd. 

Current land use 

zoning 

The site is currently RU2 – Rural Landscape (Port Stephens LEP 2013). 

Local government Port Stephens Council. 

Proposed site use Sand quarry extracting up to 530,000 tonnes per annum over a period of 6 to 15 

years including the construction of an intersection with Cabbage Tree Road, 

sealed and gravel access roads, site office, workshop and weighbridges. 

Progressive rehabilitation of quarried land returning to native vegetation 

communities with potential future use of the facilities area. 

 

 CURRENT LAND USE  

The Site currently has a workshop, office area comprising of demountable buildings, gravel 

aggregate hardstand areas for transitioning vehicles and future sorting. The areas surrounding 

the immediate vicinity of the Site comprise predominantly natural vegetation with exception to 

a gravel road, two former silica sand extraction areas and the verge of Cabbage Tree Road. 

 FORMER LAND USE 

The Project Area consists predominantly of native vegetation, with some previously cleared 

areas present in the eastern part of the site. Approximately 48 ha of the 176.2 ha site was 

previously disturbed by heavy mineral sand mining and associated activities that were 

undertaken on the site between 1970s and late 1990s. This disturbance included areas that 

were dredged as part of extracting heavy minerals, sand borrow pits, settling ponds, monazite 

trenches and access roads. 
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In March 2002, Port Stephens Council (PSC) purchased four allotments comprising the project 

area (398, 282B, 282A and 282 Cabbage Tree Road Williamtown) from Rutile and Zircon 

Mines and was subsequently used for cattle adjustment. In 2012 PSC sought tenders from 

interested parties for the extraction of sand from the project area. 

 SURROUNDING LAND USE 

The Williamtown RAAF base is located 2.5 km to the north east, with Fullerton Cove 

approximately 600 m to the south and the Hunter River estuary beyond (Figure 1). 

Residential dwellings are located to the east (closest dwelling is 244 m), south (closest dwelling 

is 61 m) and west (closest dwelling is 83 m) of the Site. Most are small properties utilised as 

hobby farms (e.g. keeping horses and chickens), some are larger and also graze livestock. 

Potable water for dwellings is likely to comprise primarily reticulated water from Hunter Water 

network and rainwater. Many properties appear to have spear point wells installed for stock 

and domestic use. No dwellings are located within 4 km north of the Site. 

 GEOLOGY 

Review of the Newcastle 1:250,000 series geological map (Sheet S1 56-2, 1966) indicates that 

the site is underlain by Quaternary aged marine and freshwater deposits comprising gravel, 

sand, silt, clay and “Waterloo Rock”.  

The majority of the Site is located above the Tomago Sandbeds. The Tomago Sandbeds were 

formed during the Pleistocene era with the original sand deposits occurring up to 250,000 

years ago. Rising sea levels created a large bay extending from Newcastle to Port Stephens. 

The Hunter and Karuah Rivers both flowed into the bay and deposited large volumes of sand. 

A combination of wave and wind action spread the sand along the coastline and formed the 

series of shallow dunes that make up the Tomago Sandbeds (Hunter water website 

15/08/2018). 

The sand dunes consist of a layer of highly permeable fine-grained sands underlain by 

impervious clay and rock. The thickness of the sand layer reaches a maximum of 50 metres, 

but on average is 20 metres deep (Hunter Water website 15/08/2018). 

The North Stockton Sandbeds, which form the current coastline between Newcastle and Port 

Stephens, were deposited much more recently than the Tomago Sands. They overlie the 

eastern extremity of the Tomago Sands and were deposited in the Holocene era (10,000 years 

ago) (Hunter water website 15/08/2018). 
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 HYDROLOGY & HYDROGEOLOGY 

2.6.1 Surface Water 

The high permeability of the Tomago Sandbeds result in little or no defined surface runoff, 

noting no defined natural drainage lines are on the site. Drainage is therefore predominantly 

via vertical infiltration into the sand, with any ephemeral surface drainage generally expected 

to be in the direction of the existing surface slopes.  

In the area around the Site, the Tomago Sandbeds are located on the edge of low lying (about 

2-3 m AHD) Holocene aged freshwater and alluvial and estuarine swamps deposits. These 

low-lying areas adjoining the Site are frequently waterlogged during high rainfall, due to 

increasing and shallow groundwater levels and a shallow groundwater gradient that slows the 

percolation of surface water. It is likely that the majority of accessible surface water onsite is 

an expression of groundwater, typically created through man made excavation. 

The western portion of the southern and norther resources areas theoretically drain to the west, 

while the dominant surface drainage direction for most of the Site is to the east (i.e. Catchments 

2 and 3 above). Here the landform drops from the edge of the resource area around 5 m AHD 

to the swamp or flats over a relatively short distance with the gradient reaching up to 16%. The 

swamp areas have a gradient of approximately 0.1% with the elevation falling 1.5 m over the 

1100 m to the eastern boundary of the Subject Land with water conveyed by an open 

constructed channel (in middle of Catchment 3). 

From the eastern boundary of the Site, drainage is directed via constructed channels through 

to Dawsons Drain and the northern extent of Fullerton Cove where the elevation drops 1 m 

over 1900 m (with an average gradient of 0.05%).   

For the south eastern portion of the Project area, a portion of the resource area has the 

potential to drain south east across the Subject Land to a culvert beneath Cabbage Tree Road 

(Catchment 4). In this area the landform drops at about 14% to the swamp or flats that then 

appears to have a very slight gradient to the south eastern corner of the site (i.e. less than 0.5 

m over at least 140 m). From this point the area drains via series of constructed channels 

through to the Ring Drain, a large constructed channel around the northern extent of Fullerton 

Cove over a distance of 590 m with an average gradient of less than 0.4%. Inspection of the 

site shows this culvert is only likely to flow during periods of extended rainfall and a high-water 

table. 

Cabbage Tree Road has been built up during its construction, with shallow table drains 

constructed partially along the northern side of the road and deeper drains constructed partially 
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along the southern side. The nearest culvert is located at the eastern extent of the subject land, 

approximately 80 m beyond the proposed road construction area.  

Following quarrying at the site the catchments will progressively change with Catchment 3 

increasing in size with water from within the quarry footprint (currently draining west) directed 

south east into Catchment 3 (i.e. Catchment 1 will drain to Catchment 3). However, given the 

high permeabilities it is highly unlikely that any changes in flow would be realised across the 

site. 

2.6.2 Groundwater 

The Site is located on highly permeable Pleistocene Tomago Sandbeds (sand dunes). The 

source of the water within the Tomago Sandbeds is rainfall that lands directly on the sand 

surface. While a proportion of the rainfall is lost to plants and evaporation, sufficient water is 

stored in the sand to provide a viable and significant source of water for ongoing extraction. 

Over time rainfall landing on the sandbeds has washed out any remnants of sea salt leaving 

the deep sand system full of fresh water (Hunter Water website 15/08/2018). 

A previous groundwater investigation was undertaken by RCA Australia (RCA Australia, 2015), 

groundwater was encountered on the Site ranging from 0.67 m below ground level (mbgl) to 

15.65 mbgl. Groundwater when at its highest is visible at or near the surface for land below 3 

m AHD. Groundwater at the Site has a low hydraulic gradient and was interpreted to flow in a 

general southerly to south-easterly direction, towards Fullerton Cove (RCA Australia, 2015) 

from Grahamstown Dam in the north toward Fullerton Cove in the south, the groundwater 

gradient within the local area is less than 0.2%. 

The northern portion of the Site is located within the Hunter Water Special Area, owing to the 

presence of the Tomago Sandbeds and their use for a portion of the lower Hunter’s drinking 

water supplies. 

The Project area and extent of extraction has been designed such that sand extraction remains 

a minimum of 0.7 m above the highest predicted groundwater level, with the final landform to 

be established at no less than 1 m above the highest predicted groundwater level (about 2 m 

above the average level). 
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3. BACKGROUND MONITORING PROGRAM 

 SAMPLING PLAN 

The SWMP required monthly sampling to be undertaken over a 12-month period to 

characterise background groundwater and surface water conditions throughout the site.  

10 groundwater (BH1, BH2, BH4, BH6, BH7, BH8, BH9, BH10, BH11 and MW239S) and 4 

surface water (SW1, SW2, SW3 and SW4) locations were sampled throughout the 12 

monitoring rounds as outlined in Figure 2. The remaining site wells (BH3, BH12, MW239D and 

BH5) were used to provide additional groundwater elevation data.  

Each monitoring event included sampling for:  

• General water quality parameters: (Calcium (Ca), Magnesium (Mg), Sodium (Na), 

Potassium (K), pH, Electrical Conductivity (EC), Chloride (Cl), Sulphate (SO₄), Alkalinity, 

Hardness & Total Dissolved Solids (TDS) (Calc’)),  

• Total Recoverable Hydrocarbons (TRH),  

• Total Petroleum Hydrocarbons (TPH),  

• Benzene, Toluene, Ethylbenzene, Total Xylenes, Naphthalene (BTEXN),  

• Metals (Arsenic (As), Boron (B), Barium (Ba), Beryllium (Be), Cadmium (Cd), Chromium 

(Cr), Cobalt (Co), Copper (Cu), Iron (Fe), Lead (Pb), Manganese (Mn), Mercury (Hg), 

Nickel (Ni), Selenium (Se), Vanadium (V), Zinc (Zn)); and  

• PFAS including Perfluorooctane sulfonate (PFOS), Perfluorooctanoic acid (PFOA), 

Perfluorohexanesulfonate (PFHxS) & perfluorodecane sulfonic acid (PFDS).  

The baseline sampling program also included an initial sampling round and quarterly 

monitoring where additional analysis was included for an extended water quality suite 

(including hardness, Nitrate, Nitrite, Ammonia, Reactive Phosphorous, Total Nitrogen and 

TKN). Some additional groundwater monitoring locations were also included in quarterly 

monitoring as identified in Table 3.1. 

Table 3.1 2019-2020 Monitoring Schedule 

Action 2019 2020 

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

Monthly Gauging and 

groundwater sampling 

BH1, BH2, BH4, BH6, BH7, 

BH8, BH91, BH101, BH11, 

MW239s 

✓  ✓  ✓  ✓  ✓  ✓  ✓  ✓  ✓  ✓  ✓  ✓  

Surface water sampling 

SW1, SW21, SW3, SW4 
✓  ✓  ✓  ✓  ✓  ✓  ✓  ✓  ✓  ✓  ✓  ✓  
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Action 2019 2020 

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

Gauging only 

BH3, BH5, BH12, MW239D 
✓  ✓  ✓  ✓  ✓  ✓  ✓  ✓  ✓  ✓  ✓  ✓  

Groundwater Sampling  

BH3 & BH5 
✓             

1: Sample locations were dry 
* Shaded months indicate quarterly sampling suite 
 

Following each monitoring round, a monthly factual letter report was prepared (see Appendix 

A). Each report presented: 

• The field observations and field data; 

• The results of the laboratory analysis;  

• A comparison of the results against industry guidelines; and  

• Rainfall data from the preceding month.  

 FIELD OBSERVATIONS 

3.2.1 General 

Surface water and groundwater monitoring was initiated in February 2019 and continued each 

month for a duration of 12 months until January 2020. Sampling times were generally 

consistent, undertaken each time within the middle of the month (between the 11th and 18th of 

the month). Within the first two monitoring rounds (February and March) re-insertion of PVC 

piping was required at fire effected location BH1 and for root bound effected location BH12. 

Site works, focussing on initial site infrastructure and access roads, began in October 2019 in 

preparation for the proposed quarry extraction works which are expected to initiate from early 

to mid 2020. 

3.2.2 Monitoring Location Observations 

Groundwater and surface water observations made during gauging and sampling at monitoring 

locations BH1, BH2, BH3 BH4, BH6, BH7, BH8, BH9, BH10, BH11, MW239S, SW1, SW2, 

SW3 and SW4 are summarised below. Conditions at each location were generally consistent 

throughout the monitoring period with the exception of surface water which provided 

intermittent periods of accessible water throughout the monitoring program. 

Sensory observations of visual and olfactory quality were made on groundwater and surface 

water during sampling. A summary of these observations is presented in Table 3.2 below. 
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Table 3.2 Monitoring locations:  General observations 

Location General Observations 

BH1 

Generally, slightly cloudy brown with occasional sulfur odour. Well was reinstated in 

February 2019 following fire damage. The month following reinstatement an acrylic odour 

was detected which was most likely a bonding material used to fuse the PVC well piping 

together.  

BH21 
Mostly dark brown in colour with a silty material at the base of well. A slight sulfur odour 

was evident throughout the monitoring period.  

BH3 

Prior to well decommissioning in September 2019 due to initial site works, observations of 

groundwater were identified as light brown with no odour. Well base contained fine silty 

material. No samples were taken following initial sampling round in February 2019. 

BH41 Generally light brown in colour with slight sulfur odour. 

BH5 
Generally light brown with no apparent odour. No samples taken throughout the 

monitoring program, only gauging. 

BH62 Generally, light brown in colour with a slight sulfur odour. 

BH71 Generally, light to moderately brown in colour with a slight sulfur odour. 

BH8 Generally, brown to dark brown in colour with a moderate sulfur odour. 

BH91 Well was dry for the duration of the baseline monitoring program. 

BH10 Well was dry for the duration of the baseline monitoring program. 

BH112 Generally, cloudy light brown with a moderate sulfur odour. 

BH12 

Well was reinstated in March 2019 following inundation of roots into the well. A 40mm 

inner PVC pipe was installed. The months following reinstatement of a well an acrylic 

odour was detected which was most likely a bonding material used to fuse the PVC well 

piping together. No sample was taken. 

MW239S1 Cloudy dark brown in colour with a moderate sulfur odour. 

MW239D Cloudy dark brown in colour with a moderate sulfur odour. No sample was taken. 

SW01 
Intermittent periods of pooling at monitoring location. Water is generally stained with 

natural tannins, dark brown with a slight sulfur odour. 

SW02 
Monitoring location was observed to be dry for the duration of the baseline monitoring 

program. 

SW03 Water mostly clear with no apparent odour. Often water was stagnant and at times dry. 

SW04 Water mostly clear with no apparent odour. Often water was stagnant and at times dry. 

1 – Down gradient monitoring location 
2 – Upgradient control location 

3.2.3 Geochemical parameters and gauging data 

Geochemical parameters and gauging data were recorded during the sampling program and 

are presented on field sheets in Appendix A and summarised as a maximum and minimum 

values in Table 3.3. 
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Table 3.3 Geochemical Parameters and Gauging Data (maximum and minimum values) 

Monitoring 

Location 

Depth to Water 

(mBTOC) (Chart 1) 

Temp (°C) EC (µs/cm) 

(Chart 3) 

pH 

(Chart 20) 

Redox (mV) 

Min Max Min Max Min Max Min Max Min Max 

Groundwater 

BH1 5.776  6.701 18.4   22.52 18  182 5.39  6.43 15.2  103 

BH2 5.083 6.153 18.3 24.49 48 136 4.29 6.41 88 308 

BH31 5.938 6.146 22.1 82.4 4.54 94 

BH4 1.531 2.252 17.6 23.3 8 129.2 3.85 6.49 88 322 

BH52 5.767 6.315 20.1 320 4.06 122 

BH6 1.591 2.169 17.2 24.62 110 335 4.28 5.52 -144 178 

BH7 1.514 2.169 17.2 25 164 391 4.04 5.93 -228 179 

BH8 2.233 2.969 16.8 22.5 224 995 4.08 7.43 -341 176 

BH9 Dry - - - - 

BH10 Dry - - - - 

BH11 3.02 3.962 16.9 22.65 124 402 3.78 6.41 -117 176 

BH123 6.799 7.252 - - - - 

MW239S 1.248 1.823 15.8 24.71 37 718 4.09 5.7 -132 179 

MW239D3 1.226 1.799 - - - - 

Surface Water 

SW1 Dry 0.290mm4 9.52 23.75 811 1964 3.95 6.4 99 406 

SW2 Dry3,4 - - - - 

SW3 Dry 0.290mm4 11.96 26 290 470 4.27 6.41 -12.8 315 

SW4 Dry 0.350mm4 8.07 18.46 313 538 3.69 6.44 116 430.5 

1 – One sampling event (Feb 2019) and well decommissioned September 2019 
2 – One sampling event (Feb 2019) 
3 – No sampling undertaken 
4 - Surface water levels (mm) identified from measured stake at each location (When dry number is ground elevation AHD) 

 GROUNDWATER AND SURFACE WATER ANALYSIS 

3.3.1 Industry guidelines  

In order to understand background surface and groundwater quality in relation to published 

data, laboratory results were compared against trigger values found in industry guidelines as 

outlined in the SWMP.  

An exceedance of any adopted trigger value does not necessarily indicate that there is an 

unacceptable risk on site (CRC-CARE Technical Report 10: 2011), but rather identifies the 

need to explore the results in more detail. For this report we are reviewing natural background 

conditions and this comparison identifies the quality of the natural conditions indicative of this 

area.  
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The following industry guidelines have been used: 

• Australian and New Zealand Environment and Conservation Council (ANZECC) & 

Agriculture and Resource Management Council of Australia and New Zealand 

(ARMCANZ), Water Quality Guidelines for Fresh and Marine Water Quality 95% species 

protection for fresh water (ANZECC 2000); 

• The Heads of Environmental Protection Authorities in Australia and New Zealand (HEPA) 

Per- and polyfluoroalkyl substances (PFAS) National Environmental Management Plan 

(NEMP 2018); and 

• Australian Drinking Water Guidelines 6 (ADWG) (2011). 

3.3.2 Summary of results 

Summary tables outlining the analytical data obtained from the Baseline Monitoring Program, 

and a comparison against trigger values are provided within the Tables section at the rear of 

this report. Table 3.4 below provides a summary of groundwater and surface water 

concentrations as a range (minimum to maximum) for all analytes across the Site. 

An assessment of Kleinfelder’s Quality Assurance and Quality Control (QA/QC) processes and 

procedures has been provided in Section 6. Laboratory Certificates of Analysis (COA) 

including laboratory QC reports are presented as Appendix A of the monthly reports, which 

have been provided as Appendix B of this document. 
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Table 3.4 Summary of groundwater and surface water concentration range 

Analyte Units LOR ANZECC (2000) 

95% level of 

species 

protection 

freshwater 

ADWG 

(2011) 

Detected 

Concentration 

Range 

(Groundwater) 

Detected 

Concentration 

Range 

(Surface 

Water) 

Comparison against trigger values  

BETXN (Table A) 

Benzene µg/L 1 950 1 <1.0 <1.0 Below LOR 

Toluene µg/L 2 - 800 <2.0 <2.0 Below LOR 

Ethylbenzene µg/L 2 - 300 <2.0 <2.0 Below LOR 

o Xylene µg/L 2 350 350 <2.0 <2.0 Below LOR 

Total Xylenes µg/L 2 - 600 <2.0 <2.0 Below LOR 

Naphthalene µg/L 5 16 - <5.0 <5.0 Below LOR 

Total Petroleum Hydrocarbons – Silica Gel Clean up (Table A) 

Sum of C10-

C36 

µg/L 50 

- 

- <50-250 <50 No criteria 

Total Recoverable Hydrocarbons – Silica Gel Clean up (Table A) 

Sum of C10-

C40 

µg/L 100 

- 

- <100-280 <100 No criteria 

Dissolved Metals (Table B) 

Arsenic mg/L 0.001 0.013 0.01 <0.001-0.003 <0.001-0.006 Concentrations below trigger values 

Barium mg/L 0.001  -  - 0.001-0.034 0.027-0.08 No criteria 

Beryllium mg/L 0.001 - 0.06 <0.001 <0.001 Below LOR 

Boron mg/L 0.05 0.37 4 <0.05-0.06 <0.05-0.14 Concentrations below trigger values 

Cadmium mg/L 0.0001 

0.0002 0.002 

<0.0001 <0.0001-

0.0002 

Concentrations below trigger values 

Chromium mg/L 0.001 0.001 0.05 <0.001-0.004 <0.001-0.002 

Elevated concentrations above trigger values (ANZECC 2000 trigger 

values) were detected at BH1 (entire monitoring period), BH2 (Dec 

2019), BH3 (Feb 2019), BH7 (Feb, April, May, Jun, Jul, Aug, Sep, Oct, 

Nov, Dec 2019 & Jan 2020), BH8 (Sep, Nov, Dec 2019 & Jan 2020), 
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Analyte Units LOR ANZECC (2000) 

95% level of 

species 

protection 

freshwater 

ADWG 

(2011) 

Detected 

Concentration 

Range 

(Groundwater) 

Detected 

Concentration 

Range 

(Surface 

Water) 

Comparison against trigger values  

BH11 (Feb, Apr, May, Jul, Aug, Oct, Nov, Dec 2019 & Jan 2020), 

MW239S (entire monitoring period) and SW3 (Dec 2019) 

Cobalt mg/L 0.001 - - <0.001-0.003 <0.001-0.017 No criteria 

Copper mg/L 0.001 0.0014 2 <0.001-0.051 <0.001-0.02 

Elevated concentrations above trigger values (ANZECC 2000 trigger 

values) were detected at BH1 (Apr, Jul, Aug, Oct 2019 & Jan 2020), 

BH2 (Feb, Mar, Apr, Jun, Jul, Aug, Sep, Oct, Nov, Dec 2019 & Jan 

2020), BH4 (Feb, Apr, Jun, Jul, Aug, Sep, Oct, Nov, Dec 2019 & Jan 

2020), BH6 (Aug, Sep & Dec 2019), BH7 (Oct & Nov 2019), BH8 (Oct, 

Nov & Dec 2019), SW1 (Apr, May, Jun, Jul, Aug, Sep & Oct 2019), 

SW3 (Jul, Aug, Sep, Oct & Dec 2019), SW4 (Apr, Jun, Jul, Sep & Oct 

2019) 

Iron mg/L 0.05 - 0.32 <0.05-12.5 0.57-9.26 

Elevated concentrations above trigger values (ADWG) were detected 

at BH1 (entire monitoring period), BH2 (Oct 2019 & Jan 2020), BH4 

(Apr & Oct 2019), BH5 (Feb 2019), BH6 (entire monitoring period), BH7 

(entire monitoring period), BH8 (entire monitoring period), BH11 (Mar, 

Apr, May, Jun, Jul, Aug, Sep, Oct, Nov, Dec 2019 & Jan 2020), 

MW239S (entire sampling period), SW1 (entire monitoring period), 

SW3 (entire monitoring period), SW4 (entire monitoring period) 

Lead mg/L 0.001 0.0034 0.01 <0.001-0.001 <0.001-0.001 Concentrations below trigger values 

Manganese mg/L 0.001 1.9 0.5 0.003-0.136 0.026-0.841 
Elevated concentrations above trigger values (ADWG) were detected 

at SW1 (Apr, May, Jun, Jul and Sep 2019) 

Mercury mg/L 0.0001 0.0006 0.001 <0.0001 <0.0001 Concentrations below initial baseline criteria 

Nickel mg/L 0.001 0.011 0.02 <0.001-0.07 <0.001-0.02 

Elevated concentrations above trigger values (ANZECC trigger values) 

were detected at BH2 (Feb 2019), BH4 (Feb 2019), BH7 (Sep & Nov 

2019), BH8 (Nov 2019), SW1 (Apr, May & Sep 2019) and SW4 (Sep 

2019). Elevated concentrations above trigger values (ADWG trigger 

values) were detected at BH3 (Feb 2019) and BH4 (Mar & May 2019) 

Selenium mg/L 0.01 0.011 0.01 <0.01 <0.01 Below LOR 
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Analyte Units LOR ANZECC (2000) 

95% level of 

species 

protection 

freshwater 

ADWG 

(2011) 

Detected 

Concentration 

Range 

(Groundwater) 

Detected 

Concentration 

Range 

(Surface 

Water) 

Comparison against trigger values  

Vanadium mg/L 0.01 - - <0.01 <0.01 Below LOR 

Zinc mg/L 0.005 0.008 32 <0.005-1.27 <0.005-0.535 

Elevated concentrations above initial trigger values (ANZECC 2000 

trigger values) were detected at BH1 (entire monitoring period), BH2 

(Nov 2019 & Jan 2020), BH4 (Feb, Mar, May, Oct 2019 & Jan 2020), 

BH6 (Feb, Mar, Apr, Sep & Nov 2019), BH7 (Feb, Mar, Apr, May, Sep, 

Oct & Nov 2019), BH8 (Oct, Nov 2019 & Jan 2020), BH11 (Feb, Mar, 

Apr, May, Sep & Oct 2019), MW239S (Sep, Oct & Nov 2019), SW1 

(entire monitoring period), SW3 (Feb, Mar, Apr, May, Jun, Jul, Aug, Sep 

& Oct 2019), SW4 (Apr, May, Jun, Jul, Aug, Sep & Oct 2019) 

PFAS (Table C) 

PFOS µg/L 0.01 0.000233 - <0.01 <0.01-0.05 Concentrations reported above LOR at SW4 (16 Sep & 25 Sep 2019).  

PFOA µg/L 0.02 193 

5.64 

0.56 <0.02-0.02 <0.02 Concentrations below trigger values 

PFOS/PFHxS µg/L 0.01 0.74 0.07 <0.01 <0.01-0.05 Concentrations below trigger values 

PFDS µg/L  - - <0.02-0.02 <0.02 Concentrations below trigger values 

Physical and Chemical Stressors (Table D) 

pH pH units 0.01 6.5-8.01- 6.5-8.52 4.37-6.29 4.0-6.21 
pH values across the entire site for both surface water and groundwater 

were below ANZECC 2000 and ADWG acceptable range 

Sodium mg/L 1 - 1802 6.0-67 32-142 Concentrations below trigger values 

Calcium mg/L 1 - - <1.0-3.0 4.0-34 Concentrations below trigger values 

Magnesium mg/L 1 - - <1.0-10 4.0-52 Concentrations below trigger values 

Potassium mg/L 1 - - <1.0-2.0 <1.0-6.0 Concentrations below trigger values 

Sulphate mg/L 1 - 2502 2.0-70 16-324 Elevated concentrations above trigger values (ADWG aesthetic) 

detected in April and May 2019 at SW1 

Chloride mg/L 1 - 2502 16-127 53-234 Concentrations below trigger values 

Fluoride mg/L 0.1 - 1.5 <0.1-0.2 <0.1-0.7 Concentrations below trigger values 
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Analyte Units LOR ANZECC (2000) 

95% level of 

species 

protection 

freshwater 

ADWG 

(2011) 

Detected 

Concentration 

Range 

(Groundwater) 

Detected 

Concentration 

Range 

(Surface 

Water) 

Comparison against trigger values  

Reactive 

phosphorus as 

P 

mg/L 0.01 0.021 - <0.01-0.03 <0.01-0.01 
Elevated concentrations above trigger values (ANZECC 2000 default 

trigger values) detected at BH1 in May 2019 

Total 

Phosphorus 
mg/L 0.01 0.051 - <0.01-2.76 <0.01-0.13 

Elevated concentrations above trigger values (ANZECC 2000) trigger 

values were detected at BH1 (Sep 2019), BH2 (Feb, Sept & Nov 2019), 

BH3 (Feb 2019), BH4 (Feb, May, Sept, Nov 2019), BH 5 (Feb 2019), 

BH6 (May, Sep & Nov 2019), BH7 (Feb, May & Sep 2019), BH8 (Feb, 

Sep & Nov 2019), BH11 (Sep & Nov 2019), MW239S (Feb, May, Sep 

& Nov 2019), SW1 (May 2019) and SW3 (Feb 2019). 

Ammonia as N mg/L 0.01 0.9 0.52 <0.01-0.34 <0.01-0.16 Concentrations below trigger values 

Total Nitrogen 

as N 

mg/L 0.01 0.351 - 0.03-5.9 0.1-1.8 Elevated concentrations above trigger values (ANZECC 2000 trigger 

values) were detected at BH2 (Feb, May, Oct & Nov 2019), BH3 (Feb 

2019), BH4 (Feb, May & Oct 2019), BH5 (Feb 2019),  BH6 (Feb, May, 

Sep and Nov 2019), BH7 (Feb, May, Sep & Nov 2019), BH8 (Feb, May, 

Sep & Nov 2019), BH11 (Feb, May, Sep & Nov 2019), MW239S (Feb, 

May, Sep & Nov 2019), SW1 (May, Sep & Nov 2019) and SW3 (Feb & 

Nov 2019). 

Total Cations meq/L 0.01 - - 0.39-3.57 2.23-10 No criteria 

Total Anions meq/L 0.01 - - 0.54-6.61 2.18-11 No criteria 

Total Alkalinity 

as CaCO3 
mg/L 1 - - <1.0-24 <1.0-11 

No criteria 

Total 

Hardness as 

CaCO3 

mg/L 1 - 2002 5.0-41 26-299 

Elevated concentrations above trigger values (ADWG aesthetic) were 

detected at SW1 (Apr, May & Sep 2019). 

Electrical 

Conductivity 

@ 25°C* 

mg/L 1 125-2200 - 54-439 220-1090 

Concentrations below trigger values 
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Analyte Units LOR ANZECC (2000) 

95% level of 

species 

protection 

freshwater 

ADWG 

(2011) 

Detected 

Concentration 

Range 

(Groundwater) 

Detected 

Concentration 

Range 

(Surface 

Water) 

Comparison against trigger values  

Total 

Dissolved 

Solids 

mg/L 1 - 6002 35-285 143-708 Elevated concentrations above trigger values (ADWG aesthetic) were 

detected at SW1 (May, Sep, Oct & Nov 2019). 

1 – Default trigger values for physical and chemical stressors, for slightly disturbed ecosystems in lowland rivers, Southeast Australia (value is for base flow and not storm event) 
2 – Aesthetic 
3 – HEPA NEMP 2018 99% level of protection in freshwater 
4 – HEPA NEMP 2018 Recreation Water 
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4. BASELINE WATER QUALITY ASSESSMENT  

 METALS 

Elevated concentrations of chromium above trigger values (ANZECC 2000) were recorded at 

monitoring locations BH1, BH2, BH3, BH7, BH8, BH11, MW239S and SW3. Concentrations 

ranged from <0.001mg/L - 0.004 mg/L for groundwater and from <0.001 – 0.002 mg/L for 

surface water. 

Elevated concentrations of copper above trigger values (ANZECC 2000) were recorded at 

monitoring locations BH1, BH2, BH4, BH6, BH7, BH8, BH11, MW239S, SW1, SW3 and SW4. 

Concentrations ranged from <0.001mg/L - 0.051 mg/L for groundwater and from <0.001 mg/L 

– 0.02 mg/L for surface water. 

Elevated concentrations of iron above trigger values (ADWG) were recorded at all monitoring 

locations. Concentrations ranged from <0.05 mg/L – 12.5 mg/L for groundwater and from 

0.57mg/L– 9.26 mg/L for surface water. Iron concentrations were particularly higher at location 

BH1. 

Elevated concentrations of manganese above trigger values (ADWG) were recorded at 

monitoring location SW1. Concentrations ranged from <0.003 mg/L – 0.136 mg/L for 

groundwater and from 0.026 mg/L– 0.841 mg/L for surface water.  

Elevated concentrations of nickel above trigger values (ANZECC 2000) were recorded at 

monitoring locations BH2, BH4, BH7, BH8, SW1, SW3 & SW4. Elevated concentrations of 

nickel above trigger values (ADWG) were recorded at monitoring locations BH3, BH4 and 

BH11. Concentrations ranged from <0.001 mg/L – 0.07 mg/L for groundwater and from 

<0.001mg/L– 0.02 mg/L for surface water.  

Elevated concentrations of zinc above trigger values (ANZECC 2000) were recorded at 

monitoring locations BH1, BH2, BH4, BH6, BH7, BH8, BH11, MW239S, SW1, SW3 and SW4. 

Concentrations ranged from <0.005 mg/L – 1.27 mg/L for groundwater and from <0.005 mg/L 

– 0.535 mg/L for surface water. 

 PHYSICAL AND CHEMICAL STRESSORS 

Elevated concentrations of sulphate above trigger values (ADWG aesthetic) were recorded at 

monitoring location SW1. Concentrations ranged from 2.0 mg/L – 7.0 mg/L for groundwater 

and from 16 mg/L – 324 mg/L for surface water. 
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An elevated concentration of reactive phosphorus above trigger values (ANZECC 2000) 

default trigger values was recorded at BH1. Concentrations ranged from<0.01 – 0.03 mg/L for 

groundwater and <0.01-0.13 mg/L for surface water. 

Elevated concentrations of total phosphorus above trigger values (ANZECC 2000) were 

recorded at monitoring locations BH1 and BH2. Concentrations ranged from <0.01 mg/L – 2.11 

mg/L for groundwater and from 0.01 mg/L – 0.13 mg/L for surface water. 

Elevated concentrations of total nitrogen above trigger values (ANZECC 2000) were recorded 

at monitoring locations B2, BH3, BH4, BH5, BH6, BH7 BH8, BH11, MW239S, SW1 and SW3. 

Concentrations ranged from <0.01 mg/L – 2.11 mg/L for groundwater and from 0.01 mg/L – 

0.13 mg/L for surface water 

Elevated concentrations of Total Hardness as CaCO3 above trigger values (ADWG aesthetic) 

were recorded at monitoring location SW1. Concentrations ranged from 5.0 mg/L – 41 mg/L 

for groundwater and from 26 mg/L – 299 mg/L for surface water. 

Elevated concentrations of Total Dissolved Solids above trigger values (ADWG aesthetic) were 

recorded at monitoring location SW1. Concentrations ranged from 35 mg/L – 285 mg/L for 

groundwater and from 143 mg/L – 708 mg/L for surface water. 

Concentrations of pH were below/outside the trigger value range at all monitoring locations. 

Concentrations ranged from 4.37– 6.29 for groundwater and from 4.0– 6.21 for surface water. 

 TPH, TRH AND BTEXN 

No hydrocarbon exceedances above adopted criteria were recorded throughout the 12-month 

monitoring program. Detections were recorded at locations BH1 and BH4. Detections of 

hydrocarbons at BH1 can be attributed to an acrylic adhesive used for the reinstatement of the 

above ground section of the well. Detections of hydrocarbons at BH4 followed in close 

succession with rainfall recorded in the region. BH4 is located adjacent to Cabbage Tree Road 

and detected concentrations may be attributed to roadway runoff. 

 PFAS 

One detection of PFOS above adopted aquatic criteria (LOR) protection was recorded at SW4 

(0.03 µg/L) and subsequently identified again (0.05 µg/L) during follow-up sampling one week 

later. Further detections above LOR were identified at BH4 (PFDS -0.02 µg/L) and BH6 (6:2 

FTS – 0.19 µg/L). Detections of PFAS at SW4 followed on from recent rainfall in the area which 

may have contributed to groundwater migration from surrounding known sources (i.e. 
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Williamtown RAAF Base). Kleinfelder would expect local groundwater to exceed the aquatic 

criteria given the scale of PFAS reported in groundwater within the Red Zone. 

 TREND ANALYSIS 

A description of the trends observed throughout the 12-month monitoring period are provided 

in the sections below and graphical representations are located in the Chart section at the rear 

of this report.  

4.5.1 Rainfall 

Rainfall for the site was generally well below the mean average (1942-present) for the locality 

(BOM Williamtown RAAF 61078) over the 12-month monitoring period. Rainfall exceedances 

above the mean were recorded in March, June, August and September 2019 with the 

remainder of months experiencing significantly lower rainfall than would normally be expected. 

The total rainfall recorded over the 12-month monitoring program was 731.8mm which is 

486.4mm less than the yearly mean total of 1218.2mm. Chart 1 provides a graphical 

representation of rainfall totals for each month. 

4.5.2 Groundwater Elevation 

Groundwater throughout the sampling locations demonstrated a general decline in elevations 

throughout the 12-month period. Most notably the greatest decline in groundwater elevations 

was observed in the months following the November 2019 water monitoring event which 

correlate directly with a significant decrease in rainfall from the mean average and increase in 

temperatures. Chart 2 provides a graphical representation of groundwater elevation identified 

following gauging throughout the 12-month monitoring period. 

4.5.3 Mann Kendall Analysis 

Where sufficient data is available, statistical trend analysis using the Mann-Kendall Trend Test 

has been undertaken for selected analytes at EPL and SWMP monitoring points to determine 

if obvious trends were apparent in the dataset (Table 4.1 and Table 4.2). The purpose of the 

Mann-Kendall Test (Mann 1945, Kendall 1975, Gilbert 1987) is to statistically assess if there 

is a monotonic upward or downward trend of the variable of interest over time. A monotonic 

upward (downward) trend means that the variable consistently increases (decreases) through 

time, but the trend may or may not be linear.  

MKA relies on three statistical metrics including: 

• The ‘S’ Statistic: Indicates whether concentration trend vs. time is generally 

decreasing (negative S value) or increasing (positive S value). 
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• The Confidence Factor (CF): The CF value modifies the S Statistic calculation to 

indicate the degree of confidence in the trend result, as in ‘Decreasing” vs. “Probably 

Decreasing” or “Increasing” vs. “Probably Increasing.” Additionally, if the confidence 

factor is quite low, due either to considerable variability in concentrations vs. time or 

little change in concentrations vs. time, the CF is used to apply a preliminary “No Trend” 

classification, pending consideration of the COV.  

• The Coefficient of Variation (COV): The COV is used to distinguish between a “No 

Trend” result (significant scatter in concentration trend vs. time) and a “Stable” result 

(limited variability in concentration vs. time) for datasets with no significant increasing 

or decreasing trend (e.g. low CF).  

Where an analyte has recorded a non-detect following laboratory analysis half of the value of 

detection (LOR) has been applied.   
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Table 4.1  Mann-Kendall analysis for metal 

Site 

ID 
Mann-Kendall Analysis 

Metals 

Barium Chromium Copper Iron Manganese Nickel Zinc 

B
H

1
 

Coefficient of Variation 0.47 0.24 0.93 0.31 0.25 0.67 1.91 

Mann-Kendall Statistic (S) -3 -12 11 -15 -16 -2 -33 

Confidence Factor 56.0% 79.9% 77.7% 85.9% 87.5% 53.0% 99.5% 

Concentration Trend Stable Stable No Trend Stable Stable Stable Decreasing 

B
H

2
 

Coefficient of Variation 0.20 0.69 0.62 1.05 0.27 1.77 1.15 

Mann-Kendall Statistic (S) -9 9 29 16 -26 -8 24 

Confidence Factor 70.4% 70.4% 97.4% 87.5 95.7% 68.1% 94.2% 

Concentration Trend Stable No Trend Increasing No Trend Decreasing No Trend Prob. Increasing 

B
H

4
 

Coefficient of Variation 0.10 0.27 1.15 0.90 1.11 1.38 1.02 

Mann-Kendall Statistic (S) -26 9 13 2 -16 -31 -25 

Confidence Factor 95.7% 70.4% 79.0% 59.2% 84.5% 98.1% 95.0% 

Concentration Trend Decreasing No Trend No Trend No Trend No Trend Decreasing Prob. Decreasing 

B
H

6
 

Coefficient of Variation 0.09 0.27 1.37 0.29 0.20 1.54 1.27 

Mann-Kendall Statistic (S) -6 9 10 -2 -19 9 -12 

Confidence Factor 63.1% 70.4% 72.7% 52.7% 88.9% 70.4% 77.0% 

Concentration Trend Stable No Trend No Trend Stable  Stable No Trend No Trend 

B
H

7
 

Coefficient of Variation 0.45 0.15 1.56 0.28 0.38 0.92 1.37 

Mann-Kendall Statistic (S) 18 9 7 -49 -43 -14 -6 

Confidence Factor 87.5% 70.4% 65.6% >99.9% 99.9% 81.0% 63.1% 

Concentration Trend No Trend No Trend No Trend Decreasing Decreasing Stable No Trend 

B
H

8
 

Coefficient of Variation 0.23 0.37 0.90 0.24 0.36 1.10 1.70 

Mann-Kendall Statistic (S) -8 30 23 -26 9 2 20 

Confidence Factor 68.1% 97.8% 93.3% 95.7% 70.4% 52.7% 90.2% 
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Site 

ID 
Mann-Kendall Analysis 

Metals 

Barium Chromium Copper Iron Manganese Nickel Zinc 

Concentration Trend Stable Increasing Prob. Increasing Decreasing No Trend No Trend Prob. Increasing 

B
H

1
1

 

Coefficient of Variation 0.35 0.26 1.10 0.35 0.28 1.9 0.87 

Mann-Kendall Statistic (S) -24 9 16 7 23 -28 -32 

Confidence Factor 94.2% 70.4% 84.5% 65.6% 93.3% 96.9% 98.4% 

Concentration Trend Prob. 

Decreasing 

No Trend No Trend No Trend Prob. Increasing Decreasing Decreasing 

M
W

2
3
9
S

 

Coefficient of Variation 0.25 0.14 0.41 0.20 0.24 0.78 1.10 

Mann-Kendall Statistic (S) 11 9 -1 5 6 5 5 

Confidence Factor 74.9% 70.4% 50.0% 60.6 63.1% 60.6% 60.6% 

Concentration Trend No Trend No Trend Stable No Trend No Trend No Trend No Trend 

S
W

1
 

Coefficient of Variation 0.27 0.37 0.77 0.67 0.27 0.858 0.88 

Mann-Kendall Statistic (S) 5 10 7 -20 -26 -19 -16 

Confidence Factor 68.3% 86.2% 80.9% 99.3% 100.0% 98.9 96.9% 

Concentration Trend No Trend No Trend No Trend Decreasing Decreasing Decreasing Decreasing 

S
W

3
 

Coefficient of Variation 0.37 0.64 1.48 0.95 0.21 1.07 1.20 

Mann-Kendall Statistic (S) -23 18 8 -25 -34 -9 -3 

Confidence Factor 95.7% 90.5% 89.8% 97.0% 99.6% 83.2% 56.0% 

Concentration Trend Decreasing Prob. Increasing No Trend Decreasing Decreasing No Trend No Trend 

S
W

4
 

Coefficient of Variation 0.17 0.00 1.3 1.18 0.13 1.06 1.08 

Mann-Kendall Statistic (S) -20 0 2.0 -8 -3 -9 -11 

Confidence Factor 99.3% 45.2% 57.0% 80.1% 59.4% 83.2% 88.7% 

Concentration Trend Decreasing Stable No Trend No Trend Stable No Trend No Trend 
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Table 4.2 Mann-Kendall analysis for anions, cations alkalinity and inorganics 

Site 

ID 
Mann-Kendall Analysis 

Anions and Cations Alkalinity Inorganics 

S
o

d
iu

m
 

C
a
lc

iu
m

 

M
a

g
n

e
s
iu

m
 

S
u

lp
h

a
te

 

C
h
lo

ri
d
e
 

T
o

ta
l 
A

lk
a

lin
it
y
 

a
s
 C

a
C

O
3
 

T
o

ta
l 

H
a
rd

n
e

s
s
 a

s
 

C
a
C

O
3

 

E
C

 

T
D

S
 

p
H

 

B
H

1
 

Coefficient of Variation 0.14 0.68 0.22 0.46 0.08 0.48 0.16 0.12 0.12 0.05 

Mann-Kendall Statistic (S) 24 -19 19 3 -17 22 -5 14 14 11 

Confidence Factor 96.4% 91.8% 91.8% 56.0% 89.1% 94.9% 61.9% 84.0% 84.0% 77.7% 

Concentration Trend Increasing Prob. 

Decreasing 

Prob. 

Increasing 

No Trend Stable Prob. Increasing Stable No Trend No Trend No Trend 

B
H

2
 

Coefficient of Variation 0.10 0.27 0.15 0.54 0.11 1.48 0.13 0.11 0.29 0.06 

Mann-Kendall Statistic (S) 17 -5 -7 -2 -46 21 -13 30 10 34 

Confidence Factor 86.0% 60.6% 65.6% 52.7% 100.0% 91.3% 79.0% 97.8% 72.7% 99.0% 

Concentration Trend No Trend Stable Stable Stable Decreasing Prob. Increasing Stable Increasing No Trend Increasing 

B
H

4
 

Coefficient of Variation 0.19 0.30 0.41 0.75 0.06 1.27 0.30 0.14 0.27 0.05 

Mann-Kendall Statistic (S) 28 -18 19 14 -9 8 5 33 16 4 

Confidence Factor 96.9% 87.5% 89.9% 81.0% 70.4% 68.1% 60.6% 98.7% 84.5% 58.0% 

Concentration Trend Increasing Stable No Trend No Trend Stable No Trend No Trend Increasing No Trend No Trend 

B
H

6
 

Coefficient of Variation 0.11 0.21 0.12 0.21 0.10 1.29 0.10 0.12 0.13 0.07 

Mann-Kendall Statistic (S) 23 -2 -11 -19 16 19 -15 42 27 36 

Confidence Factor 93.3% 52.7% 74.9% 88.9% 84.5 88.9% 82.8% 99.8% 96.3% 99.3% 

Concentration Trend Prob. 

Increasing 

Stable Stable Stable No Trend No Trend Stable Increasing Increasing Increasing 

B
H

7
 

Coefficient of Variation 0.12 0.00 0.15 0.14 0.14 1.31 0.16 0.10 0.13 0.05 

Mann-Kendall Statistic (S) -36 0 -20 -4 -35 20 -20 -8 -21 42 

Confidence Factor 99.3% 47.3% 90.2% 58.0% 99.2% 90.2% 90.2% 68.1% 91.3% 99.8% 
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Site 

ID 
Mann-Kendall Analysis 

Anions and Cations Alkalinity Inorganics 

S
o

d
iu

m
 

C
a
lc

iu
m

 

M
a

g
n

e
s
iu

m
 

S
u

lp
h

a
te

 

C
h
lo

ri
d
e
 

T
o

ta
l 
A

lk
a

lin
it
y
 

a
s
 C

a
C

O
3
 

T
o

ta
l 

H
a
rd

n
e

s
s
 a

s
 

C
a
C

O
3

 

E
C

 

T
D

S
 

p
H

 

Concentration Trend Decreasing Stable Prob. 

Decreasing 

Stable Decreasing Prob. Increasing Prob. 

Decreasing 

Stable Prob. 

Decreasing 

Increasing 

B
H

8
 

Coefficient of Variation 0.08 0.00 0.27 1.49 0.18 1.55 0.29 0.09 0.12 0.05 

Mann-Kendall Statistic (S) -1 0 -29 2 -18 18 -29 4 2 51 

Confidence Factor 50.0% 47.3% 97.4% 52.7% 87.5% 87.5% 97.4%% 58.0% 52.7% >99.9% 

Concentration Trend Stable Stable Decreasing No Trend Stable No Trend Decreasing No Trend No Trend Increasing 

B
H

1
1
 

Coefficient of Variation 0.27 0.00 0.56 1.52 0.20 0.78 0.58 0.28 0.36 0.03 

Mann-Kendall Statistic (S) -26 0 -14 -23 -34 20 -14 -4 -5 28 

Confidence Factor 95.7% 47.3% 81.0% 93.3% 99.0% 90.2% 81.0% 58.0% 60.6% 96.9% 

Concentration Trend Decreasing Stable Stable Prob. 

Decreasing 

Decreasing Prob. Increasing Stable Stable Stable Increasing 

M
W

2
3
9
S

 

Coefficient of Variation 0.10 0.00 0.12 0.43 0.18 1.33 0.12 0.12 0.12 0.04 

Mann-Kendall Statistic (S) 22 0 19 -3 11 7 19 46 40 -11 

Confidence Factor 92.4% 47.3% 88.9% 55.4% 74.9% 65.6% 88.9% 100.0% 99.7% 74.9% 

Concentration Trend Prob. 

Increasing 

Stable No Trend Stable No Trend No Trend No Trend Increasing Increasing Stable 

S
W

1
 

Coefficient of Variation 0.21 0.29 0.20 0.30 0.33 0.00 0.22 0.12 0.12 0.09 

Mann-Kendall Statistic (S) 20 -21 -20 -14 25 0 -20 10 10 10 

Confidence Factor 99.3% 99.6% 99.3% ’94.6% 100.0% 45.2% 99.3% 86.2% 86.2% 86.2% 

Concentration Trend Increasing Decreasing Decreasing Prob. 

Decreasing 

Increasing Stable Decreasing No Trend No Trend No Trend 
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Site 

ID 
Mann-Kendall Analysis 

Anions and Cations Alkalinity Inorganics 

S
o

d
iu

m
 

C
a
lc

iu
m

 

M
a

g
n

e
s
iu

m
 

S
u

lp
h

a
te

 

C
h
lo

ri
d
e
 

T
o

ta
l 
A

lk
a

lin
it
y
 

a
s
 C

a
C

O
3
 

T
o

ta
l 

H
a
rd

n
e

s
s
 a

s
 

C
a
C

O
3

 

E
C

 

T
D

S
 

p
H

 

S
W

3
 

Coefficient of Variation 0.11 0.24 0.32 0.52 0.14 1.47 0.25 0.21 0.19 0.12 

Mann-Kendall Statistic (S) -2 -14 18 -4 2 -14 3 17 5 -12 

Confidence Factor 53.0% 84.0% 90.5% 59.0% 53.0% 84.0% 56.0% 89.1% 61.9% 79.9% 

Concentration Trend Stable Stable Prob. 

Increasing 

Stable No Trend No Trend No Trend No Trend No Trend Stable 

S
W

4
 

Coefficient of Variation 0.06 0.19 0.14 0.23 0.06 0.00 0.16 0.08 0.08 0.04 

Mann-Kendall Statistic (S) 8 1 5 -7 -5 0 0 10 10 21 

Confidence Factor 80.1% 50.0% 68.3% 76.4% 68.3% 45.2% 45.2% 86.2% 86.2% 99.6% 

Concentration Trend No Trend No Trend No Trend Stable Stable Stable Stable No Trend No Trend Increasing 
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Table 4.1 and Table 4.2 provide trend analysis on sampling locations for a number of 

chemicals, primarily those identified in the EPL as requiring analysis. The trend analysis 

identifies if the chemical is stable, increasing or decreasing in concentration. This will be useful 

in future monitoring should a sample be found to be above the adopted trigger value, triggering 

further assessment.  

The majority of the chemicals were found to be stable or no trend was identified. This is typically 

expected for background monitoring. A number of monitoring locations have identified 

decreasing trends (i.e. Barium is decreasing in BH4, BH11, SW3 and SW4 and Manganese is 

decreasing in BH2, BH7, SW1 and SW3). Only a few locations were found to be have an 

increasing trend (Copper in BH2, Chromium in BH8). Throughout the 12-month sampling 

period NSW was undergoing one of the worst drought periods on record. Changing 

concentrations of some chemicals may be due to natural fluctuations in in the water (especially 

following a rainfall event) and/or could be due to the drought conditions. Should this be the 

case then when periods of heavy rainfall occur it is likely that changes in chemical 

concentrations may also occur. 
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5. SITE SPECIFIC ASSESSMENT CRITERIA 

 SWMP & EMP REQUIREMENTS  

As identified in Section 1.1Error! Reference source not found. and 1.2 the SWMP requires 

that surface and groundwater monitoring is to continue as identified in Section 1.2. However, 

it also states that the following monitoring parameters will be reviewed:  

• Location of sampling points, e.g. more suitable / representative location identified, or 

sampling location has insufficient water to accurately monitor development.  

• The frequency of the sampling may be reduced, or increased, depending on the 

fluctuations in the results.  

• The parameters may be adjusted to remove superfluous analytes and/or add additional 

analytes.  

Therefore, this section presents a review of the parameters identified and makes 

recommendations for the ongoing monitoring program. It is noted that any proposed changes 

must be approved by the Department’s Secretary (or delegate) and must also be updated in 

the SWMP.  

 EPL REQUIREMENTS 

The sites EPL minimum requirements for the monitoring of groundwater are outlined in Table 

5.1 below. 

Table 5.1 EPA Site water monitoring requirements (EPL21264) 

Pollutant Unit of measure Frequency Sampling Method Sample location 

Arsenic mg/L Monthly Grab Sample BH2, BH4, BH6, BH7, BH9, 

BH11 & MW239S 

Conductivity mS/cm Monthly Grab Sample BH2, BH4, BH6, BH7, BH9, 

BH11 & MW239S 

Depth M Monthly Grab Sample BH2, BH4, BH6, BH7, BH9, 

BH11 & MW239S 

Iron mg/L Monthly Grab Sample BH2, BH4, BH6, BH7, BH9, 

BH11 & MW239S 

Manganese mg/L Monthly Grab Sample BH2, BH4, BH6, BH7, BH9, 

BH11 & MW239S 

pH pH Monthly Grab Sample BH2, BH4, BH6, BH7, BH9, 

BH11 & MW239S 

Turbidity Nephelometric Turbidity 

Units (NTU) 

Monthly Grab Sample BH2, BH4, BH6, BH7, BH9, 

BH11 & MW239S 
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 ANALYTICAL PARAMETERS 

This section provides details on the recommended analytical suite for ongoing monitoring (note 

this is in addition to the requirements of the EPL).  

5.3.1 Metals 

Beryllium, Cadmium, Mercury, Selenium, Vanadium were all identified to be below the 

laboratory LOR throughout the 12-month sampling period. The operations across the Site are 

not considered likely to introduce sources of these metals and therefore it is not considered 

necessary to continue to monitor for these metals. Analysis for lead identified only four samples 

out of 124 to be above the LOR and these were reported at the LOR. Analysis for Cadmium 

identified only 3 samples at SW1 to be at or marginally above the LOR. It is recommended that 

Lead and Cadmium also be removed from the monitoring programme.  

Concentrations of Boron were identified to be present above the LOR in 7 samples. However, 

the exception is SW1 where all samples taken had concentrations above LOR. Cobalt was 

found to be above LOR in one sample with the exception of surface water and in BH7. There 

are no trigger values presented in the ANZECC 2000 guidelines. It is considered unlikely that 

the quarrying operations would introduce Boron and Cobalt into the environment at significant 

concentrations and therefore it is recommended that Boron and Cobalt not be analysed in 

groundwater. However, due to the presence of Boron in SW1 and Cobalt in the surface water, 

both Boron and Cobalt should continue to be monitored in surface water. Should future surface 

water monitoring identify an increase in Boron or Cobalt concentrations, then consideration 

should be given to adding these to the groundwater analytical suite.  

It is recommended that 8 Metals continue to be analysed in groundwater and surface water: 

• Arsenic (this is required by the EPL); 

• Barium (all samples were above LOR, there is no ANZECC criteria for Barium); 

• Chromium (samples were found to be above LOR and some samples were found to be 

above the ANZECC trigger criteria); 

• Copper (samples were found to be above LOR and some samples were found to be above 

the ANZECC trigger criteria); 

• Iron (this is required by the EPL); 

• Manganese (this is required by the EPL); 

• Nickel (samples were found to be above LOR and some samples were found to be above 

the ANZECC trigger criteria); and 

• Zinc (samples were found to be above LOR and some samples were found to be above 

the ANZECC trigger criteria). 
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An additional two metals (Boron and Cobalt) should also be analysed in surface water.  

5.3.2 Nutrients  

Concentrations of Total Phosphorous and Total Nitrogen were found to be elevated above 

ANZECC 2000 Trigger Values for a low land river in south-east Australia in a number of 

sampling locations on multiple occasions.  

Concentrations of Ammonia were also identified to be present above LOR, however, 

concentrations were all recorded below the ANZECC 2000 Trigger Values and aesthetic 

ADWG values.  

It is therefore considered appropriate to maintain sampling to identify potential significant 

changes in concentrations that would impact the local environment. 

5.3.3 Hydrocarbons  

With the exception of 4 samples, all concentrations were found to be below the LOR. However, 

the quarry operations plan to store diesel fuel on site for the operational plant. The site will also 

have a maintenance workshop where oils, greases, lubricants and cleaning agents 

(degreasers) will be stored and used on site. It is therefore necessary to continue to monitor 

for hydrocarbons.  

It is recommended that TRH continues to be monitored. Should the TRH identify 

concentrations of C6 to C10 then this should trigger further analysis of BTEXN. Likewise, should 

concentrations of C16 to C40 be identified then this should trigger the analysis of PAH.  

5.3.4 PFAS 

The majority of results were identified to be below the LOR. However, due to the sensitive 

nature of PFAS and the location of the site being on the edge of the Williamtown Red Zone, 

PFAS monitoring should continue.  

 LOCATIONS  

BH2, BH4, BH6, BH7, BH9, BH11 and MW239S are required to be monitored on a monthly 

basis as part of the EPL requirements. It is noted that MW9 has been dry consistently through 

the background monitoring period.  

In addition to the above it is recommended that BH8 also be monitored.  



 

Ref: NCA20R107317/20193820.001A Page 30 27 March 2020 

Copyright 2020 Kleinfelder   

 SCHEDULE  

Monthly monitoring is required by the EPL. It is not recommended that additional monitoring 

be undertaken above this every month.  

It is recommended that quarterly monitoring be undertaken to include:  

• 8 metals (as identified above); 

• TRH; 

• PFAS; 

• Nutrients (Total Phosphorus, Total Nitrogen and Ammonia as N); and 

• and the inclusion of sampling BH8. 

As part of the quarterly monitoring, all available wells should be gauged for groundwater depths 

and observed for monitoring well condition.  

In order to review and confirm the continued relevance of the outcome of this summary 

document and proposed analytical program, an annual monitoring event should be undertaken 

including all analytes and locations sampled as part of the background monitoring.  

Additional analysis may be required should there be a recorded spill event or other potential 

pollution incident.  

 SUMMARY OF PROPOSED SAMPLING  

Table 5.2 provides a summary of the proposed ongoing operational monitoring schedule for 

the site. Table 5.3 provides a summary of the proposed testing schedule for the different 

monitoring events.  

Table 5.2 Proposed operational monitoring schedule 

Location Monthly Quarterly Annually 

BH2, BH4, BH6, BH7, BH9, BH11 and 

MW239S 
✓  ✓  ✓  

BH8 

SW1, SW2, SW3, SW4 
 ✓  ✓  

BH1, BH5, BH12   ✓  
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Table 5.3 Proposed testing schedule 

Monthly Quarterly Annually 

• Conductivity; 

• pH; 

• Depth; 

• Turbidity; 

• Arsenic; 

• Iron; and 

• Manganese. 

• Gauging all available wells; 

• Conductivity; 

• pH; 

• Depth; 

• Turbidity; 

• Nutrients (Total Phosphorus, 

Total Nitrogen and Ammonia 

as N); 

• 8 metals (As, Ba, Cr, Cu, Fe, 

Mg, Ni and Zn); 

• Additional 2 metals (B and Co) 

for surface water; 

• TRH; and 

• PFAS. 

• Gauging all available wells; 

• Conductivity; 

• pH; 

• Depth; 

• General water quality parameters (Ca, Mg, Na, 

K, pH, EC, Cl, SO₄, Alkalinity, Hardness & TDS); 

• Nutrients (Total Phosphorus, Total Nitrogen and 

Ammonia as N); 

• Turbidity; 

• Metals (As, B, Ba, Be, Cd, Cr, Co, Cu, Fe, Pb, 

Mn, Hg, Ni, Se, V, Zn);  

• TRH and BTEXN; and  

• PFAS. 

 

 SITE SPECIFIC TRIGGER VALUES 

As discussed in Section 1.3 one of the objectives of this report is to establish Site specific 

trigger values to be used for long-term monitoring during the operation of the sand quarry. An 

exceedance of a trigger value does not necessarily indicate that there is an unacceptable risk 

on site, but rather a trigger for further investigation or evaluation of management options (CRC-

CARE Technical Report 10: 2011). Section 5.8 provides details on the proposed action 

response should a trigger value be exceeded.  

The baseline groundwater and surface water assessment criteria adopted for future quarry 

extraction works for locations to be monitored under the Sites EPL, and defined in the SWMP, 

are summarised below. Nationally accepted water quality guidelines; ANZECC (2000) 

Australian and New Zealand Water Quality Guidelines for Fresh and Marine Waters, 95% 

species Protection for freshwater, HEPA NEMP (2018) PFAS National Environmental 

Management Plan and ADWG (2011) Australian Drinking Water Guidelines 6, have been 

considered in developing site specific trigger values.  

Table 5.4 and Table 5.5 presents the proposed trigger values for groundwater and surface 

water respectively along with a justification for selecting that value. The trigger values are to 

be applied to the sample locations monitored monthly and quarterly. Locations monitored as 

part of the annual monitoring should be compared against currently available data for that 

location only as they have not been considered when developing the trigger values.  
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Table 5.4 Site specific trigger values for Groundwater 

Analyte Units Adopted Site 

specific 

trigger value 

Location  Justification 

Inorganics 

pH 
pH 

units 
4 - 7 Site wide  

The lowest pH value recorded was 4.37 (noting 4.0 in surface water). It is feasible that pH values 

could continue to be low. The highest pH value recorded was 6.21 indicating a generally acidic 

environment. It is therefore unlikely the pH would exceed 7.  

Total Phosphorus mg/L 2 Site wide 

The majority of baseline results were found to be elevated above the ANZECC 2000 trigger values 

for a Lowland river in South-east Australia. It is therefore not considered appropriate to use this 

criterion. The majority of baseline sample results were less than 2mg/L, however it is noted that 

the highest value recorded was 2.76mg/L at BH3 (noting one sample event and the well is no 

longer operational) and 2.11mg/L in BH11. The third highest concentration of 1.97mg/L was 

located at BH8. The sample locations identified represent a large cross section of the Site 

therefore represent the likely range that could be expected at the Site.  

Ammonia as N mg/L 0.5 Site wide The detected range of <0.01-0.34mg/L was not found to be elevated above the ANZECC 2000 and 

ADWG. Based on the results obtained it is considered that adopting the 0.5mg/L ADWG provides 

a conservative value for a trigger response. It is noted that the ANZECC criteria is 0.9mg/L.  

Total Nitrogen as N mg/L 3 Site wide Results from the majority of locations were generally found to be elevated above the ANZECC 

2000 trigger values, with the exception of BH1 where concentrations were recorded to be 

marginally lower than the initial criteria. The highest concentrations were recorded in BH11 

(considered to be up hydraulic gradient of the Site) and BH2 located centrally on Site. 

Concentrations as high as 2.2mg/L (in BH7) were identified at locations down/ cross hydraulic 

gradient of the Site. It is evident that concentrations of Nitrogen can be found naturally across the 

Site and can be varied over time. Concentrations of Total Nitrogen are not expected to be elevated 

above the highest recorded value of 5.9mg/L. However, to maintain a level of conservatism a 

trigger value of 3mg/L (half the highest concentration) has been adopted understanding that four 

previous samples exceeded this value. Elevated concentrations above the adopted trigger value is 

a requirement to look at the concentration with more detail to determine if it is in line with previous 

sampling results or considered to be an outlier potentially presenting a significant increase.  

Electrical Conductivity 

@ 25°C* 
µc/cm 125-2200 

Site wide Concentrations across the Site were identified to vary considerably. However, no concentration 

was found to be elevated above 2200 µc/cm.  

Trigger criteria has been taken from ANZECC 2000 for a lowland river is south-eastern Australia 

and is considered appropriate. 
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Analyte Units Adopted Site 

specific 

trigger value 

Location  Justification 

Turbidity  NTU 6-50 Site wide Criteria taken from ANZECC 2000 for a lowland river is south-eastern Australia. 

Dissolved Metals 

Arsenic  mg/L 0.003 Site wide Arsenic was not detected within the majority of groundwater locations with the exception of BH8 

recording a maximum concentration of 0.003 mg/L. The adopted trigger value has been taken as 

the maximum value obtained throughout the baseline monitoring period.  

Barium mg/L 0.035 Site wide All results for Barium were found to be above the LOR. The highest concentration recorded was 

0.034mg/L in BH6 (considered to be up/ cross hydraulic gradient of the Site). The adopted trigger 

value has been taken to be one significant figure above the highest concentration. 

Chromium mg/L 0.004 Site wide 

All locations recoded concentrations of chromium at or marginally above LOR. Exceedances 

above initial baseline criteria (ANZECC 2000) were recorded at most locations with the exception 

of BH4 & BH6. The adopted trigger value has been taken as the maximum value obtained 

throughout the baseline monitoring period. 

Copper mg/L 

0.013 
Site wide 

(except BH4) 

Detections of copper concentrations above LOR were recorded at all locations. The adopted 

trigger value has been taken as the maximum value obtained throughout the baseline monitoring 

period. 

0.051 BH4 

Concentration range for copper at location BH4 was generally greater than other locations. It is 

feasible that stormwater runoff from the adjacent Cabbage Tree Road may impact this borehole. 

Therefore, a higher specific trigger value has been adopted which is the highest concentration 

identified during the baseline monitoring. 

Iron mg/L 

4.1 

Northern Half 

(BH6, BH7, 

BH8, BH11 

and MW239S),  

The Site can be divided into a northern section and southern section with an access road between 

the two sections (between BH2 and SW2). The north and south areas are divided by surface water 

(where SW2 and SW3 are located). Upon review of the groundwater data from the baseline 

monitoring it appears that there are greater concentrations of iron in the northern area than the 

southern area.  

Two separate criteria have been developed based on this. The highest concentration identified 

during the baseline monitoring for this area has been adopted as the Trigger Value.  

1 

Southern half 

(BH2, BH4, 

BH9) 

The highest concentration identified during the baseline monitoring for this area has been adopted 

as the Trigger Value. 
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Analyte Units Adopted Site 

specific 

trigger value 

Location  Justification 

BH1, BH5, BH12 are only proposed to be sampled during the annual monitoring round. When 

assessing these wells, concentrations will be assessed against previous criteria for those 

locations.  

Manganese mg/L 0.136 Site wide A similar range of results were identified across all locations. BH4 recorded the highest value of 

Manganese (0.136mg/L) across the Site. The highest concentration identified during the baseline 

monitoring has been adopted as the Trigger Value. It is noted that the ANZECC 2000 criteria is 

1.9mg/L.  

Nickel mg/L 

0.037 BH11 

BH11 is located to the north of the Site and is considered to be in an up hydraulic gradient 

location. The highest concentration identified in BH11 was 0.037mg/L. This has been adopted as 

the trigger value for this location. 

0.022 

Site wide 

(excluding 

BH11) 

With the exception of BH6 and MW239S, at least one concentration from each monitoring location 

throughout the baseline monitoring was found to be elevated above than the ANZECC 2000 

trigger values. Generally, concentrations of Nickel are similar across the Site (with the exception of 

BH11). Therefore, the highest recorded value from the baseline monitoring round has been 

adopted as the trigger value. 

Zinc mg/L 0.085 Site wide  

At least one concentration from each monitoring location throughout the baseline monitoring was 

found to be elevated above than the ANZECC 2000 trigger values. Generally, concentrations of 

Zinc are similar across the Site. Therefore, the highest recorded value from the baseline 

monitoring round has been adopted as the trigger value.  

Noting that BH1 is not proposed to be sampled until the annual monitoring round where the results 

should be assessed against previous results from that location only.  

TRH 

TRH C6 – C10 µg/L 20 Site wide  Concentrations of TRH were identified to be below the LOR for the majority of the baseline 

monitoring. The exceptions were following well maintenance work or were observed in BH4 

following a high rainfall event. It is feasible that stormwater runoff from the adjacent Cabbage Tree 

Road may locally impact BH4.  

Based on the understanding of the above, generally TRH is not identified within the groundwater 

across the Site. The Laboratory LOR has therefore been adopted as a trigger value.  

C6 - C10 minus BTEX 

(F1) 
µg/L 20 Site wide  

TRH C10 – C16 µg/L 100 Site wide  

TRH C10 - C16 minus N 

(F2) 
µg/L 100 Site wide  

TRH C16 – C34 µg/L 100 Site wide  
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Analyte Units Adopted Site 

specific 

trigger value 

Location  Justification 

TRH C34 - C40 µg/L 100 Site wide  

PFAS 

PFOS+ PFHxS µg/L 0.07 Site wide  Site criteria has been provided in the SWMP.  In 2016, Food Standards Australia New Zealand 

(FSANZ) were commissioned to develop health-based guidance values for a selection of PFAS. 

FSANZ (2017) published levels for use in Site investigations which were updated and incorporated 

into the HEPA NEMP (2018), which was revised in 2019. The HEPA NEMP (2019) is the 

recognised national guidance for the investigation and management of PFAS in Australia and 

forms the key guidelines for this SWMP.This has therefore been adopted in this report.  

PFOA µg/L 0.56 Site wide  

PFOS µg/L 0.01 Site wide 

Standard LOR has been adopted as the Site wide criteria as it is known that PFAS are widely 

present in the local area owing to the Red Zone. Ambient concentrations have been detected 

above this in groundwater emanating from Williamtown RAAF Base. 

1- National Health and Australian Drinking Water Guidelines 6 (ADWG) (2011) 
ANZECC (2000) 95% level of species protection in freshwater -  

Table 5.5 Site specific trigger values for Surface water 

Analyte Units Adopted Site 

specific 

trigger value 

Location  Justification 

Inorganics 

pH 
pH 

units 
4 - 7 Site wide  

The lowest pH value recorded was 4.01 in surface water). It is feasible that pH values could 

continue to be low. The highest pH value recorded was 6.21 indicating a generally acidic 

environment. It is therefore unlikely the pH would exceed 7.  

Total Phosphorus mg/L 0.13 Site wide 

The two out of the 10 surface water baseline results were found to be above the ANZECC 2000 

trigger values for a Lowland river in South-east Australia. It is therefore not considered appropriate 

to use this value. The highest recorded value in the surface water was 0.13mg/L in SW1. This 

value has been adopted as the trigger value for surface water.  

Ammonia as N mg/L 0.25 Site wide The detected range of <0.01-0.16mg/L was not found to be elevated above the ANZECC 2000 and 

ADWG. Based on the results obtained it is considered that adopting half the 0.5mg/L ADWG value 

provides a conservative approach for a trigger level. It is noted that the ANZECC criteria is 

0.9mg/L.  
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Analyte Units Adopted Site 

specific 

trigger value 

Location  Justification 

Total Nitrogen as N mg/L 1.8 Site wide Results from the majority of locations were found to be elevated above the ANZECC 2000 trigger 

criteria. The highest concentrations were recorded in SW1. It is evident that concentrations of 

Nitrogen can be found naturally across the Site and vary over time. Concentrations of Total 

Nitrogen are not expected to be elevated above the highest recorded value of 1.8mg/L. Therefore, 

this has been adopted as the trigger value.  

Electrical Conductivity 

@ 25°C* 
µc/cm 125-2200 

Site wide Concentrations across the Site were identified to vary considerably. However, no concentration 

was found to be elevated above 2200 µc/cm.  

Trigger criteria has been taken from ANZECC 2000 for a lowland river is south-eastern Australia 

and is considered appropriate for this Site. 

Turbidity  NTU 6-50 Site wide Criteria taken from ANZECC 2000 for a lowland river is south-eastern Australia. 

Dissolved Metals 

Arsenic  mg/L 0.001 Site wide Arsenic was not detected within the majority of groundwater locations with the exception of SW3 

recording a maximum concentration of 0.006 mg/L. As the majority of results were recorded below 

the LOR, the adopted trigger value has been taken as the laboratory LOR.  

Barium mg/L 0.08 Site wide All results for Barium were found to be above the LOR. The highest concentration recorded was 

0.08mg/L in SW3. The adopted trigger value has been taken to be the highest concentration 

recorded. 

Boron mg/L 0.14 SW1 All results at SW1 for Boron were found to be above the LOR compared to all other locations that 

had concentrations below LOR. Therefore, a location specific trigger value has been adopted for 

SW1.  

0.05 SW3 & SW4 All results were found to be below the LOR. The adopted trigger value has been taken as LOR. 

Chromium mg/L 0.002 Site wide 

The majority of results were found to be below the LOR with one result higher than the ANZECC 

2000 trigger value recorded in SW3. The adopted trigger value has been taken as the maximum 

value obtained throughout the baseline monitoring period. 

Cobalt mg/L 0.017 Site wide 

Detections of Cobalt concentrations above LOR were detected at all surface water locations. The 

highest concentration was 0.017mg/L in SW1. The adopted trigger value has been taken to be the 

highest concentration recorded. 

Copper mg/L 0.013 Site wide  

Detections of Copper concentrations above LOR were recorded at all locations. The adopted 

trigger value has been taken as the same value as the groundwater trigger value. The maximum 

value obtained in surface water throughout the baseline monitoring period was 0.012mg/L. 
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Analyte Units Adopted Site 

specific 

trigger value 

Location  Justification 

Iron mg/L 9.26 Site wide  

The concentrations of Iron identified in the surface water monitoring results were varied and the 

Mann-Kendal analysis identified a decreasing trend in SW1 and SW3 and no trend in SW4.  

The highest concentration identified during the baseline monitoring for this area has been adopted 

as the Trigger Value. Based on the trend analysis it is not expected this value would be exceeded. 

Manganese 

mg/L 0.048 SW1 & SW3 Concentrations of manganese in SW1 and SW3 were found to be similar. The highest 

concentration identified has been adopted as the trigger value for these locations.  

0.841 SW4 

Concentrations of manganese in SW4 were found to be elevated above those in SW1 and SW3. It 

is feasible that stormwater runoff from the adjacent Cabbage Tree Road may impact this location. 

Therefore, the highest concentration found in SW4 has been taken as the trigger value.  

Nickel mg/L 0.022 Site wide  

Concentrations of nickel in each of the surface water locations was found to be similar. The 

highest concentration identified in SW1 was 0.02mg/L. This is similar to the trigger value adopted 

for groundwater; therefore, the same value has been adopted as the trigger value. 

Zinc mg/L 

0.085 SW1 & SW3 
Concentrations of Zinc in SW1 and SW3 were found to be similar. The highest concentration 

identified has been adopted as the trigger value for these locations.  

0.535 SW4 

Concentrations of Zinc in SW4 were found to be elevated above those in SW1 and SW3. It is 

feasible that stormwater runoff from the adjacent Cabbage Tree Road may impact this location. 

Therefore, the highest concentration found in SW4 has been taken as the trigger value.  

TRH 

TRH C6 – C10 µg/L 20 Site wide  All concentrations of TRH were identified to be below the LOR. The Laboratory LOR has therefore 

been adopted as the trigger value.  
C6 - C10 minus BTEX 

(F1) 
µg/L 20 Site wide  

TRH C10 – C16 µg/L 100 Site wide  

TRH C10 - C16 minus N 

(F2) 
µg/L 100 Site wide  

TRH C16 – C34 µg/L 100 Site wide  

TRH C34 - C40 µg/L 100 Site wide  
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Analyte Units Adopted Site 

specific 

trigger value 

Location  Justification 

PFAS 

PFOS+ PFHxS µg/L 0.07 Site wide  Site criteria has been provided in the SWMP. In 2016, Food Standards Australia New Zealand 

(FSANZ) were commissioned to develop health-based guidance values for a selection of PFAS. 

FSANZ (2017) published levels for use in Site investigations which were updated and incorporated 

into the HEPA NEMP (2018). The HEPA NEMP (2018), revised in 2019, is the recognised national 

guidance for the investigation and management of PFAS in Australia and form the key guidelines 

for this SWMP. 

This has therefore been adopted in this report.  

PFOA µg/L 0.56 Site wide  

PFOS µg/L 0.01 Site wide 

Standard LOR has been adopted as the Site wide criteria as it is known that PFAS are widely 

present in the local area owing to the Red Zone. Ambient concentrations have been detected 

above this in groundwater emanating from Williamtown RAAF Base. 
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 TRIGGER RESPONSE ACTIONS  

5.8.1 Metals & Nutrients 

The following provides details on the proposed response action required should an analyte 

concentration be found above the adopted trigger value: 

• Review value against previous data including Mann-Kendal trends presented in Table 4.1 

to determine if the concentrations is in line with previous monitoring data, or if considered 

significantly different then: 

o Question result with the laboratory; 

o Discuss what operations have been undertaken that may cause the elevated 

concentration; and 

o Review rainfall data and groundwater elevations to establish if concentration is due to 

seasonal adjustments. 

• Re-sample location and elevated metal in the following two monthly monitoring rounds to 

gauge if the exceedance was an exception of change in trend or characteristic of 

background changes. 

Where the outcome of the above assessment indicates a potential contamination issue then a 

water trigger investigation should be undertaken in accordance with the SWMP (see Section 

5.8.4).  

5.8.2 Hydrocarbons 

The following provides details on the proposed response action required should an analyte 

concentration be found above the adopted trigger value: 

• Question result with the laboratory to determine if there were any laboratory errors; 

• Discuss what operations have been undertaken that may cause the elevated 

concentration; 

• Review rainfall data and groundwater elevations to establish if concentration is due to 

seasonal adjustments; and 

• Re-sample location in the following two monthly monitoring rounds to gauge if the 

exceedance was an exception of change in trend, or characteristic of background changes, 

and include the following additional analysis: 

o Where TRH C6 to C10 has been detected then BTEXN will also be analysed; and/or 

o Where TRH C16 to C40 has been detected then PAH will also be analysed. 

Where the outcome of the above indicates a potential issue then a water trigger investigation 

should be undertaken in accordance with the SWMP (see Section 5.8.4).  
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Where a spill or potential pollution incident event has occurred, or the above conversation with 

the quarry operations indicates a potential contamination issue, then sampling (or re-sampling) 

at the closest (down hydraulic gradient) location should be undertaken within 48 hours. An 

incident investigation in accordance with the SWMP must be undertaken.  

5.8.3 PFAS 

Where PFAS is identified above the adopted criteria (or maximum background value detected 

previously at a specific monitoring location) an additional water sample will be collected within 

48 hours and submitted for analysis.  In the event the trigger value is exceeded by more than 

10% in both the primary sample and the follow-up sample, a water trigger Investigation will be 

completed to determine if the change is related to:  

• The quarry operations;  

• External influence; and/or  

• Natural variation.  

5.8.4 Water Trigger Investigation  

Upon triggering the need for a water trigger investigation Hunter Water Corporation (HWC), 

NSW Environmental Protection Agency (EPA) and Department of Planning Industry and 

Environment (DPIE) must be notified within 24hours. The SWMP stipulates that the water 

trigger investigation will evaluate the following:  

• A review of the site conceptual site model to understand the risk potential of the 

exceedance; 

• Identify the potential for other sources to be present that may require confirmatory 

sampling (and include intrusive investigation if considered appropriate); 

• Recent climate and rainfall data; 

• Other activities within the catchment (both on and off the Site) in the preceding period; 

• Operational activities of the quarry in the preceding period; and 

• Historical potential for those quarry activities to cause exceedance.  

The water trigger investigation report will be submitted as an incident notification to HWC, EPA 

and DPIE. The report will also be summarised in the Annual Environmental Review (AER).  
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6. QUALITY ASSURANCE AND QUALITY CONTROL 

 DATA VALIDATION  

The QA/QC program implemented for this monitoring program followed the requirements of 

the SWMP. 

Data Quality Indicators (DQIs) were developed prior to commencing background monitoring 

and have been summarised in Table 6.1. DQIs established acceptable limits for field and 

laboratory data collected from the monitoring program. 

Table 6.1 QA/QC data quality indicators 

QA/QC Objective Data quality indicator (DQI) 

Successful 

completion of 

project 

To conduct a baseline water quality sampling program in accordance with NEPM 2013 

and AS4482.1 – 1999 in order to achieve the objective set out in Section 1. 

Suitable 

environmental 

consultant 

The environmental consultant was to maintain QA Systems certified to AS/NZS ISO 

9001:2015. 

Suitable field 

personnel 

All Kleinfelder field personnel conducting sampling were to be trained in the 

requirements detailed in this SWMP. All Kleinfelder field personnel have relevant 

tertiary qualifications and have demonstrated competence in Kleinfelder procedures for 

sampling (consistent with NEPM 2013 and AS4482.1 - 1999).   

Adequate sample 

collection density 

The sampling strategy was developed based on historical information available for the 

site and the objective of the investigation.  

Standardised 

sample 

nomenclature 

All samples were labelled with a unique identifier that can be related to sample location. 

Surface water and Groundwater samples were labelled as per monitoring well ID. The 

following naming convention was utilised: 

Bore Hole (BH) – Number (1, 2, 3…): 

E.g. MW1  

Surface water (SW) – Number (1, 2, 3…):  

E.g. SW1  

Decontamination of 

field equipment 

When sampling equipment was used, nitrile gloves were worn and changed between 

locations. Non-dedicated sampling equipment was decontaminated between sample 

locations using an appropriate surface-active cleaning agent (e.g. Liquinox for use with 

PFAS) as consistent with NEPM 2013 and HEPA NEMP (2019). 

Calibration of field 

instruments 

All field instruments were calibrated prior to use, and the calibration certificates have 

been provided in Appendix A.  

Transportation A Chain of Custody (COC) document was used to ensure the integrity of the samples 

from collection to receipt by the analytical laboratory within appropriate holding times.  

National 

Association of 

Testing Authorities 

(NATA) accredited 

laboratory analysis 

All samples were forwarded to a laboratory holding NATA accreditation for the required 

analyses. 

The following Laboratories were utilised:  

• ALS – Primary Laboratory for chemical analysis; and 

• Eurofins – Secondary Laboratory for chemical analysis. 
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QA/QC Objective Data quality indicator (DQI) 

Field QA/QC Duplicate samples (intra-laboratory) were collected at a rate of one in every twenty 

(1:20) primary water samples and submitted to the primary laboratory for analysis. 

Standard NEPM 2013 duplicate and triplicate requirements were deemed reasonable 

for the sampling of PFAS for the purpose of baseline water monitoring. 

Triplicate samples (inter-laboratory) were also collected at a rate of one in every twenty 

(1:20) primary water samples and submitted to the secondary laboratory for analysis.  

Field duplicate and triplicate samples are used to assess field and analytical precision 

and the precision measurement is determined using the relative percent difference 

(RPD) between the primary sample (X1) and duplicate sample (X2) results, as shown in 

the following equation: 

 Relative percent difference (RPD) = (X1 – X2) x 100 

     (X1 + X2)/2 

Generally, it is recommended that RPD is <30% (NEPM 2013).  

Default RPD levels in the field may be non-compliant for the following reasons: 

• The differing laboratory equipment, procedures and limits of reporting (between the 

primary and secondary laboratories); 

• Due to sample matrix interference; and/or 

• Due to the reported concentrations being close to the limit of reporting where 

laboratory precision and accuracy are inherently low. 

A rinsate blank sample was collected for each piece of non-dedicated sampling 

equipment per day onsite and submitted to the primary laboratory for analysis. 

A transport blank sample was collected for each batch of samples sent to the laboratory 

(~one per day in the field) and submitted to the primary laboratory for analysis for each 

day samples are taken. 

QA/QC non-compliance was documented and discussed in the monthly summary letter 

(see Appendix B). Where exceedances were identified (i.e. duplicates and triplicates 

be above the RPD or rinsate blanks, field blanks or transport blanks be above the LOR) 

then consideration was given to the sample(s) being re-analysed, the higher 

concentration level to be conservatively adopted and/or reviewing field practices for 

continued prevention of potential cross contamination. 

Laboratory Quality 

Control – 

Duplicates, spikes, 

blanks and 

surrogates – 

Acceptable Limits 

Laboratory QA/QC acceptance limits are as follows: 

Surrogates: 70% to 130% recovery; 

Matrix Spikes: 70% to 130% recovery for organics or 80% to 120% recovery for 

inorganics; 

Control Samples: 70% to 130% recovery for soil or 80% to 120% recovery for waters; 

Duplicate Samples: <4 Practical Quantitation Limits (PQL) - +/- 2PQL, 4-10PQL – 0.-25 

or 50%RPD, >10PQL – 0-10 or 30%RPD; and 

Method Blanks: zero to <PQL. 

 

 QA/QC RESULTS 

6.2.1 Field Method Validation 

To ensure the completeness, comparability, representativeness, precision and accuracy of 

QA/QC items, Table 6.2 details how the QA/QC compliance has been met. 
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Table 6.2 Field QA/QC 

QA/QC Objective Data Quality Indicator (DQI) 

Suitable field 

personnel 

The site work was undertaken by Dan Kousbroek who has 4 years’ experience in 

contaminated land investigations. Dan was informed of the requirements of the agreed 

scope of works. Dan has relevant tertiary qualifications and has demonstrated 

competence with Kleinfelder’s sampling procedures (consistent with NEPM 2013 

requirements and AS4482.1 2005). 

Adequate sample 

collection density 

Water sampling was undertaken based on information provided in the SWMP.  

A targeted sampling program was undertaken requiring sampling at 10 groundwater 

locations and 4 surface water locations and then analysed. It is noted that a number of 

the surface water locations were found to be dry throughout the 12 months due to an 

extended drought period in NSW.  

Field equipment YSI 556 Water Quality Meter and Solinst oil/water interface meter were used during 

field works. 

Calibration of field 

instruments 

Calibration certificates for each piece of equipment used in the field are attached in 

Appendix A 

Sample 

preservation 

Samples were collected in laboratory supplied containers and immediately stored in an 

insulated esky chilled with ice.  

Sample handling Samples were delivered straight to ALS Newcastle following each sampling event. 

Chains of custody are included in Appendix A of the monthly reports, which have been 

provided as Appendix B of this document. 

6.2.2 Laboratory QA/QC 

The results for internal laboratory QA/QC procedures are provided within the laboratory 

analysis reports (Appendix A of the monthly reports, which have been provided as Appendix 

B of this document). Table 6.3 summarises conformance to specific QA/QC procedures, also 

see Tables E, F and G at the rear of this report for a summary of the data. 

Table 6.3 Laboratory QA/QC 

Quality assurance Conformed Comment 

Collection of rinsate water 

from decontaminated field 

equipment 

Yes  Rinsate was sourced from a NATA accredited laboratory and 

supplied with the sample containers.  

A rinsate sample was taken from the sampling equipment 

during each sampling event. A total of 12 rinsate samples were 

taken. All samples were non detect. 

See Tables E, F and G at the back of this report. 

Collection of transport 

blanks through the sampling 

day 

Majority 12 transport blank samples were collected (two samples in 

March (due to a return confirmatory sampling event), no 

transport taken in August 19) 

2nd transport blank taken in March (15/03/19) was found to 

contain barium (2ug/l). As no other transport blanks were found 

to have concentrations above LOR and the following months 

samples resulted in non detect the data is considered reliable.  

See Tables E, F and G at the back of this report. 

Holding times met Yes Holding times were met for all analytes and samples.  

Every effort was made by Kleinfelder to deliver samples to the 

laboratory as soon as possible after sampling. 
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Quality assurance Conformed Comment 

LOR less than assessment 

criteria 

Yes Majority of LOR were below the adopted screening criteria. 

Adopted criteria for PFOS (HEPA NEMP 2018) is below LOR. It 

is noted that PFAS are likely to be in the region given the 

reported scale of PFAS in groundwater within the Red Zone, 

therefore the standard LOR has been adopted. 

All analyses National 

Association of Testing 

Authorities (NATA) 

accredited 

Yes All samples were delivered to a NATA accredited laboratory for 

the required analysis, within specified holding times. The 

primary laboratory used was ALS (delivered to the Newcastle 

laboratory). Triplicate samples were forwarded by ALS to the 

secondary laboratory, Eurofins mgt (Newcastle). 

Field intra-laboratory 

duplicate samples collected 

and analysed to represent 

5% of sample population 

Majority One intra-laboratory duplicate sample and one inter-laboratory 

triplicate water sample were collected. This is considered to 

exceed the requirement of 5% of the total number of primary 

analyses undertaken (minimum 1 in 20 duplicate and 1 in 20 

triplicate samples).  

Due to a laboratory error in transferring samples, one intra-

laboratory triplicate (March 2019) was only sampled for Metals 

and PFAS with TRH and BTEX being missed from the COC to 

the tertiary laboratory. With the exception of some minor 

elevations of TRH and BTEX which were attributed to 

maintenance work on the well, there were no recorded 

concentrations above LOR. Therefore, this is not considered to 

impair the reliability of data in meeting the objectives of this 

monitoring programme.  

See Table 6.5 for details. 

Did duplicate sample meet 

RPD requirements 

Majority The majority of samples met the RPD requirements of being 

within 30% (See Tables E, F and G at the back of this report). 

The following did not meet these requirements: 

• Arsenic – 67% BH8 (Feb 2019) 

• Cobalt – 40% BH7 (March 2019) 

• Copper – 190% SW4 (September 2019) 

• Lead – 67% SW4 (September 2019) 

• Nickel – 140% SW4 (September 2019), 67% BH6 (January 

2020) 

• Zinc – 100% BH8 (February 2019), 151% SW4 (September 

2019) 

In general, for these exceedances at least one sample was 

found to be below or close to the Laboratory LOR, which leads 

to exaggerated RPD calculations. In order to take a 

conservative approach, the highest recorded concentration has 

been selected for results screening. These RPD exceedances 

are therefore not considered to have a negative impact on the 

outcome of the assessment.   

Did triplicate sample meet 

RPD requirements 

Majority The majority of samples met the RPD requirements of being 

within 30% (See Tables E, F and G at the back of this report). 

The following did not meet these requirements: 

Water: 

• Arsenic – 67% BH8 (February 2019) 

• Chromium – 86% BH8 (February 2019), 67% SW3 (June 

2019) 

• Cobalt – 40% 

• Copper – 190% SW4 (September 2019), 156% BH6 

(January 2020) 
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Quality assurance Conformed Comment 

• Lead – 67% SW4 (September 2019) 

• Nickel – 156% BH7 (March 2019), 140% SW4 (September 

2019), 111% SW4 (November 2019) 

• Zinc – 113% BH7 (March 2019), 151% SW4 (September 

2019), 172% SW4 (November 2019) & 131% BH6 (January 

2020) 

• PFOS – 100% SW4 (September 2019) 

• Sum of PFHxS and PFOS – 100% (September 2019) 

• Sum of PFAS (WA DER List) – 86% (September 2019) 

• Sum of PFAS – 133% (September 2019) 

A number of exceedances were calculated with one sample 

being below the Laboratory LOR. This leads to a potentially 

exaggerated RPD calculations. In order to take a conservative 

approach, the highest recorded concentration has been 

selected for results screening.  

RPD exceedances for triplicates can often be attributed to 

differences in methods used by each of the labs and are not 

considered to impair the reliability of the data in meeting the 

objectives of this monitoring programme.  

Internal laboratory 

procedures 

Majority. Holding time breaches are discussed above. 

Internal laboratory QC procedures were generally met. Some 

exceedances of internal procedures for laboratory duplicates 

and matrix spikes were recorded for water samples, for organic 

analysis. However, the primary laboratory results recorded 

these analytes to be below the LOR. Therefore, this does not 

impair the reliability of the analytical data for decision making. 

This is not considered to impact the outcome of the results and 

thus unlikely to impair the outcome of decision making.  

 

A summary of the water sample container types, preservation and the order of container filling 

is provided in Table 6.4. 

Table 6.4 Container types, preservation and order of filling 

Analyte Container Type Preservation 

PFAS incl PFOS, PFOA, 

PFOS/PFHxS, PFDS 

1 x 60mL Plastic Bottle - Unpreserved Refrigerate 

TPH (C10-C36) 1 x 100mL Amber Glass Bottle - Unpreserved Refrigerate 

TRH (C6-C10), BTEXN, VOC  2 x 40mL amber Glass Vials with Teflon lined 

septa 

Sulfuric Acid 

Heavy metals - Dissolved 1 x 60mL Clear Plastic Bottle - Filtered Nitric acid 

Extended Water Suite 1 x 500mL Clear Plastic Bottle – Unpreserved 

1 x 60mL Clear Plastic Bottle 

Refrigerate 

Sulfuric Acid 

General Water Suite 1 x 500mL Clear Plastic Bottle – Unpreserved Refrigerate 
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Table 6.5 Summary of groundwater QC program  

Analyte 

Number of Groundwater Samples Analysed % QC Samples 

Relative to 

Primary Samples 
Primary Field Duplicates 

(intra-lab) 

Laboratory Splits  

(inter-lab) 

TRH 124 6 5 9% 

BTEXN 124 6 5 9% 

Dissolved metals 124 6 6 10% 

PFAS 65 5 5 15% 

Bold: Indicates not meeting the triplicate density. 

 QUALITY STATEMENT 

Field sampling procedures conformed to Kleinfelder’s QA/QC protocols to prevent cross 

contamination, preserve sample integrity and allow for collection of a suitable data set from 

which to make technically sound and justifiable decisions with data of satisfactory useability.  

Based on a review of the results for the Kleinfelder and laboratory QA/QC program adopted, 

the overall data quality is considered to be suitably reliable and representative of groundwater 

conditions beneath the Site. Copies of the final NATA endorsed laboratory reports, including 

internal QA/QC results and chain-of-custody documentation for the primary and secondary 

laboratories are attached as Appendix A of the monthly reports, which have been provided as 

Appendix B of this document. 

 EQUIPMENT CALIBRATION 

All equipment used was supplied calibrated with appropriate calibration certificates (see 

Appendix A). Kleinfelder undertook pre-mobilisation checks of equipment (including 

calibration as required). Prior to commencing field operations, the following equipment and 

calibration checks were conducted: 

• Water Quality Meter – The water quality meter came calibrated from the supplier. A daily 

confidence check of dissolved oxygen, pH and EC was undertaken using air and standards 

of known concentration, and calibration performed as warranted. 

• PID – the PID came calibrated from the supplier. A daily fresh air calibration check was 

undertaken on site.  
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7. SUMMARY STATEMENT 

A baseline water monitoring program was conducted at the Site to characterise groundwater 

and surface water for ongoing use of the Site as an operational sand quarry from February 

2019 through to January 2020. 

The analytical results indicate that metals, namely barium, chromium, copper, iron manganese, 

nickel and zinc, were detected regularly throughout the monitoring period, and at the majority 

of the sample locations, indicating likely natural background concentrations. Iron 

concentrations were typically higher at BH1 throughout the baseline monitoring program which 

are likely indicative of concentrations in this area.  

BTEXN, TPH and TRH were generally not detected across the majority of the Site with the 

exception of BH1 and BH4. At the initiation of the baseline sampling program in February 2019 

BH1 was refitted with a PVC pipe to replace a previously fire damaged one. In the process an 

acrylic adhesive was applied to fuse the pipes together which likely initiated increased 

concentrations of TPH C6 - C9 (1,710µg/L) and TRH C6 - C10 (1,690µg/L) within the well. The 

subsequent months following reinstallation of the well concentrations of TPH and TRH fell to 

below LOR. Concentration of hydrocarbons detected at BH4 are most likely influenced by the 

adjacent Cabbage Tree Road. Concentrations were detected following some form of rainfall in 

the region and ongoing detections are likely given the location of BH4 being in close proximity 

to a relatively busy carriageway. Ongoing monitoring of hydrocarbons is recommended, for 

due diligence purposes, given the potential likelihood for spills to occur from operational 

vehicles.  

PFAS detections above LOR were recorded at locations BH4, BH6 and SW4. Concentrations 

of PFAS identified at BH6 and SW4 are likely sourced from an upgradient source from the Site, 

namely the Williamtown RAAF Base where historical use of PFAS containing materials have 

been used. PFAS identified at location BH4, and directly adjacent to Cabbage Tree Road, is 

likely to have occurred from a different historical source. Ongoing monitoring of PFAS should 

be undertaken directly following initial excavation works. 

It should also be noted that the Site and regional area has experienced a significant drought 

over the past couple of years and this may have a bearing on groundwater and surface water 

conditions should significant rainfall reoccur in the region. Baseline data provided within this 

report should be reassessed following a full year of data with average to above average rainfall 

to identify potential outliers that may be present. 

Table 7.1 provides a summary of the proposed ongoing operational monitoring schedule for 

the Site. Table 7.2 provides a summary of the proposed testing schedule for the different 



 

Ref: NCA20R107317/20193820.001A Page 48 27 March 2020 

Copyright 2020 Kleinfelder   

monitoring events and presents the adopted groundwater (GW) and surface water (SW) trigger 

values.  

Table 7.1 Proposed operational monitoring schedule 

Location Monthly Quarterly Annually 

BH2, BH4, BH6, BH7, BH9, BH11 and 

MW239S 
✓  ✓  ✓  

BH8 

SW1, SW2, SW3, SW4 
 ✓  ✓  

BH1, BH5, BH12   ✓  
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Table 7.2 Proposed testing schedule 

Testing schedule Specified Location 

otherwise site wide 

Trigger value 

Monthly Quarterly Annually  Units GW SW 

pH pH pH   4 - 7 4 - 7 

Conductivity Conductivity Conductivity  µc/cm 125-2200 125-2200 

Turbidity Turbidity Turbidity  NTU 6-50 6-50 

Arsenic Arsenic Arsenic  mg/L 0.003 0.001 

Iron Iron Iron Northern Half (BH6, BH7, 

BH8, BH11 and MW239S),  

mg/L 
4.1 

9.26 

Southern half (BH2, BH4, 

BH9) 

mg/L 
1 

Manganese Manganese Manganese  mg/L 0.136 0.048 

Gauging selected wells Gauging all available wells; Gauging all available wells;  - - - 

 Total Phosphorus Total Phosphorus  mg/L 2 0.13 

 Total Nitrogen Total Nitrogen  mg/L 3 1.8 

 Ammonia as N Ammonia as N  mg/L 0.5 0.25 

 Barium Barium  mg/L 0.035 0.08 

 Chromium  Chromium   mg/L 0.004 0.002 

 Copper Copper Site wide (except BH4) mg/L 0.013 0.013 

BH4 mg/L 0.051 

 Nickel Nickel BH11 mg/L 0.037 0.022 

Site wide (excluding BH11) mg/L 0.022 

 Zinc Zinc Site wide (excluding SW4) mg/L 0.085 0.085 

SW4 mg/L 0.535 

 Boron Boron SW1 mg/L N/A 0.14 

SW2, SW3 & SW4 mg/L 0.05 

 Cobalt Cobalt  mg/L N/A 0.017 
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Testing schedule Specified Location 

otherwise site wide 

Trigger value 

Monthly Quarterly Annually  Units GW SW 

 TRH C6 – C10 TRH C6 – C10  µg/L 20 20 

 C6 - C10 minus BTEX (F1) C6 - C10 minus BTEX (F1)  µg/L 20 20 

 TRH C10 – C16 TRH C10 – C16  µg/L 100 100 

 TRH C10 - C16 minus N (F2) TRH C10 - C16 minus N (F2)  µg/L 100 100 

 TRH C16 – C34 TRH C16 – C34  µg/L 100 100 

 TRH C34 - C40 TRH C34 - C40  µg/L 100 100 

 PFOS PFOS  µg/L 0.01 0.01 

 PFOS+ PFHxS PFOS+ PFHxS  µg/L 0.07 0.07 

 PFOA PFOA  µg/L 0.56 0.56 

  General water quality parameters 

(Ca, Mg, Na, K, pH, EC, Cl, SO₄, 

Alkalinity, Hardness & TDS); 

 - - - 
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Easting Northing
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Table A

Groundwater and Surface Water Analytical Data - BTEXN

Williamtown Sand Syndicate

Total 

Petroleum 

Hydrocarbons

Benzene** Toluene Ethylbenzene
meta- & para- 

Xylene

ortho-

Xylene**
Total Xylenes

Naphthalene

**
Sum of BTEX C6 - C9

C10-C14 - Silica 

Cleanup

C15-C28 - Silica 

Cleanup

C29-C36 - Silica 

Cleanup

C10-C36 Sum - 

Silica Cleanup
C6 - C10

C6 - C10 minus 

BTEX (F1)

>C10-C16 - 

Silica Cleanup

F2 - Silica 

Cleanup

>C16-C34 - 

Silica Cleanup

>C34-C40 - 

Silica Cleanup

>C10-C40 - 

Silica Cleanup

1 2 2 2 2 2 5 1 20 50 100 50 50 20 20 100 100 100 100 100

µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L

950 - - - 350 16

1 800 300 - 350 600

Sample Name Sample Date

15-Mar-19 < 1.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 5.0 < 1.0 1,710 < 50 < 100 < 50 < 50 1,690 1,690 < 100 < 100 < 100 < 100 < 100

23-Apr-19 < 1.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 5.0 < 1.0 40 < 50 < 100 < 50 < 50 30 30 < 100 < 100 < 100 < 100 < 100

16-May-19 < 1.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 5.0 < 1.0 < 20 < 50 < 100 < 50 < 50 < 20 < 20 < 100 < 100 < 100 < 100 < 100

14-Jun-19 < 1.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 5.0 < 1.0 < 20 < 50 < 100 < 50 < 50 < 20 < 20 < 100 < 100 < 100 < 100 < 100

16-Jul-19 < 1.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 5.0 < 1.0 < 20 < 50 < 100 < 50 < 50 < 20 < 20 < 100 < 100 < 100 < 100 < 100

15-Aug-19 < 1.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 5.0 < 1.0 < 20 < 50 < 100 < 50 < 50 < 20 < 20 < 100 < 100 < 100 < 100 < 100

16-Sep-19 < 1.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 5.0 < 1.0 < 20 < 50 < 100 < 50 < 50 < 20 < 20 < 100 < 100 < 100 < 100 < 100

15-Oct-19 < 1.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 5.0 < 1.0 < 20 < 50 < 100 < 50 < 50 < 20 < 20 < 100 < 100 < 100 < 100 < 100

18-Nov-19 < 1.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 5.0 < 1.0 < 20 < 50 < 100 < 50 < 50 < 20 < 20 < 100 < 100 < 100 < 100 < 100

17-Dec-19 < 1.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 5.0 < 1.0 < 20 < 50 < 100 < 50 < 50 < 20 < 20 < 100 < 100 < 100 < 100 < 100

16-Jan-20 < 1.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 5.0 < 1.0 < 20 < 50 < 100 < 50 < 50 < 20 < 20 < 100 < 100 < 100 < 100 < 100

21-Feb-19 < 1.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 5.0 < 1.0 < 20 < 50 < 100 < 50 < 50 < 20 < 20 < 100 < 100 < 100 < 100 < 100

15-Mar-19 < 1.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 5.0 < 1.0 < 20 < 50 < 100 < 50 < 50 < 20 < 20 < 100 < 100 < 100 < 100 < 100

23-Apr-19 < 1.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 5.0 < 1.0 < 20 < 50 < 100 < 50 < 50 < 20 < 20 < 100 < 100 < 100 < 100 < 100

16-May-19 < 1.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 5.0 < 1.0 < 20 < 50 < 100 < 50 < 50 < 20 < 20 < 100 < 100 < 100 < 100 < 100

14-Jun-19 < 1.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 5.0 < 1.0 < 20 < 50 < 100 < 50 < 50 < 20 < 20 < 100 < 100 < 100 < 100 < 100

16-Jul-19 < 1.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 5.0 < 1.0 < 20 < 50 < 100 < 50 < 50 < 20 < 20 < 100 < 100 < 100 < 100 < 100

15-Aug-19 < 1.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 5.0 < 1.0 < 20 < 50 < 100 < 50 < 50 < 20 < 20 < 100 < 100 < 100 < 100 < 100

16-Sep-19 < 1.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 5.0 < 1.0 < 20 < 50 < 100 < 50 < 50 < 20 < 20 < 100 < 100 < 100 < 100 < 100

15-Oct-19 < 1.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 5.0 < 1.0 < 20 < 50 < 100 < 50 < 50 < 20 < 20 < 100 < 100 < 100 < 100 < 100

18-Nov-19 < 1.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 5.0 < 1.0 < 20 < 50 < 100 < 50 < 50 < 20 < 20 < 100 < 100 < 100 < 100 < 100

17-Dec-19 < 1.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 5.0 < 1.0 < 20 < 50 < 100 < 50 < 50 < 20 < 20 < 100 < 100 < 100 < 100 < 100

16-Jan-20 < 1.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 5.0 < 1.0 < 20 < 50 < 100 < 50 < 50 < 20 < 20 < 100 < 100 < 100 < 100 < 100

22-Feb-19 < 1.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 5.0 < 1.0 < 20 < 50 < 100 < 50 < 50 < 20 < 20 < 100 < 100 < 100 < 100 < 100

15-Mar-19 < 1.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 5.0 < 1.0 < 20 < 50 < 100 < 50 < 50 < 20 < 20 < 100 < 100 < 100 < 100 < 100

23-Apr-19 < 1.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 5.0 < 1.0 < 20 < 50 < 100 < 50 < 50 < 20 < 20 < 100 < 100 < 100 < 100 < 100

16-May-19 < 1.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 5.0 < 1.0 < 20 < 50 < 100 < 50 < 50 < 20 < 20 < 100 < 100 < 100 < 100 < 100

14-Jun-19 < 1.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 5.0 < 1.0 < 20 < 50 < 100 < 50 < 50 < 20 < 20 < 100 < 100 < 100 < 100 < 100

16-Jul-19 < 1.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 5.0 < 1.0 < 20 < 50 < 100 < 50 < 50 < 20 < 20 < 100 < 100 < 100 < 100 < 100

15-Aug-19 < 1.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 5.0 < 1.0 < 20 < 50 < 100 < 50 < 50 < 20 < 20 < 100 < 100 < 100 < 100 < 100

16-Sep-19 < 1.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 5.0 < 1.0 < 20 < 50 < 100 < 50 < 50 < 20 < 20 < 100 < 100 < 100 < 100 < 100

15-Oct-19 < 1.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 5.0 < 1.0 < 20 < 50 < 100 < 50 < 50 < 20 < 20 < 100 < 100 < 100 < 100 < 100

18-Nov-19 < 1.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 5.0 < 1.0 < 20 < 50 < 100 < 50 < 50 < 20 < 20 < 100 < 100 < 100 < 100 < 100

17-Dec-19 < 1.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 5.0 < 1.0 < 20 < 50 < 100 < 50 < 50 < 20 < 20 < 100 < 100 < 100 < 100 < 100

16-Jan-20 < 1.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 5.0 < 1.0 < 20 < 50 < 100 < 50 < 50 < 20 < 20 < 100 < 100 < 100 < 100 < 100

BH3 21-Feb-19 < 1.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 5.0 < 1.0 < 20 < 50 < 100 < 50 < 50 < 20 < 20 < 100 < 100 < 100 < 100 < 100

21-Feb-19 < 1.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 5.0 < 1.0 < 20 < 50 < 100 < 50 < 50 < 20 < 20 < 100 < 100 < 100 < 100 < 100

15-Mar-19 < 1.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 5.0 < 1.0 < 20 < 50 < 100 < 50 < 50 < 20 < 20 < 100 < 100 < 100 < 100 < 100

23-Apr-19 < 1.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 5.0 < 1.0 < 20 < 50 < 100 < 50 < 50 < 20 < 20 < 100 < 100 < 100 < 100 < 100

16-May-19 < 1.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 5.0 < 1.0 < 20 < 50 250 < 50 250 < 20 < 20 < 100 < 100 280 < 100 280

14-Jun-19 < 1.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 5.0 < 1.0 < 20 < 50 < 100 < 50 < 50 < 20 < 20 < 100 < 100 < 100 < 100 < 100

16-Jul-19 < 1.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 5.0 < 1.0 < 20 < 50 < 100 < 50 < 50 < 20 < 20 < 100 < 100 < 100 < 100 < 100

15-Aug-19 < 1.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 5.0 < 1.0 < 20 < 50 < 100 < 50 < 50 < 20 < 20 < 100 < 100 < 100 < 100 < 100

16-Sep-19 < 1.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 5.0 < 1.0 < 20 < 50 130 < 50 130 < 20 < 20 < 100 < 100 140 < 100 140

15-Oct-19 < 1.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 5.0 < 1.0 < 20 < 50 < 100 < 50 < 50 < 20 < 20 < 100 < 100 < 100 < 100 < 100

18-Nov-19 < 1.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 5.0 < 1.0 < 20 < 50 < 100 < 50 < 50 < 20 < 20 < 100 < 100 < 100 < 100 < 100

17-Dec-19 < 1.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 5.0 < 1.0 < 20 < 50 < 100 < 50 < 50 < 20 < 20 < 100 < 100 < 100 < 100 < 100

16-Jan-20 < 1.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 5.0 < 1.0 < 20 < 50 < 100 < 50 < 50 < 20 < 20 < 100 < 100 < 100 < 100 < 100

BH5 22-Feb-19 < 1.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 5.0 < 1.0 < 20 < 50 < 100 < 50 < 50 < 20 < 20 < 100 < 100 < 100 < 100 < 100

22-Feb-19 < 1.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 5.0 < 1.0 < 20 < 50 < 100 < 50 < 50 < 20 < 20 < 100 < 100 < 100 < 100 < 100

14-Mar-19 < 1.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 5.0 < 1.0 < 20 < 50 < 100 < 50 < 50 < 20 < 20 < 100 < 100 < 100 < 100 < 100

23-Apr-19 < 1.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 5.0 < 1.0 < 20 < 50 < 100 < 50 < 50 < 20 < 20 < 100 < 100 < 100 < 100 < 100

16-May-19 < 1.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 5.0 < 1.0 < 20 < 50 < 100 < 50 < 50 < 20 < 20 < 100 < 100 < 100 < 100 < 100

14-Jun-19 < 1.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 5.0 < 1.0 < 20 < 50 < 100 < 50 < 50 < 20 < 20 < 100 < 100 < 100 < 100 < 100

16-Jul-19 < 1.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 5.0 < 1.0 < 20 < 50 < 100 < 50 < 50 < 20 < 20 < 100 < 100 < 100 < 100 < 100

15-Aug-19 < 1.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 5.0 < 1.0 < 20 < 50 < 100 < 50 < 50 < 20 < 20 < 100 < 100 < 100 < 100 < 100

16-Sep-19 < 1.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 5.0 < 1.0 < 20 < 50 < 100 < 50 < 50 < 20 < 20 < 100 < 100 < 100 < 100 < 100

15-Oct-19 < 1.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 5.0 < 1.0 < 20 < 50 < 100 < 50 < 50 < 20 < 20 < 100 < 100 < 100 < 100 < 100

18-Nov-19 < 1.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 5.0 < 1.0 < 20 < 50 < 100 < 50 < 50 < 20 < 20 < 100 < 100 < 100 < 100 < 100
17-Dec-19 < 1.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 5.0 < 1.0 < 20 < 50 < 100 < 50 < 50 < 20 < 20 < 100 < 100 < 100 < 100 < 100
16-Jan-20 < 1.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 5.0 < 1.0 < 20 < 50 < 100 < 50 < 50 < 20 < 20 < 100 < 100 < 100 < 100 < 100
22-Feb-19 < 1.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 5.0 < 1.0 < 20 < 50 < 100 < 50 < 50 < 20 < 20 < 100 < 100 < 100 < 100 < 100

14-Mar-19 < 1.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 5.0 < 1.0 < 20 < 50 < 100 < 50 < 50 < 20 < 20 < 100 < 100 < 100 < 100 < 100

23-Apr-19 < 1.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 5.0 < 1.0 < 20 < 50 < 100 < 50 < 50 < 20 < 20 < 100 < 100 < 100 < 100 < 100

16-May-19 < 1.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 5.0 < 1.0 < 20 < 50 < 100 < 50 < 50 < 20 < 20 < 100 < 100 < 100 < 100 < 100

14-Jun-19 < 1.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 5.0 < 1.0 < 20 < 50 < 100 < 50 < 50 < 20 < 20 < 100 < 100 < 100 < 100 < 100

16-Jul-19 < 1.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 5.0 < 1.0 < 20 < 50 < 100 < 50 < 50 < 20 < 20 < 100 < 100 < 100 < 100 < 100

15-Aug-19 < 1.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 5.0 < 1.0 < 20 < 50 < 100 < 50 < 50 < 20 < 20 < 100 < 100 < 100 < 100 < 100

16-Sep-19 < 1.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 5.0 < 1.0 < 20 < 50 < 100 < 50 < 50 < 20 < 20 < 100 < 100 < 100 < 100 < 100

15-Oct-19 < 1.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 5.0 < 1.0 < 20 < 50 < 100 < 50 < 50 < 20 < 20 < 100 < 100 < 100 < 100 < 100

18-Nov-19 < 1.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 5.0 < 1.0 < 20 < 50 < 100 < 50 < 50 < 20 < 20 < 100 < 100 < 100 < 100 < 100

17-Dec-19 < 1.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 5.0 < 1.0 < 20 < 50 < 100 < 50 < 50 < 20 < 20 < 100 < 100 < 100 < 100 < 100

16-Jan-20 < 1.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 5.0 < 1.0 < 20 < 50 < 100 < 50 < 50 < 20 < 20 < 100 < 100 < 100 < 100 < 100

21-Feb-19 < 1.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 5.0 < 1.0 < 20 < 50 < 100 < 50 < 50 < 20 < 20 < 100 < 100 < 100 < 100 < 100

14-Mar-19 < 1.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 5.0 < 1.0 < 20 < 50 < 100 < 50 < 50 < 20 < 20 < 100 < 100 < 100 < 100 < 100

23-Apr-19 < 1.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 5.0 < 1.0 < 20 < 50 < 100 < 50 < 50 < 20 < 20 < 100 < 100 < 100 < 100 < 100

NHMRC ADWG 6

LOR

ANZECC 2000 Trigger Values

Total Recoverable 

Hydrocarbons
Total Recoverable Hydrocarbons -  Silcia Clean up

Units

Analyte

BTEXN Total Petroleum Hydrocarbons - Silcia Clean up

BH1

BH11

BH2

BH4

BH6

BH7
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Table A

Groundwater and Surface Water Analytical Data - BTEXN

Williamtown Sand Syndicate

Total 

Petroleum 

Hydrocarbons

Benzene** Toluene Ethylbenzene
meta- & para- 

Xylene

ortho-

Xylene**
Total Xylenes

Naphthalene

**
Sum of BTEX C6 - C9

C10-C14 - Silica 

Cleanup

C15-C28 - Silica 

Cleanup

C29-C36 - Silica 

Cleanup

C10-C36 Sum - 

Silica Cleanup
C6 - C10

C6 - C10 minus 

BTEX (F1)

>C10-C16 - 

Silica Cleanup

F2 - Silica 

Cleanup

>C16-C34 - 

Silica Cleanup

>C34-C40 - 

Silica Cleanup

>C10-C40 - 

Silica Cleanup

1 2 2 2 2 2 5 1 20 50 100 50 50 20 20 100 100 100 100 100

µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L

950 - - - 350 16

1 800 300 - 350 600

Sample Name Sample Date

NHMRC ADWG 6

LOR

ANZECC 2000 Trigger Values

Total Recoverable 

Hydrocarbons
Total Recoverable Hydrocarbons -  Silcia Clean up

Units

Analyte

BTEXN Total Petroleum Hydrocarbons - Silcia Clean up

16-May-19 < 1.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 5.0 < 1.0 < 20 < 50 < 100 < 50 < 50 < 20 < 20 < 100 < 100 < 100 < 100 < 100

14-Jun-19 < 1.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 5.0 < 1.0 < 20 < 50 < 100 < 50 < 50 < 20 < 20 < 100 < 100 < 100 < 100 < 100

16-Jul-19 < 1.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 5.0 < 1.0 < 20 < 50 < 100 < 50 < 50 < 20 < 20 < 100 < 100 < 100 < 100 < 100

15-Aug-19 < 1.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 5.0 < 1.0 < 20 < 50 < 100 < 50 < 50 < 20 < 20 < 100 < 100 < 100 < 100 < 100

16-Sep-19 < 1.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 5.0 < 1.0 < 20 < 50 < 100 < 50 < 50 < 20 < 20 < 100 < 100 < 100 < 100 < 100

15-Oct-19 < 1.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 5.0 < 1.0 < 20 < 50 < 100 < 50 < 50 < 20 < 20 < 100 < 100 < 100 < 100 < 100

18-Nov-19 < 1.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 5.0 < 1.0 < 20 < 50 < 100 < 50 < 50 < 20 < 20 < 100 < 100 < 100 < 100 < 100

17-Dec-19 < 1.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 5.0 < 1.0 < 20 < 50 < 100 < 50 < 50 < 20 < 20 < 100 < 100 < 100 < 100 < 100

16-Jan-20 < 1.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 5.0 < 1.0 < 20 < 50 < 100 < 50 < 50 < 20 < 20 < 100 < 100 < 100 < 100 < 100

22-Feb-19 < 1.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 5.0 < 1.0 < 20 < 50 < 100 < 50 < 50 < 20 < 20 < 100 < 100 < 100 < 100 < 100

14-Mar-19 < 1.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 5.0 < 1.0 < 20 < 50 < 100 < 50 < 50 < 20 < 20 < 100 < 100 < 100 < 100 < 100

23-Apr-19 < 1.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 5.0 < 1.0 < 20 < 50 < 100 < 50 < 50 < 20 < 20 < 100 < 100 < 100 < 100 < 100

16-May-19 < 1.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 5.0 < 1.0 < 20 < 50 < 100 < 50 < 50 < 20 < 20 < 100 < 100 < 100 < 100 < 100

14-Jun-19 < 1.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 5.0 < 1.0 < 20 < 50 < 100 < 50 < 50 < 20 < 20 < 100 < 100 < 100 < 100 < 100

16-Jul-19 < 1.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 5.0 < 1.0 < 20 < 50 < 100 < 50 < 50 < 20 < 20 < 100 < 100 < 100 < 100 < 100

15-Aug-19 < 1.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 5.0 < 1.0 < 20 < 50 < 100 < 50 < 50 < 20 < 20 < 100 < 100 < 100 < 100 < 100

16-Sep-19 < 1.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 5.0 < 1.0 < 20 < 50 < 100 < 50 < 50 < 20 < 20 < 100 < 100 < 100 < 100 < 100

15-Oct-19 < 1.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 5.0 < 1.0 < 20 < 50 < 100 < 50 < 50 < 20 < 20 < 100 < 100 < 100 < 100 < 100

18-Nov-19 < 1.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 5.0 < 1.0 < 20 < 50 < 100 < 50 < 50 < 20 < 20 < 100 < 100 < 100 < 100 < 100

17-Dec-19 < 1.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 5.0 < 1.0 < 20 < 50 < 100 < 50 < 50 < 20 < 20 < 100 < 100 < 100 < 100 < 100

16-Jan-20 < 1.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 5.0 < 1.0 < 20 < 50 < 100 < 50 < 50 < 20 < 20 < 100 < 100 < 100 < 100 < 100

23-Apr-19 < 1.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 5.0 < 1.0 < 20 < 50 < 100 < 50 < 50 < 20 < 20 < 100 < 100 < 100 < 100 < 100

16-May-19 < 1.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 5.0 < 1.0 < 20 < 50 < 100 < 50 < 50 < 20 < 20 < 100 < 100 < 100 < 100 < 100

14-Jun-19 < 1.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 5.0 < 1.0 < 20 < 50 < 100 < 50 < 50 < 20 < 20 < 100 < 100 < 100 < 100 < 100

16-Jul-19 < 1.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 5.0 < 1.0 < 20 < 50 < 100 < 50 < 50 < 20 < 20 < 100 < 100 < 100 < 100 < 100

15-Aug-19 < 1.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 5.0 < 1.0 < 20 < 50 < 100 < 50 < 50 < 20 < 20 < 100 < 100 < 100 < 100 < 100

16-Sep-19 < 1.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 5.0 < 1.0 < 20 < 50 < 100 < 50 < 50 < 20 < 20 < 100 < 100 < 100 < 100 < 100

15-Oct-19 < 1.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 5.0 < 1.0 < 20 < 50 < 100 < 50 < 50 < 20 < 20 < 100 < 100 < 100 < 100 < 100

18-Nov-19 < 1.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 5.0 < 1.0 < 20 < 50 < 100 < 50 < 50 < 20 < 20 < 100 < 100 < 100 < 100 < 100

22-Feb-19 < 1.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 5.0 < 1.0 < 20 < 50 < 100 < 50 < 50 < 20 < 20 < 100 < 100 < 100 < 100 < 100

14-Mar-19 < 1.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 5.0 < 1.0 < 20 < 50 < 100 < 50 < 50 < 20 < 20 < 100 < 100 < 100 < 100 < 100

23-Apr-19 < 1.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 5.0 < 1.0 < 20 < 50 < 100 < 50 < 50 < 20 < 20 < 100 < 100 < 100 < 100 < 100

16-May-19 < 1.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 5.0 < 1.0 < 20 < 50 < 100 < 50 < 50 < 20 < 20 < 100 < 100 < 100 < 100 < 100

14-Jun-19 < 1.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 5.0 < 1.0 < 20 < 50 < 100 < 50 < 50 < 20 < 20 < 100 < 100 < 100 < 100 < 100

16-Jul-19 < 1.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 5.0 < 1.0 < 20 < 50 < 100 < 50 < 50 < 20 < 20 < 100 < 100 < 100 < 100 < 100

15-Aug-19 < 1.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 5.0 < 1.0 < 20 < 50 < 100 < 50 < 50 < 20 < 20 < 100 < 100 < 100 < 100 < 100

16-Sep-19 < 1.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 5.0 < 1.0 < 20 < 50 < 100 < 50 < 50 < 20 < 20 < 100 < 100 < 100 < 100 < 100

15-Oct-19 < 1.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 5.0 < 1.0 < 20 < 50 < 100 < 50 < 50 < 20 < 20 < 100 < 100 < 100 < 100 < 100

18-Nov-19 < 1.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 5.0 < 1.0 < 20 < 50 < 100 < 50 < 50 < 20 < 20 < 100 < 100 < 100 < 100 < 100

17-Dec-19 < 1.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 5.0 < 1.0 < 20 < 50 < 100 < 50 < 50 < 20 < 20 < 100 < 100 < 100 < 100 < 100

23-Apr-19 < 1.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 5.0 < 1.0 < 20 < 50 < 100 < 50 < 50 < 20 < 20 < 100 < 100 < 100 < 100 < 100

16-May-19 < 1.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 5.0 < 1.0 < 20 < 50 < 100 < 50 < 50 < 20 < 20 < 100 < 100 < 100 < 100 < 100

14-Jun-19 < 1.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 5.0 < 1.0 < 20 < 50 < 100 < 50 < 50 < 20 < 20 < 100 < 100 < 100 < 100 < 100

16-Jul-19 < 1.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 5.0 < 1.0 < 20 < 50 < 100 < 50 < 50 < 20 < 20 < 100 < 100 < 100 < 100 < 100

15-Aug-19 < 1.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 5.0 < 1.0 < 20 < 50 < 100 < 50 < 50 < 20 < 20 < 100 < 100 < 100 < 100 < 100

16-Sep-19 < 1.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 5.0 < 1.0 < 20 < 50 < 100 < 50 < 50 < 20 < 20 < 100 < 100 < 100 < 100 < 100

15-Oct-19 < 1.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 5.0 < 1.0 < 20 < 50 < 100 < 50 < 50 < 20 < 20 < 100 < 100 < 100 < 100 < 100

18-Nov-19 < 1.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 5.0 < 1.0 < 20 < 50 < 100 < 50 < 50 < 20 < 20 < 100 < 100 < 100 < 100 < 100

Notes:

- - Not analysed

< - Less than laboratory limit of reporting

µg/L - Micrograms per litre

BTEXN - Benzene, toluene, ethylbenzene, xylenes, naphthalene

** 95% Level of protection in freshwater

SW4

SW1

SW3

BH8

MW239S

20193820.001A Page 2 of 16



Table B

Groundwater and Surface Water Analytical Data - Metals

Williamtown Sand Syndicate

Arsenic** Barium Beryllium Boron** Cadmium** Chromium**1 Cobalt Copper** Iron Lead** Manganese** Mercury**2 Nickel** Selenium** Vanadium Zinc**

0.001 0.001 0.001 0.05 0.0001 0.001 0.001 0.001 0.05 0.001 0.001 0.0001 0.001 0.01 0.01 0.005

mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L

0.013 - 0.37 0.0002 0.001 - 0.0014 - 0.0034 1.9 0.0006 0.011 0.011 - 0.008

0.01 0.06 4 0.002 0.05 - 2 0.33
0.01 0.5 0.001 0.02 0.01 - 33

Sample Name Sample Date

15-Mar-19 < 0.001 0.003 < 0.001 < 0.05 < 0.0001 0.004 < 0.001 < 0.001 13 < 0.001 0.014 < 0.0001 < 0.001 < 0.01 < 0.01 1.27

23-Apr-19 < 0.001 0.003 < 0.001 < 0.05 < 0.0001 0.004 < 0.001 0.002 10 0.001 0.015 < 0.0001 0.002 < 0.01 < 0.01 0.363

16-May-19 < 0.001 0.002 < 0.001 < 0.05 < 0.0001 0.003 < 0.001 < 0.001 8.33 < 0.001 0.009 < 0.0001 0.002 < 0.01 < 0.01 0.132

14-Jun-19 < 0.001 0.001 < 0.001 < 0.05 < 0.0001 0.002 < 0.001 0.001 6.31 < 0.001 0.009 < 0.0001 < 0.001 < 0.01 < 0.01 0.074

16-Jul-19 < 0.001 0.002 < 0.001 < 0.05 < 0.0001 0.003 < 0.001 0.002 7.35 < 0.001 0.01 < 0.0001 0.001 < 0.01 < 0.01 0.116

15-Aug-19 < 0.001 0.002 < 0.001 < 0.05 < 0.0001 0.003 < 0.001 0.002 7.96 < 0.001 0.008 < 0.0001 < 0.001 < 0.01 < 0.01 0.023

16-Sep-19 < 0.001 0.002 < 0.001 < 0.05 < 0.0001 0.004 < 0.001 0.001 8.84 < 0.001 0.009 < 0.0001 < 0.001 < 0.01 < 0.01 0.034

15-Oct-19 < 0.001 0.005 < 0.001 < 0.05 < 0.0001 0.003 < 0.001 0.006 4.32 < 0.001 0.007 < 0.0001 < 0.001 < 0.01 < 0.01 0.037

18-Nov-19 < 0.001 0.001 < 0.001 < 0.05 < 0.0001 0.004 < 0.001 < 0.001 11 < 0.001 0.008 < 0.0001 0.001 < 0.01 < 0.01 0.012

17-Dec-19 <0.001 0.002 <0.001 <0.05 <0.0001 0.003 <0.001 0.001 8.48 <0.001 0.009 <0.0001 <0.001 <0.01 <0.01 0.028

16-Jan-20 <0.001 0.003 <0.001 <0.05 <0.0001 0.002 <0.001 0.002 4.43 <0.001 0.011 <0.0001 0.002 <0.01 <0.01 0.044

21-Feb-19 < 0.001 0.008 < 0.001 < 0.05 < 0.0001 0.002 0.001 < 0.001 0.26 < 0.001 0.003 < 0.0001 0.005 < 0.01 < 0.01 0.031

15-Mar-19 < 0.001 0.005 < 0.001 < 0.05 < 0.0001 0.001 < 0.001 < 0.001 1.49 < 0.001 0.007 < 0.0001 0.037 < 0.01 < 0.01 0.016

23-Apr-19 < 0.001 0.006 < 0.001 < 0.05 < 0.0001 0.002 < 0.001 < 0.001 0.98 < 0.001 0.007 < 0.0001 0.07 < 0.01 < 0.01 0.04

16-May-19 < 0.001 0.005 < 0.001 < 0.05 < 0.0001 0.002 < 0.001 < 0.001 0.97 < 0.001 0.006 < 0.0001 0.004 < 0.01 < 0.01 0.024

14-Jun-19 < 0.001 0.004 < 0.001 < 0.05 < 0.0001 0.001 < 0.001 < 0.001 0.98 < 0.001 0.005 < 0.0001 0.001 < 0.01 < 0.01 0.005

16-Jul-19 < 0.001 0.01 < 0.001 < 0.05 < 0.0001 0.002 < 0.001 < 0.001 0.47 < 0.001 0.003 < 0.0001 0.004 < 0.01 < 0.01 0.007

15-Aug-19 < 0.001 0.004 < 0.001 < 0.05 < 0.0001 0.002 < 0.001 0.001 0.87 < 0.001 0.007 < 0.0001 0.001 < 0.01 < 0.01 0.005

16-Sep-19 < 0.001 0.005 < 0.001 < 0.05 < 0.0001 0.001 < 0.001 < 0.001 0.79 < 0.001 0.008 < 0.0001 0.002 < 0.01 < 0.01 0.012

15-Oct-19 < 0.001 0.004 < 0.001 < 0.05 < 0.0001 0.002 < 0.001 0.004 0.74 < 0.001 0.006 < 0.0001 0.003 < 0.01 < 0.01 0.016

18-Nov-19 < 0.001 0.004 < 0.001 < 0.05 < 0.0001 0.002 < 0.001 < 0.001 0.95 < 0.001 0.008 < 0.0001 0.002 < 0.01 < 0.01 < 0.005

17-Dec-19 <0.001 0.004 <0.001 0.06 <0.0001 0.002 <0.001 0.002 1 <0.001 0.008 <0.0001 0.001 <0.01 <0.01 0.006

16-Jan-20 <0.001 0.005 <0.001 <0.05 <0.0001 0.002 <0.001 <0.001 1.08 <0.001 0.007 <0.0001 0.003 <0.01 <0.01 0.005

22-Feb-19 < 0.001 0.005 < 0.001 < 0.05 < 0.0001 < 0.001 < 0.001 0.002 0.14 < 0.001 0.021 < 0.0001 0.015 < 0.01 < 0.01 0.006

15-Mar-19 < 0.001 0.004 < 0.001 < 0.05 < 0.0001 < 0.001 < 0.001 0.003 < 0.05 < 0.001 0.02 < 0.0001 < 0.001 < 0.01 < 0.01 < 0.005

23-Apr-19 < 0.001 0.005 < 0.001 < 0.05 < 0.0001 < 0.001 < 0.001 0.004 0.19 < 0.001 0.018 < 0.0001 0.001 < 0.01 < 0.01 0.008

16-May-19 < 0.001 0.004 < 0.001 < 0.05 < 0.0001 < 0.001 < 0.001 0.001 0.06 < 0.001 0.014 < 0.0001 0.001 < 0.01 < 0.01 < 0.005

14-Jun-19 < 0.001 0.004 < 0.001 < 0.05 < 0.0001 < 0.001 < 0.001 0.004 0.08 < 0.001 0.009 < 0.0001 < 0.001 < 0.01 < 0.01 < 0.005

16-Jul-19 < 0.001 0.004 < 0.001 < 0.05 < 0.0001 < 0.001 < 0.001 0.008 0.05 < 0.001 0.013 < 0.0001 0.001 < 0.01 < 0.01 0.006

15-Aug-19 < 0.001 0.004 < 0.001 < 0.05 < 0.0001 < 0.001 < 0.001 0.012 0.08 < 0.001 0.011 < 0.0001 < 0.001 < 0.01 < 0.01 < 0.005

16-Sep-19 < 0.001 0.004 < 0.001 < 0.05 < 0.0001 < 0.001 < 0.001 0.008 0.26 < 0.001 0.014 < 0.0001 0.001 < 0.01 < 0.01 0.007

15-Oct-19 < 0.001 0.004 < 0.001 < 0.05 < 0.0001 < 0.001 < 0.001 0.006 0.46 < 0.001 0.011 < 0.0001 < 0.001 < 0.01 < 0.01 0.007

18-Nov-19 < 0.001 0.007 < 0.001 < 0.05 < 0.0001 < 0.001 < 0.001 0.013 0.08 < 0.001 0.011 < 0.0001 0.007 < 0.01 < 0.01 0.028

17-Dec-19 <0.001 0.004 <0.001 <0.05 <0.0001 0.002 <0.001 0.006 0.1 <0.001 0.012 <0.0001 0.001 <0.01 <0.01 0.006

16-Jan-20 <0.001 0.004 <0.001 <0.05 <0.0001 <0.001 <0.001 0.005 0.73 <0.001 0.014 <0.0001 <0.001 <0.01 <0.01 0.01

BH3 21-Feb-19 < 0.001 0.003 < 0.001 < 0.05 < 0.0001 0.002 < 0.001 < 0.001 0.06 < 0.001 0.005 < 0.0001 0.053 < 0.01 < 0.01 < 0.005

21-Feb-19 < 0.001 0.014 < 0.001 < 0.05 < 0.0001 < 0.001 < 0.001 0.002 0.16 < 0.001 0.039 < 0.0001 0.018 < 0.01 < 0.01 0.014

15-Mar-19 < 0.001 0.014 < 0.001 < 0.05 < 0.0001 < 0.001 < 0.001 0.001 < 0.05 < 0.001 0.014 < 0.0001 0.022 < 0.01 < 0.01 0.043

23-Apr-19 < 0.001 0.013 < 0.001 0.05 < 0.0001 < 0.001 < 0.001 0.002 0.99 < 0.001 0.045 < 0.0001 0.007 < 0.01 < 0.01 0.008

16-May-19 < 0.001 0.013 < 0.001 < 0.05 < 0.0001 < 0.001 < 0.001 < 0.001 0.27 < 0.001 0.022 < 0.0001 0.022 < 0.01 < 0.01 0.011

14-Jun-19 < 0.001 0.012 < 0.001 < 0.05 < 0.0001 < 0.001 < 0.001 0.038 < 0.05 < 0.001 0.014 < 0.0001 < 0.001 < 0.01 < 0.01 0.005

16-Jul-19 < 0.001 0.013 < 0.001 < 0.05 < 0.0001 < 0.001 < 0.001 0.046 < 0.05 < 0.001 0.019 < 0.0001 < 0.001 < 0.01 < 0.01 0.007

15-Aug-19 < 0.001 0.013 < 0.001 < 0.05 < 0.0001 < 0.001 < 0.001 0.026 < 0.05 < 0.001 0.018 < 0.0001 0.001 < 0.01 < 0.01 0.007

16-Sep-19 < 0.001 0.012 < 0.001 < 0.05 < 0.0001 < 0.001 < 0.001 0.051 0.19 < 0.001 0.026 < 0.0001 0.002 < 0.01 < 0.01 0.005

15-Oct-19 < 0.001 0.01 < 0.001 < 0.05 < 0.0001 < 0.001 < 0.001 0.011 0.31 < 0.001 0.136 < 0.0001 0.002 < 0.01 < 0.01 0.014

18-Nov-19 < 0.001 0.011 < 0.001 < 0.05 < 0.0001 < 0.001 < 0.001 0.005 < 0.05 < 0.001 0.013 < 0.0001 0.001 < 0.01 < 0.01 < 0.005

17-Dec-19 <0.001 0.012 <0.001 0.06 <0.0001 0.001 <0.001 0.008 <0.05 <0.001 0.014 <0.0001 <0.001 <0.01 <0.01 0.005

16-Jan-20 <0.001 0.014 <0.001 <0.05 <0.0001 <0.001 <0.001 0.006 <0.05 <0.001 0.014 <0.0001 <0.001 <0.01 <0.01 0.009

BH5 22-Feb-19 < 0.001 0.01 < 0.001 < 0.05 < 0.0001 0.001 < 0.001 < 0.001 1.4 < 0.001 0.005 < 0.0001 0.003 < 0.01 < 0.01 0.008

22-Feb-19 < 0.001 0.03 < 0.001 < 0.05 < 0.0001 < 0.001 < 0.001 < 0.001 1.03 < 0.001 0.014 < 0.0001 0.001 < 0.01 < 0.01 0.019

14-Mar-19 < 0.001 0.027 < 0.001 < 0.05 < 0.0001 < 0.001 < 0.001 < 0.001 1.9 < 0.001 0.01 < 0.0001 < 0.001 < 0.01 < 0.01 0.012

23-Apr-19 < 0.001 0.03 < 0.001 < 0.05 < 0.0001 < 0.001 < 0.001 0.001 0.96 < 0.001 0.01 < 0.0001 < 0.001 < 0.01 < 0.01 0.022

16-May-19 < 0.001 0.029 < 0.001 < 0.05 < 0.0001 < 0.001 < 0.001 < 0.001 2.57 < 0.001 0.009 < 0.0001 < 0.001 < 0.01 < 0.01 < 0.005

14-Jun-19 < 0.001 0.027 < 0.001 < 0.05 < 0.0001 < 0.001 < 0.001 0.001 2.86 < 0.001 0.008 < 0.0001 < 0.001 < 0.01 < 0.01 0.008

16-Jul-19 < 0.001 0.026 < 0.001 < 0.05 < 0.0001 < 0.001 < 0.001 0.002 2.41 < 0.001 0.008 < 0.0001 < 0.001 < 0.01 < 0.01 0.005

15-Aug-19 < 0.001 0.026 < 0.001 < 0.05 < 0.0001 < 0.001 < 0.001 0.001 2.19 < 0.001 0.008 < 0.0001 < 0.001 < 0.01 < 0.01 0.007

16-Sep-19 < 0.001 0.034 < 0.001 < 0.05 < 0.0001 < 0.001 < 0.001 0.008 2.08 < 0.001 0.012 < 0.0001 0.007 < 0.01 < 0.01 0.035

15-Oct-19 < 0.001 0.026 < 0.001 < 0.05 < 0.0001 < 0.001 < 0.001 < 0.001 1.95 < 0.001 0.009 < 0.0001 < 0.001 < 0.01 < 0.01 0.006

18-Nov-19 < 0.001 0.03 < 0.001 < 0.05 < 0.0001 < 0.001 < 0.001 < 0.001 1.58 < 0.001 0.009 < 0.0001 0.008 < 0.01 < 0.01 0.073

17-Dec-19 <0.001 0.026 <0.001 0.05 <0.0001 0.001 <0.001 0.003 1.78 <0.001 0.007 <0.0001 0.001 <0.01 <0.01 0.006

16-Jan-20 <0.001 0.032 <0.001 <0.05 <0.0001 <0.001 <0.001 <0.001 2.15 <0.001 0.01 <0.0001 <0.001 <0.01 <0.01 <0.005

22-Feb-19 < 0.001 0.004 < 0.001 < 0.05 < 0.0001 0.002 0.003 < 0.001 1.8 < 0.001 0.026 < 0.0001 0.004 < 0.01 < 0.01 0.019

14-Mar-19 < 0.001 0.01 < 0.001 < 0.05 < 0.0001 0.001 0.003 < 0.001 1.8 < 0.001 0.02 < 0.0001 0.004 < 0.01 < 0.01 0.009

23-Apr-19 < 0.001 0.012 < 0.001 < 0.05 < 0.0001 0.002 0.003 < 0.001 2.0 < 0.001 0.026 < 0.0001 0.004 < 0.01 < 0.01 0.01

16-May-19 < 0.001 0.008 < 0.001 < 0.05 < 0.0001 0.002 0.003 < 0.001 2.32 < 0.001 0.035 < 0.0001 0.005 < 0.01 < 0.01 0.013

14-Jun-19 < 0.001 0.005 < 0.001 < 0.05 < 0.0001 0.002 0.002 < 0.001 2.06 < 0.001 0.03 < 0.0001 0.004 < 0.01 < 0.01 0.006

16-Jul-19 < 0.001 0.005 < 0.001 < 0.05 < 0.0001 0.002 0.002 < 0.001 1.66 < 0.001 0.025 < 0.0001 0.003 < 0.01 < 0.01 < 0.005

15-Aug-19 < 0.001 0.005 < 0.001 < 0.05 < 0.0001 0.002 0.002 < 0.001 1.54 < 0.001 0.023 < 0.0001 0.003 < 0.01 < 0.01 < 0.005

16-Sep-19 < 0.001 0.016 < 0.001 0.06 < 0.0001 0.002 0.002 0.007 1.42 0.001 0.024 < 0.0001 0.02 < 0.01 < 0.01 0.085

15-Oct-19 < 0.001 0.009 < 0.001 < 0.05 < 0.0001 0.002 0.002 0.003 1.32 < 0.001 0.018 < 0.0001 0.003 < 0.01 < 0.01 0.011

18-Nov-19 < 0.001 0.016 < 0.001 < 0.05 < 0.0001 0.002 0.002 < 0.001 1.1 < 0.001 0.015 < 0.0001 0.013 < 0.01 < 0.01 0.053

17-Dec-19 <0.001 0.009 <0.001 0.06 <0.0001 0.002 0.001 <0.001 0.98 <0.001 0.011 <0.0001 0.003 <0.01 <0.01 0.007

16-Jan-20 <0.001 0.01 <0.001 <0.05 <0.0001 0.002 <0.001 <0.001 0.93 <0.001 0.006 <0.0001 0.003 <0.01 <0.01 0.007

21-Feb-19 0.001 * 0.011 < 0.001 < 0.05 < 0.0001 0.001 < 0.001 < 0.001 4.1 < 0.001 0.012 < 0.0001 0.002 < 0.01 < 0.01 0.006

14-Mar-19 < 0.001 0.006 < 0.001 < 0.05 < 0.0001 0.001 < 0.001 < 0.001 3.25 < 0.001 0.008 < 0.0001 0.002 < 0.01 < 0.01 < 0.005

23-Apr-19 0.001 0.008 < 0.001 < 0.05 < 0.0001 0.001 < 0.001 < 0.001 3.2 < 0.001 0.009 < 0.0001 0.002 < 0.01 < 0.01 0.008

16-May-19 0.003 0.01 < 0.001 < 0.05 < 0.0001 0.001 < 0.001 < 0.001 3.0 < 0.001 0.01 < 0.0001 0.003 < 0.01 < 0.01 < 0.005

14-Jun-19 < 0.001 0.01 < 0.001 < 0.05 < 0.0001 0.001 < 0.001 < 0.001 2.5 < 0.001 0.005 < 0.0001 0.002 < 0.01 < 0.01 0.006

16-Jul-19 0.001 0.012 < 0.001 < 0.05 < 0.0001 0.001 < 0.001 < 0.001 2.6 < 0.001 0.004 < 0.0001 0.002 < 0.01 < 0.01 < 0.005

15-Aug-19 0.001 0.008 < 0.001 < 0.05 < 0.0001 0.001 < 0.001 < 0.001 1.72 < 0.001 0.004 < 0.0001 0.001 < 0.01 < 0.01 < 0.005

16-Sep-19 0.001 0.01 < 0.001 < 0.05 < 0.0001 0.002 < 0.001 < 0.001 2.06 < 0.001 0.005 < 0.0001 0.002 < 0.01 < 0.01 < 0.005

15-Oct-19 < 0.001 0.007 < 0.001 < 0.05 < 0.0001 0.001 < 0.001 0.002 2.08 < 0.001 0.009 < 0.0001 0.002 < 0.01 < 0.01 0.011

18-Nov-19 < 0.001 0.012 < 0.001 < 0.05 < 0.0001 0.002 < 0.001 0.002 2.49 < 0.001 0.01 < 0.0001 0.013 < 0.01 < 0.01 0.053

17-Dec-19 <0.001 0.007 <0.001 0.05 <0.0001 0.002 <0.001 0.003 3.02 <0.001 0.011 <0.0001 0.002 <0.01 <0.01 0.007

16-Jan-20 <0.001 0.007 <0.001 <0.05 <0.0001 0.002 <0.001 <0.001 2.94 <0.001 0.011 <0.0001 0.002 <0.01 <0.01 0.011

22-Feb-19 < 0.001 0.007 < 0.001 < 0.05 < 0.0001 0.002 < 0.001 < 0.001 1.11 < 0.001 0.003 < 0.0001 0.001 < 0.01 < 0.01 0.006

14-Mar-19 < 0.001 0.008 < 0.001 < 0.05 < 0.0001 0.002 < 0.001 < 0.001 1.25 < 0.001 0.005 < 0.0001 0.005 < 0.01 < 0.01 0.008

23-Apr-19 < 0.001 0.008 < 0.001 < 0.05 < 0.0001 0.002 < 0.001 < 0.001 1.01 < 0.001 0.004 < 0.0001 0.004 < 0.01 < 0.01 0.007

16-May-19 < 0.001 0.005 < 0.001 < 0.05 < 0.0001 0.002 < 0.001 < 0.001 0.87 < 0.001 0.003 < 0.0001 0.002 < 0.01 < 0.01 < 0.005

14-Jun-19 < 0.001 0.005 < 0.001 < 0.05 < 0.0001 0.002 < 0.001 0.002 0.8 < 0.001 0.003 < 0.0001 0.001 < 0.01 < 0.01 < 0.005

16-Jul-19 < 0.001 0.006 < 0.001 < 0.05 < 0.0001 0.002 < 0.001 < 0.001 0.87 < 0.001 0.003 < 0.0001 0.002 < 0.01 < 0.01 < 0.005

15-Aug-19 < 0.001 0.006 < 0.001 < 0.05 < 0.0001 0.002 < 0.001 < 0.001 1.0 < 0.001 0.004 < 0.0001 < 0.001 < 0.01 < 0.01 < 0.005

16-Sep-19 < 0.001 0.01 < 0.001 < 0.05 < 0.0001 0.002 < 0.001 0.002 0.94 < 0.001 0.006 < 0.0001 0.006 < 0.01 < 0.01 0.032

15-Oct-19 < 0.001 0.005 < 0.001 < 0.05 < 0.0001 0.002 < 0.001 0.003 0.68 < 0.001 0.004 < 0.0001 0.002 < 0.01 < 0.01 0.011

18-Nov-19 < 0.001 0.01 < 0.001 < 0.05 < 0.0001 0.002 < 0.001 < 0.001 1.1 < 0.001 0.004 < 0.0001 0.008 < 0.01 < 0.01 0.03

17-Dec-19 <0.001 0.008 <0.001 <0.05 <0.0001 0.003 <0.001 0.001 1.33 <0.001 0.003 <0.0001 0.002 <0.01 <0.01 <0.005

16-Jan-20 <0.001 0.008 <0.001 <0.05 <0.0001 0.002 <0.001 <0.001 1.31 <0.001 0.004 <0.0001 0.002 <0.01 <0.01 0.007

23-Apr-19 < 0.001 0.043 < 0.001 0.14 < 0.0001 < 0.001 0.017 0.002 4.16 < 0.001 0.841 < 0.0001 0.02 < 0.01 < 0.01 0.356

16-May-19 < 0.001 0.029 < 0.001 0.1 < 0.0001 < 0.001 0.01 0.003 7.25 < 0.001 0.666 < 0.0001 0.012 < 0.01 < 0.01 0.077

14-Jun-19 < 0.001 0.029 < 0.001 0.09 0.0002 < 0.001 0.009 0.006 2.75 < 0.001 0.595 < 0.0001 0.011 < 0.01 < 0.01 0.535

16-Jul-19 < 0.001 0.032 < 0.001 0.08 0.0001 < 0.001 0.007 0.003 1.86 < 0.001 0.59 < 0.0001 0.008 < 0.01 < 0.01 0.239

15-Aug-19 < 0.001 0.027 < 0.001 0.09 < 0.0001 < 0.001 0.005 0.003 2.15 < 0.001 0.482 < 0.0001 0.005 < 0.01 < 0.01 0.075

16-Sep-19 < 0.001 0.056 < 0.001 0.09 0.0002 0.001 0.008 0.012 2.45 0.001 0.587 < 0.0001 0.014 < 0.01 < 0.01 0.282

15-Oct-19 < 0.001 0.036 < 0.001 0.07 < 0.0001 < 0.001 0.005 0.003 1.61 < 0.001 0.383 < 0.0001 0.005 < 0.01 < 0.01 0.055

18-Nov-19 < 0.001 0.042 < 0.001 0.11 < 0.0001 0.001 0.003 < 0.001 1.14 < 0.001 0.366 < 0.0001 0.003 < 0.01 < 0.01 0.026

22-Feb-19 0.003 0.075 < 0.001 < 0.05 < 0.0001 < 0.001 < 0.001 < 0.001 4.84 < 0.001 0.033 < 0.0001 0.002 < 0.01 < 0.01 0.016

14-Mar-19 0.006 0.08 < 0.001 < 0.05 < 0.0001 < 0.001 0.003 < 0.001 9.26 < 0.001 0.048 < 0.0001 0.002 < 0.01 < 0.01 0.009

23-Apr-19 < 0.001 0.043 < 0.001 < 0.05 < 0.0001 < 0.001 0.003 0.001 2.01 < 0.001 0.046 < 0.0001 0.004 < 0.01 < 0.01 0.016

16-May-19 < 0.001 0.034 < 0.001 < 0.05 < 0.0001 < 0.001 0.002 < 0.001 1.78 < 0.001 0.038 < 0.0001 0.003 < 0.01 < 0.01 0.012

14-Jun-19 < 0.001 0.035 < 0.001 < 0.05 < 0.0001 0.001 * 0.003 < 0.001 1.68 < 0.001 0.038 < 0.0001 0.003 < 0.01 < 0.01 0.016

16-Jul-19 < 0.001 0.055 < 0.001 < 0.05 < 0.0001 < 0.001 0.007 0.002 1.25 < 0.001 0.043 < 0.0001 0.006 < 0.01 < 0.01 0.029

15-Aug-19 < 0.001 0.035 < 0.001 < 0.05 < 0.0001 < 0.001 0.003 0.002 1.16 < 0.001 0.036 < 0.0001 0.003 < 0.01 < 0.01 0.013

16-Sep-19 < 0.001 0.045 < 0.001 < 0.05 < 0.0001 < 0.001 0.004 0.02 0.69 0.001 0.036 < 0.0001 0.017 < 0.01 < 0.01 0.094

15-Oct-19 < 0.001 0.034 < 0.001 < 0.05 < 0.0001 < 0.001 0.005 0.002 1.7 < 0.001 0.027 < 0.0001 0.005 < 0.01 < 0.01 0.022

18-Nov-19 < 0.001 0.031 < 0.001 < 0.05 < 0.0001 0.001 < 0.001 < 0.001 2.6 < 0.001 0.026 < 0.0001 < 0.001 < 0.01 < 0.01 < 0.005

17-Dec-19 <0.001 0.041 <0.001 <0.05 <0.0001 0.002 <0.001 0.003 1.42 <0.001 0.026 <0.0001 0.001 <0.01 <0.01 <0.005

23-Apr-19 < 0.001 0.059 < 0.001 < 0.05 < 0.0001 < 0.001 0.003 0.003 2.09 < 0.001 0.037 < 0.0001 0.005 < 0.01 < 0.01 0.03

16-May-19 < 0.001 0.047 < 0.001 < 0.05 < 0.0001 < 0.001 0.002 < 0.001 1.12 < 0.001 0.03 < 0.0001 0.003 < 0.01 < 0.01 0.019

14-Jun-19 < 0.001 0.041 < 0.001 < 0.05 < 0.0001 < 0.001 0.002 0.003 0.79 < 0.001 0.034 < 0.0001 0.003 < 0.01 < 0.01 0.014

16-Jul-19 < 0.001 0.044 < 0.001 < 0.05 < 0.0001 < 0.001 0.002 0.002 0.96 < 0.001 0.043 < 0.0001 0.003 < 0.01 < 0.01 0.014

15-Aug-19 < 0.001 0.04 < 0.001 < 0.05 < 0.0001 < 0.001 0.001 0.001 0.57 < 0.001 0.032 < 0.0001 0.002 < 0.01 < 0.01 0.009

16-Sep-19 < 0.001 0.046 < 0.001 < 0.05 < 0.0001 < 0.001 0.002 0.02 0.7 0.001 0.039 < 0.0001 0.017 < 0.01 < 0.01 0.085

15-Oct-19 < 0.001 0.037 < 0.001 < 0.05 < 0.0001 < 0.001 0.002 0.004 0.66 < 0.001 0.031 < 0.0001 0.003 < 0.01 < 0.01 0.018

18-Nov-19 < 0.001 0.035 < 0.001 < 0.05 < 0.0001 < 0.001 < 0.001 < 0.001 6.32 < 0.001 0.032 < 0.0001 0.002 < 0.01 < 0.01 < 0.005

Notes:

- - Not analysed

< - Less than laboratory limit of reporting

mg/L - Milligrams per litre

Bold indicates a detection above the laboratory limit of reporting

"*" denotes duplicate/triplicate sample result adopted for analytical use due to RPD >50%

RPD - Relative Percentage Difference

** 95% Level of protection in freshwater
1 value for CR VI 
2 as inorganioc 
3 Aesthetic

Analyte

Metals

Units

ANZECC 2000 Trigger Values

NHMRC ADWG 6

LOR

SW4

BH1

BH11

BH6

BH7

BH8

MW239S

SW1

SW3

BH4

BH2
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Table C

Groundwater and Surface Water Analytical Data - PFAS

Williamtown Sand Syndicate

Perfluorobutane 

sulfonic acid 

(PFBS)

Perfluoropentane 

sulfonic acid 

(PFPeS)

Perfluorohexane 

sulfonic acid (PFHxS)

Perfluoroheptan

e sulfonate 

(PFHpS)

Perfluorooctane 

sulfonic acid 

(PFOS)

Perfluorodecanes

ulfonic acid 

(PFDS)

Perfluorobutanoic 

acid (PFBA)

Perfluoropentano

ic acid (PFPeA)

Perfluorohexanoic 

acid (PFHxA)

Perfluoroheptano

ic acid (PFHpA)

Perfluorooctanoic 

acid (PFOA)

Perfluorononanoic 

acid (PFNA)

Perfluorodecanoic 

acid (PFDA)

Perfluoroundecano

ic acid (PFUnDA)

Perfluorododecano

ic acid (PFDoDA)

Perfluorotridecano

ic acid (PFTrDA)

0.02 0.02 0.02 0.02 0.01 0.02 0.1 0.02 0.02 0.02 0.01 0.02 0.02 0.02 0.02 0.02

µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L

0.56

0.00023 19

5.6

Sample Name Sample Date

BH11 21-Feb-19 < 0.02 < 0.02 < 0.02 < 0.02 < 0.01 < 0.02 < 0.1 < 0.02 < 0.02 < 0.02 < 0.01 < 0.02 < 0.02 < 0.02 < 0.02 < 0.02

BH2 22-Feb-19 < 0.02 < 0.02 < 0.02 < 0.02 < 0.01 < 0.02 < 0.1 < 0.02 < 0.02 < 0.02 < 0.01 < 0.02 < 0.02 < 0.02 < 0.02 < 0.02

BH3 21-Feb-19 < 0.02 < 0.02 < 0.02 < 0.02 < 0.01 < 0.02 < 0.1 < 0.02 < 0.02 < 0.02 < 0.01 < 0.02 < 0.02 < 0.02 < 0.02 < 0.02

21-Feb-19 < 0.02 < 0.02 < 0.02 < 0.02 < 0.01 < 0.02 < 0.1 < 0.02 < 0.02 < 0.02 < 0.01 < 0.02 < 0.02 < 0.02 < 0.02 < 0.02

15-Mar-19 < 0.02 < 0.02 < 0.02 < 0.02 < 0.01 < 0.02 < 0.1 < 0.02 < 0.02 < 0.02 < 0.01 < 0.02 < 0.02 < 0.02 < 0.02 < 0.02

23-Apr-19 < 0.02 < 0.02 < 0.02 < 0.02 < 0.01 < 0.02 < 0.1 < 0.02 < 0.02 < 0.02 < 0.01 < 0.02 < 0.02 < 0.02 < 0.02 < 0.02

16-May-19 < 0.02 < 0.02 < 0.02 < 0.02 < 0.01 < 0.02 < 0.1 < 0.02 < 0.02 < 0.02 < 0.01 < 0.02 < 0.02 < 0.02 < 0.02 < 0.02

14-Jun-19 < 0.02 < 0.02 < 0.02 < 0.02 < 0.01 < 0.02 < 0.1 < 0.02 < 0.02 < 0.02 < 0.01 < 0.02 < 0.02 < 0.02 < 0.02 < 0.02

16-Jul-19 < 0.02 < 0.02 < 0.02 < 0.02 < 0.01 < 0.02 < 0.1 < 0.02 < 0.02 < 0.02 < 0.01 < 0.02 < 0.02 < 0.02 < 0.02 < 0.02

15-Aug-19 < 0.02 < 0.02 < 0.02 < 0.02 < 0.01 < 0.02 < 0.1 < 0.02 < 0.02 < 0.02 < 0.01 < 0.02 < 0.02 < 0.02 < 0.02 < 0.02

16-Sep-19 < 0.02 < 0.02 < 0.02 < 0.02 < 0.01 0.02 < 0.1 < 0.02 < 0.02 < 0.02 < 0.01 < 0.02 < 0.02 < 0.02 < 0.02 < 0.02

25-Sep-19 < 0.02 < 0.02 < 0.02 < 0.02 < 0.01 <0.02 < 0.1 < 0.02 < 0.02 < 0.02 < 0.01 < 0.02 < 0.02 < 0.02 < 0.02 < 0.02

15-Oct-19 < 0.02 < 0.02 < 0.02 < 0.02 < 0.01 < 0.02 < 0.1 < 0.02 < 0.02 < 0.02 < 0.01 < 0.02 < 0.02 < 0.02 < 0.02 < 0.02

18-Nov-19 < 0.02 < 0.02 < 0.02 < 0.02 < 0.01 < 0.02 < 0.1 < 0.02 < 0.02 < 0.02 < 0.01 < 0.02 < 0.02 < 0.02 < 0.02 < 0.02

17-Dec-19 < 0.02 < 0.02 < 0.02 < 0.02 < 0.01 < 0.02 < 0.1 < 0.02 < 0.02 < 0.02 < 0.01 < 0.02 < 0.02 < 0.02 < 0.02 < 0.02

16-Jan-20 < 0.02 < 0.02 < 0.02 < 0.02 < 0.01 < 0.02 < 0.1 < 0.02 < 0.02 < 0.02 < 0.01 < 0.02 < 0.02 < 0.02 < 0.02 < 0.02

BH5 22-Feb-19 < 0.02 < 0.02 < 0.02 < 0.02 < 0.01 < 0.02 < 0.1 < 0.02 < 0.02 < 0.02 < 0.01 < 0.02 < 0.02 < 0.02 < 0.02 < 0.02

22-Feb-19 < 0.02 < 0.02 < 0.02 < 0.02 < 0.01 < 0.02 < 0.1 < 0.02 < 0.02 < 0.02 < 0.01 < 0.02 < 0.02 < 0.02 < 0.02 < 0.02

14-Mar-19 < 0.02 < 0.02 < 0.02 < 0.02 < 0.01 < 0.02 < 0.1 < 0.02 < 0.02 < 0.02 < 0.01 < 0.02 < 0.02 < 0.02 < 0.02 < 0.02

23-Apr-19 < 0.02 < 0.02 < 0.02 < 0.02 < 0.01 < 0.02 < 0.1 < 0.02 < 0.02 < 0.02 < 0.01 < 0.02 < 0.02 < 0.02 < 0.02 < 0.02

16-May-19 < 0.02 < 0.02 < 0.02 < 0.02 < 0.01 < 0.02 < 0.1 < 0.02 < 0.02 < 0.02 < 0.01 < 0.02 < 0.02 < 0.02 < 0.02 < 0.02

14-Jun-19 < 0.02 < 0.02 < 0.02 < 0.02 < 0.01 < 0.02 < 0.1 < 0.02 < 0.02 < 0.02 < 0.01 < 0.02 < 0.02 < 0.02 < 0.02 < 0.02

16-Jul-19 < 0.02 < 0.02 < 0.02 < 0.02 < 0.01 < 0.02 < 0.1 < 0.02 < 0.02 < 0.02 < 0.01 < 0.02 < 0.02 < 0.02 < 0.02 < 0.02

15-Aug-19 < 0.02 < 0.02 < 0.02 < 0.02 < 0.01 < 0.02 < 0.1 < 0.02 < 0.02 < 0.02 < 0.01 < 0.02 < 0.02 < 0.02 < 0.02 < 0.02

16-Sep-19 < 0.02 < 0.02 < 0.02 < 0.02 < 0.01 < 0.02 < 0.1 < 0.02 < 0.02 < 0.02 < 0.01 < 0.02 < 0.02 < 0.02 < 0.02 < 0.02

15-Oct-19 < 0.02 < 0.02 < 0.02 < 0.02 < 0.01 < 0.02 < 0.1 < 0.02 < 0.02 < 0.02 < 0.01 < 0.02 < 0.02 < 0.02 < 0.02 < 0.02

18-Nov-19 < 0.02 < 0.02 < 0.02 < 0.02 < 0.01 < 0.02 < 0.1 < 0.02 < 0.02 < 0.02 < 0.01 < 0.02 < 0.02 < 0.02 < 0.02 < 0.02

17-Dec-19 < 0.02 < 0.02 < 0.02 < 0.02 < 0.01 < 0.02 < 0.1 < 0.02 < 0.02 < 0.02 < 0.01 < 0.02 < 0.02 < 0.02 < 0.02 < 0.02

16-Jan-20 < 0.02 < 0.02 < 0.02 < 0.02 < 0.01 < 0.02 < 0.1 < 0.02 < 0.02 < 0.02 < 0.01 < 0.02 < 0.02 < 0.02 < 0.02 < 0.02

22-Feb-19 < 0.02 < 0.02 < 0.02 < 0.02 < 0.01 < 0.02 < 0.1 < 0.02 < 0.02 < 0.02 < 0.01 < 0.02 < 0.02 < 0.02 < 0.02 < 0.02

14-Mar-19 < 0.02 < 0.02 < 0.02 < 0.02 < 0.01 < 0.02 < 0.1 < 0.02 < 0.02 < 0.02 < 0.01 < 0.02 < 0.02 < 0.02 < 0.02 < 0.02

23-Apr-19 < 0.02 < 0.02 < 0.02 < 0.02 < 0.01 < 0.02 < 0.1 < 0.02 < 0.02 < 0.02 < 0.01 < 0.02 < 0.02 < 0.02 < 0.02 < 0.02

16-May-19 < 0.02 < 0.02 < 0.02 < 0.02 < 0.01 < 0.02 < 0.1 < 0.02 < 0.02 < 0.02 < 0.01 < 0.02 < 0.02 < 0.02 < 0.02 < 0.02

14-Jun-19 < 0.02 < 0.02 < 0.02 < 0.02 < 0.01 < 0.02 < 0.1 < 0.02 < 0.02 < 0.02 < 0.01 < 0.02 < 0.02 < 0.02 < 0.02 < 0.02

16-Jul-19 < 0.02 < 0.02 < 0.02 < 0.02 < 0.01 < 0.02 < 0.1 < 0.02 < 0.02 < 0.02 < 0.01 < 0.02 < 0.02 < 0.02 < 0.02 < 0.02

15-Aug-19 < 0.02 < 0.02 < 0.02 < 0.02 < 0.01 < 0.02 < 0.1 < 0.02 < 0.02 < 0.02 < 0.01 < 0.02 < 0.02 < 0.02 < 0.02 < 0.02

16-Sep-19 < 0.02 < 0.02 < 0.02 < 0.02 < 0.01 < 0.02 < 0.1 < 0.02 < 0.02 < 0.02 < 0.01 < 0.02 < 0.02 < 0.02 < 0.02 < 0.02

15-Oct-19 < 0.02 < 0.02 < 0.02 < 0.02 < 0.01 < 0.02 < 0.1 < 0.02 < 0.02 < 0.02 < 0.01 < 0.02 < 0.02 < 0.02 < 0.02 < 0.02

18-Nov-19 < 0.02 < 0.02 < 0.02 < 0.02 < 0.01 < 0.02 < 0.1 < 0.02 < 0.02 < 0.02 < 0.01 < 0.02 < 0.02 < 0.02 < 0.02 < 0.02

17-Dec-19 < 0.02 < 0.02 < 0.02 < 0.02 < 0.01 < 0.02 < 0.1 < 0.02 < 0.02 < 0.02 < 0.01 < 0.02 < 0.02 < 0.02 < 0.02 < 0.02

16-Jan-20 < 0.02 < 0.02 < 0.02 < 0.02 < 0.01 < 0.02 < 0.1 < 0.02 < 0.02 < 0.02 < 0.01 < 0.02 < 0.02 < 0.02 < 0.02 < 0.02

21-Feb-19 < 0.02 < 0.02 < 0.02 < 0.02 < 0.01 < 0.02 < 0.1 < 0.02 < 0.02 < 0.02 < 0.01 < 0.02 < 0.02 < 0.02 < 0.02 < 0.02

14-Mar-19 < 0.02 < 0.02 < 0.02 < 0.02 < 0.01 < 0.02 < 0.1 < 0.02 < 0.02 < 0.02 < 0.01 < 0.02 < 0.02 < 0.02 < 0.02 < 0.02

23-Apr-19 < 0.02 < 0.02 < 0.02 < 0.02 < 0.01 < 0.02 < 0.1 < 0.02 < 0.02 < 0.02 < 0.01 < 0.02 < 0.02 < 0.02 < 0.02 < 0.02

16-May-19 < 0.02 < 0.02 < 0.02 < 0.02 < 0.01 < 0.02 < 0.1 < 0.02 < 0.02 < 0.02 < 0.01 < 0.02 < 0.02 < 0.02 < 0.02 < 0.02

14-Jun-19 < 0.02 < 0.02 < 0.02 < 0.02 < 0.01 < 0.02 < 0.1 < 0.02 < 0.02 < 0.02 < 0.01 < 0.02 < 0.02 < 0.02 < 0.02 < 0.02

16-Jul-19 < 0.02 < 0.02 < 0.02 < 0.02 < 0.01 < 0.02 < 0.1 < 0.02 < 0.02 < 0.02 < 0.01 < 0.02 < 0.02 < 0.02 < 0.02 < 0.02

15-Aug-19 < 0.02 < 0.02 < 0.02 < 0.02 < 0.01 < 0.02 < 0.1 < 0.02 < 0.02 < 0.02 < 0.01 < 0.02 < 0.02 < 0.02 < 0.02 < 0.02

16-Sep-19 < 0.02 < 0.02 < 0.02 < 0.02 < 0.01 < 0.02 < 0.1 < 0.02 < 0.02 < 0.02 < 0.01 < 0.02 < 0.02 < 0.02 < 0.02 < 0.02

15-Oct-19 < 0.02 < 0.02 < 0.02 < 0.02 < 0.01 < 0.02 < 0.1 < 0.02 < 0.02 < 0.02 < 0.01 < 0.02 < 0.02 < 0.02 < 0.02 < 0.02

18-Nov-19 < 0.02 < 0.02 < 0.02 < 0.02 < 0.01 < 0.02 < 0.1 < 0.02 < 0.02 < 0.02 < 0.01 < 0.02 < 0.02 < 0.02 < 0.02 < 0.02

17-Dec-19 < 0.02 < 0.02 < 0.02 < 0.02 < 0.01 < 0.02 < 0.1 < 0.02 < 0.02 < 0.02 < 0.01 < 0.02 < 0.02 < 0.02 < 0.02 < 0.02

16-Jan-20 < 0.02 < 0.02 < 0.02 < 0.02 < 0.01 < 0.02 < 0.1 < 0.02 < 0.02 < 0.02 < 0.01 < 0.02 < 0.02 < 0.02 < 0.02 < 0.02

MW239S 22-Feb-19 < 0.02 < 0.02 < 0.02 < 0.02 < 0.01 < 0.02 < 0.1 < 0.02 < 0.02 < 0.02 < 0.01 < 0.02 < 0.02 < 0.02 < 0.02 < 0.02

16-May-19 < 0.02 < 0.02 < 0.02 < 0.02 < 0.01 < 0.02 < 0.1 < 0.02 < 0.02 < 0.02 < 0.01 < 0.02 < 0.02 < 0.02 < 0.02 < 0.02

16-Sep-19 < 0.02 < 0.02 < 0.02 < 0.02 < 0.01 < 0.02 < 0.1 < 0.02 < 0.02 < 0.02 < 0.01 < 0.02 < 0.02 < 0.02 < 0.02 < 0.02

18-Nov-19 < 0.02 < 0.02 < 0.02 < 0.02 < 0.01 < 0.02 < 0.1 < 0.02 < 0.02 < 0.02 < 0.01 < 0.02 < 0.02 < 0.02 < 0.02 < 0.02

22-Feb-19 < 0.02 < 0.02 < 0.02 < 0.02 < 0.01 < 0.02 < 0.1 < 0.02 < 0.02 < 0.02 < 0.01 < 0.02 < 0.02 < 0.02 < 0.02 < 0.02

16-May-19 < 0.02 < 0.02 < 0.02 < 0.02 < 0.01 < 0.02 < 0.1 < 0.02 < 0.02 < 0.02 < 0.01 < 0.02 < 0.02 < 0.02 < 0.02 < 0.02

16-Sep-19 < 0.02 < 0.02 < 0.02 < 0.02 < 0.01 < 0.02 < 0.1 < 0.02 < 0.02 < 0.02 < 0.01 < 0.02 < 0.02 < 0.02 < 0.02 < 0.02

18-Nov-19 < 0.02 < 0.02 < 0.02 < 0.02 < 0.01 < 0.02 < 0.1 < 0.02 < 0.02 < 0.02 < 0.01 < 0.02 < 0.02 < 0.02 < 0.02 < 0.02

16-May-19 < 0.02 < 0.02 < 0.02 < 0.02 < 0.01 < 0.02 < 0.1 < 0.02 < 0.02 < 0.02 < 0.01 < 0.02 < 0.02 < 0.02 < 0.02 < 0.02

16-Sep-19 < 0.02 < 0.02 < 0.02 < 0.02 0.03 * < 0.02 < 0.1 < 0.02 < 0.02 < 0.02 < 0.01 < 0.02 < 0.02 < 0.02 < 0.02 < 0.02

25-Sep-19 < 0.02 < 0.02 < 0.02 < 0.02 0.05 < 0.02 < 0.1 < 0.02 < 0.02 < 0.02 < 0.01 < 0.02 < 0.02 < 0.02 < 0.02 < 0.02

18-Nov-19 < 0.02 < 0.02 < 0.02 < 0.02 < 0.01 < 0.02 < 0.1 < 0.02 < 0.02 < 0.02 < 0.01 < 0.02 < 0.02 < 0.02 < 0.02 < 0.02

Notes:

- - Not analysed

< - Less than laboratory limit of reporting

µg/L - Micrograms per litre

*** 99% Level of protection in freshwater
4
 Recreation water 

NHMRC ADWG 6

HEPA NEMP 2018***

HEPA NEMP 2018
4

LOR

Units

Analyte

Perfluoroalkyl Carboxylic AcidsPerfluoroalkyl Sulfonic Acids

SW4

SW1

SW3

BH4

BH6

BH7

BH8
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Table C

Groundwater and Surface Water Analytical Data - PFAS

Williamtown Sand Syndicate

Sample Name Sample Date

BH11 21-Feb-19

BH2 22-Feb-19

BH3 21-Feb-19

21-Feb-19

15-Mar-19

23-Apr-19

16-May-19

14-Jun-19

16-Jul-19

15-Aug-19

16-Sep-19

25-Sep-19

15-Oct-19

18-Nov-19

17-Dec-19

16-Jan-20

BH5 22-Feb-19

22-Feb-19

14-Mar-19

23-Apr-19

16-May-19

14-Jun-19

16-Jul-19

15-Aug-19

16-Sep-19

15-Oct-19

18-Nov-19

17-Dec-19

16-Jan-20

22-Feb-19

14-Mar-19

23-Apr-19

16-May-19

14-Jun-19

16-Jul-19

15-Aug-19

16-Sep-19

15-Oct-19

18-Nov-19

17-Dec-19

16-Jan-20

21-Feb-19

14-Mar-19

23-Apr-19

16-May-19

14-Jun-19

16-Jul-19

15-Aug-19

16-Sep-19

15-Oct-19

18-Nov-19

17-Dec-19

16-Jan-20

MW239S 22-Feb-19

16-May-19

16-Sep-19

18-Nov-19

22-Feb-19

16-May-19

16-Sep-19

18-Nov-19

16-May-19

16-Sep-19

25-Sep-19

18-Nov-19

Notes:

- - Not analysed

< - Less than laboratory limit of reporting

µg/L - Micrograms per litre

*** 99% Level of protection in freshwater
4
 Recreation water 

NHMRC ADWG 6

HEPA NEMP 2018***

HEPA NEMP 2018
4

LOR

Units

Analyte

SW4

SW1

SW3

BH4

BH6

BH7

BH8

Perfluorotetradecano

ic acid (PFTeDA)

Perfluorooctane 

sulfonamide 

(FOSA)

N-Methyl-

perfluorooctane 

sulfonamide (MeFOSA)

N-Ethyl 

perfluorooctane 

sulfonamide (EtFOSA)

N-Methyl 

perfluorooctane 

sulfonamidoethan

ol (MeFOSE)

N-Ethyl 

perfluorooctane 

sulfonamidoethan

ol (EtFOSE)

N-Methyl 

perfluorooctane 

sulfonamidoacetic acid 

(MeFOSAA)

N-Ethyl 

perfluorooctane 

sulfonamidoacetic 

acid (EtFOSAA)

4:2 Fluorotelomer sulfonic 

acid (4:2 FTS)

6:2 Fluorotelomer sulfonic 

acid (6:2 FTS)

8:2 Fluorotelomer sulfonic 

acid (8:2 FTS)

10:2 

Fluorotelomer 

sulfonic acid 

(10:2 FTS)

Sum of PFHxS 

and PFOS

Sum of PFAS (WA 

DER List)

0.05 0.02 0.05 0.05 0.05 0.05 0.02 0.02 0.05 0.05 0.05 0.05 0.01 0.01

µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L

0.07

0.7

< 0.05 < 0.02 < 0.05 < 0.05 < 0.05 < 0.05 < 0.02 < 0.02 < 0.05 < 0.05 < 0.05 < 0.05 < 0.01 < 0.01

< 0.05 < 0.02 < 0.05 < 0.05 < 0.05 < 0.05 < 0.02 < 0.02 < 0.05 < 0.05 < 0.05 < 0.05 < 0.01 < 0.01

< 0.05 < 0.02 < 0.05 < 0.05 < 0.05 < 0.05 < 0.02 < 0.02 < 0.05 < 0.05 < 0.05 < 0.05 < 0.01 < 0.01

< 0.05 < 0.02 < 0.05 < 0.05 < 0.05 < 0.05 < 0.02 < 0.02 < 0.05 < 0.05 < 0.05 < 0.05 < 0.01 < 0.01

< 0.05 < 0.02 < 0.05 < 0.05 < 0.05 < 0.05 < 0.02 < 0.02 < 0.05 < 0.05 < 0.05 < 0.05 < 0.01 < 0.01

< 0.05 < 0.02 < 0.05 < 0.05 < 0.05 < 0.05 < 0.02 < 0.02 < 0.05 < 0.05 < 0.05 < 0.05 < 0.01 < 0.01

< 0.05 < 0.02 < 0.05 < 0.05 < 0.05 < 0.05 < 0.02 < 0.02 < 0.05 < 0.05 < 0.05 < 0.05 < 0.01 < 0.01

< 0.05 < 0.02 < 0.05 < 0.05 < 0.05 < 0.05 < 0.02 < 0.02 < 0.05 < 0.05 < 0.05 < 0.05 < 0.01 < 0.01

< 0.05 < 0.02 < 0.05 < 0.05 < 0.05 < 0.05 < 0.02 < 0.02 < 0.05 < 0.05 < 0.05 < 0.05 < 0.01 < 0.01

< 0.05 < 0.02 < 0.05 < 0.05 < 0.05 < 0.05 < 0.02 < 0.02 < 0.05 < 0.05 < 0.05 < 0.05 < 0.01 < 0.01

< 0.05 < 0.02 < 0.05 < 0.05 < 0.05 < 0.05 < 0.02 < 0.02 < 0.05 < 0.05 < 0.05 < 0.05 < 0.01 < 0.01

< 0.05 < 0.02 < 0.05 < 0.05 < 0.05 < 0.05 < 0.02 < 0.02 < 0.05 < 0.05 < 0.05 < 0.05 < 0.01 < 0.01

< 0.05 < 0.02 < 0.05 < 0.05 < 0.05 < 0.05 < 0.02 < 0.02 < 0.05 < 0.05 < 0.05 < 0.05 < 0.01 < 0.01

< 0.05 < 0.02 < 0.05 < 0.05 < 0.05 < 0.05 < 0.02 < 0.02 < 0.05 < 0.05 < 0.05 < 0.05 < 0.01 < 0.01

< 0.05 < 0.02 < 0.05 < 0.05 < 0.05 < 0.05 < 0.02 < 0.02 < 0.05 < 0.05 < 0.05 < 0.05 < 0.01 < 0.01

< 0.05 < 0.02 < 0.05 < 0.05 < 0.05 < 0.05 < 0.02 < 0.02 < 0.05 < 0.05 < 0.05 < 0.05 < 0.01 < 0.01

< 0.05 < 0.02 < 0.05 < 0.05 < 0.05 < 0.05 < 0.02 < 0.02 < 0.05 < 0.05 < 0.05 < 0.05 < 0.01 < 0.01

< 0.05 < 0.02 < 0.05 < 0.05 < 0.05 < 0.05 < 0.02 < 0.02 < 0.05 < 0.05 < 0.05 < 0.05 < 0.01 < 0.01

< 0.05 < 0.02 < 0.05 < 0.05 < 0.05 < 0.05 < 0.02 < 0.02 < 0.05 < 0.05 < 0.05 < 0.05 < 0.01 < 0.01

< 0.05 < 0.02 < 0.05 < 0.05 < 0.05 < 0.05 < 0.02 < 0.02 < 0.05 < 0.05 < 0.05 < 0.05 < 0.01 < 0.01

< 0.05 < 0.02 < 0.05 < 0.05 < 0.05 < 0.05 < 0.02 < 0.02 < 0.05 < 0.05 < 0.05 < 0.05 < 0.01 < 0.01

< 0.05 < 0.02 < 0.05 < 0.05 < 0.05 < 0.05 < 0.02 < 0.02 < 0.05 < 0.05 < 0.05 < 0.05 < 0.01 < 0.01

< 0.05 < 0.02 < 0.05 < 0.05 < 0.05 < 0.05 < 0.02 < 0.02 < 0.05 < 0.05 < 0.05 < 0.05 < 0.01 < 0.01

< 0.05 < 0.02 < 0.05 < 0.05 < 0.05 < 0.05 < 0.02 < 0.02 < 0.05 < 0.05 < 0.05 < 0.05 < 0.01 < 0.01

< 0.05 < 0.02 < 0.05 < 0.05 < 0.05 < 0.05 < 0.02 < 0.02 < 0.05 < 0.05 < 0.05 < 0.05 < 0.01 < 0.01

< 0.05 < 0.02 < 0.05 < 0.05 < 0.05 < 0.05 < 0.02 < 0.02 < 0.05 < 0.05 < 0.05 < 0.05 < 0.01 < 0.01

< 0.05 < 0.02 < 0.05 < 0.05 < 0.05 < 0.05 < 0.02 < 0.02 < 0.05 < 0.05 < 0.05 < 0.05 < 0.01 < 0.01

< 0.05 < 0.02 < 0.05 < 0.05 < 0.05 < 0.05 < 0.02 < 0.02 < 0.05 0.19 < 0.05 < 0.05 < 0.01 < 0.01

< 0.05 < 0.02 < 0.05 < 0.05 < 0.05 < 0.05 < 0.02 < 0.02 < 0.05 < 0.05 < 0.05 < 0.05 < 0.01 < 0.01

< 0.05 < 0.02 < 0.05 < 0.05 < 0.05 < 0.05 < 0.02 < 0.02 < 0.05 < 0.05 < 0.05 < 0.05 < 0.01 < 0.01

< 0.05 < 0.02 < 0.05 < 0.05 < 0.05 < 0.05 < 0.02 < 0.02 < 0.05 < 0.05 < 0.05 < 0.05 < 0.01 < 0.01

< 0.05 < 0.02 < 0.05 < 0.05 < 0.05 < 0.05 < 0.02 < 0.02 < 0.05 < 0.05 < 0.05 < 0.05 < 0.01 < 0.01

< 0.05 < 0.02 < 0.05 < 0.05 < 0.05 < 0.05 < 0.02 < 0.02 < 0.05 < 0.05 < 0.05 < 0.05 < 0.01 < 0.01

< 0.05 < 0.02 < 0.05 < 0.05 < 0.05 < 0.05 < 0.02 < 0.02 < 0.05 < 0.05 < 0.05 < 0.05 < 0.01 < 0.01

< 0.05 < 0.02 < 0.05 < 0.05 < 0.05 < 0.05 < 0.02 < 0.02 < 0.05 < 0.05 < 0.05 < 0.05 < 0.01 < 0.01

< 0.05 < 0.02 < 0.05 < 0.05 < 0.05 < 0.05 < 0.02 < 0.02 < 0.05 < 0.05 < 0.05 < 0.05 < 0.01 < 0.01

< 0.05 < 0.02 < 0.05 < 0.05 < 0.05 < 0.05 < 0.02 < 0.02 < 0.05 < 0.05 < 0.05 < 0.05 < 0.01 < 0.01

< 0.05 < 0.02 < 0.05 < 0.05 < 0.05 < 0.05 < 0.02 < 0.02 < 0.05 < 0.05 < 0.05 < 0.05 < 0.01 < 0.01

< 0.05 < 0.02 < 0.05 < 0.05 < 0.05 < 0.05 < 0.02 < 0.02 < 0.05 < 0.05 < 0.05 < 0.05 < 0.01 < 0.01

< 0.05 < 0.02 < 0.05 < 0.05 < 0.05 < 0.05 < 0.02 < 0.02 < 0.05 < 0.05 < 0.05 < 0.05 < 0.01 < 0.01

< 0.05 < 0.02 < 0.05 < 0.05 < 0.05 < 0.05 < 0.02 < 0.02 < 0.05 < 0.05 < 0.05 < 0.05 < 0.01 < 0.01

< 0.05 < 0.02 < 0.05 < 0.05 < 0.05 < 0.05 < 0.02 < 0.02 < 0.05 < 0.05 < 0.05 < 0.05 < 0.01 < 0.01

< 0.05 < 0.02 < 0.05 < 0.05 < 0.05 < 0.05 < 0.02 < 0.02 < 0.05 < 0.05 < 0.05 < 0.05 < 0.01 < 0.01

< 0.05 < 0.02 < 0.05 < 0.05 < 0.05 < 0.05 < 0.02 < 0.02 < 0.05 < 0.05 < 0.05 < 0.05 < 0.01 < 0.01

< 0.05 < 0.02 < 0.05 < 0.05 < 0.05 < 0.05 < 0.02 < 0.02 < 0.05 < 0.05 < 0.05 < 0.05 < 0.01 < 0.01

< 0.05 < 0.02 < 0.05 < 0.05 < 0.05 < 0.05 < 0.02 < 0.02 < 0.05 < 0.05 < 0.05 < 0.05 < 0.01 < 0.01

< 0.05 < 0.02 < 0.05 < 0.05 < 0.05 < 0.05 < 0.02 < 0.02 < 0.05 < 0.05 < 0.05 < 0.05 < 0.01 < 0.01

< 0.05 < 0.02 < 0.05 < 0.05 < 0.05 < 0.05 < 0.02 < 0.02 < 0.05 < 0.05 < 0.05 < 0.05 < 0.01 < 0.01

< 0.05 < 0.02 < 0.05 < 0.05 < 0.05 < 0.05 < 0.02 < 0.02 < 0.05 < 0.05 < 0.05 < 0.05 < 0.01 < 0.01

< 0.05 < 0.02 < 0.05 < 0.05 < 0.05 < 0.05 < 0.02 < 0.02 < 0.05 < 0.05 < 0.05 < 0.05 < 0.01 < 0.01

< 0.05 < 0.02 < 0.05 < 0.05 < 0.05 < 0.05 < 0.02 < 0.02 < 0.05 < 0.05 < 0.05 < 0.05 < 0.01 < 0.01

< 0.05 < 0.02 < 0.05 < 0.05 < 0.05 < 0.05 < 0.02 < 0.02 < 0.05 < 0.05 < 0.05 < 0.05 < 0.01 < 0.01

< 0.05 < 0.02 < 0.05 < 0.05 < 0.05 < 0.05 < 0.02 < 0.02 < 0.05 < 0.05 < 0.05 < 0.05 < 0.01 < 0.01

< 0.05 < 0.02 < 0.05 < 0.05 < 0.05 < 0.05 < 0.02 < 0.02 < 0.05 < 0.05 < 0.05 < 0.05 < 0.01 < 0.01

< 0.05 < 0.02 < 0.05 < 0.05 < 0.05 < 0.05 < 0.02 < 0.02 < 0.05 < 0.05 < 0.05 < 0.05 < 0.01 < 0.01

< 0.05 < 0.02 < 0.05 < 0.05 < 0.05 < 0.05 < 0.02 < 0.02 < 0.05 < 0.05 < 0.05 < 0.05 < 0.01 < 0.01

< 0.05 < 0.02 < 0.05 < 0.05 < 0.05 < 0.05 < 0.02 < 0.02 < 0.05 < 0.05 < 0.05 < 0.05 < 0.01 < 0.01

< 0.05 < 0.02 < 0.05 < 0.05 < 0.05 < 0.05 < 0.02 < 0.02 < 0.05 < 0.05 < 0.05 < 0.05 < 0.01 < 0.01

< 0.05 < 0.02 < 0.05 < 0.05 < 0.05 < 0.05 < 0.02 < 0.02 < 0.05 < 0.05 < 0.05 < 0.05 < 0.01 < 0.01

< 0.05 < 0.02 < 0.05 < 0.05 < 0.05 < 0.05 < 0.02 < 0.02 < 0.05 < 0.05 < 0.05 < 0.05 < 0.01 < 0.01

< 0.05 < 0.02 < 0.05 < 0.05 < 0.05 < 0.05 < 0.02 < 0.02 < 0.05 < 0.05 < 0.05 < 0.05 < 0.01 < 0.01

< 0.05 < 0.02 < 0.05 < 0.05 < 0.05 < 0.05 < 0.02 < 0.02 < 0.05 < 0.05 < 0.05 < 0.05 < 0.01 < 0.01

< 0.05 < 0.02 < 0.05 < 0.05 < 0.05 < 0.05 < 0.02 < 0.02 < 0.05 < 0.05 < 0.05 < 0.05 0.03 * 0.01

< 0.05 < 0.02 < 0.05 < 0.05 < 0.05 < 0.05 < 0.02 < 0.02 < 0.05 < 0.05 < 0.05 < 0.05 0.05 0.05

< 0.05 < 0.02 < 0.05 < 0.05 < 0.05 < 0.05 < 0.02 < 0.02 < 0.05 < 0.05 < 0.05 < 0.05 < 0.01 < 0.01

Perfluoroalkyl Sulfonamides (n:2) Fluorotelomer Sulfonic Acids Sum of PFAS
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Table C

Groundwater and Surface Water Analytical Data - PFAS

Williamtown Sand Syndicate

Sample Name Sample Date

BH11 21-Feb-19

BH2 22-Feb-19

BH3 21-Feb-19

21-Feb-19

15-Mar-19

23-Apr-19

16-May-19

14-Jun-19

16-Jul-19

15-Aug-19

16-Sep-19

25-Sep-19

15-Oct-19

18-Nov-19

17-Dec-19

16-Jan-20

BH5 22-Feb-19

22-Feb-19

14-Mar-19

23-Apr-19

16-May-19

14-Jun-19

16-Jul-19

15-Aug-19

16-Sep-19

15-Oct-19

18-Nov-19

17-Dec-19

16-Jan-20

22-Feb-19

14-Mar-19

23-Apr-19

16-May-19

14-Jun-19

16-Jul-19

15-Aug-19

16-Sep-19

15-Oct-19

18-Nov-19

17-Dec-19

16-Jan-20

21-Feb-19

14-Mar-19

23-Apr-19

16-May-19

14-Jun-19

16-Jul-19

15-Aug-19

16-Sep-19

15-Oct-19

18-Nov-19

17-Dec-19

16-Jan-20

MW239S 22-Feb-19

16-May-19

16-Sep-19

18-Nov-19

22-Feb-19

16-May-19

16-Sep-19

18-Nov-19

16-May-19

16-Sep-19

25-Sep-19

18-Nov-19

Notes:

- - Not analysed

< - Less than laboratory limit of reporting

µg/L - Micrograms per litre

*** 99% Level of protection in freshwater
4
 Recreation water 

NHMRC ADWG 6

HEPA NEMP 2018***

HEPA NEMP 2018
4

LOR

Units

Analyte

SW4

SW1

SW3

BH4

BH6

BH7

BH8

Sum of PFAS

0.01

µg/L

< 0.01

< 0.01

< 0.01

< 0.01

< 0.01

< 0.01

< 0.01

< 0.01

< 0.01

< 0.01

0.02

0.02

< 0.01

< 0.01

< 0.01

< 0.01

< 0.01

< 0.01

< 0.01

< 0.01

< 0.01

< 0.01

< 0.01

< 0.01

< 0.01

< 0.01

< 0.01

0.19

< 0.01

< 0.01

< 0.01

< 0.01

< 0.01

< 0.01

< 0.01

< 0.01

< 0.01

< 0.01

< 0.01

< 0.01

< 0.01

< 0.01

< 0.01

< 0.01

< 0.01

< 0.01

< 0.01

< 0.01

< 0.01

< 0.01

< 0.01

< 0.01

< 0.01

< 0.01

< 0.01

< 0.01

< 0.01

< 0.01

< 0.01

< 0.01

< 0.01

< 0.01

0.01

0.05

< 0.01
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Table D

Groundwater and Surface Water Analytical Data - Inorganics

Williamtown Sand Syndicate

Sodium Calcium Magnesium Potassium Sulphate Chloride Fluoride
Reactive phosphorus as 

P

Total 

Phosphorus
Nitrite as N Nitrate as N

Nitrite + Nitrate as 

N

Ammonia as 

N

Total Nitrogen as 

N

Total Kjeldahl Nitrogen 

as N
Total Cations Total Anions Ionic Balance

1 1 1 1 1 1 0.1 0.01 0.01 0.01 0.01 0.01 0.01 0.1 0.1 0.01 0.01

mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L meq/L meq/L %

0.02* 0.05* 0.7** 0.9** 0.35*

180
3

250
3

250
3

1.5 3 50 0.5
3

Sample Name Sample Date

15-Mar-19 11 2.0 1.0 < 1.0 < 1.0 25 < 0.1 - - - - - - - - 0.66 0.88 -

23-Apr-19 14 1.0 2.0 < 1.0 4.0 25 < 0.1 - - - - - - - - 0.82 0.99 -

16-May-19 12 < 1.0 2.0 < 1.0 5.0 25 < 0.1 0.03 < 0.01 < 0.01 < 0.01 < 0.01 0.11 0.3 0.3 0.69 1.01 -

14-Jun-19 10 < 1.0 2.0 < 1.0 3.0 24 < 0.1 - - - - - - - - 0.6 0.94 -

16-Jul-19 15 < 1.0 2.0 < 1.0 4.0 23 < 0.1 - - - - - - - - 0.82 0.95 -

15-Aug-19 14 < 1.0 2.0 < 1.0 2.0 21 < 0.1 - - - - - - - - 0.77 0.91 -

16-Sep-19 13 < 1.0 2.0 < 1.0 2.0 20 < 0.1 < 0.01 0.06 < 0.01 < 0.01 < 0.01 0.12 0.3 0.3 0.73 0.76 -

15-Oct-19 13 < 1.0 2.0 < 1.0 2.0 21 < 0.1 - - - - - - - - 0.73 0.71 -

18-Nov-19 16 < 1.0 2.0 < 1.0 3.0 23 0.1 < 0.01 < 0.01 < 0.01 0.01 0.01 0.13 0.3 0.3 0.86 1.19 -

17-Dec-19 14 <1 2 <1 5 23 <0.1 - - - - - - - - 0.77 1.05 -

16-Jan-20 16 <1 3 <1 3 25 <0.1 - - - - - - - - 0.94 1.21 -

21-Feb-19 48 < 1.0 10 < 1.0 24 80 0.1 < 0.01 0.03 < 0.01 0.04 0.04 0.06 1.8 1.8 2.91 2.76 -

15-Mar-19 26 < 1.0 2.0 < 1.0 2.0 52 < 0.1 - - - - - - - - 1.3 1.51 -

23-Apr-19 32 < 1.0 5.0 < 1.0 2.0 57 < 0.1 - - - - - - - - 1.8 1.65 -

16-May-19 29 < 1.0 4.0 < 1.0 2.0 55 < 0.1 < 0.01 0.01 < 0.01 < 0.01 < 0.01 0.12 0.4 0.4 1.59 1.59 -

14-Jun-19 26 < 1.0 3.0 < 1.0 < 1.0 53 < 0.1 - - - - - - - - 1.38 1.5 -

16-Jul-19 49 < 1.0 8.0 < 1.0 8.0 73 0.2 - - - - - - - - 2.79 2.22 -

15-Aug-19 28 < 1.0 3.0 < 1.0 4.0 47 < 0.1 - - - - - - - - 1.46 1.41 -

16-Sep-19 27 < 1.0 3.0 < 1.0 5.0 46 < 0.1 < 0.01 0.12 < 0.01 < 0.01 < 0.01 0.15 0.7 0.7 1.42 1.4 -

15-Oct-19 28 < 1.0 3.0 < 1.0 3.0 44 < 0.1 - - - - - - - - 1.46 1.3 -

18-Nov-19 28 < 1.0 3.0 < 1.0 < 1.0 53 < 0.1 < 0.01 2.11 < 0.01 0.06 0.06 0.18 5.9 5.8 1.46 1.5 -

17-Dec-19 26 <1 4 <1 <1 48 <0.1 - - - - - - - - 1.46 1.39 -

16-Jan-20 25 <1 3 <1 <1 46 <0.1 - - - - - - - - 1.33 1.34 -

22-Feb-19 12 2.0 2.0 < 1.0 6.0 22 0.1 < 0.01 0.28 < 0.01 2.76 2.76 0.05 4.0 1.2 0.79 0.74 -

15-Mar-19 10 3.0 2.0 < 1.0 7.0 23 < 0.1 - - - - - - - - 0.75 0.79 -

23-Apr-19 14 2.0 2.0 < 1.0 6.0 23 < 0.1 - - - - - - - - 0.87 0.77 -

16-May-19 12 2.0 2.0 < 1.0 21 22 < 0.1 < 0.01 0.26 < 0.01 0.38 0.38 0.01 1.3 0.9 0.79 1.06 -

14-Jun-19 11 1.0 2.0 < 1.0 5.0 23 < 0.1 - - - - - - - - 0.69 0.75 -

16-Jul-19 13 2.0 2.0 < 1.0 9.0 20 < 0.1 - - - - - - - - 0.83 0.75 -

15-Aug-19 12 1.0 2.0 < 1.0 8.0 20 < 0.1 - - - - - - - - 0.74 0.73 -

16-Sep-19 11 2.0 2.0 < 1.0 8.0 18 < 0.1 < 0.01 0.28 < 0.01 1.07 1.07 0.04 2.7 1.6 0.74 0.67 -

15-Oct-19 12 2.0 2.0 < 1.0 5.0 20 < 0.1 - - - - - - - - 0.79 0.67 -

18-Nov-19 14 2.0 1.0 < 1.0 7.0 19 < 0.1 < 0.01 0.21 < 0.01 1.01 1.01 0.05 2.1 1.1 0.79 0.68 -

17-Dec-19 13 2 2 <1 8 17 <0.1 - - - - - - - - 0.83 0.69 -

16-Jan-20 13 2 2 <1 6 17 <0.1 - - - - - - - - 0.83 0.72 -

BH3 21-Feb-19 4.0 4.0 1.0 < 1.0 4.0 10 < 0.1 < 0.01 2.76 < 0.01 0.78 0.78 0.3 5.9 5.1 0.46 0.54 -

21-Feb-19 8.0 2.0 1.0 1.0 5.0 17 < 0.1 < 0.01 0.19 < 0.01 0.35 0.35 0.04 0.6 0.3 0.56 0.7 -

15-Mar-19 9.0 2.0 < 1.0 < 1.0 5.0 18 < 0.1 - - - - - - - - 0.49 0.61 -

23-Apr-19 10 2.0 1.0 1.0 3.0 19 < 0.1 - - - - - - - - 0.64 0.6 -

16-May-19 9.0 2.0 1.0 1.0 22 19 < 0.1 < 0.01 0.97 < 0.01 0.29 0.29 < 0.01 1.0 0.7 0.6 0.99 -

14-Jun-19 6.0 1.0 1.0 < 1.0 4.0 18 < 0.1 - - - - - - - - 0.39 0.59 -

16-Jul-19 10 2.0 2.0 1.0 6.0 18 < 0.1 - - - - - - - - 0.72 0.63 -

15-Aug-19 8.0 2.0 1.0 1.0 5.0 16 < 0.1 - - - - - - - - 0.56 0.56 -

16-Sep-19 11 2.0 2.0 < 1.0 8.0 19 < 0.1 < 0.01 0.4 < 0.01 0.24 0.24 0.02 0.6 0.4 0.74 0.7 -

15-Oct-19 10 1.0 1.0 < 1.0 4.0 18 < 0.1 - - - - - - - - 0.57 0.59 -

18-Nov-19 11 1.0 1.0 < 1.0 6.0 18 < 0.1 < 0.01 0.08 < 0.01 0.29 0.29 < 0.01 0.3 < 0.1 0.61 0.63 -

17-Dec-19 9 1 1 1 6 16 <0.1 - - - - - - - - 0.55 0.64 -

16-Jan-20 13 2 2 2 6 18 <0.1 - - - - - - - - 0.88 0.71 -

BH5 22-Feb-19 42 < 1.0 6.0 1.0 19 69 0.2 < 0.01 0.34 < 0.01 < 0.01 < 0.01 0.09 3.0 3.0 2.35 2.34 -

22-Feb-19 28 3.0 4.0 1.0 28 42 < 0.1 < 0.01 0.05 < 0.01 0.09 0.09 0.14 0.5 0.4 1.72 1.77 -

14-Mar-19 23 2.0 4.0 1.0 17 37 < 0.1 - - - - - - - - 1.46 1.44 -

23-Apr-19 25 3.0 4.0 1.0 18 42 < 0.1 - - - - - - - - 1.59 1.56 -

16-May-19 23 3.0 4.0 1.0 18 45 < 0.1 < 0.01 0.13 < 0.01 < 0.01 < 0.01 0.14 0.6 0.6 1.5 1.64 -

14-Jun-19 20 2.0 4.0 1.0 16 42 < 0.1 - - - - - - - - 1.32 1.52 -

16-Jul-19 23 2.0 4.0 1.0 20 35 < 0.1 - - - - - - - - 1.46 1.4 -

15-Aug-19 23 2.0 3.0 1.0 21 38 < 0.1 - - - - - - - - 1.37 1.51 -

16-Sep-19 25 3.0 3.0 1.0 21 38 < 0.1 < 0.01 0.15 < 0.01 0.07 0.07 0.19 0.8 0.7 1.51 1.55 -

15-Oct-19 25 2.0 4.0 1.0 13 41 < 0.1 - - - - - - - - 1.54 1.43 -

18-Nov-19 27 3.0 3.0 1.0 18 45 < 0.1 < 0.01 0.06 < 0.01 < 0.01 < 0.01 0.23 0.4 0.4 1.6 1.64 -

17-Dec-19 26 2 4 1 16 42 <0.1 - - - - - - - - 1.58 1.62 -

16-Jan-20 30 3 4 2 15 50 0.2 - - - - - - - - 1.83 1.86 -

22-Feb-19 34 < 1.0 5.0 2.0 12 64 0.2 < 0.01 0.13 < 0.01 0.02 0.02 0.34 2.2 2.2 1.94 2.06 -

14-Mar-19 36 < 1.0 6.0 2.0 16 61 < 0.1 - - - - - - - - 2.11 2.05 1.37

23-Apr-19 38 < 1.0 6.0 2.0 17 62 < 0.1 - - - - - - - - 2.2 2.1 -

16-May-19 35 < 1.0 5.0 2.0 15 68 0.2 < 0.01 0.06 < 0.01 < 0.01 < 0.01 0.27 0.9 0.9 1.98 2.23 -

14-Jun-19 31 < 1.0 4.0 2.0 11 56 0.1 - - - - - - - - 1.73 1.81 -

16-Jul-19 36 < 1.0 5.0 2.0 12 46 < 0.1 - - - - - - - - 2.03 1.55 -

15-Aug-19 32 < 1.0 4.0 2.0 15 49 0.1 - - - - - - - - 1.77 1.85 -

16-Sep-19 27 < 1.0 4.0 1.0 13 53 < 0.1 < 0.01 0.09 < 0.01 0.06 0.06 0.2 1.2 1.1 1.53 1.86 -

15-Oct-19 34 < 1.0 5.0 2.0 12 53 < 0.1 - - - - - - - - 1.94 1.74 -

18-Nov-19 31 < 1.0 5.0 1.0 15 56 0.1 < 0.01 0.02 < 0.01 < 0.01 < 0.01 0.17 0.5 0.5 1.78 1.89 -

17-Dec-19 26 <1 5 1 15 44 <0.1 - - - - - - - - 1.57 1.59 -

16-Jan-20 27 <1 4 1 13 46 0.2 - - - - - - - - 1.53 1.63 -

NHMRC ADWG 6

LOR

ANZECC 2000 Trigger Values

Units

Analyte

Anions and Cations  

BH7

BH1

BH11

BH2

BH4

BH6

20193820.001A Page 7 of 16



Table D

Groundwater and Surface Water Analytical Data - Inorganics

Williamtown Sand Syndicate

 Inorganics  

Sodium 

Adsorption Ratio

Bicarbonate Alkalinity 

as CaCO3

Carbonate Alkalinity 

as CaCO3

Hydroxide Alkalinity 

as CaCO3

Total Alkalinity 

as CaCO3

Total Hardness 

as CaCO3

Electrical Conductivity 

@ 25°C*

Total Dissolved 

Solids

Total Dissolved 

Solids
pH

0.01 1 1 1 1 1 1 1 10 0.01

- mg/L mg/L mg/L mg/L mg/L µS/cm mg/L mg/L pH units

125-2200 6.5 - 8.0*

200
3

600
3

6.5-8.5
3

- 9.0 < 1.0 < 1.0 9.0 9.0 104 68 129 5.67

- 10 < 1.0 < 1.0 10 11 84 55 97 5.83

1.7 10 < 1.0 < 1.0 10 8.0 105 68 164 5.82

- 10 < 1.0 < 1.0 10 8.0 99 64 72 5.52

- 11 < 1.0 < 1.0 11 8.0 102 66 84 5.62

- 14 < 1.0 < 1.0 14 8.0 128 83 82 6.22

1.84 8.0 < 1.0 < 1.0 8.0 8.0 102 66 88 5.44

- 4.0 < 1.0 < 1.0 4.0 8.0 98 64 - 5.5

2.26 24 < 1.0 < 1.0 24 8.0 126 82 - 6.29

- 15 <1 <1 15 8 118 77 - 6.05

- 22 <1 <1 22 12 112 73 - 6.23

3.21 < 1.0 < 1.0 < 1.0 < 1.0 41 346 278 - 4.67

- < 1.0 < 1.0 < 1.0 < 1.0 8.0 186 121 144 4.82

- < 1.0 < 1.0 < 1.0 < 1.0 20 150 98 135 4.99

3.0 < 1.0 < 1.0 < 1.0 < 1.0 16 188 122 216 4.91

- < 1.0 < 1.0 < 1.0 < 1.0 12 175 114 107 4.84

- < 1.0 < 1.0 < 1.0 < 1.0 33 318 207 192 4.68

- < 1.0 < 1.0 < 1.0 < 1.0 12 197 128 135 4.88

3.18 < 1.0 < 1.0 < 1.0 < 1.0 12 195 127 140 4.66

- < 1.0 < 1.0 < 1.0 < 1.0 12 194 126 - 4.92

3.3 < 1.0 < 1.0 < 1.0 < 1.0 12 193 125 - 5.12

- 2 <1 <1 2 16 196 127 - 5.03

- 2 <1 <1 2 12 168 109 - 5.09

1.44 < 1.0 < 1.0 < 1.0 < 1.0 13 91 128 - 4.87

- < 1.0 < 1.0 < 1.0 < 1.0 16 101 66 90 4.71

- < 1.0 < 1.0 < 1.0 < 1.0 13 70 46 84 4.82

1.44 < 1.0 < 1.0 < 1.0 < 1.0 13 94 61 144 4.85

- < 1.0 < 1.0 < 1.0 < 1.0 11 91 59 51 4.76

- < 1.0 < 1.0 < 1.0 < 1.0 13 90 58 63 4.84

- < 1.0 < 1.0 < 1.0 < 1.0 11 110 72 61 5.2

1.32 < 1.0 < 1.0 < 1.0 < 1.0 13 96 62 60 4.72

- < 1.0 < 1.0 < 1.0 < 1.0 13 102 66 - 5.06

2.02 < 1.0 < 1.0 < 1.0 < 1.0 9.0 102 66 - 5.47

- 2 <1 <1 2 13 106 69 - 5.43

- 6 <1 <1 6 13 102 66 - 5.61

0.46 9.0 < 1.0 < 1.0 9.0 14 60 438 - 5.55

1.15 6.0 < 1.0 < 1.0 6.0 9.0 73 96 - 5.4

- < 1.0 < 1.0 < 1.0 < 1.0 5.0 77 50 70 5.12

- < 1.0 < 1.0 < 1.0 < 1.0 9.0 54 35 61 5.05

1.3 < 1.0 < 1.0 < 1.0 < 1.0 9.0 73 47 100 4.99

- < 1.0 < 1.0 < 1.0 < 1.0 7.0 69 45 36 4.84

- < 1.0 < 1.0 < 1.0 < 1.0 13 75 49 42 4.96

- < 1.0 < 1.0 < 1.0 < 1.0 9.0 85 55 49 5.01

1.32 < 1.0 < 1.0 < 1.0 < 1.0 13 95 62 58 4.83

- < 1.0 < 1.0 < 1.0 < 1.0 7.0 85 55 - 4.93

1.86 < 1.0 < 1.0 < 1.0 < 1.0 7.0 86 56 - 5.34

- 3 <1 <1 3 7 85 55 - 5.44

- 4 <1 <1 4 13 85 55 - 5.5

3.59 < 1.0 < 1.0 < 1.0 < 1.0 25 250 211 - 4.87

2.49 < 1.0 < 1.0 < 1.0 < 1.0 24 177 144 - 4.37

- 2.0 < 1.0 < 1.0 2.0 21 179 116 146 4.95

- < 1.0 < 1.0 < 1.0 < 1.0 24 136 88 115 4.64

2.04 < 1.0 < 1.0 < 1.0 < 1.0 24 175 114 214 4.88

- < 1.0 < 1.0 < 1.0 < 1.0 21 174 113 90 4.82

- < 1.0 < 1.0 < 1.0 < 1.0 21 161 105 82 4.73

- < 1.0 < 1.0 < 1.0 < 1.0 17 201 131 104 4.87

2.44 2.0 < 1.0 < 1.0 2.0 20 197 128 124 4.68

- < 1.0 < 1.0 < 1.0 < 1.0 21 202 131 - 5.17

2.64 < 1.0 < 1.0 < 1.0 < 1.0 20 204 133 - 5.32

- 5 <1 <1 5 21 207 134 - 5.58

- 7 <1 <1 7 24 218 142 - 5.51

3.16 < 1.0 < 1.0 < 1.0 < 1.0 20 213 196 - 4.76

- < 1.0 < 1.0 < 1.0 < 1.0 25 271 176 212 4.73

- < 1.0 < 1.0 < 1.0 < 1.0 25 205 133 185 4.51

3.26 < 1.0 < 1.0 < 1.0 < 1.0 20 235 153 310 4.87

- < 1.0 < 1.0 < 1.0 < 1.0 16 213 138 145 4.91

- < 1.0 < 1.0 < 1.0 < 1.0 20 202 131 164 5.0

- 8.0 < 1.0 < 1.0 8.0 16 232 151 168 5.53

2.79 5.0 < 1.0 < 1.0 5.0 16 222 144 181 5.07

- < 1.0 < 1.0 < 1.0 < 1.0 20 252 164 - 4.95

2.89 < 1.0 < 1.0 < 1.0 < 1.0 20 239 155 - 4.97

- 2.0 <1 <1 2.0 20 210 136 - 5.14

- 3 <1 <1 3 16 202 131 - 5.27

Alkalinity
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Table D

Groundwater and Surface Water Analytical Data - Inorganics

Williamtown Sand Syndicate

Sodium Calcium Magnesium Potassium Sulphate Chloride Fluoride
Reactive phosphorus as 

P

Total 

Phosphorus
Nitrite as N Nitrate as N

Nitrite + Nitrate as 

N

Ammonia as 

N

Total Nitrogen as 

N

Total Kjeldahl Nitrogen 

as N
Total Cations Total Anions Ionic Balance

1 1 1 1 1 1 0.1 0.01 0.01 0.01 0.01 0.01 0.01 0.1 0.1 0.01 0.01

mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L meq/L meq/L %

0.02* 0.05* 0.7** 0.9** 0.35*

180
3

250
3

250
3

1.5 3 50 0.5
3

NHMRC ADWG 6

LOR

ANZECC 2000 Trigger Values

Units

Analyte

Anions and Cations  

21-Feb-19 52 < 1.0 6.0 < 1.0 11 90 < 0.1 < 0.01 1.97 < 0.01 < 0.01 < 0.01 0.5 2.4 2.4 2.76 2.77 -

14-Mar-19 45 < 1.0 6.0 < 1.0 6.0 76 < 0.1 - - - - - - - - 2.45 2.27 -

23-Apr-19 53 < 1.0 7.0 < 1.0 8.0 89 < 0.1 - - - - - - - - 2.88 2.68 -

16-May-19 47 < 1.0 4.0 < 1.0 6.0 81 < 0.1 < 0.01 < 0.01 < 0.01 < 0.01 < 0.01 0.12 0.4 0.4 2.37 2.43 -

14-Jun-19 47 < 1.0 5.0 < 1.0 4.0 89 < 0.1 - - - - - - - - 2.46 2.59 -

16-Jul-19 57 < 1.0 5.0 < 1.0 70 121 0.1 - - - - - - - - 2.89 4.87 26

15-Aug-19 42 < 1.0 3.0 < 1.0 4.0 63 < 0.1 - - - - - - - - 2.07 1.86 -

16-Sep-19 46 < 1.0 3.0 < 1.0 4.0 70 < 0.1 < 0.01 0.43 < 0.01 < 0.01 < 0.01 0.13 1.1 1.1 2.25 2.06 -

15-Oct-19 45 < 1.0 4.0 < 1.0 4.0 70 < 0.1 - - - - - - - - 2.29 2.06 -

18-Nov-19 49 < 1.0 4.0 < 1.0 8.0 80 < 0.1 < 0.01 0.58 < 0.01 0.01 0.01 0.17 1.3 1.3 2.46 2.42 -

17-Dec-19 50 <1 4 <1 10 75 <0.1 - - - - - - - - 2.5 2.36 -

16-Jan-20 49 <1 4 <1 13 78 <0.1 - - - - - - - - 2.46 6.61 -

22-Feb-19 61 < 1.0 6.0 < 1.0 6.0 104 < 0.1 < 0.01 0.56 < 0.01 < 0.01 < 0.01 0.18 3.9 3.9 3.15 3.06 1.43

14-Mar-19 64 < 1.0 6.0 < 1.0 2.0 126 < 0.1 - - - - - - - - 3.28 3.64 5.18

23-Apr-19 64 < 1.0 7.0 1.0 9.0 97 < 0.1 - - - - - - - - 3.38 2.92 7.32

16-May-19 52 < 1.0 6.0 < 1.0 13 88 < 0.1 < 0.01 0.43 < 0.01 < 0.01 < 0.01 0.09 1.7 1.7 2.76 2.75 -

14-Jun-19 50 < 1.0 6.0 < 1.0 13 87 < 0.1 - - - - - - - - 2.67 2.86 -

16-Jul-19 52 < 1.0 7.0 1.0 16 73 < 0.1 - - - - - - - - 2.86 2.39 -

15-Aug-19 54 < 1.0 7.0 < 1.0 11 88 < 0.1 - - - - - - - - 2.92 2.71 -

16-Sep-19 55 < 1.0 6.0 1.0 14 85 < 0.1 < 0.01 0.32 < 0.01 < 0.01 < 0.01 0.1 1.4 1.4 2.91 2.69 -

15-Oct-19 58 < 1.0 6.0 < 1.0 8.0 108 < 0.1 - - - - - - - - 3.02 3.21 3.15

18-Nov-19 63 < 1.0 6.0 1.0 8.0 118 < 0.1 < 0.01 0.23 < 0.01 < 0.01 < 0.01 0.17 1.2 1.2 3.26 3.5 3.48

17-Dec-19 65 <1 8 <1 6 127 <0.1 - - - - - - - - 3.48 3.75 3.62

16-Jan-20 67 <1 8 <1 7 120 <0.1 - - - - - - - - 3.57 3.57 0.03

23-Apr-19 94 34 52 6.0 310 95 0.5 - - - - - - - - 10 9.13 5.6

16-May-19 86 24 42 6.0 324 112 0.3 < 0.01 0.13 < 0.01 < 0.01 < 0.01 < 0.01 1.8 1.8 8.94 9.9 5.13

14-Jun-19 77 20 34 5.0 182 112 0.4 - - - - - - - - 7.27 6.95 2.28

16-Jul-19 90 20 35 4.0 240 130 0.4 - - - - - - - - 7.9 8.66 4.64

15-Aug-19 97 18 32 4.0 212 134 0.4 - - - - - - - - 7.85 8.19 2.12

16-Sep-19 117 21 39 4.0 244 193 0.7 < 0.01 0.05 < 0.01 0.02 0.02 < 0.01 1.2 1.2 9.45 11 5.38

15-Oct-19 124 16 31 3.0 127 191 0.6 - - - - - - - - 8.82 8.03 4.68

18-Nov-19 142 14 30 4.0 165 234 0.5 < 0.01 0.02 < 0.01 < 0.01 < 0.01 0.03 1.1 1.1 9.45 10 3.03

22-Feb-19 40 4.0 4.0 1.0 16 82 < 0.1 < 0.01 0.06 < 0.01 < 0.01 < 0.01 0.16 1.0 1.0 2.55 2.87 -

14-Mar-19 45 6.0 6.0 2.0 44 64 < 0.1 - - - - - - - - 2.8 2.8 -

23-Apr-19 37 8.0 6.0 1.0 42 53 < 0.1 - - - - - - - - 2.53 2.37 -

16-May-19 35 7.0 5.0 < 1.0 34 54 < 0.1 < 0.01 < 0.01 < 0.01 < 0.01 < 0.01 < 0.01 0.1 0.1 2.28 2.25 -

14-Jun-19 32 7.0 6.0 < 1.0 41 55 < 0.1 - - - - - - - - 2.24 2.4 -

16-Jul-19 46 8.0 12 < 1.0 104 57 0.2 - - - - - - - - 3.39 3.77 5.38

15-Aug-19 38 6.0 7.0 < 1.0 54 56 0.1 - - - - - - - - 2.53 2.7 -

16-Sep-19 42 7.0 8.0 < 1.0 48 57 0.1 < 0.01 < 0.01 < 0.01 < 0.01 < 0.01 0.01 0.1 0.1 2.83 2.61 -

15-Oct-19 40 5.0 7.0 < 1.0 42 57 0.2 - - - - - - - - 2.56 2.48 -

18-Nov-19 36 5.0 5.0 < 1.0 29 56 < 0.1 < 0.01 0.04 < 0.01 0.01 0.01 0.03 0.6 0.6 2.23 2.18 -

17-Dec-19 40 4 7 1 25 57 <0.1 - - - - - - - - 2.54 2.25

23-Apr-19 39 5.0 5.0 < 1.0 60 64 0.1 - - - - - - - - 2.36 3.05 13

16-May-19 41 5.0 5.0 < 1.0 41 59 < 0.1 0.01 < 0.01 < 0.01 0.05 0.05 < 0.01 0.2 0.2 2.44 2.52 -

14-Jun-19 40 5.0 5.0 < 1.0 39 60 < 0.1 - - - - - - - - 2.4 2.5 -

16-Jul-19 46 7.0 7.0 < 1.0 67 56 0.2 - - - - - - - - 2.93 2.97 -

15-Aug-19 40 5.0 5.0 < 1.0 43 55 0.1 - - - - - - - - 2.4 2.45 -

16-Sep-19 45 7.0 6.0 < 1.0 45 58 0.1 < 0.01 0.01 < 0.01 < 0.01 < 0.01 < 0.01 0.1 0.1 2.8 2.57 -

15-Oct-19 44 6.0 6.0 < 1.0 38 57 0.1 - - - - - - - - 2.71 2.4 -

18-Nov-19 41 4.0 5.0 < 1.0 41 64 0.2 < 0.01 < 0.01 < 0.01 0.02 0.02 < 0.01 0.2 0.2 2.76 2.66 -

Notes:

- - Not analysed

< - Less than laboratory limit of reporting

LOR - Laboratory limit of reporting

mg/L - Milligrams per litre

µS/cm - Microsiemens per centimeter

Bold indicates a detection above the laboratory limit of reporting

* Default trigger values for physical and chemical stressors, for slightly disturbed ecosystems in lowland rivers, Southeast Australia (value is for base flow and not storm event) 

** 95% Level of protection in freshwater
3
 Aesthetic

SW4

SW1

SW3

BH8

MW239S
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Table D

Groundwater and Surface Water Analytical Data - Inorganics

Williamtown Sand Syndicate

 Inorganics  

Sodium 

Adsorption Ratio

Bicarbonate Alkalinity 

as CaCO3

Carbonate Alkalinity 

as CaCO3

Hydroxide Alkalinity 

as CaCO3

Total Alkalinity 

as CaCO3

Total Hardness 

as CaCO3

Electrical Conductivity 

@ 25°C*

Total Dissolved 

Solids

Total Dissolved 

Solids
pH

0.01 1 1 1 1 1 1 1 10 0.01

- mg/L mg/L mg/L mg/L mg/L µS/cm mg/L mg/L pH units

125-2200 6.5 - 8.0*

200
3

600
3

6.5-8.5
3

Alkalinity

4.44 < 1.0 < 1.0 < 1.0 < 1.0 25 352 258 - 4.46

- < 1.0 < 1.0 < 1.0 < 1.0 25 319 207 253 4.77

- < 1.0 < 1.0 < 1.0 < 1.0 29 264 172 223 4.76

4.86 1.0 < 1.0 < 1.0 1.0 16 302 196 354 4.9

- < 1.0 < 1.0 < 1.0 < 1.0 20 315 205 194 4.82

- < 1.0 < 1.0 < 1.0 < 1.0 20 353 229 226 4.78

- < 1.0 < 1.0 < 1.0 < 1.0 12 260 169 140 5.0

5.43 < 1.0 < 1.0 < 1.0 < 1.0 12 293 190 206 4.85

- < 1.0 < 1.0 < 1.0 < 1.0 16 303 197 - 5.02

5.06 < 1.0 < 1.0 < 1.0 < 1.0 16 316 205 - 5.12

- 2 <1 <1 2 16 328 213 - 5.02

- 7 <1 <1 7 16 318 207 - 5.55

5.21 < 1.0 < 1.0 < 1.0 < 1.0 25 329 234 - 4.89

- 2.0 < 1.0 < 1.0 2.0 25 410 266 232 5.02

- < 1.0 < 1.0 < 1.0 < 1.0 29 294 191 208 4.92

4.44 < 1.0 < 1.0 < 1.0 < 1.0 25 327 212 320 4.87

- 7.0 < 1.0 < 1.0 7.0 25 334 217 220 5.39

- < 1.0 < 1.0 < 1.0 < 1.0 29 353 229 188 4.85

- < 1.0 < 1.0 < 1.0 < 1.0 29 359 233 195 4.83

4.7 < 1.0 < 1.0 < 1.0 < 1.0 25 373 242 224 4.66

- < 1.0 < 1.0 < 1.0 < 1.0 25 404 263 - 4.86

5.38 < 1.0 < 1.0 < 1.0 < 1.0 25 419 272 - 4.76

- 2 <1 <1 2 33 439 285 - 5.01

- 2 <1 <1 2 33 423 275 - 5.02

- < 1.0 < 1.0 < 1.0 < 1.0 299 893 580 707 4.01

2.45 < 1.0 < 1.0 < 1.0 < 1.0 233 947 616 715 4.6

- < 1.0 < 1.0 < 1.0 < 1.0 190 847 550 512 4.5

- < 1.0 < 1.0 < 1.0 < 1.0 194 876 569 568 4.42

- < 1.0 < 1.0 < 1.0 < 1.0 177 813 528 548 4.53

3.49 < 1.0 < 1.0 < 1.0 < 1.0 213 1,080 702 689 4.32

- < 1.0 < 1.0 < 1.0 < 1.0 168 1,050 682 - 5.32

4.91 < 1.0 < 1.0 < 1.0 < 1.0 158 1,090 708 - 5.06

3.38 11 < 1.0 < 1.0 11 26 262 228 - 6.21

- 4.0 < 1.0 < 1.0 4.0 40 344 224 279 5.42

- < 1.0 < 1.0 < 1.0 < 1.0 45 220 143 190 5.2

2.47 1.0 < 1.0 < 1.0 1.0 38 271 176 300 5.24

- < 1.0 < 1.0 < 1.0 < 1.0 42 300 195 170 4.58

- < 1.0 < 1.0 < 1.0 < 1.0 69 451 293 246 4.47

- < 1.0 < 1.0 < 1.0 < 1.0 44 338 220 192 4.47

2.57 < 1.0 < 1.0 < 1.0 < 1.0 50 374 243 201 4.3

- < 1.0 < 1.0 < 1.0 < 1.0 41 383 249 - 4.75

2.72 < 1.0 < 1.0 < 1.0 < 1.0 33 278 181 - 5.39

6 <1 <1 6 39 301 196 5.75

- < 1.0 < 1.0 < 1.0 < 1.0 33 293 190 198 4.0

3.1 < 1.0 < 1.0 < 1.0 < 1.0 33 331 215 288 4.08

- < 1.0 < 1.0 < 1.0 < 1.0 33 316 205 163 4.31

- < 1.0 < 1.0 < 1.0 < 1.0 46 367 238 207 4.46

- < 1.0 < 1.0 < 1.0 < 1.0 33 308 200 160 4.48

3.01 < 1.0 < 1.0 < 1.0 < 1.0 42 360 234 208 4.35

- < 1.0 < 1.0 < 1.0 < 1.0 40 365 237 - 4.48

3.22 < 1.0 < 1.0 < 1.0 < 1.0 30 348 226 - 4.48
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Table E

Quality Control Sample Analysis - BTEXN

Williamtown Sand Syndicate

Benzene Toluene Ethylbenzene
meta- & para- 

Xylene
ortho-Xylene Total Xylenes Naphthalene Sum of BTEX C6 - C9 C10 - C14 C15 - C28 C29 - C36 C10 - C36 sum

C10-C14 - Silica 

Cleanup

C15-C28 - Silica 

Cleanup

µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L

Sample Name Sample Date Sample Type

TRIP BLANK_13022019 13-Feb-19 Trip Blank < 1.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 5.0 < 1.0 < 20 - - - - < 50 < 100

RINSATE01_21022019 21-Feb-19 Rinsate < 1.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 5.0 < 1.0 < 20 - - - - < 50 < 100

BH8_21022019 21-Feb-19 Primary < 1.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 5.0 < 1.0 < 20 - - - - < 50 < 100

DUP01_21022019 21-Feb-19 Duplicate < 1.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 5.0 < 1.0 < 20 - - - - < 50 < 100

NC NC NC NC NC NC NC NC NC NC NC NC NC NC NC

BH8_21022019 21-Feb-19 Primary < 1.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 5.0 < 1.0 < 20 - - - - < 50 < 100

TRIP01_21022019 21-Feb-19 Triplicate < 1.0 < 1.0 < 1.0 < 2.0 < 1.0 < 3.0 < 10 - < 20 < 50 < 100 < 100 < 100 < 50 < 100

NC NC NC NC NC NC NC NC NC NC NC NC NC NC NC

TRIP BLANK_130319 13-Mar-19 Trip Blank < 1.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 5.0 < 1.0 < 20 - - - - - -

RINSATE02_140319 14-Mar-19 Rinsate < 1.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 5.0 < 1.0 < 20 - - - - < 50 < 100

BH7_140319 14-Mar-19 Primary < 1.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 5.0 < 1.0 < 20 - - - - < 50 < 100

DUP02_140319 14-Mar-19 Duplicate < 1.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 5.0 < 1.0 < 20 - - - - < 50 < 100

NC NC NC NC NC NC NC NC NC NC NC NC NC NC NC

TRIP BLANK_03 23-Apr-19 Trip Blank < 1.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 5.0 < 1.0 < 20 - - - - - -

RINSATE_03 23-Apr-19 Rinsate < 1.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 5.0 < 1.0 < 20 - - - - < 50 < 100

TRIP BLANK_04 16-May-19 Trip Blank < 1.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 5.0 < 1.0 < 20 - - - - - -

RINSATE_04 16-May-19 Rinsate < 1.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 5.0 < 1.0 < 20 - - - - < 50 < 100

TRIP BLANK 05_14062019 14-Jun-19 Trip Blank < 1.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 5.0 < 1.0 < 20 - - - - < 50 < 100

RINSATE 05_14062019 14-Jun-19 Rinsate < 1.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 5.0 < 1.0 < 20 - - - - < 50 < 100

SW3_14062019 14-Jun-19 Primary < 1.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 5.0 < 1.0 < 20 - - - - < 50 < 100

DUP05_14062019 14-Jun-19 Duplicate < 1.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 5.0 < 1.0 < 20 - - - - < 50 < 100

NC NC NC NC NC NC NC NC NC NC NC NC NC NC NC

SW3_14062019 14-Jun-19 Primary < 1.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 5.0 < 1.0 < 20 - - - - < 50 < 100

TRIP05_140619 14-Jun-19 Triplicate < 1.0 < 1.0 < 1.0 < 2.0 < 1.0 < 3.0 < 10 - < 20 - - - - < 50 < 100

NC NC NC NC NC NC NC NC NC NC NC NC NC NC NC

TRIP BLANK 06_16072019 16-Jul-19 Trip Blank < 1.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 5.0 < 1.0 < 20 - - - - < 50 < 100

RINSATE06_16072019 16-Jul-19 Rinsate < 1.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 5.0 < 1.0 < 20 - - - - < 50 < 100

RINSATE07 15-Aug-19 Rinsate < 1.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 5.0 < 1.0 < 20 < 50 < 100 < 50 < 50 - -

TRIP BLANK 08_16092019 16-Sep-19 Trip Blank < 1.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 5.0 < 1.0 < 20 - - - - < 50 < 100

RINSATE 08_16092019 16-Sep-19 Rinsate < 1.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 5.0 < 1.0 < 20 - - - - < 50 < 100

SW4_16092019 16-Sep-19 Primary < 1.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 5.0 < 1.0 < 20 - - - - < 50 < 100

DUP08_16092019 16-Sep-19 Duplicate < 1.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 5.0 < 1.0 < 20 - - - - < 50 < 100

NC NC NC NC NC NC NC NC NC NC NC NC NC NC NC

SW4_16092019 16-Sep-19 Primary < 1.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 5.0 < 1.0 < 20 - - - - < 50 < 100

TRIP08_16092019 16-Sep-19 Triplicate < 1.0 < 1.0 < 1.0 < 2.0 < 1.0 < 3.0 < 10 - < 20 200 400 200 800 < 50 < 100

NC NC NC NC NC NC NC NC NC NC NC NC NC NC NC

TRIP BLANK_15102019 15-Oct-19 Trip Blank < 1.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 5.0 < 1.0 < 20 - - - - < 50 < 100

RINSATE_15102019 15-Oct-19 Rinsate < 1.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 5.0 < 1.0 < 20 - - - - < 50 < 100

TRIPBLANK09_181119 18-Nov-19 Trip Blank < 1.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 5.0 < 1.0 < 20 - - - - < 50 < 100

RINSATE09_181119 18-Nov-19 Rinsate < 1.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 5.0 < 1.0 < 20 - - - - < 50 < 100

SW4_181119 18-Nov-19 Primary < 1.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 5.0 < 1.0 < 20 - - - - < 50 < 100

DUP09_181119 18-Nov-19 Duplicate < 1.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 5.0 < 1.0 < 20 - - - - < 50 < 100

NC NC NC NC NC NC NC NC NC NC NC NC NC NC NC

SW4_181119 18-Nov-19 Primary < 1.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 5.0 < 1.0 < 20 - - - - < 50 < 100

TRIP09_18112019 18-Nov-19 Triplicate < 1.0 < 1.0 < 1.0 < 2.0 < 1.0 < 3.0 < 10 - < 20 < 50 < 100 < 100 < 100 < 50 < 100

NC NC NC NC NC NC NC NC NC NC NC NC NC NC NC

TRIPBLANK10_171219 17-Dec-19 Trip Blank < 1.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 5.0 < 1.0 < 20 - - - - < 50 < 100

RINSATE10_171219 17-Dec-19 Rinsate < 1.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 5.0 < 1.0 < 20 - - - - < 50 < 100

TRIP BLANK 13_2001333008 16-Jan-20 Trip Blank < 1.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 5.0 < 1.0 < 20 - - - - < 50 < 100

RINSATE 13_2001333009 16-Jan-20 Rinsate < 1.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 5.0 < 1.0 < 20 - - - - < 50 < 100

BH6_2001333004 16-Jan-20 Primary < 1.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 5.0 < 1.0 < 20 - - - - < 50 < 100

QW12_2001333012 16-Jan-20 Duplicate < 1.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 5.0 < 1.0 < 20 - - - - < 50 < 100

NC NC NC NC NC NC NC NC NC NC NC NC NC NC NC

BH6_2001333004 16-Jan-20 Primary < 1.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 5.0 < 1.0 < 20 - - - - < 50 < 100

QW13_14392 16-Jan-20 Triplicate < 1.0 < 1.0 < 1.0 < 2.0 < 1.0 < 3.0 < 10 - < 20 250 300 100 650 < 50 < 100

NC NC NC NC NC NC NC NC NC NC NC NC NC NC NC

Notes:

- - Not analysed

< - Less than laboratory limit of reporting

NC - Not calculated

µg/L - Micrograms per litre

BTEXN - Benzene, toluene, ethylbenzene, xylenes, naphthalene

Relative Percentage Difference

Relative Percentage Difference

Relative Percentage Difference

Relative Percentage Difference

Relative Percentage Difference

Units

Analyte

BTEXN Total Petroleum Hydrocarbons Total Petroleum Hydrocarbons - Silcia Clean up

Relative Percentage Difference

Relative Percentage Difference

Relative Percentage Difference

Relative Percentage Difference

Relative Percentage Difference

Relative Percentage Difference
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Table E

Quality Control Sample Analysis - BTEXN

Williamtown Sand Syndicate

C29-C36 - Silica 

Cleanup

C10-C36 Sum - 

Silica Cleanup
C6 - C10

C6 - C10 minus 

BTEX (F1)
>C10 - C16

>C10 - C16 

minus 

Naphthalene 

>C16 - C34 >C34 - C40

>C10-C16 - 

Silica Cleanup

F2 - Silica 

Cleanup

>C16-C34 - 

Silica Cleanup

>C34-C40 - 

Silica Cleanup

>C10-C40 - 

Silica Cleanup

µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L

< 50 < 50 < 20 < 20 - - - - < 100 < 100 < 100 < 100 < 100

< 50 < 50 < 20 < 20 - - - - < 100 < 100 < 100 < 100 < 100

< 50 < 50 < 20 < 20 - - - - < 100 < 100 < 100 < 100 < 100

< 50 < 50 < 20 < 20 - - - - < 100 < 100 < 100 < 100 < 100

NC NC NC NC NC NC NC NC NC NC NC NC NC

< 50 < 50 < 20 < 20 - - - - < 100 < 100 < 100 < 100 < 100

< 100 < 400 < 20 < 20 < 50 < 50 < 100 < 100 < 50 - < 100 < 100 < 100

NC NC NC NC NC NC NC NC NC NC NC NC NC

- - < 20 < 20 - - - - -

< 50 < 50 < 20 < 20 < 100 < 100 < 100 < 100 < 100

< 50 < 50 < 20 < 20 < 100 < 100 < 100 < 100 < 100

< 50 < 50 < 20 < 20 < 100 < 100 < 100 < 100 < 100

NC NC NC NC NC NC NC NC NC

- - < 20 < 20 - - - - -

< 50 < 50 < 20 < 20 < 100 < 100 < 100 < 100 < 100

- - < 20 < 20 - - - - -

< 50 < 50 < 20 < 20 < 100 < 100 < 100 < 100 < 100

< 50 < 50 < 20 < 20 - - - - < 100 < 100 < 100 < 100 < 100

< 50 < 50 < 20 < 20 - - - - < 100 < 100 < 100 < 100 < 100

< 50 < 50 < 20 < 20 - - - - < 100 < 100 < 100 < 100 < 100

< 50 < 50 < 20 < 20 - - - - < 100 < 100 < 100 < 100 < 100

NC NC NC NC NC NC NC NC NC NC NC NC NC

< 50 < 50 < 20 < 20 - - - - < 100 < 100 < 100 < 100 < 100

< 100 < 100 < 20 < 20 - - - - < 50 < 50 < 100 < 100 < 100

NC NC NC NC NC NC NC NC NC NC NC NC NC

< 50 < 50 < 20 < 20 - - - - < 100 < 100 < 100 < 100 < 100

< 50 < 50 < 20 < 20 - - - - < 100 < 100 < 100 < 100 < 100

- - < 20 < 20 < 100 < 100 < 100 < 100 - - - - -

< 50 < 50 < 20 < 20 - - - - < 100 < 100 < 100 < 100 < 100

< 50 < 50 < 20 < 20 - - - - < 100 < 100 < 100 < 100 < 100

< 50 < 50 < 20 < 20 - - - - < 100 < 100 < 100 < 100 < 100

< 50 < 50 < 20 < 20 - - - - < 100 < 100 < 100 < 100 < 100

NC NC NC NC NC NC NC NC NC NC NC NC NC

< 50 < 50 < 20 < 20 - - - - < 100 < 100 < 100 < 100 < 100

< 100 < 400 < 20 < 20 180 180 400 100 < 50 - < 100 < 100 -

NC NC NC NC NC NC NC NC NC NC NC NC NC

< 50 < 50 < 20 < 20 - - - - < 100 < 100 < 100 < 100 < 100

< 50 < 50 < 20 < 20 - - - - < 100 < 100 < 100 < 100 < 100

< 50 < 50 < 20 < 20 - - - - < 100 < 100 < 100 < 100 < 100

< 50 < 50 < 20 < 20 - - - - < 100 < 100 < 100 < 100 < 100

< 50 < 50 < 20 < 20 - - - - < 100 < 100 < 100 < 100 < 100

< 50 < 50 < 20 < 20 - - - - < 100 < 100 < 100 < 100 < 100

NC NC NC NC NC NC NC NC NC NC NC NC NC

< 50 < 50 < 20 < 20 - - - - < 100 < 100 < 100 < 100 < 100

< 100 < 100 < 20 < 20 < 50 < 50 < 100 < 100 < 50 - < 100 < 100 -

NC NC NC NC NC NC NC NC NC NC NC NC NC

< 50 < 50 < 20 < 20 - - - - < 100 < 100 < 100 < 100 < 100

< 50 < 50 < 20 < 20 - - - - < 100 < 100 < 100 < 100 < 100

< 50 < 50 < 20 < 20 - - - - < 100 < 100 < 100 < 100 < 100

< 50 < 50 < 20 < 20 - - - - < 100 < 100 < 100 < 100 < 100

< 50 < 50 < 20 < 20 - - - - < 100 < 100 < 100 < 100 < 100

< 50 < 50 < 20 < 20 - - - - < 100 < 100 < 100 < 100 < 100

NC NC NC NC NC NC NC NC NC NC NC NC NC

< 50 < 50 < 20 < 20 - - - - < 100 < 100 < 100 < 100 < 100

< 100 < 400 < 20 < 20 210 210 400 <100 < 50 - < 100 < 100 -

NC NC NC NC NC NC NC NC NC NC NC NC NC

Total Recoverable Hydrocarbons -  Silcia Clean upTotal Petroleum Hydrocarbons - Silcia Clean up Total Recoverable Hydrocarbons
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Table F

Quality Control Sample Analysis - Metals

Williamtown Sand Syndicate

Arsenic Barium Beryllium Boron Cadmium Chromium Cobalt Copper Iron Lead Manganese Mercury Nickel Selenium Vanadium Zinc

mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L

Sample Name Sample Date Sample Type

TRIP BLANK_13022019 13-Feb-19 Trip Blank < 0.001 < 0.001 < 0.001 < 0.05 < 0.0001 < 0.001 < 0.001 < 0.001 < 0.05 < 0.001 < 0.001 < 0.0001 < 0.001 < 0.01 < 0.01 < 0.005

RINSATE01_21022019 21-Feb-19 Rinsate < 0.001 < 0.001 < 0.001 < 0.05 < 0.0001 < 0.001 < 0.001 < 0.001 < 0.05 < 0.001 < 0.001 < 0.0001 < 0.001 < 0.01 < 0.01 < 0.005

BH8_21022019 21-Feb-19 Primary < 0.001 0.011 < 0.001 < 0.05 < 0.0001 0.001 < 0.001 < 0.001 4.1 < 0.001 0.012 < 0.0001 0.002 < 0.01 < 0.01 0.005

DUP01_21022019 21-Feb-19 Duplicate 0.001 0.014 < 0.001 < 0.05 < 0.0001 0.001 < 0.001 < 0.001 4.09 < 0.001 0.012 < 0.0001 0.003 < 0.01 < 0.01 0.015

67% 24% NC NC NC 0% NC NC 0% NC 0% NC 40% NC NC 100%

BH8_21022019 21-Feb-19 Primary < 0.001 0.011 < 0.001 < 0.05 < 0.0001 0.001 < 0.001 < 0.001 4.1 < 0.001 0.012 < 0.0001 0.002 < 0.01 < 0.01 0.005

TRIP01_21022019 21-Feb-19 Triplicate 0.001 < 0.02 < 0.001 < 0.05 < 0.0002 < 0.005 < 0.001 < 0.001 4.5 < 0.001 0.012 < 0.0001 0.003 - < 0.005 0.006

67% 10% NC NC NC 86% NC NC 9% NC 0% NC 40% NC NC 18%

TRIP BLANK_130319 13-Mar-19 Trip Blank < 0.001 < 0.001 < 0.001 < 0.05 < 0.0001 < 0.001 < 0.001 < 0.001 - < 0.001 < 0.001 < 0.0001 < 0.001 < 0.01 < 0.01 < 0.005

TRIP BLANK02_150319 15-Mar-19 Trip Blank < 0.001 0.002 < 0.001 < 0.05 < 0.0001 < 0.001 < 0.001 < 0.001 < 0.05 < 0.001 < 0.001 < 0.0001 < 0.001 < 0.01 < 0.01 < 0.005

RINSATE02_140319 14-Mar-19 Rinsate < 0.001 < 0.001 < 0.001 < 0.05 < 0.0001 < 0.001 < 0.001 < 0.001 < 0.05 < 0.001 < 0.001 < 0.0001 < 0.001 < 0.01 < 0.01 < 0.005

BH7_140319 14-Mar-19 Primary < 0.001 0.01 < 0.001 < 0.05 < 0.0001 0.001 0.003 < 0.001 1.8 < 0.001 0.02 < 0.0001 0.004 < 0.01 < 0.01 0.009

DUP02_140319 14-Mar-19 Duplicate < 0.001 0.01 < 0.001 < 0.05 < 0.0001 0.001 0.002 < 0.001 2.51 < 0.001 0.021 < 0.0001 0.004 < 0.01 < 0.01 0.007

NC 0% NC NC NC 0% 40% NC 33% NC 5% NC 0% NC NC 25%

BH7_140319 14-Mar-19 Primary < 0.001 0.01 < 0.001 < 0.05 < 0.0001 0.001 0.003 < 0.001 1.8 < 0.001 0.02 < 0.0001 0.004 < 0.01 < 0.01 0.009

TRIP02_14032019 14-Mar-19 Triplicate < 0.001 < 0.02 < 0.001 < 0.05 < 0.0002 0.001 0.002 < 0.001 1.7 < 0.001 0.019 < 0.0001 < 0.001 - < 0.005 < 0.005

NC 0% NC NC NC 0% 40% NC 6% NC 5% NC 156% NC NC 113%

TRIP BLANK_03 23-Apr-19 Trip Blank < 0.001 < 0.001 < 0.001 < 0.05 < 0.0001 < 0.001 < 0.001 < 0.001 < 0.05 < 0.001 < 0.001 < 0.0001 < 0.001 < 0.01 < 0.01 < 0.005

RINSATE_03 23-Apr-19 Rinsate < 0.001 < 0.001 < 0.001 < 0.05 < 0.0001 < 0.001 < 0.001 < 0.001 < 0.05 < 0.001 < 0.001 < 0.0001 < 0.001 < 0.01 < 0.01 < 0.005

TRIP BLANK_04 16-May-19 Trip Blank < 0.001 < 0.001 < 0.001 < 0.05 < 0.0001 < 0.001 < 0.001 < 0.001 < 0.05 < 0.001 < 0.001 < 0.0001 < 0.001 < 0.01 < 0.01 < 0.005

RINSATE_04 16-May-19 Rinsate < 0.001 < 0.001 < 0.001 < 0.05 < 0.0001 < 0.001 < 0.001 < 0.001 < 0.05 < 0.001 < 0.001 < 0.0001 < 0.001 < 0.01 < 0.01 < 0.005

TRIP BLANK 05_14062019 14-Jun-19 Trip Blank < 0.001 < 0.001 < 0.001 < 0.05 < 0.0001 < 0.001 < 0.001 < 0.001 < 0.05 < 0.001 < 0.001 < 0.0001 < 0.001 < 0.01 < 0.01 < 0.005

RINSATE 05_14062019 14-Jun-19 Rinsate < 0.001 < 0.001 < 0.001 < 0.05 < 0.0001 < 0.001 < 0.001 < 0.001 < 0.05 < 0.001 < 0.001 < 0.0001 < 0.001 < 0.01 < 0.01 < 0.005

SW3_14062019 14-Jun-19 Primary < 0.001 0.035 < 0.001 < 0.05 < 0.0001 < 0.001 0.003 < 0.001 1.68 < 0.001 0.038 < 0.0001 0.003 < 0.01 < 0.01 0.016

DUP05_14062019 14-Jun-19 Duplicate < 0.001 0.036 < 0.001 < 0.05 < 0.0001 < 0.001 0.003 < 0.001 1.63 < 0.001 0.039 < 0.0001 0.003 < 0.01 < 0.01 0.013

NC 3% NC NC NC NC 0% NC 3% NC 3% NC 0% NC NC 21%

SW3_14062019 14-Jun-19 Primary < 0.001 0.035 < 0.001 < 0.05 < 0.0001 < 0.001 0.003 < 0.001 1.68 < 0.001 0.038 < 0.0001 0.003 < 0.01 < 0.01 0.016

TRIP05_140619 14-Jun-19 Triplicate < 0.001 - - - < 0.0002 0.001 - < 0.001 1.6 < 0.001 - < 0.0001 0.003 - - 0.01

NC NC NC NC NC 67% NC NC 5% NC NC NC 0% NC NC 46%

TRIP BLANK 06_16072019 16-Jul-19 Trip Blank < 0.001 < 0.001 < 0.001 < 0.05 < 0.0001 < 0.001 < 0.001 < 0.001 < 0.05 < 0.001 < 0.001 < 0.0001 < 0.001 < 0.01 < 0.01 < 0.005

RINSATE06_16072019 16-Jul-19 Rinsate < 0.001 < 0.001 < 0.001 < 0.05 < 0.0001 < 0.001 < 0.001 < 0.001 < 0.05 < 0.001 < 0.001 < 0.0001 < 0.001 < 0.01 < 0.01 < 0.005

RINSATE07 15-Aug-19 Rinsate < 0.001 < 0.001 < 0.001 < 0.05 < 0.0001 < 0.001 < 0.001 < 0.001 < 0.05 < 0.001 < 0.001 < 0.0001 < 0.001 < 0.01 < 0.01 < 0.005

TRIP BLANK 08_16092019 16-Sep-19 Trip Blank < 0.001 < 0.001 < 0.001 < 0.05 < 0.0001 < 0.001 < 0.001 < 0.001 < 0.05 < 0.001 < 0.001 < 0.0001 < 0.001 < 0.01 < 0.01 < 0.005

RINSATE 08_16092019 16-Sep-19 Rinsate < 0.001 < 0.001 < 0.001 < 0.05 < 0.0001 < 0.001 < 0.001 < 0.001 < 0.05 < 0.001 < 0.001 < 0.0001 < 0.001 < 0.01 < 0.01 < 0.005

SW4_16092019 16-Sep-19 Primary < 0.001 0.046 < 0.001 < 0.05 < 0.0001 < 0.001 0.002 0.02 0.7 0.001 0.039 < 0.0001 0.017 < 0.01 < 0.01 0.085

DUP08_16092019 16-Sep-19 Duplicate < 0.001 0.041 < 0.001 < 0.05 < 0.0001 < 0.001 0.002 < 0.001 0.76 < 0.001 0.036 < 0.0001 0.003 < 0.01 < 0.01 0.012

NC 11% NC NC NC NC 0% 190% 8% 67% 8% NC 140% NC NC 151%

SW4_16092019 16-Sep-19 Primary < 0.001 0.046 < 0.001 < 0.05 < 0.0001 < 0.001 0.002 0.02 0.7 0.001 0.039 < 0.0001 0.017 < 0.01 < 0.01 0.085

TRIP08_16092019 16-Sep-19 Triplicate < 0.001 0.04 < 0.001 < 0.05 < 0.0002 < 0.001 0.002 < 0.001 0.69 < 0.001 0.037 < 0.0001 0.003 - < 0.005 0.012

NC 14% NC NC NC NC 0% 190% 1% 67% 5% NC 140% NC NC 151%

TRIP BLANK_15102019 15-Oct-19 Trip Blank < 0.001 < 0.001 < 0.001 < 0.05 < 0.0001 < 0.001 < 0.001 < 0.001 - < 0.001 < 0.001 < 0.0001 < 0.001 < 0.01 < 0.01 < 0.005

RINSATE_15102019 15-Oct-19 Rinsate < 0.001 < 0.001 < 0.001 < 0.05 < 0.0001 < 0.001 < 0.001 < 0.001 - < 0.001 < 0.001 < 0.0001 < 0.001 < 0.01 < 0.01 < 0.005

TRIPBLANK09_181119 18-Nov-19 Trip Blank < 0.001 < 0.001 < 0.001 < 0.05 < 0.0001 < 0.001 < 0.001 < 0.001 < 0.05 < 0.001 < 0.001 < 0.0001 < 0.001 < 0.01 < 0.01 < 0.005

RINSATE09_181119 18-Nov-19 Rinsate < 0.001 < 0.001 < 0.001 < 0.05 < 0.0001 < 0.001 < 0.001 < 0.001 < 0.05 < 0.001 < 0.001 < 0.0001 < 0.001 < 0.01 < 0.01 < 0.005

SW4_181119 18-Nov-19 Primary < 0.001 0.035 < 0.001 < 0.05 < 0.0001 < 0.001 < 0.001 < 0.001 6.32 < 0.001 0.032 < 0.0001 0.002 < 0.01 < 0.01 < 0.005

DUP09_181119 18-Nov-19 Duplicate < 0.001 0.034 < 0.001 < 0.05 < 0.0001 < 0.001 < 0.001 < 0.001 5.9 < 0.001 0.036 < 0.0001 0.002 < 0.01 < 0.01 < 0.005

NC 3% NC NC NC NC NC NC 7% NC 12% NC 0% NC NC NC

SW4_181119 18-Nov-19 Primary < 0.001 0.035 < 0.001 < 0.05 < 0.0001 < 0.001 < 0.001 0.001 6.32 < 0.001 0.032 < 0.0001 0.002 < 0.01 < 0.01 < 0.005

TRIP09_18112019 18-Nov-19 Triplicate < 0.001 0.04 < 0.001 < 0.05 < 0.0002 < 0.001 < 0.001 0.01 - < 0.001 0.035 < 0.0001 0.007 - < 0.005 0.033

NC 13% NC NC NC NC NC 2% NC NC 9% NC 111% NC NC 172%

TRIPBLANK10_171219 17-Dec-19 Trip Blank < 0.001 < 0.001 < 0.001 < 0.05 < 0.0001 < 0.001 < 0.001 < 0.001 < 0.05 < 0.001 < 0.001 < 0.0001 < 0.001 < 0.01 < 0.01 < 0.005

RINSATE10_171219 17-Dec-19 Rinsate < 0.001 < 0.001 < 0.001 < 0.05 < 0.0001 < 0.001 < 0.001 < 0.001 < 0.05 < 0.001 < 0.001 < 0.0001 < 0.001 < 0.01 < 0.01 < 0.005

TRIP BLANK 13_2001333008 16-Jan-20 Trip Blank < 0.001 < 0.001 < 0.001 < 0.05 < 0.0001 < 0.001 < 0.001 < 0.001 < 0.05 < 0.001 < 0.001 < 0.0001 < 0.001 < 0.01 < 0.01 < 0.005

RINSATE 13_2001333009 16-Jan-20 Rinsate < 0.001 < 0.001 < 0.001 < 0.05 < 0.0001 < 0.001 < 0.001 < 0.001 < 0.05 < 0.001 < 0.001 < 0.0001 < 0.001 < 0.01 < 0.01 < 0.005

BH6_2001333004 16-Jan-20 Primary <0.001 0.032 <0.001 <0.05 <0.0001 <0.001 <0.001 <0.001 2.15 <0.001 0.01 <0.0001 <0.001 <0.01 <0.01 <0.005

QW12_2001333012 16-Jan-20 Duplicate <0.001 0.035 <0.001 <0.05 <0.0001 <0.001 <0.001 <0.001 2.18 <0.001 0.009 <0.0001 0.001 <0.01 <0.01 <0.005

NC 9% NC NC NC NC NC NC 1% NC 11% NC 67% NC NC NC

BH6_2001333004 16-Jan-20 Primary <0.001 0.032 <0.001 <0.05 <0.0001 <0.001 <0.001 <0.001 2.15 <0.001 0.01 <0.0001 <0.001 <0.01 <0.01 <0.005

QW13_14392 16-Jan-20 Triplicate < 0.001 0.03 < 0.001 < 0.05 < 0.0002 < 0.001 < 0.001 0.004 1.6 < 0.001 0.009 < 0.0001 < 0.001  - < 0.005 0.012

NC 6% NC NC NC NC NC 156% 29% NC 11% NC NC NC NC 131%

Notes:

- - Not analysed

< - Less than laboratory limit of reporting

NC - Not calculated

mg/L - Milligrams per litre

Half the laboratory limit of reporting used when calculating RPD

RPD - Relative Percentage Difference

Relative Percentage Difference

Relative Percentage Difference

Relative Percentage Difference

Relative Percentage Difference

Relative Percentage Difference

Relative Percentage Difference

Relative Percentage Difference

Relative Percentage Difference

Relative Percentage Difference

Relative Percentage Difference

Analyte

Metals

Relative Percentage Difference

Relative Percentage Difference

Units
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Table G

Quality Control Sample Analysis - PFAS

Williamtown Sand Syndicate

Perfluorobutane 

sulfonic acid 

(PFBS)

Perfluoropentane 

sulfonic acid 

(PFPeS)

Perfluorohexane 

sulfonic acid (PFHxS)

Perfluoroheptan

e sulfonate 

(PFHpS)

Perfluorooctane 

sulfonic acid 

(PFOS)

Perfluorodecanes

ulfonic acid 

(PFDS)

Perfluorobutanoic 

acid (PFBA)

Perfluoropentan

oic acid (PFPeA)

Perfluorohexanoic 

acid (PFHxA)

Perfluoroheptan

oic acid (PFHpA)

Perfluorooctanoic 

acid (PFOA)

µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L

Sample Name Sample Date Sample Type

TRIP BLANK_13022019 13-Feb-19 Trip Blank < 0.02 < 0.02 < 0.02 < 0.02 < 0.01 < 0.02 < 0.1 < 0.02 < 0.02 < 0.02 < 0.01

RINSATE01_21022019 21-Feb-19 Rinsate < 0.02 < 0.02 < 0.02 < 0.02 < 0.01 < 0.02 < 0.1 < 0.02 < 0.02 < 0.02 < 0.01

BH8_21022019 21-Feb-19 Primary < 0.02 < 0.02 < 0.02 < 0.02 < 0.01 < 0.02 < 0.1 < 0.02 < 0.02 < 0.02 < 0.01

DUP01_21022019 21-Feb-19 Duplicate < 0.02 < 0.02 < 0.02 < 0.02 < 0.01 < 0.02 < 0.1 < 0.02 < 0.02 < 0.02 < 0.01

NC NC NC NC NC NC NC NC NC NC NC

BH8_21022019 21-Feb-19 Primary < 0.02 < 0.02 < 0.02 < 0.02 < 0.01 < 0.02 < 0.1 < 0.02 < 0.02 < 0.02 < 0.01

TRIP01_21022019 21-Feb-19 Triplicate < 0.01 < 0.01 < 0.01 < 0.01 < 0.01 < 0.02 < 0.05 < 0.01 < 0.01 < 0.01 < 0.01

NC NC NC NC NC NC NC NC NC NC NC

TRIP BLANK_130319 13-Mar-19 Trip Blank < 0.02 < 0.02 < 0.02 < 0.02 < 0.01 < 0.02 < 0.1 < 0.02 < 0.02 < 0.02 < 0.01

TRIP BLANK02_150319 15-Mar-19 Trip Blank < 0.02 < 0.02 < 0.02 < 0.02 < 0.01 < 0.02 < 0.1 < 0.02 < 0.02 < 0.02 < 0.01

RINSATE02_140319 14-Mar-19 Rinsate < 0.02 < 0.02 < 0.02 < 0.02 < 0.01 < 0.02 < 0.1 < 0.02 < 0.02 < 0.02 < 0.01

BH7_140319 14-Mar-19 Primary < 0.02 < 0.02 < 0.02 < 0.02 < 0.01 < 0.02 < 0.1 < 0.02 < 0.02 < 0.02 < 0.01

DUP02_140319 14-Mar-19 Duplicate < 0.02 < 0.02 < 0.02 < 0.02 < 0.01 < 0.02 < 0.1 < 0.02 < 0.02 < 0.02 < 0.01

NC NC NC NC NC NC NC NC NC NC NC

BH7_140319 14-Mar-19 Primary < 0.02 < 0.02 < 0.02 < 0.02 < 0.01 < 0.02 < 0.1 < 0.02 < 0.02 < 0.02 < 0.01

TRIP02_14032019 14-Mar-19 Triplicate < 0.01 < 0.01 < 0.01 < 0.01 < 0.01 < 0.02 < 0.05 < 0.01 < 0.01 < 0.01 < 0.01

NC NC NC NC NC NC NC NC NC NC NC

TRIP BLANK 03 23-Apr-19 Trip Blank < 0.02 < 0.02 < 0.02 < 0.02 < 0.01 < 0.02 < 0.1 < 0.02 < 0.02 < 0.02 < 0.01

RINSATE 03 23-Apr-19 Rinsate < 0.02 < 0.02 < 0.02 < 0.02 < 0.01 < 0.02 < 0.1 < 0.02 < 0.02 < 0.02 < 0.01

TRIP BLANK 04 16-May-19 Trip Blank < 0.02 < 0.02 < 0.02 < 0.02 < 0.01 < 0.02 < 0.1 < 0.02 < 0.02 < 0.02 < 0.01

RINSATE 04 16-May-19 Rinsate < 0.02 < 0.02 < 0.02 < 0.02 < 0.01 < 0.02 < 0.1 < 0.02 < 0.02 < 0.02 < 0.01

TRIP BLANK 05_14062019 14-Jun-19 Trip Blank < 0.02 < 0.02 < 0.02 < 0.02 < 0.01 < 0.02 < 0.1 < 0.02 < 0.02 < 0.02 < 0.01

RINSATE 05_14062019 14-Jun-19 Rinsate < 0.02 < 0.02 < 0.02 < 0.02 < 0.01 < 0.02 < 0.1 < 0.02 < 0.02 < 0.02 < 0.01

TRIP BLANK 06_16072019 16-Jul-19 Trip Blank < 0.02 < 0.02 < 0.02 < 0.02 < 0.01 < 0.02 < 0.1 < 0.02 < 0.02 < 0.02 < 0.01

RINSATE06_16072019 16-Jul-19 Rinsate < 0.02 < 0.02 < 0.02 < 0.02 < 0.01 < 0.02 < 0.1 < 0.02 < 0.02 < 0.02 < 0.01

RINSATE07 15-Aug-19 Rinsate < 0.02 < 0.02 < 0.02 < 0.02 < 0.02 < 0.02 < 0.1 < 0.02 < 0.02 < 0.02 < 0.01

TRIP BLANK 08_16092019 16-Sep-19 Trip Blank < 0.02 < 0.02 < 0.02 < 0.02 < 0.01 < 0.02 < 0.1 < 0.02 < 0.02 < 0.02 < 0.01

RINSATE 08_16092019 16-Sep-19 Rinsate < 0.02 < 0.02 < 0.02 < 0.02 < 0.01 < 0.02 < 0.1 < 0.02 < 0.02 < 0.02 < 0.01

SW4_16092019 16-Sep-19 Primary < 0.02 < 0.02 < 0.02 < 0.02 0.01 < 0.02 < 0.1 < 0.02 < 0.02 < 0.02 < 0.01

DUP08_16092019 16-Sep-19 Duplicate < 0.02 < 0.02 < 0.02 < 0.02 0.01 < 0.02 < 0.1 < 0.02 < 0.02 < 0.02 < 0.01

NC NC NC NC 0% NC NC NC NC NC NC

SW4_16092019 16-Sep-19 Primary < 0.02 < 0.02 < 0.02 < 0.02 0.01 < 0.02 < 0.1 < 0.02 < 0.02 < 0.02 < 0.01

TRIP08_16092019 16-Sep-19 Triplicate < 0.01 < 0.01 < 0.01 < 0.01 0.03 < 0.01 < 0.05 < 0.01 < 0.01 < 0.01 < 0.01

NC NC NC NC 100% NC NC NC NC NC NC

TRIP BLANK 09_1931069 25-Sep-19 Trip Blank < 0.02 < 0.02 < 0.02 < 0.02 < 0.01 < 0.02 < 0.1 < 0.02 < 0.02 < 0.02 < 0.01

RINSATE 09_1931069 25-Sep-19 Rinsate < 0.02 < 0.02 < 0.02 < 0.02 < 0.01 < 0.02 < 0.1 < 0.02 < 0.02 < 0.02 < 0.01

TRIPBLANK09_181119 18-Nov-19 Trip Blank < 0.02 < 0.02 < 0.02 < 0.02 < 0.01 < 0.02 < 0.1 < 0.02 < 0.02 < 0.02 < 0.01

RINSATE09_181119 18-Nov-19 Rinsate < 0.02 < 0.02 < 0.02 < 0.02 < 0.01 < 0.02 < 0.1 < 0.02 < 0.02 < 0.02 < 0.01

SW4_181119 18-Nov-19 Primary < 0.02 < 0.02 < 0.02 < 0.02 < 0.01 < 0.02 < 0.1 < 0.02 < 0.02 < 0.02 < 0.01

DUP09_181119 18-Nov-19 Duplicate < 0.02 < 0.02 < 0.02 < 0.02 < 0.01 < 0.02 < 0.1 < 0.02 < 0.02 < 0.02 < 0.01

NC NC NC NC NC NC NC NC NC NC NC

SW4_181119 18-Nov-19 Primary < 0.02 < 0.02 < 0.02 < 0.02 < 0.01 < 0.02 < 0.1 < 0.02 < 0.02 < 0.02 < 0.01

TRIP09_18112019 18-Nov-19 Triplicate < 0.01 < 0.01 < 0.01 < 0.01 < 0.01 < 0.01 < 0.05 < 0.01 < 0.01 < 0.01 < 0.01

NC NC NC NC NC NC NC NC NC NC NC

TRIPBLANK10_171219 17-Dec-19 Trip Blank < 0.02 < 0.02 < 0.02 < 0.02 < 0.01 < 0.02 < 0.1 < 0.02 < 0.02 < 0.02 < 0.01

RINSATE10_171219 17-Dec-19 Rinsate < 0.02 < 0.02 < 0.02 < 0.02 < 0.01 < 0.02 < 0.1 < 0.02 < 0.02 < 0.02 < 0.01

TRIP BLANK 13_2001333008 16-Jan-20 Trip Blank < 0.02 < 0.02 < 0.02 < 0.02 < 0.01 < 0.02 < 0.1 < 0.02 < 0.02 < 0.02 < 0.01

RINSATE 13_2001333009 16-Jan-20 Rinsate < 0.02 < 0.02 < 0.02 < 0.02 < 0.01 < 0.02 < 0.1 < 0.02 < 0.02 < 0.02 < 0.01

BH6_2001333004 16-Jan-20 Primary < 0.02 < 0.02 < 0.02 < 0.02 < 0.01 < 0.02 < 0.1 < 0.02 < 0.02 < 0.02 < 0.01

QW12_2001333012 16-Jan-20 Duplicate < 0.02 < 0.02 < 0.02 < 0.02 < 0.01 < 0.02 < 0.1 < 0.02 < 0.02 < 0.02 < 0.01

NC NC NC NC NC NC NC NC NC NC NC

BH6_2001333004 16-Jan-20 Primary < 0.02 < 0.02 < 0.02 < 0.02 < 0.01 < 0.02 < 0.1 < 0.02 < 0.02 < 0.02 < 0.01

QW13_14392 16-Jan-20 Triplicate < 0.01 < 0.01 < 0.01 < 0.01 < 0.01 < 0.01 < 0.05 < 0.01 < 0.01 < 0.01 < 0.01

NC NC NC NC NC NC NC NC NC NC NC

Notes:

< - Less than laboratory limit of reporting

NC - Not calculated

µg/L - Micrograms per litre

Relative Percentage Difference

Relative Percentage Difference

Relative Percentage Difference

Relative Percentage Difference

Relative Percentage Difference

Relative Percentage Difference

Relative Percentage Difference

Relative Percentage Difference

Relative Percentage Difference

Relative Percentage Difference

Units

Analyte

Perfluoroalkyl Carboxylic AcidsPerfluoroalkyl Sulfonic Acids
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Table G

Quality Control Sample Analysis - PFAS

Williamtown Sand Syndicate

Perfluorononanoic 

acid (PFNA)

Perfluorodecanoic 

acid (PFDA)

Perfluoroundecan

oic acid (PFUnDA)

Perfluorododecan

oic acid (PFDoDA)

Perfluorotridecan

oic acid (PFTrDA)

Perfluorotetradecan

oic acid (PFTeDA)

Perfluorooctane 

sulfonamide 

(FOSA)

N-Methyl-

perfluorooctane 

sulfonamide (MeFOSA)

N-Ethyl 

perfluorooctane 

sulfonamide 

(EtFOSA)

N-Methyl 

perfluorooctane 

sulfonamidoetha

nol (MeFOSE)

N-Ethyl 

perfluorooctane 

sulfonamidoetha

nol (EtFOSE)

N-Methyl 

perfluorooctane 

sulfonamidoacetic acid 

(MeFOSAA)

N-Ethyl 

perfluorooctane 

sulfonamidoacetic 

acid (EtFOSAA)

µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L

< 0.02 < 0.02 < 0.02 < 0.02 < 0.02 < 0.05 < 0.02 < 0.05 < 0.05 < 0.05 < 0.05 < 0.02 < 0.02

< 0.02 < 0.02 < 0.02 < 0.02 < 0.02 < 0.05 < 0.02 < 0.05 < 0.05 < 0.05 < 0.05 < 0.02 < 0.02

< 0.02 < 0.02 < 0.02 < 0.02 < 0.02 < 0.05 < 0.02 < 0.05 < 0.05 < 0.05 < 0.05 < 0.02 < 0.02

< 0.02 < 0.02 < 0.02 < 0.02 < 0.02 < 0.05 < 0.02 < 0.05 < 0.05 < 0.05 < 0.05 < 0.02 < 0.02

NC NC NC NC NC NC NC NC NC NC NC NC NC

< 0.02 < 0.02 < 0.02 < 0.02 < 0.02 < 0.05 < 0.02 < 0.05 < 0.05 < 0.05 < 0.05 < 0.02 < 0.02

< 0.01 < 0.01 < 0.01 < 0.01 < 0.01 < 0.01 < 0.05 < 0.05 < 0.05 < 0.05 < 0.05 < 0.05 < 0.05

NC NC NC NC NC NC NC NC NC NC NC NC NC

< 0.02 < 0.02 < 0.02 < 0.02 < 0.02 < 0.05 < 0.02 < 0.05 < 0.05 < 0.05 < 0.05 < 0.02 < 0.02

< 0.02 < 0.02 < 0.02 < 0.02 < 0.02 < 0.05 < 0.02 < 0.05 < 0.05 < 0.05 < 0.05 < 0.02 < 0.02

< 0.02 < 0.02 < 0.02 < 0.02 < 0.02 < 0.05 < 0.02 < 0.05 < 0.05 < 0.05 < 0.05 < 0.02 < 0.02

< 0.02 < 0.02 < 0.02 < 0.02 < 0.02 < 0.05 < 0.02 < 0.05 < 0.05 < 0.05 < 0.05 < 0.02 < 0.02

< 0.02 < 0.02 < 0.02 < 0.02 < 0.02 < 0.05 < 0.02 < 0.05 < 0.05 < 0.05 < 0.05 < 0.02 < 0.02

NC NC NC NC NC NC NC NC NC NC NC NC NC

< 0.02 < 0.02 < 0.02 < 0.02 < 0.02 < 0.05 < 0.02 < 0.05 < 0.05 < 0.05 < 0.05 < 0.02 < 0.02

< 0.01 < 0.01 < 0.01 < 0.01 < 0.01 < 0.01 < 0.05 < 0.05 < 0.05 < 0.05 < 0.05 < 0.05 < 0.05

NC NC NC NC NC NC NC NC NC NC NC NC NC

< 0.02 < 0.02 < 0.02 < 0.02 < 0.02 < 0.05 < 0.02 < 0.05 < 0.05 < 0.05 < 0.05 < 0.02 < 0.02

< 0.02 < 0.02 < 0.02 < 0.02 < 0.02 < 0.05 < 0.02 < 0.05 < 0.05 < 0.05 < 0.05 < 0.02 < 0.02

< 0.02 < 0.02 < 0.02 < 0.02 < 0.02 < 0.05 < 0.02 < 0.05 < 0.05 < 0.05 < 0.05 < 0.02 < 0.02

< 0.02 < 0.02 < 0.02 < 0.02 < 0.02 < 0.05 < 0.02 < 0.05 < 0.05 < 0.05 < 0.05 < 0.02 < 0.02

< 0.02 < 0.02 < 0.02 < 0.02 < 0.02 < 0.05 < 0.02 < 0.05 < 0.05 < 0.05 < 0.05 < 0.02 < 0.02

< 0.02 < 0.02 < 0.02 < 0.02 < 0.02 < 0.05 < 0.02 < 0.05 < 0.05 < 0.05 < 0.05 < 0.02 < 0.02

< 0.02 < 0.02 < 0.02 < 0.02 < 0.02 < 0.05 < 0.02 < 0.05 < 0.05 < 0.05 < 0.05 < 0.02 < 0.02

< 0.02 < 0.02 < 0.02 < 0.02 < 0.02 < 0.05 < 0.02 < 0.05 < 0.05 < 0.05 < 0.05 < 0.02 < 0.02

< 0.02 < 0.02 < 0.02 < 0.02 < 0.02 < 0.05 < 0.02 < 0.05 < 0.05 < 0.05 < 0.05 < 0.02 < 0.02

< 0.02 < 0.02 < 0.02 < 0.02 < 0.02 < 0.05 < 0.02 < 0.05 < 0.05 < 0.05 < 0.05 < 0.02 < 0.02

< 0.02 < 0.02 < 0.02 < 0.02 < 0.02 < 0.05 < 0.02 < 0.05 < 0.05 < 0.05 < 0.05 < 0.02 < 0.02

< 0.02 < 0.02 < 0.02 < 0.02 < 0.02 < 0.05 < 0.02 < 0.05 < 0.05 < 0.05 < 0.05 < 0.02 < 0.02

< 0.02 < 0.02 < 0.02 < 0.02 < 0.02 < 0.05 < 0.02 < 0.05 < 0.05 < 0.05 < 0.05 < 0.02 < 0.02

NC NC NC NC NC NC NC NC NC NC NC NC NC

< 0.02 < 0.02 < 0.02 < 0.02 < 0.02 < 0.05 < 0.02 < 0.05 < 0.05 < 0.05 < 0.05 < 0.02 < 0.02

< 0.01 < 0.01 < 0.01 < 0.01 < 0.01 < 0.01 < 0.05 < 0.05 < 0.05 < 0.05 < 0.05 < 0.05 < 0.05

NC NC NC NC NC NC NC NC NC NC NC NC NC

< 0.02 < 0.02 < 0.02 < 0.02 < 0.02 < 0.05 < 0.02 < 0.05 < 0.05 < 0.05 < 0.05 < 0.02 < 0.02

< 0.02 < 0.02 < 0.02 < 0.02 < 0.02 < 0.05 < 0.02 < 0.05 < 0.05 < 0.05 < 0.05 < 0.02 < 0.02

< 0.02 < 0.02 < 0.02 < 0.02 < 0.02 < 0.05 < 0.02 < 0.05 < 0.05 < 0.05 < 0.05 < 0.02 < 0.02

< 0.02 < 0.02 < 0.02 < 0.02 < 0.02 < 0.05 < 0.02 < 0.05 < 0.05 < 0.05 < 0.05 < 0.02 < 0.02

< 0.02 < 0.02 < 0.02 < 0.02 < 0.02 < 0.05 < 0.02 < 0.05 < 0.05 < 0.05 < 0.05 < 0.02 < 0.02

< 0.02 < 0.02 < 0.02 < 0.02 < 0.02 < 0.05 < 0.02 < 0.05 < 0.05 < 0.05 < 0.05 < 0.02 < 0.02

NC NC NC NC NC NC NC NC NC NC NC NC NC

< 0.02 < 0.02 < 0.02 < 0.02 < 0.02 < 0.05 < 0.02 < 0.05 < 0.05 < 0.05 < 0.05 < 0.02 < 0.02

< 0.01 < 0.01 < 0.01 < 0.01 < 0.01 < 0.01 < 0.05 < 0.05 < 0.05 < 0.05 < 0.05 < 0.05 < 0.05

NC NC NC NC NC NC NC NC NC NC NC NC NC

< 0.02 < 0.02 < 0.02 < 0.02 < 0.02 < 0.05 < 0.02 < 0.05 < 0.05 < 0.05 < 0.05 < 0.02 < 0.02

< 0.02 < 0.02 < 0.02 < 0.02 < 0.02 < 0.05 < 0.02 < 0.05 < 0.05 < 0.05 < 0.05 < 0.02 < 0.02

< 0.02 < 0.02 < 0.02 < 0.02 < 0.02 < 0.05 < 0.02 < 0.05 < 0.05 < 0.05 < 0.05 < 0.02 < 0.02

< 0.02 < 0.02 < 0.02 < 0.02 < 0.02 < 0.05 < 0.02 < 0.05 < 0.05 < 0.05 < 0.05 < 0.02 < 0.02

< 0.02 < 0.02 < 0.02 < 0.02 < 0.02 < 0.05 < 0.02 < 0.05 < 0.05 < 0.05 < 0.05 < 0.02 < 0.02

< 0.02 < 0.02 < 0.02 < 0.02 < 0.02 < 0.05 < 0.02 < 0.05 < 0.05 < 0.05 < 0.05 < 0.02 < 0.02

NC NC NC NC NC NC NC NC NC NC NC NC NC

< 0.02 < 0.02 < 0.02 < 0.02 < 0.02 < 0.05 < 0.02 < 0.05 < 0.05 < 0.05 < 0.05 < 0.02 < 0.02

< 0.01 < 0.01 < 0.01 < 0.01 < 0.01 < 0.01 < 0.05 < 0.05 < 0.05 < 0.05 < 0.05 < 0.05 < 0.05

NC NC NC NC NC NC NC NC NC NC NC NC NC

Perfluoroalkyl Carboxylic Acids Perfluoroalkyl Sulfonamides
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Table G

Quality Control Sample Analysis - PFAS

Williamtown Sand Syndicate

4:2 Fluorotelomer sulfonic 

acid (4:2 FTS)

6:2 Fluorotelomer sulfonic 

acid (6:2 FTS)

8:2 Fluorotelomer sulfonic 

acid (8:2 FTS)

10:2 

Fluorotelomer 

sulfonic acid 

(10:2 FTS)

Sum of PFHxS 

and PFOS

Sum of PFAS (WA 

DER List)
Sum of PFAS

µg/L µg/L µg/L µg/L µg/L µg/L µg/L

< 0.05 < 0.05 < 0.05 < 0.05 < 0.01 < 0.01 < 0.01

< 0.05 < 0.05 < 0.05 < 0.05 < 0.01 < 0.01 < 0.01

< 0.05 < 0.05 < 0.05 < 0.05 < 0.01 < 0.01 < 0.01

< 0.05 < 0.05 < 0.05 < 0.05 < 0.01 < 0.01 < 0.01

NC NC NC NC NC NC NC

< 0.05 < 0.05 < 0.05 < 0.05 < 0.01 < 0.01 < 0.01

< 0.01 < 0.05 < 0.01 < 0.01 < 0.01 < 0.05 < 0.1

NC NC NC NC NC NC NC

< 0.05 < 0.05 < 0.05 < 0.05 < 0.01 < 0.01 < 0.01

< 0.05 < 0.05 < 0.05 < 0.05 < 0.01 < 0.01 < 0.01

< 0.05 < 0.05 < 0.05 < 0.05 < 0.01 < 0.01 < 0.01

< 0.05 < 0.05 < 0.05 < 0.05 < 0.01 < 0.01 < 0.01

< 0.05 < 0.05 < 0.05 < 0.05 < 0.01 < 0.01 < 0.01

NC NC NC NC NC NC NC

< 0.05 < 0.05 < 0.05 < 0.05 < 0.01 < 0.01 < 0.01

< 0.01 < 0.05 < 0.01 < 0.01 < 0.01 < 0.05 < 0.1

NC NC NC NC NC NC NC

< 0.05 < 0.05 < 0.05 < 0.05 < 0.01 < 0.01 < 0.01

< 0.05 < 0.05 < 0.05 < 0.05 < 0.01 < 0.01 < 0.01

< 0.05 < 0.05 < 0.05 < 0.05 < 0.01 < 0.01 < 0.01

< 0.05 < 0.05 < 0.05 < 0.05 < 0.01 < 0.01 < 0.01

< 0.05 < 0.05 < 0.05 < 0.05 < 0.01 < 0.01 < 0.01

< 0.05 < 0.05 < 0.05 < 0.05 < 0.01 < 0.01 < 0.01

< 0.05 < 0.05 < 0.05 < 0.05 < 0.01 < 0.01 < 0.01

< 0.05 < 0.05 < 0.05 < 0.05 < 0.01 < 0.01 < 0.01

< 0.05 < 0.05 < 0.05 < 0.05 < 0.01 < 0.01 < 0.01

< 0.05 < 0.05 < 0.05 < 0.05 < 0.01 < 0.01 < 0.01

< 0.05 < 0.05 < 0.05 < 0.05 < 0.01 < 0.01 < 0.01

< 0.05 < 0.05 < 0.05 < 0.05 0.01 0.01 0.01

< 0.05 < 0.05 < 0.05 < 0.05 0.01 0.01 0.01

NC NC NC NC 0% 0% 0%

< 0.05 < 0.05 < 0.05 < 0.05 0.01 0.01 0.01

< 0.01 < 0.05 < 0.01 < 0.01 0.03 < 0.05 < 0.1

NC NC NC NC 100% 86% 133%

< 0.05 < 0.05 < 0.05 < 0.05 < 0.01 < 0.01 < 0.01

< 0.05 < 0.05 < 0.05 < 0.05 < 0.01 < 0.01 < 0.01

< 0.05 < 0.05 < 0.05 < 0.05 < 0.01 < 0.01 < 0.01

< 0.05 < 0.05 < 0.05 < 0.05 < 0.01 < 0.01 < 0.01

< 0.05 < 0.05 < 0.05 < 0.05 < 0.01 < 0.01 < 0.01

< 0.05 < 0.05 < 0.05 < 0.05 < 0.01 < 0.01 < 0.01

NC NC NC NC NC NC NC

< 0.05 < 0.05 < 0.05 < 0.05 < 0.01 < 0.01 < 0.01

< 0.01 < 0.05 < 0.01 < 0.01 < 0.01 < 0.05 < 0.1

NC NC NC NC NC NC NC

< 0.05 < 0.05 < 0.05 < 0.05 < 0.01 < 0.01 < 0.01

< 0.05 < 0.05 < 0.05 < 0.05 < 0.01 < 0.01 < 0.01

< 0.05 < 0.05 < 0.05 < 0.05 < 0.01 < 0.01 < 0.01

< 0.05 < 0.05 < 0.05 < 0.05 < 0.01 < 0.01 < 0.01

< 0.05 < 0.05 < 0.05 < 0.05 < 0.01 < 0.01 < 0.01

< 0.05 < 0.05 < 0.05 < 0.05 < 0.01 < 0.01 < 0.01

NC NC NC NC NC NC NC

< 0.05 < 0.05 < 0.05 < 0.05 < 0.01 < 0.01 < 0.01

< 0.01 < 0.05 < 0.01 < 0.01 < 0.01 < 0.05 < 0.1

NC NC NC NC NC NC NC

(n:2) Fluorotelomer Sulfonic Acids Sum of PFAS
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11 March 2019 
Document Ref: NCA19R_20190320 

 
 

Williamtown Sand Syndicate  

PO Box 898 

Newcastle, NSW 2300 

 

Attention: Darren Williams 

Delivered by email: darren@arbus.com.au 

 

Subject: Water quality monitoring results at Cabbage Tree Road Sand Quarry – 

February 2019 monitoring 

Please find enclosed the Water quality monitoring results at Cabbage Tree Road Sand Quarry 

for the February 2019 monitoring.  

1. SCOPE OF SERVICE  

The scope of work includes monthly surface and groundwater monitoring for a combined 

period of 12 months. Figure 1 (attached) presents the surface water and groundwater 

sampling locations.  

The February monitoring round was to include gauging and sampling from 13 monitoring wells 

(Noting that MW239D was also gauged but not was not proposed to be sampled) and 

sampling at four surface water locations.  

2. SITE WORK 

The monitoring round was conducted on 21 and 22 February 2019.  

Each well location was gauged using a water level meter to determine groundwater depth 

(relative to the top of the well casing) and the total depth of the well, in order to calculate the 

volume of water in the well. Following the gauging a HydraSleeve was then placed into the 

well ensuring the top of the sleeve was located under the water and left in place while all 

remaining wells were gauged. Following the gauging each of the HydraSleeves were 

removed and samples taken.  

The February 2019 monitoring round included:  

• Gauging of all available monitoring wells (a total of 14 wells); 

http://www.kleinfelder.com/australia
mailto:darren@arbus.com.au
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• Groundwater sampling from a total of 9 monitoring wells (note MW239D does not 

require sampling, BH1, BH09, BH10 and BH12 were dry); and  

• Surface water sampling from 1 location (all remaining locations were dry on the day of 

sampling).  

Water samples were collected in laboratory supplied containers and place in an ice chilled 

esky. The samples were then submitted to a NATA accredited laboratory under a chain of 

custody (COC) for the analytical schedule as per Table 2-1. 

Table 2-1: Summary of initial Water Quality Analysis 

Analysis 

Number of Samples 

Primary 
Intra-lab 

(Duplicate) 

Inter-lab 

(Triplicate) 

Transport 

Blank 

Rinsate 

Blank 

Extended Water Suite* 10 0 0 0 0 

Hydrocarbons** 
10 1 1 1 1 

Metals***  10 1 1 1 1 

Iron (dissolved) 10 1 1 1 1 

Total Dissolved Solids (TDS)  10 0 0 0 0 

Total Suspended Solids (TSS) 10 0 0 0 0 

PFAS (28 analytes, standard 

level) 
10 1 1 1 1 

* Extended Water Suite B: Ca, Mg, Na, K, pH, EC, Cl, F, SO₄, Alkalinity, Hardness & TDS (Calc’), Nitrate, Nitrite, Ammonia, 
Reactive Phosphorus, Total Phosphorus, Total Nitrogen, TKN.  
** TRH (C6 – C40), BTEXN (Silica Gel) 
*** NEPM Metals Suite (dissolved) - Arsenic (As), Boron (B), Barium (Ba), Beryllium (Be), Cadmium (Cd), Chromium (Cr), 
Cobalt (Co), Copper (Cu), Lead (Pb), Manganese (Mn), Mercury (Hg), Nickel (Ni), Selenium (Se), Vanadium (V), Zinc (Zn) 
 

3. SAMPLING RESULTS 

Table 3-2 provides a summary of the gauging data and Table 3-3 provides a summary of the 

field parameters taken during sampling. The full set of gauging data and field parameters for 

each monitoring location are provided in the Tables section.   

Table 3-2: Summary of gauging data 

Borehole 

Top of 

Casing 

(mAHD) 

Depth to 

Water 

(mBTOC) 

Groundwater 

Elevation 

(mAHD) 

Well Total 

Depth at point 

of sampling 

(mBTOC) 

Comment 

BH1 8.64 5.776 2.864 8.89 
No water sample taken due to top of 

well casing being melted. 

BH2* 7.79 5.674 2.116 8.93 
Slightly Cloudy, light brown, slight 

sulfur odour. 

BH3 7.57 6.026 1.544 8.94 Light Brown - No Odour. 

BH4 3.06 1.994 1.066 5.92 light discolouration – Brown. 



 

 
 

Ref: NCA19R_20190320 Page 3 11 March 2019 

Borehole 

Top of 

Casing 

(mAHD) 

Depth to 

Water 

(mBTOC) 

Groundwater 

Elevation 

(mAHD) 

Well Total 

Depth at point 

of sampling 

(mBTOC) 

Comment 

BH5 7.36 6.063 1.297 8.63 
Roots evident. Brown slight sulfur 

odour. 

BH6 3.62 1.823 1.797 4.43 Clear to slightly cloudy, sulfur odour. 

BH7 2.98 1.938 1.042 4.42 
Slightly Cloudy, light brown, slight 

sulfur odour. 

BH8 3.88 2.78 1.1 6.08 Sulfur smell - Dark Brown. 

BH9 17.75 Dry - 15.82 Well was dry. 

BH10 6.69 Dry - 3.58 Well was dry. 

BH11 6.63 3.02 3.61 5.21 Brown - No Odour. 

BH12 8.67 Dry - 6.17 Well was dry. 

MW239S 3.04 1.529 1.511 3.89 Light Brown - Slight Sulfur odour. 

MW239D 3.04 1.312 1.728 20.21 - 

SW01* 2.5 Dry - N/A Location was dry. 

SW02* 3.3 Dry - N/A Location was dry. 

SW03* 2.1 1.1 1 N/A 
Water was at a low level and was not 

seen to be flowing. 

SW04* 2 Dry - N/A Location was dry. 

* Surface water levels measured from measuring tape installed  

 

Table 3-3: Summary of field parameters 

Sample ID Time Temp (°C) EC (us/cm) pH Redox (mV) 

BH02 1030 22.7 124.1 4.29 111.00 

BH03 1440 22.1 82.4 4.54 94.00 

BH04 1420 20.4 129.2 3.85 135.00 

BH05 830 20.1 320 4.06 122.00 

BH06 850 23.1 228 4.28 111.00 

BH07 920 23.7 283 4.04 125.00 

BH08 1330 21.8 411 4.09 121.00 

BH11 1530 22.3 402 3.78 136.00 

MW239S 730 21.7 526 4.09 121.00 

SW03 1615 26 313 5.11 62.00 
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Table 3.4 presents a summary of the water monitoring results and comparison with identified 

trigger values. Full results tables are provided in the Tables Section. Full Laboratory results, 

including copies for the COC are provided in Attachment A  

http://www.kleinfelder.com/australia
http://www.kleinfelder.com.au/
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Table 3.4 Water screening levels 

Analytical 

Groupings 

Analyte Limit of 

reporting 

(mg/L) 

Number 

of 

Samples 

Minimum  

(mg/L) 

Maximum 

(mg/L) 

Criteria Exceeded Relative to previous monitoring 

Physical and 

Chemical 

Stressors 

Sodium 0.01 10 4 61 No N/A 

Sulphate 1 10 4 28 No N/A 

Chloride  1 10 10 104 No N/A 

Flouride 0.1 10 <0.1 0.2 No N/A 

Reactive 

Phosphorous 

0.01 10 <0.01 <0.01 No N/A 

Total 

Phosphorous 

0.01 10 0.03 2.76 All above ANZECC 2000 Trigger 

Values1 

N/A 

Nitrite 0.01 10 <0.01 <0.01 No N/A 

Nitrate 0.01 10 <0.01 2.76 2 above ANZECC 2000 Trigger 

Values1 

N/A 

Ammonia 0.01 10 0.04 0.5 No N/A 

Total Nitrogen 0.1 10 0.5 5.9 All above ANZECC 2000 Trigger 

Values1 

N/A 

Total Hardness 1 10 9.0 41 No N/A 

Total Dissolved 

Solids 

1 10 96 438 No N/A 

pH 0.01 10 4.46 6.21 All outside All above ANZECC 

2000 Trigger range1 and 

drinking water guidelines 

N/A 

Dissolved 

Metals 

As 0.005-0.1 10 <0.001 0.003 No N/A 

B 0.005-0.1 10 <0.05 <0.05 No N/A 

Ba 0.005-0.1 10 0.003 0.075 No N/A 

Be 0.005-0.1 10 <0.001 <0.001 No N/A 

Cd 0.005-0.1 10 <0.0001 <0.0001 No N/A 
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Analytical 

Groupings 

Analyte Limit of 

reporting 

(mg/L) 

Number 

of 

Samples 

Minimum  

(mg/L) 

Maximum 

(mg/L) 

Criteria Exceeded Relative to previous monitoring 

Cr 0.005-0.1 10 <0.001 0.002 4 above ANZECC 2000 Trigger 

Values2 

N/A 

Co 0.005-0.1 10 <0.001 0.003 No N/A 

Cu 0.005-0.1 10 <0.001 0.002 2 above ANZECC 2000 Trigger 

Values2 

N/A 

Fe 0.005-0.1 10 0.06 4.84 6 above drinking water aesthetic 

criteria 

N/A 

Mn 0.005-0.1 10 0.003 0.039 No N/A 

Ni 0.005-0.1 10 0.001 0.053 2 above ANZECC 2000 Trigger 

Values2, and 

1 above NHMRC ADWG 6 

N/A 

Pb 0.005-0.1 10 <0.001 <0.001 No N/A 

Se 0.005-0.1 10 <0.01 <0.01 No N/A 

V 0.005-0.1 10 <0.01 <0.01 No N/A 

Zn 0.005-0.1 10 <0.005 0.031 5 above ANZECC 2000 Trigger 

Values2 

N/A 

Hg 0.0001 10 <0.0001 <0.0001 No N/A 

TRH – Silica 

Clean up 

C6-C10 0.02 10 <0.02 <0.02 No N/A 

>C10-C16 0.1 10 <0.1 <0.1 No N/A 

>C16-C34 0.1 10 <0.1 <0.1 No N/A 

>C34-C40 0.1 10 <0.1 <0.1 No N/A 

Total >C10-C40 0.1 10 <0.1 <0.1 No N/A 

C6-C10 minus 

BTEX (F1) 

0.02 10 <0.02 <0.02 No N/A 
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Analytical 

Groupings 

Analyte Limit of 

reporting 

(mg/L) 

Number 

of 

Samples 

Minimum  

(mg/L) 

Maximum 

(mg/L) 

Criteria Exceeded Relative to previous monitoring 

>C10-C16 minus 

Naphthalene 

(F2) 

0.1 10 <0.1 <0.1 No N/A 

BTEX Benzene 0.001-0.005 10 <0.001 <0.001 No N/A 

Toluene 0.001-0.005 10 <0.002 <0.002 No N/A 

Ethylbenzene 0.001-0.005 10 <0.002 <0.002 No N/A 

Total Xylene 0.001-0.005 10 <0.002 <0.002 No N/A 

Naphthalene 0.001 10 <0.005 <0.005 No N/A 

PFAS PFOS 0.00001-0.0001 10 <0.00001 <0.00001 HEPA NEMP 2018* N/A 

PFOA 0.00001-0.0001 10 <0.00001 <0.00001 No N/A 

PFOS/PFHxS 0.00001-0.0001 10 <0.00001 <0.00001 No N/A 

* The LOR is above the Heads of EPA Australia and New Zealand – National Environmental Management Plan (HEPA NEMP) 2018 99% Level of protection in freshwater. 
No concentrations were found to be above the LOR.   
1Australian and New Zealand Environmental Conservation Council (ANZECC) 2000 Trigger Values – Default trigger values for physical and chemical stressors, for slightly 
disturbed ecosystems in lowland rivers, Southeast Australia (value is for base flow and not storm event) 
2ANZECC 2000 Trigger Values – 95% Level of protection in freshwater 
National Health and Medical Research Council Australian Drinking Water Guidelines (NHMRC ADWG) 6 2011 Version 3.5 Updated August 2018 
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4. RAINWATER DATA 

Table 4.5 presents the rainfall data from Williamtown RAAF base. The mean monthly rainfall indicates 

that there has been significantly less rainfall in January and February than the mean.   

Table 4.5 2019 Rainfall data 

2019 Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

1st 2.0 0.8 0                   

2nd 0 12.8 0                   

3rd 0 0.4                     

4th 0 0 0                   

5th 0 0 0                   

6th 0 0 0                   

7th 5.0 0                     

8th 0 0                     

9th 0 6.6                     

10th 0.2 0                     

11th 0 0                     

12th 3.0 0                     

13th 0 0                     

14th 0 0                     

15th 0 0                     

16th 0 0                     

17th 0 0                     

18th 0 0                     

19th 0 0                     

20th 2.4                       

21st 1.0 1.4                     

22nd 0 1.0                     

23rd 0 1.4                     

24th 0 9.2                     

25th 0 0                     

26th 0 0                     

27th 0 0                     

28th 1.0 0                     

29th 0                       

30th 0                       

31st 0                       

Monthly 

Total 

14.6 33.6                     

Mean 98.7 117.0 120.5 111.6 109.6 124.7 70.9 72.9 60.4 73.9 82.3 78.6 
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Based on the rainfall data, it is expected that the current groundwater and surface water levels 

would be low.  

5. THANKYOU 

We trust the information presented is acceptable. If you have any questions, please do not 

hesitate in contacting the undersigned. 

Sincerely, 

Kleinfelder Australia Pty Ltd 

 

 

Tom Overton MSc, BSc (Hons), Dip 

Senior Project Manager 

Contaminated Land Management 

toverton@kleinfelder.com  

Mobile: 0415 170 312 

 

Attached:  

Figure 1 

Data Tables 

Attachment A – Laboratory reports 

 

mailto:toverton@kleinfelder.com
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FIGURE 1 
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DATA TABLES 

 



Table BH01

Groundwater gauging data and field parameters

Williamtown Sand Syndicate

Borehole Easting (MGA) Northing (MGA)
Ground Surface 

RL (mAHD)

Top of Casing 

(mAHD)

Bore Depth prior 

to monitoring 

(mBTOC)

Screen Top 

(mBG)

Screen Bottom 

(mBG)

Well Diameter 

(mm)

BH1 387741.2 6369495.8 8.21 8.64 9.45 6.45 8.6 50

Date
Depth to Water 

(mBTOC)

Water Elevation 

(mAHD)

Well Total Depth 

at point of 

sampling 

(mBTOC)

Well Base 

Elevation  

(mAHD)

Temp (°C) EC (us/cm) pH Redox (mV) Description

21/02/2019 5.776 2.864 8.89 -0.25 - - - - No water sample taken due to top of well being melted



Table BH02

Groundwater gauging data and field parameters

Williamtown Sand Syndicate

Borehole Easting (MGA) Northing (MGA)
Ground Surface 

RL (mAHD)

Top of Casing 

(mAHD)

Bore Depth prior 

to monitoring 

(mBTOC)

Screen Top 

(mBG)

Screen Bottom 

(mBG)

Well Diameter 

(mm)

BH2 387704.7 6369175.1 7.4 7.79 9.45 5.6 8.6 50

Date
Depth to Water 

(mBTOC)

Water Elevation 

(mAHD)

Well Total Depth 

at point of 

sampling 

(mBTOC)

Well Base 

Elevation  

(mAHD)

Temp (°C) EC (us/cm) pH Redox (mV) Description

21/02/2019 5.674 2.116 8.93 -1.14 22.7 124.1 4.29 111 Slightly Cloudy, light brown, slight sulfur odour



Table BH03

Groundwater gauging data and field parameters

Williamtown Sand Syndicate

Borehole Easting (MGA) Northing (MGA)
Ground Surface 

RL (mAHD)

Top of Casing 

(mAHD)

Bore Depth prior 

to monitoring 

(mBTOC)

Screen Top 

(mBG)

Screen Bottom 

(mBG)

Well Diameter 

(mm)

BH3 387751.7 6368964.3 7.03 7.57 9.45 5.45 8.45 50

Date
Depth to Water 

(mBTOC)

Water Elevation 

(mAHD)

Well Total Depth 

at point of 

sampling 

(mBTOC)

Well Base 

Elevation  

(mAHD)

Temp (°C) EC (us/cm) pH Redox (mV) Description

21/02/2019 6.026 1.544 8.94 -1.37 22.1 82.4 4.54 94 Light Brown - No Odour



Table BH04

Groundwater gauging data and field parameters

Williamtown Sand Syndicate

Borehole Easting (MGA) Northing (MGA)
Ground Surface 

RL (mAHD)

Top of Casing 

(mAHD)

Bore Depth prior 

to monitoring 

(mBTOC)

Screen Top 

(mBG)

Screen Bottom 

(mBG)

Well Diameter 

(mm)

BH4 387854.9 6368742.8 2.81 3.06 6.45 2.65 5.65 50

Date
Depth to Water 

(mBTOC)

Water Elevation 

(mAHD)

Well Total Depth 

at point of 

sampling 

(mBTOC)

Well Base 

Elevation  

(mAHD)

Temp (°C) EC (us/cm) pH Redox (mV) Description

21/02/2019 1.994 1.066 5.92 -2.86 20.4 129.2 3.85 135 light discolouration - Brown



Table BH05

Groundwater gauging data and field parameters

Williamtown Sand Syndicate

Borehole Easting (MGA) Northing (MGA)
Ground Surface 

RL (mAHD)

Top of Casing 

(mAHD)

Bore Depth prior 

to monitoring 

(mBTOC)

Screen Top 

(mBG)

Screen Bottom 

(mBG)

Well Diameter 

(mm)

BH5 388768.5 6369334.7 6.76 7.36 9.28 8.1 5.1 50

Date
Depth to Water 

(mBTOC)

Water Elevation 

(mAHD)

Well Total Depth 

at point of 

sampling 

(mBTOC)

Well Base 

Elevation  

(mAHD)

Temp (°C) EC (us/cm) pH Redox (mV) Description

21/02/2019 6.063 1.297 8.63 -1.27 20.1 320 4.06 122 Roots evident. Brown slight sulfur odour



Table BH06

Groundwater gauging data and field parameters

Williamtown Sand Syndicate

Borehole Easting (MGA) Northing (MGA)
Ground Surface 

RL (mAHD)

Top of Casing 

(mAHD)

Bore Depth prior 

to monitoring 

(mBTOC)

Screen Top 

(mBG)

Screen Bottom 

(mBG)

Well Diameter 

(mm)

BH6 388729.7 6369582.2 3.01 3.62 4.95 3.9 2.4 50

Date
Depth to Water 

(mBTOC)

Water Elevation 

(mAHD)

Well Total Depth 

at point of 

sampling 

(mBTOC)

Well Base 

Elevation  

(mAHD)

Temp (°C) EC (us/cm) pH Redox (mV) Description

21/02/2019 1.823 1.797 4.43 -0.81 23.1 228 4.28 111 Clear to slightly cloudy, sulfur odour



Table BH07

Groundwater gauging data and field parameters

Williamtown Sand Syndicate

Borehole Easting (MGA) Northing (MGA)
Ground Surface 

RL (mAHD)

Top of Casing 

(mAHD)

Bore Depth prior 

to monitoring 

(mBTOC)

Screen Top 

(mBG)

Screen Bottom 

(mBG)

Well Diameter 

(mm)

BH7* 388827.7 6369245.3 2.6 2.98 4.95 2.6 4.1 50

Date
Depth to Water 

(mBTOC)

Water Elevation 

(mAHD)

Well Total Depth 

at point of 

sampling 

(mBTOC)

Well Base 

Elevation  

(mAHD)

Temp (°C) EC (us/cm) pH Redox (mV) Description

21/02/2019 1.938 1.042 4.42 -1.44 23.7 283 4.04 125 Slightly Cloudy, light brown, slight sulfur odour



Table BH08

Groundwater gauging data and field parameters

Williamtown Sand Syndicate

Borehole Easting (MGA) Northing (MGA)
Ground Surface 

RL (mAHD)

Top of Casing 

(mAHD)

Bore Depth prior 

to monitoring 

(mBTOC)

Screen Top 

(mBG)

Screen Bottom 

(mBG)

Well Diameter 

(mm)

BH8 389178.2 6369271.6 3.28 3.88 6.28 3 5.5 50

Date
Depth to Water 

(mBTOC)

Water Elevation 

(mAHD)

Well Total Depth 

at point of 

sampling 

(mBTOC)

Well Base 

Elevation  

(mAHD)

Temp (°C) EC (us/cm) pH Redox (mV) Description

21/02/2019 2.78 1.1 6.08 -2.2 21.8 411 4.09 121 Sulfur smell - Dark Brown



Table BH09

Groundwater gauging data and field parameters

Williamtown Sand Syndicate

Borehole Easting (MGA) Northing (MGA)
Ground Surface 

RL (mAHD)

Top of Casing 

(mAHD)

Bore Depth prior 

to monitoring 

(mBTOC)

Screen Top 

(mBG)

Screen Bottom 

(mBG)

Well Diameter 

(mm)

BH9 387520.4 6368798.8 17.07 17.75 18.18 14.6 17.6 50

Date
Depth to Water 

(mBTOC)

Water Elevation 

(mAHD)

Well Total Depth 

at point of 

sampling 

(mBTOC)

Well Base 

Elevation  

(mAHD)

Temp (°C) EC (us/cm) pH Redox (mV) Description

21/02/2019 Dry - 15.82 1.93 - - - - Well was dry



Table BH10

Groundwater gauging data and field parameters

Williamtown Sand Syndicate

Borehole Easting (MGA) Northing (MGA)
Ground Surface 

RL (mAHD)

Top of Casing 

(mAHD)

Bore Depth prior 

to monitoring 

(mBTOC)

Screen Top 

(mBG)

Screen Bottom 

(mBG)

Well Diameter 

(mm)

BH10 387931.2 6369744.4 6.09 6.69 5.45 2 5 50

Date
Depth to Water 

(mBTOC)

Water Elevation 

(mAHD)

Well Total Depth 

at point of 

sampling 

(mBTOC)

Well Base 

Elevation  

(mAHD)

Temp (°C) EC (us/cm) pH Redox (mV) Description

21/02/2019 Dry - 3.58 3.11 - - - - Well was dry



Table BH11

Groundwater gauging data and field parameters

Williamtown Sand Syndicate

Borehole Easting (MGA) Northing (MGA)
Ground Surface 

RL (mAHD)

Top of Casing 

(mAHD)

Bore Depth prior 

to monitoring 

(mBTOC)

Screen Top 

(mBG)

Screen Bottom 

(mBG)

Well Diameter 

(mm)

BH11 387650.6 6369979.7 6.02 6.63 5.95 1.6 4.6 50

Date
Depth to Water 

(mBTOC)

Water Elevation 

(mAHD)

Well Total Depth 

at point of 

sampling 

(mBTOC)

Well Base 

Elevation  

(mAHD)

Temp (°C) EC (us/cm) pH Redox (mV) Description

21/02/2019 3.02 3.61 5.21 1.42 22.3 402 3.78 136 Brown - No Odour



Table BH12

Groundwater gauging data and field parameters

Williamtown Sand Syndicate

Borehole Easting (MGA) Northing (MGA)
Ground Surface 

RL (mAHD)

Top of Casing 

(mAHD)

Bore Depth prior 

to monitoring 

(mBTOC)

Screen Top 

(mBG)

Screen Bottom 

(mBG)

Well Diameter 

(mm)

BH12 388202.9 6369332.9 8.06 8.67 8.39 4.8 7.8 50

Date
Depth to Water 

(mBTOC)

Water Elevation 

(mAHD)

Well Total Depth 

at point of 

sampling 

(mBTOC)

Well Base 

Elevation  

(mAHD)

Temp (°C) EC (us/cm) pH Redox (mV) Description

21/02/2019 Dry - 6.166 2.504 - - - - Well was dry



Table BH239S

Groundwater gauging data and field parameters

Williamtown Sand Syndicate

Borehole Easting (MGA) Northing (MGA)
Ground Surface 

RL (mAHD)

Top of Casing 

(mAHD)

Bore Depth prior 

to monitoring 

(mBTOC)

Screen Top 

(mBG)

Screen Bottom 

(mBG)

Well Diameter 

(mm)

MW239S 388619.1 - 2.98 3.04 4 1 4 50

Date
Depth to Water 

(mBTOC)

Water Elevation 

(mAHD)

Well Total Depth 

at point of 

sampling 

(mBTOC)

Well Base 

Elevation  

(mAHD)

Temp (°C) EC (us/cm) pH Redox (mV) Description

21/02/2019 1.529 1.511 3.89 -0.85 21.7 526 4.09 121 Light Brown - Slight Sulfur odour



Table BH239D

Groundwater gauging data and field parameters

Williamtown Sand Syndicate

Borehole Easting (MGA) Northing (MGA)
Ground Surface 

RL (mAHD)

Top of Casing 

(mAHD)

Bore Depth prior 

to monitoring 

(mBTOC)

Screen Top 

(mBG)

Screen Bottom 

(mBG)

Well Diameter 

(mm)

MW239D 388619.1 - 2.98 3.04 21 - - 50

Date
Depth to Water 

(mBTOC)

Water Elevation 

(mAHD)

Well Total Depth 

at point of 

sampling 

(mBTOC)

Well Base 

Elevation  

(mAHD)

21/02/2019 1.312 1.728 20.21 -17.17

Description



Table SW01

Groundwater gauging data and field parameters

Williamtown Sand Syndicate

Location Easting (MGA) Northing (MGA)

Top of 

Measuring Tape 

(mAHD)

SW01 387886.7 6368734 2.5

Date

Water Lavel 

(Reading on 

tape)

Water Elevation 

(mAHD)
Temp (°C) EC (us/cm) pH Redox (mV) Description

21/02/2019 0 2.5 - - - - No water present



Table SW02

Groundwater gauging data and field parameters

Williamtown Sand Syndicate

Location Easting (MGA) Northing (MGA)

Top of 

Measuring Tape 

(mAHD)

SW02 387988.3 6369234 3.3

Date

Water Lavel 

(Reading on 

tape)

Water Elevation 

(mAHD)
Temp (°C) EC (us/cm) pH Redox (mV) Description

21/02/2019 0 3.3 - - - - No water present



Table SW03

Groundwater gauging data and field parameters

Williamtown Sand Syndicate

Location Easting (MGA) Northing (MGA)

Top of 

Measuring Tape 

(mAHD)

SW03 388464.6 6369057 2.1

Date

Water Lavel 

(Reading on 

tape)

Water Elevation 

(mAHD)
Temp (°C) EC (us/cm) pH Redox (mV) Description

21/02/2019 1.1 1 26 313 5.11 62 Water level low, slight sulfur odour



Table SW04

Groundwater gauging data and field parameters

Williamtown Sand Syndicate

Location Easting (MGA) Northing (MGA)

Top of 

Measuring Tape 

(mAHD)

SW04 389049 6368969 2

Date

Water Lavel 

(Reading on 

tape)

Water Elevation 

(mAHD)
Temp (°C) EC (us/cm) pH Redox (mV) Description

21/02/2019 0 2 - - - - No water present 



Table 1

Groundwater Analytical Data - BTEXN

Williamtown Sand Syndicate

Total 

Petroleum 

Hydrocarbons

Benzene** Toluene
Ethylbenzen

e

meta- & para- 

Xylene

ortho-

Xylene**

Total 

Xylenes

Naphthalene

**
Sum of BTEX C6 - C9

C10-C14 - Silica 

Cleanup

C15-C28 - Silica 

Cleanup

C29-C36 - Silica 

Cleanup

C10-C36 Sum - 

Silica Cleanup
C6 - C10

C6 - C10 minus 

BTEX (F1)

>C10-C16 - 

Silica Cleanup

F2 - Silica 

Cleanup

>C16-C34 - 

Silica Cleanup

>C34-C40 - 

Silica Cleanup

>C10-C40 - 

Silica Cleanup

1 2 2 2 2 2 5 1 20 50 100 50 50 20 20 100 100 100 100 100

µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L

950 - - - 350 16

1 800 300 - 350 600

Sample Name Sample Date

BH11 21-Feb-19 < 1.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 5.0 < 1.0 < 20 < 50 < 100 < 50 < 50 < 20 < 20 < 100 < 100 < 100 < 100 < 100

BH2 22-Feb-19 < 1.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 5.0 < 1.0 < 20 < 50 < 100 < 50 < 50 < 20 < 20 < 100 < 100 < 100 < 100 < 100

BH3 21-Feb-19 < 1.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 5.0 < 1.0 < 20 < 50 < 100 < 50 < 50 < 20 < 20 < 100 < 100 < 100 < 100 < 100

BH4 21-Feb-19 < 1.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 5.0 < 1.0 < 20 < 50 < 100 < 50 < 50 < 20 < 20 < 100 < 100 < 100 < 100 < 100

BH5 22-Feb-19 < 1.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 5.0 < 1.0 < 20 < 50 < 100 < 50 < 50 < 20 < 20 < 100 < 100 < 100 < 100 < 100

BH6 22-Feb-19 < 1.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 5.0 < 1.0 < 20 < 50 < 100 < 50 < 50 < 20 < 20 < 100 < 100 < 100 < 100 < 100

BH7 22-Feb-19 < 1.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 5.0 < 1.0 < 20 < 50 < 100 < 50 < 50 < 20 < 20 < 100 < 100 < 100 < 100 < 100

BH8 21-Feb-19 < 1.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 5.0 < 1.0 < 20 < 50 < 100 < 50 < 50 < 20 < 20 < 100 < 100 < 100 < 100 < 100

MW2395 22-Feb-19 < 1.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 5.0 < 1.0 < 20 < 50 < 100 < 50 < 50 < 20 < 20 < 100 < 100 < 100 < 100 < 100

SW3 22-Feb-19 < 1.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 5.0 < 1.0 < 20 < 50 < 100 < 50 < 50 < 20 < 20 < 100 < 100 < 100 < 100 < 100

Notes:

- - Not analysed

< - Less than laboratory limit of reporting

µg/L - Micrograms per litre

BTEXN - Benzene, toluene, ethylbenzene, xylenes, naphthalene

** 95% Level of protection in freshwater

NHMRC ADWG 6

LOR

ANZECC 2000 Trigger Values

Total Recoverable 

Hydrocarbons
Total Recoverable Hydrocarbons -  Silcia Clean up

Units

Analyte

BTEXN Total Petroleum Hydrocarbons - Silcia Clean up
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Table 2

Groundwater Analytical Data - Metals

Williamtown Sand Syndicate

Arsenic** Barium Beryllium Boron** Cadmium**
Chromium**

1 Cobalt Copper** Iron Lead**
Manganese*

*
Mercury**

2 Nickel** Selenium** Vanadium Zinc**

0.001 0.001 0.001 0.05 0.0001 0.001 0.001 0.001 0.05 0.001 0.001 0.0001 0.001 0.01 0.01 0.005

mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L

0.013 - 0.37 0.0002 0.001 - 0.0014 - 0.0034 1.9 0.0006 0.011 0.011 - 0.008

0.01 0.06 4 0.002 0.05 - 2 0.3
3

0.01 0.5 0.001 0.02 0.01 - 3
3

Sample Name Sample Date

BH11 21-Feb-19 < 0.001 0.008 < 0.001 < 0.05 < 0.0001 0.002 0.001 < 0.001 0.26 < 0.001 0.003 < 0.0001 0.005 < 0.01 < 0.01 0.031

BH2 22-Feb-19 < 0.001 0.005 < 0.001 < 0.05 < 0.0001 < 0.001 < 0.001 0.002 0.14 < 0.001 0.021 < 0.0001 0.015 < 0.01 < 0.01 0.006

BH3 21-Feb-19 < 0.001 0.003 < 0.001 < 0.05 < 0.0001 0.002 < 0.001 < 0.001 0.06 < 0.001 0.005 < 0.0001 0.053 < 0.01 < 0.01 < 0.005

BH4 21-Feb-19 < 0.001 0.014 < 0.001 < 0.05 < 0.0001 < 0.001 < 0.001 0.002 0.16 < 0.001 0.039 < 0.0001 0.018 < 0.01 < 0.01 0.014

BH5 22-Feb-19 < 0.001 0.01 < 0.001 < 0.05 < 0.0001 0.001 < 0.001 < 0.001 1.4 < 0.001 0.005 < 0.0001 0.003 < 0.01 < 0.01 0.008

BH6 22-Feb-19 < 0.001 0.03 < 0.001 < 0.05 < 0.0001 < 0.001 < 0.001 < 0.001 1.03 < 0.001 0.014 < 0.0001 0.001 < 0.01 < 0.01 0.019

BH7 22-Feb-19 < 0.001 0.004 < 0.001 < 0.05 < 0.0001 0.002 0.003 < 0.001 1.8 < 0.001 0.026 < 0.0001 0.004 < 0.01 < 0.01 0.019

BH8 21-Feb-19 0.001 * 0.011 < 0.001 < 0.05 < 0.0001 0.001 < 0.001 < 0.001 4.1 < 0.001 0.012 < 0.0001 0.002 < 0.01 < 0.01 0.006

MW2395 22-Feb-19 < 0.001 0.007 < 0.001 < 0.05 < 0.0001 0.002 < 0.001 < 0.001 1.11 < 0.001 0.003 < 0.0001 0.001 < 0.01 < 0.01 0.006

SW3 22-Feb-19 0.003 0.075 < 0.001 < 0.05 < 0.0001 < 0.001 < 0.001 < 0.001 4.84 < 0.001 0.033 < 0.0001 0.002 < 0.01 < 0.01 0.016

Notes:

- - Not analysed

< - Less than laboratory limit of reporting

mg/L - Milligrams per litre

Bold indicates a detection above the laboratory limit of reporting

"*" denotes duplicate/triplicate sample result adopted for analytical use due to RPD >50%

RPD - Relative Percentage Difference

** 95% Level of protection in freshwater
1
 value for CR VI 

2
 as inorganioc 

3
 Aesthetic

Analyte

Metals

Units

ANZECC 2000 Trigger Values

NHMRC ADWG 6

LOR
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Table 3

Groundwater Analytical Data - PFAS

Williamtown Sand Syndicate

Perfluorobutane 

sulfonic acid 

(PFBS)

Perfluoropentane 

sulfonic acid 

(PFPeS)

Perfluorohexane 

sulfonic acid (PFHxS)

Perfluorohepta

ne sulfonate 

(PFHpS)

Perfluorooctane 

sulfonic acid 

(PFOS)

Perfluorobutanoic 

acid (PFBA)

Perfluoropentan

oic acid (PFPeA)

Perfluorohexanoic 

acid (PFHxA)

Perfluoroheptan

oic acid (PFHpA)

Perfluorooctanoic 

acid (PFOA)

Perfluorononanoic 

acid (PFNA)

Perfluorodecanoic 

acid (PFDA)

Perfluoroundecan

oic acid (PFUnDA)

Perfluorododecan

oic acid (PFDoDA)

Perfluorotridecan

oic acid (PFTrDA)

Perfluorotetradecan

oic acid (PFTeDA)

Perfluorooctane 

sulfonamide 

(FOSA)

N-Methyl-

perfluorooctane 

sulfonamide (MeFOSA)

N-Ethyl 

perfluorooctane 

sulfonamide 

(EtFOSA)

N-Methyl 

perfluorooctane 

sulfonamidoetha

nol (MeFOSE)

N-Ethyl 

perfluorooctane 

sulfonamidoetha

nol (EtFOSE)

N-Methyl 

perfluorooctane 

sulfonamidoacetic acid 

(MeFOSAA)

N-Ethyl 

perfluorooctane 

sulfonamidoacetic 

acid (EtFOSAA)

4:2 Fluorotelomer sulfonic 

acid (4:2 FTS)

6:2 Fluorotelomer sulfonic 

acid (6:2 FTS)

8:2 Fluorotelomer sulfonic 

acid (8:2 FTS)

10:2 

Fluorotelomer 

sulfonic acid 

(10:2 FTS)

Sum of PFHxS 

and PFOS

Sum of PFAS (WA 

DER List)
Sum of PFAS

0.02 0.02 0.02 0.02 0.01 0.1 0.02 0.02 0.02 0.01 0.02 0.02 0.02 0.02 0.02 0.05 0.02 0.05 0.05 0.05 0.05 0.02 0.02 0.05 0.05 0.05 0.05 0.01 0.01 0.01

µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L

0.56 0.07

0.00023 19

5.6 0.7

Sample Name Sample Date

BH11 21-Feb-19 < 0.02 < 0.02 < 0.02 < 0.02 < 0.01 < 0.1 < 0.02 < 0.02 < 0.02 < 0.01 < 0.02 < 0.02 < 0.02 < 0.02 < 0.02 < 0.05 < 0.02 < 0.05 < 0.05 < 0.05 < 0.05 < 0.02 < 0.02 < 0.05 < 0.05 < 0.05 < 0.05 < 0.01 < 0.01 < 0.01

BH2 22-Feb-19 < 0.02 < 0.02 < 0.02 < 0.02 < 0.01 < 0.1 < 0.02 < 0.02 < 0.02 < 0.01 < 0.02 < 0.02 < 0.02 < 0.02 < 0.02 < 0.05 < 0.02 < 0.05 < 0.05 < 0.05 < 0.05 < 0.02 < 0.02 < 0.05 < 0.05 < 0.05 < 0.05 < 0.01 < 0.01 < 0.01

BH3 21-Feb-19 < 0.02 < 0.02 < 0.02 < 0.02 < 0.01 < 0.1 < 0.02 < 0.02 < 0.02 < 0.01 < 0.02 < 0.02 < 0.02 < 0.02 < 0.02 < 0.05 < 0.02 < 0.05 < 0.05 < 0.05 < 0.05 < 0.02 < 0.02 < 0.05 < 0.05 < 0.05 < 0.05 < 0.01 < 0.01 < 0.01

BH4 21-Feb-19 < 0.02 < 0.02 < 0.02 < 0.02 < 0.01 < 0.1 < 0.02 < 0.02 < 0.02 < 0.01 < 0.02 < 0.02 < 0.02 < 0.02 < 0.02 < 0.05 < 0.02 < 0.05 < 0.05 < 0.05 < 0.05 < 0.02 < 0.02 < 0.05 < 0.05 < 0.05 < 0.05 < 0.01 < 0.01 < 0.01

BH5 22-Feb-19 < 0.02 < 0.02 < 0.02 < 0.02 < 0.01 < 0.1 < 0.02 < 0.02 < 0.02 < 0.01 < 0.02 < 0.02 < 0.02 < 0.02 < 0.02 < 0.05 < 0.02 < 0.05 < 0.05 < 0.05 < 0.05 < 0.02 < 0.02 < 0.05 < 0.05 < 0.05 < 0.05 < 0.01 < 0.01 < 0.01

BH6 22-Feb-19 < 0.02 < 0.02 < 0.02 < 0.02 < 0.01 < 0.1 < 0.02 < 0.02 < 0.02 < 0.01 < 0.02 < 0.02 < 0.02 < 0.02 < 0.02 < 0.05 < 0.02 < 0.05 < 0.05 < 0.05 < 0.05 < 0.02 < 0.02 < 0.05 < 0.05 < 0.05 < 0.05 < 0.01 < 0.01 < 0.01

BH7 22-Feb-19 < 0.02 < 0.02 < 0.02 < 0.02 < 0.01 < 0.1 < 0.02 < 0.02 < 0.02 < 0.01 < 0.02 < 0.02 < 0.02 < 0.02 < 0.02 < 0.05 < 0.02 < 0.05 < 0.05 < 0.05 < 0.05 < 0.02 < 0.02 < 0.05 < 0.05 < 0.05 < 0.05 < 0.01 < 0.01 < 0.01

BH8 21-Feb-19 < 0.02 < 0.02 < 0.02 < 0.02 < 0.01 < 0.1 < 0.02 < 0.02 < 0.02 < 0.01 < 0.02 < 0.02 < 0.02 < 0.02 < 0.02 < 0.05 < 0.02 < 0.05 < 0.05 < 0.05 < 0.05 < 0.02 < 0.02 < 0.05 < 0.05 < 0.05 < 0.05 < 0.01 < 0.01 < 0.01

MW2395 22-Feb-19 < 0.02 < 0.02 < 0.02 < 0.02 < 0.01 < 0.1 < 0.02 < 0.02 < 0.02 < 0.01 < 0.02 < 0.02 < 0.02 < 0.02 < 0.02 < 0.05 < 0.02 < 0.05 < 0.05 < 0.05 < 0.05 < 0.02 < 0.02 < 0.05 < 0.05 < 0.05 < 0.05 < 0.01 < 0.01 < 0.01

SW3 22-Feb-19 < 0.02 < 0.02 < 0.02 < 0.02 < 0.01 < 0.1 < 0.02 < 0.02 < 0.02 < 0.01 < 0.02 < 0.02 < 0.02 < 0.02 < 0.02 < 0.05 < 0.02 < 0.05 < 0.05 < 0.05 < 0.05 < 0.02 < 0.02 < 0.05 < 0.05 < 0.05 < 0.05 < 0.01 < 0.01 < 0.01

Notes:

- - Not analysed

< - Less than laboratory limit of reporting

µg/L - Micrograms per litre

*** 99% Level of protection in freshwater
4
 Recreation water 

NHMRC ADWG 6

HEPA NEMP 2018***

HEPA NEMP 2018
4

LOR

Perfluoroalkyl Sulfonamides (n:2) Fluorotelomer Sulfonic Acids Sum of PFAS

Units

Analyte

Perfluoroalkyl Sulfonic Acids Perfluoroalkyl Carboxylic Acids
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Table 4

Groundwater Analytical Data - Inorganics

Williamtown Sand Syndicate

 Inorganics  

Sodium Calcium Magnesium Potassium Sulphate Chloride Fluoride
Reactive phosphorus 

as P

Total 

Phosphorus
Nitrite as N Nitrate as N

Nitrite + Nitrate 

as N

Ammonia as 

N

Total Nitrogen as 

N

Total Kjeldahl Nitrogen 

as N
Total Cations Total Anions

Ionic 

Balance

Sodium 

Adsorption Ratio

Bicarbonate 

Alkalinity as CaCO3

Carbonate Alkalinity 

as CaCO3

Hydroxide Alkalinity 

as CaCO3

Total Alkalinity 

as CaCO3

Total Hardness 

as CaCO3

Electrical 

Conductivity @ 25°C*

Total Dissolved 

Solids
pH

1 1 1 1 1 1 0.1 0.01 0.01 0.01 0.01 0.01 0.01 0.1 0.1 0.01 0.01 0.01 1 1 1 1 1 1 1 0.01

mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L meq/L meq/L % - mg/L mg/L mg/L mg/L mg/L µS/cm mg/L pH units

0.02* 0.025* 0.7** 0.9** 0.35* 125-2200 6.5 - 8.0*

180
3

250
3

250
3

1.5 3 50 0.5
3

200
3

600
3

6.5-8.5
3

Sample Name Sample Date
BH11 21-Feb-19 48 < 1.0 10 < 1.0 24 80 0.1 < 0.01 0.03 < 0.01 0.04 0.04 0.06 1.8 1.8 2.91 2.76 - 3.21 < 1.0 < 1.0 < 1.0 < 1.0 41 346 278 4.67

BH2 22-Feb-19 12 2.0 2.0 < 1.0 6.0 22 0.1 < 0.01 0.28 < 0.01 2.76 2.76 0.05 4.0 1.2 0.79 0.74 - 1.44 < 1.0 < 1.0 < 1.0 < 1.0 13 91 128 4.87

BH3 21-Feb-19 4.0 4.0 1.0 < 1.0 4.0 10 < 0.1 < 0.01 2.76 < 0.01 0.78 0.78 0.3 5.9 5.1 0.46 0.54 - 0.46 9.0 < 1.0 < 1.0 9.0 14 60 438 5.55

BH4 21-Feb-19 8.0 2.0 1.0 1.0 5.0 17 < 0.1 < 0.01 0.19 < 0.01 0.35 0.35 0.04 0.6 0.3 0.56 0.7 - 1.15 6.0 < 1.0 < 1.0 6.0 9.0 73 96 5.4

BH5 22-Feb-19 42 < 1.0 6.0 1.0 19 69 0.2 < 0.01 0.34 < 0.01 < 0.01 < 0.01 0.09 3.0 3.0 2.35 2.34 - 3.59 < 1.0 < 1.0 < 1.0 < 1.0 25 250 211 4.87

BH6 22-Feb-19 28 3.0 4.0 1.0 28 42 < 0.1 < 0.01 0.05 < 0.01 0.09 0.09 0.14 0.5 0.4 1.72 1.77 - 2.49 < 1.0 < 1.0 < 1.0 < 1.0 24 177 144 4.37

BH7 22-Feb-19 34 < 1.0 5.0 2.0 12 64 0.2 < 0.01 0.13 < 0.01 0.02 0.02 0.34 2.2 2.2 1.94 2.06 - 3.16 < 1.0 < 1.0 < 1.0 < 1.0 20 213 196 4.76

BH8 21-Feb-19 52 < 1.0 6.0 < 1.0 11 90 < 0.1 < 0.01 1.97 < 0.01 < 0.01 < 0.01 0.5 2.4 2.4 2.76 2.77 - 4.44 < 1.0 < 1.0 < 1.0 < 1.0 25 352 258 4.46

MW2395 22-Feb-19 61 < 1.0 6.0 < 1.0 6.0 104 < 0.1 < 0.01 0.56 < 0.01 < 0.01 < 0.01 0.18 3.9 3.9 3.15 3.06 1.43 5.21 < 1.0 < 1.0 < 1.0 < 1.0 25 329 234 4.89

SW3 22-Feb-19 40 4.0 4.0 1.0 16 82 < 0.1 < 0.01 0.06 < 0.01 < 0.01 < 0.01 0.16 1.0 1.0 2.55 2.87 - 3.38 11 < 1.0 < 1.0 11 26 262 228 6.21

Notes:

- - Not analysed

< - Less than laboratory limit of reporting

LOR - Laboratory limit of reporting

mg/L - Milligrams per litre

µS/cm - Microsiemens per centimeter

Bold indicates a detection above the laboratory limit of reporting

* Default trigger values for physical and chemical stressors, for slightly disturbed ecosystems in lowland rivers, Southeast Australia (value is for base flow and not storm event) 

** 95% Level of protection in freshwater
3
 Aesthetic

NHMRC ADWG 6

LOR

ANZECC 2000 Trigger Values

Alkalinity

Units

Analyte

Anions and Cations  
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Table 5

Quality Control Sample Analysis - BTEXN

Williamtown Sand Syndicate

Benzene Toluene
Ethylbenzen

e

meta- & para- 

Xylene
ortho-Xylene

Total 

Xylenes
Naphthalene Sum of BTEX C6 - C9 C10 - C14 C15 - C28 C29 - C36 C10 - C36 sum

C10-C14 - Silica 

Cleanup

C15-C28 - Silica 

Cleanup

C29-C36 - Silica 

Cleanup

C10-C36 Sum - 

Silica Cleanup
C6 - C10

C6 - C10 minus 

BTEX (F1)
>C10 - C16

>C10 - C16 

minus 

Naphthalene 

(F2)

>C16 - C34 >C34 - C40

>C10-C16 - 

Silica Cleanup

F2 - Silica 

Cleanup

>C16-C34 - 

Silica Cleanup

>C34-C40 - 

Silica Cleanup

>C10-C40 - 

Silica Cleanup

µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L

Sample Name Sample Date Sample Type
TRIP BLANK_13022019 13-Feb-19 Trip Blank < 1.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 5.0 < 1.0 < 20 - - - - < 50 < 100 < 50 < 50 < 20 < 20 - - - - < 100 < 100 < 100 < 100 < 100

RINSATE01_21022019 21-Feb-19 Rinsate < 1.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 5.0 < 1.0 < 20 - - - - < 50 < 100 < 50 < 50 < 20 < 20 - - - - < 100 < 100 < 100 < 100 < 100

BH8_21022019 21-Feb-19 Primary < 1.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 5.0 < 1.0 < 20 - - - - < 50 < 100 < 50 < 50 < 20 < 20 - - - - < 100 < 100 < 100 < 100 < 100

DUP01_21022019 21-Feb-19 Duplicate < 1.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 5.0 < 1.0 < 20 - - - - < 50 < 100 < 50 < 50 < 20 < 20 - - - - < 100 < 100 < 100 < 100 < 100

NC NC NC NC NC NC NC NC NC NC NC NC NC NC NC NC NC NC NC NC NC NC NC NC NC NC NC NC

BH8_21022019 21-Feb-19 Primary < 1.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 5.0 < 1.0 < 20 - - - - < 50 < 100 < 50 < 50 < 20 < 20 - - - - < 100 < 100 < 100 < 100 < 100

TRIP01_21022019 21-Feb-19 Triplicate < 1.0 < 1.0 < 1.0 < 2.0 < 1.0 < 3.0 < 10 - < 20 < 50 < 100 < 100 < 100 < 50 < 100 < 100 < 400 < 20 < 20 < 50 < 50 < 100 < 100 < 50 - < 100 < 100 < 100

NC NC NC NC NC NC NC NC NC NC NC NC NC NC NC NC NC NC NC NC NC NC NC NC NC NC NC NC

Notes:

- - Not analysed

< - Less than laboratory limit of reporting

NC - Not calculated

µg/L - Micrograms per litre

BTEXN - Benzene, toluene, ethylbenzene, xylenes, naphthalene

Total Recoverable Hydrocarbons Total Recoverable Hydrocarbons -  Silcia Clean up

Relative Percentage Difference

Relative Percentage Difference

Units

Analyte

BTEXN Total Petroleum Hydrocarbons Total Petroleum Hydrocarbons - Silcia Clean up
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Table 6

Quality Control Sample Analysis - Metals

Williamtown Sand Syndicate

Arsenic Barium Beryllium Boron Cadmium Chromium Chromium VI Cobalt Copper Iron Lead Manganese Mercury Nickel Selenium Vanadium Zinc

mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L

Sample Name Sample Date Sample Type

TRIP BLANK_13022019 13-Feb-19 Trip Blank < 0.001 < 0.001 < 0.001 < 0.05 < 0.0001 < 0.001 - < 0.001 < 0.001 < 0.05 < 0.001 < 0.001 < 0.0001 < 0.001 < 0.01 < 0.01 < 0.005

RINSATE01_21022019 21-Feb-19 Rinsate < 0.001 < 0.001 < 0.001 < 0.05 < 0.0001 < 0.001 - < 0.001 < 0.001 < 0.05 < 0.001 < 0.001 < 0.0001 < 0.001 < 0.01 < 0.01 < 0.005

BH8_21022019 21-Feb-19 Primary < 0.001 0.011 < 0.001 < 0.05 < 0.0001 0.001 - < 0.001 < 0.001 4.1 < 0.001 0.012 < 0.0001 0.002 < 0.01 < 0.01 0.005

DUP01_21022019 21-Feb-19 Duplicate 0.001 0.014 < 0.001 < 0.05 < 0.0001 0.001 - < 0.001 < 0.001 4.09 < 0.001 0.012 < 0.0001 0.003 < 0.01 < 0.01 0.015

67% 24% NC NC NC 0% NC NC NC 0% NC 0% NC 40% NC NC 100%

BH8_21022019 21-Feb-19 Primary < 0.001 0.011 < 0.001 < 0.05 < 0.0001 0.001 - < 0.001 < 0.001 4.1 < 0.001 0.012 < 0.0001 0.002 < 0.01 < 0.01 0.005

TRIP01_21022019 21-Feb-19 Triplicate 0.001 < 0.02 < 0.001 < 0.05 < 0.0002 < 0.005 < 0.005 < 0.001 < 0.001 4.5 < 0.001 0.012 < 0.0001 0.003 - < 0.005 0.006

67% 10% NC NC NC 86% NC NC NC 9% NC 0% NC 40% NC NC 18%

Notes:

- - Not analysed

< - Less than laboratory limit of reporting

NC - Not calculated

mg/L - Milligrams per litre

Half the laboratory limit of reporting used when calculating RPD

RPD - Relative Percentage Difference

Analyte

Metals

Relative Percentage Difference

Relative Percentage Difference

Units
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Table 7

Quality Control Sample Analysis - PFAS

Williamtown Sand Syndicate

Perfluorobutane 

sulfonic acid 

(PFBS)

Perfluoropentan

e sulfonic acid 

(PFPeS)

Perfluorohexane 

sulfonic acid 

(PFHxS)

Perfluorohepta

ne sulfonate 

(PFHpS)

Perfluorooctane 

sulfonic acid 

(PFOS)

Perfluorobutanoic 

acid (PFBA)

Perfluoropenta

noic acid 

(PFPeA)

Perfluorohexanoic 

acid (PFHxA)

Perfluorohepta

noic acid 

(PFHpA)

Perfluorooctanoic 

acid (PFOA)

Perfluorononanoic 

acid (PFNA)

Perfluorodecanoic 

acid (PFDA)

Perfluoroundeca

noic acid 

(PFUnDA)

Perfluorododeca

noic acid 

(PFDoDA)

Perfluorotrideca

noic acid 

(PFTrDA)

Perfluorotetradeca

noic acid (PFTeDA)

Perfluorooctane 

sulfonamide 

(FOSA)

N-Methyl-

perfluorooctane 

sulfonamide 

(MeFOSA)

N-Ethyl 

perfluorooctane 

sulfonamide 

(EtFOSA)

N-Methyl 

perfluorooctane 

sulfonamidoeth

anol (MeFOSE)

N-Ethyl 

perfluorooctane 

sulfonamidoeth

anol (EtFOSE)

N-Methyl 

perfluorooctane 

sulfonamidoacetic 

acid (MeFOSAA)

N-Ethyl 

perfluorooctane 

sulfonamidoacetic 

acid (EtFOSAA)

4:2 Fluorotelomer sulfonic 

acid (4:2 FTS)

6:2 Fluorotelomer sulfonic 

acid (6:2 FTS)

8:2 Fluorotelomer sulfonic 

acid (8:2 FTS)

10:2 

Fluorotelomer 

sulfonic acid 

(10:2 FTS)

Sum of PFHxS 

and PFOS

Sum of PFAS (WA 

DER List)
Sum of PFAS

µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L

Sample Name Sample Date Sample Type
TRIP BLANK_13022019 13-Feb-19 Trip Blank < 0.02 < 0.02 < 0.02 < 0.02 < 0.01 < 0.1 < 0.02 < 0.02 < 0.02 < 0.01 < 0.02 < 0.02 < 0.02 < 0.02 < 0.02 < 0.05 < 0.02 < 0.05 < 0.05 < 0.05 < 0.05 < 0.02 < 0.02 < 0.05 < 0.05 < 0.05 < 0.05 < 0.01 < 0.01 < 0.01

RINSATE01_21022019 21-Feb-19 Rinsate < 0.02 < 0.02 < 0.02 < 0.02 < 0.01 < 0.1 < 0.02 < 0.02 < 0.02 < 0.01 < 0.02 < 0.02 < 0.02 < 0.02 < 0.02 < 0.05 < 0.02 < 0.05 < 0.05 < 0.05 < 0.05 < 0.02 < 0.02 < 0.05 < 0.05 < 0.05 < 0.05 < 0.01 < 0.01 < 0.01

BH8_21022019 21-Feb-19 Primary < 0.02 < 0.02 < 0.02 < 0.02 < 0.01 < 0.1 < 0.02 < 0.02 < 0.02 < 0.01 < 0.02 < 0.02 < 0.02 < 0.02 < 0.02 < 0.05 < 0.02 < 0.05 < 0.05 < 0.05 < 0.05 < 0.02 < 0.02 < 0.05 < 0.05 < 0.05 < 0.05 < 0.01 < 0.01 < 0.01

DUP01_21022019 21-Feb-19 Duplicate < 0.02 < 0.02 < 0.02 < 0.02 < 0.01 < 0.1 < 0.02 < 0.02 < 0.02 < 0.01 < 0.02 < 0.02 < 0.02 < 0.02 < 0.02 < 0.05 < 0.02 < 0.05 < 0.05 < 0.05 < 0.05 < 0.02 < 0.02 < 0.05 < 0.05 < 0.05 < 0.05 < 0.01 < 0.01 < 0.01

NC NC NC NC NC NC NC NC NC NC NC NC NC NC NC NC NC NC NC NC NC NC NC NC NC NC NC NC NC NC

BH8_21022019 21-Feb-19 Primary < 0.02 < 0.02 < 0.02 < 0.02 < 0.01 < 0.1 < 0.02 < 0.02 < 0.02 < 0.01 < 0.02 < 0.02 < 0.02 < 0.02 < 0.02 < 0.05 < 0.02 < 0.05 < 0.05 < 0.05 < 0.05 < 0.02 < 0.02 < 0.05 < 0.05 < 0.05 < 0.05 < 0.01 < 0.01 < 0.01

TRIP01_21022019 21-Feb-19 Triplicate < 0.01 < 0.01 < 0.01 < 0.01 < 0.01 < 0.05 < 0.01 < 0.01 < 0.01 < 0.01 < 0.01 < 0.01 < 0.01 < 0.01 < 0.01 < 0.01 < 0.05 < 0.05 < 0.05 < 0.05 < 0.05 < 0.05 < 0.05 < 0.01 < 0.05 < 0.01 < 0.01 < 0.01 < 0.05 < 0.1

NC NC NC NC NC NC NC NC NC NC NC NC NC NC NC NC NC NC NC NC NC NC NC NC NC NC NC NC NC NC

Notes:

< - Less than laboratory limit of reporting

NC - Not calculated

µg/L - Micrograms per litre

(n:2) Fluorotelomer Sulfonic Acids Sum of PFAS

Relative Percentage Difference

Relative Percentage Difference

Units

Analyte

Perfluoroalkyl Sulfonic Acids Perfluoroalkyl Carboxylic Acids Perfluoroalkyl Sulfonamides
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