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1 INTRODUCTION 

This surface and groundwater condition assessment has been prepared by JK Environments (JKE) on behalf 

of NEXTDC Limited to accompany a detailed State Significant Development Application (SSDA) for the S4 data 

centre development at 16 Johnston Crescent, Horsley Park, NSW (SSD-63741210). The site location is shown 

on Figure 1 and the assessment was confined to the site boundaries as shown on Figure 2 attached in the 

appendices.   

 

The application seeks consent for construction and operation of a data centre development and includes site 

preparation works, bulk earthworks and infrastructure, and construction of the buildings, ancillary facilities, 

and associated site works.  

 

Specifically, the Project comprises the redevelopment of the site as summarised below: 

• Site preparation works, including earthworks, excavation and retaining walls; 

• Construction and operation of a data centre development, comprising: 

o (5x) data centre buildings with the following maximum heights: 

▪ ‘Hyperscale 1 Typical Building’ = 39 metres; 

▪ ‘Hyperscale 2 Typical Building’ = 39 metres; 

▪ ‘Enterprise Building’ = 32 metres. 

• Vehicle access via Johnston Crescent; and 

• On-site car parking and loading within at-grade hardstand areas.  

 

This report has been prepared in response to the requirements contained within the Secretary’s 

Environmental Assessment Requirements (SEARs) dated 27 October 2023 issued for the SSDA  

(SSD-63741210). Specifically, this report has been prepared to respond to the SEARs Requirement issued 

below.  

 

Table 1-1: SEARs Compliance 

Item Description of Requirement Section Reference (this 
Report) 

13. Ground 
and Water 
Conditions 

• Provide a surface and groundwater impact assessment 
that assesses potential impacts on: 
o Surface water resources (quality and quantity) 

including related infrastructure, hydrology, 
depended ecosystems, drainage lines, downstream 
assets and watercourses; and 

o Groundwater resources in accordance with the 
Groundwater Guidelines. 

 

The assessment of surface 
and groundwater impacts is 
presented throughout this 
report.  
 
Conclusions and 
recommendations are 
presented in Section 5 of this 
report.  
 

 

JKE understand that this report accompanies an Environmental Impact Statement (EIS) pursuant to Part 4 of 

the Environmental Planning and Assessment Act 1979 (EP&A Act), in support of the SSDA for the proposed 

development.  
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JKE previously prepared a desktop acid sulfate soil (ASS), salinity and surface and groundwater assessment1 

and an intrusive dryland salinity and ASS assessment2 for this site in 2024. The relevant information presented 

in these reports have been included in the relevant sections of this report, were appropriate.  

 

1.1 The Site 

The site is located at 16, Johnston Crescent, Horsley Park within the Fairfield Local Government Area (LGA). 

The site is legally described as Lot 305 in Deposited Plan 1275011. 

 

An aerial photograph of the site is provided in the following Figure (Figure A). The site comprises vacant land 

which has been cleared of vegetation and does not contain any existing built form structures. Bulk earthworks 

approved under DA-893-2013 have been completed on the site.  

 

The site will be well serviced by infrastructure. The signalised intersection of Lenore Drive and Old Wallgrove 

Road at Eastern Creek is approximately 2 kilometres to the north, providing access to Wallgrove Road and 

the Westlink M7 Motorway to the east and Erskine Park Road and Mamre Road to the west. Each of these 

roads provides access to the M4 Motorway to the north and M5 Motorway to the south. A utilities and site 

services report will accompany the EIS. 

 

The site is located approximately 35 kilometres west of the Sydney Central Business District (CBD), 17 

kilometres west of the Parramatta CBD and 10 kilometres north-east of the future Western Sydney 

International (WSI) airport.  

 

The site is within a developing employment precinct, including the ESR Horsley Logistics Park, Oakdale 

Central, Oakdale South and Horsley Park Employment Precinct. It is also close to other established and 

emerging employment-generating precincts, including Eastern Creek to the north, Huntingwood to the 

north- east, Wetherill Park and Mamre Road West to the north-west and Wetherill Park to the east. 

 

 
1 JKE, (2024). Report to NextDC Limited on Desktop Acid Sulfate Soil, Salinity and Surface and Groundwater Assessment for Proposed Data Storage 

Centre at 16 Johnston Crescent, Horsley Park, NSW. (Ref: E36628BRrpt) (referred to as Desktop Report) 
2 JKE, (2024). Report to NextDC Limited on Dryland Salinity and Acid Sulfate Soil Assessment for Proposed Data Centre at 16 Johnston Crescent, Horsley 

Park, NSW. (Ref: E36628BRrpt2) (referred to as Salinity and ASS report) 
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Figure A - Source: Nearmap (2023)  

 

1.2 Proposed Development Details 

The proposed development includes the staged construction of five data storage centre buildings, associated 

internal roadways, and a substation. The preliminary bulk earthworks plan indicate that cut and fill of depths 

up to approximately 5m will be required, though excavations and filling will typically be less (generally 0.5m 

to 2m). The plans indicate the south and east of the site will generally be lowered (i.e. cut), whilst the north 

and west (including the existing sediment basin) will be raised (i.e. filled).  

 

Selected plans issued for the preparation of this report are attached in the appendices.   

 

1.3 Scope of Work 

The assessment was undertaken generally in accordance with a JKE proposal (Ref: EP60162BRrev1) of  

5 March 2024 and the consultancy agreement between JKE and TTW (NSW) Pty Ltd (acting on behalf of the 

client) of 14 March 2024. The scope of word included the following: 

• Review of previous investigation reports prepared for the site (provided by the client); 

• Review of surface and groundwater conditions including: hydrology; hydro-geology; receiving water 

bodies; occurrence of groundwater; groundwater quality; groundwater dependent ecosystems (GDE); 

inflow dependent ecosystems (IDE);  

• Review of drainage lines, downstream groundwater users and watercourses in the immediate vicinity 

of the site; 
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• Review of surface water and groundwater conditions at the site including: surface water flow; 

groundwater flow; groundwater permeability; surface and groundwater quality; groundwater 

contamination conditions; and other parameters; and 

• Preparation of this report identifying the surface and groundwater conditions at the site and potential 

impacts associated with the proposed development.  

 

The report has been prepared with reference to the following guidelines:  

• NSW Department of Planning and Environment Guidelines for Groundwater Documentation for 

SSD/SSI Projects – Technical guideline (2022);  

• Water Management Act 2000;  

• NSW Aquifer Interference Policy (NSW Office of Water, 2012);  

• NSW DPIE Minimum requirements for building site groundwater investigations and reporting (2022)3; 

• Australian and New Zealand Guidelines for Fresh and Marine Water Quality (2018)4;  

• Australian Drinking Water Guidelines 2011 (updated 2021)5; and  

• Other guidelines outline in this report.  

 

  

 
3 NSW DPIE, (2022). Minimum requirements for building site groundwater investigations and reporting. (Referred to as DPIE 2022).   
4 Australian and New Zealand Governments (ANZG), (2018). Australian and New Zealand Guidelines for Fresh and Marine Water Quality. Australian 

and New Zealand Governments and Australian state and territory governments, Canberra ACT, Australia (referred to as ANZG 2018) 
5 National Health and Medical Research Council (NHMRC), (2021). National Water Quality Management Strategy, Australian Drinking Water 

Guidelines 2011 (referred to as ADWG 2011) 



 

E36628BRrpt3 5 

2 SITE INFORMATION 

2.1 Previous Investigations  

2.1.1 Remediation Validation Report 

A remediation validation report was prepared for the site by ERM Services Australia (ERM) in 20236. The 

validation report has been reviewed for salinity, ASS and filling-related information and summarised below.  

 

The validation report indicated that the site and the wider development area had been previously subject to 

extensive excavation and earthworks, with little resemblance to the previous natural soil landscape. The 

geological and soil information summarised within the validation report indicated that the site was underlain 

by the Blacktown Soil landscape, which is associated with known dryland salinity and dispersive hazards. The 

ASS information indicated that the site was located in an area of no known occurrences of ASS. Further, no 

visual indicators of ASS and Potential (PASS) conditions were observed during the course of the validation 

works.  

 

Based on the summaries provided within the validation report, approximately 114,100m3 of site-won 

material was used as fill within the subject site. Additionally, approximately 88,900m3 of clay, shale and 

sandstone was imported from approved properties for use within retaining walls and general fill. No ASS or 

salinity data for the imported and/or site won soils was reported in the validation report.  

 

As part of the validation works, groundwater monitoring was undertaken. Three monitoring wells were 

installed within the subject site boundaries. The groundwater monitoring indicated the following:  

• The standing water level (SWL) recorded in the monitoring wells ranged from approximately 

77.7mAHD to 78.7mAHD; 

• The pH of the groundwater (measured with field equipment) ranged from pH 6.78 to pH 7.8;  

• The electrical conductivity of the groundwater (measured with field equipment) ranged from 

8,434µS/cm to 18,105 µS/cm;   

• The chloride concentrations of the groundwater reported by the laboratory ranged from 2,980mg/L to 

6,620mg/L; and 

• Sulfur odours were encountered from the groundwater during several monitoring events.  

 

2.1.2 Earthworks Summary  

An earthworks summary report was prepared for the site by Douglas Partners (DP) in 20237. The summary 

report included earthworks undertaken at the site between January 2021 to October 2023 inclusive. The site 

was stripped to remove vegetation, highly organic topsoil and uncontrolled fill. The stripped surface was 

variable, comprising previously placed and compacted fill, silty clay, and/or siltstone bedrock.  

 

The fill material used to raise the site to the desired levels were sourced from site-won material from 

excavations within the greater development area, and clay, sandstone and siltstone imported from approved 

 
6 ERM, (2023). Validation Report, Stage 3B, 16 Johnston Crescent, Horsley Park NSW 2175. (Ref: 0449086_S011426, dated 2 November 2023) 
7 DP, (2023). Earthworks Summary Report. Proposed Commercial Subdivision. Stage 3B, CSR Quarry, Horsley Park. (Ref: 76582.22, dated 31 October 
2023) 
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properties in Willoughby and Merrylands, NSW. Based on the provided summary, 63,738m3 of material was 

imported. The balance of the fill was obtained from on-site excavations within the wider development area.  

 

JKE note that no salinity and/or ASS data were presented within the earthworks summary report.  

 

2.1.3 Ecologist Correspondence 

JKE were provided with a copy of email communications between Ecological Australia (the project ecologist 

at the time of remediation works) and Calibre Group (the project manager at the time of remediation works), 

dated 22 July 2020. The email communication confirmed that clearing of Cumberland Plain Woodland within 

the north-west of the site, and along the eastern and south-eastern boundaries would be permitted in 

accordance with the conditions of approval for the project.  

 

Based on the site inspection conducted for this assessment, these areas were subsequently cleared.  

  

2.1.4 Biodiversity Development Assessment Report Waiver  

A Biodiversity Development Assessment Report Waiver (BDAR) was prepared by Narla Environmental in 

20248. The waiver was subsequently granted by the Department of Planning, Housing and Infrastructure 

(DPHI) in 20249.  

 

Narla Environmental noted that the SSDA was for the development of the data centre and all associated 

works, and that all previous demolition and vegetation removal works (including civil/earth works) were 

completed as part of the remediation works discussed previously in this report.   

 

Narla Environmental concluded that the development would result in no impact on any native vegetation, 

and that it was not expected that the proposed development would impact upon biodiversity values.  

 

Though DPHI granted a waiver to prepare a BDAR, the grant noted that an assessment of the biodiversity 

impacts of the proposed development would be required in accordance with the SEARs.  

 

JKE note that Narla Environmental stated that all civil and earthworks were completed as part of the previous 

remediation works completed at the site. However, JKE understand that earthworks, including cut and fill 

activities, will be required to develop the proposed data centre. The potential impacts of the earthworks on 

the surface water and groundwater conditions are assessed within this report.  

 

  

 
8 Narla Environmental, (2024). Request for a Biodiversity Development Assessment Report (BDAR) Waiver for the proposed NEXT DC S4 Stage 1 Phase 

1. (Ref: NEXT DC Shiraz 4, Horsley Park BDAR Waiver, issued in draft, dated 29 January 2024).   
9 DPHI, (2024). Request to waive requirement to prepare a Biodiversity Development Assessment Report – NEXTDC Data Centre Horsley Park – SSD-

63741210 (Ref: SSD-63741210, dated 29 February 2024).  
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2.2 Site Identification and Description 

 
Table 2-1: Site Identification 

Site Address: 
 

16 Johnston Crescent, Horsley Park, NSW 

Lot & Deposited Plan: 
 

Lot 305 in DP1275011 

Current Land Use: 
 

Vacant 

Proposed Land Use: 
 

Data Centre 

Local Government Area: 
 

Fairfield City Council 

Current Zoning: 
 

IN1 – General Industrial 
 

Site Area (Ha) (approx.): 
 

8.206 

RL (AHD in m) (approx.): 
 

82-86 

Geographical Location  
(decimal degrees) (approx.): 
 

Latitude: -33.828417 
 
Longitude: 150.829011 
 

Site Location Plan: 
 

Figure 1 
 

Sample Location Plan: 
 

Figure 2 
 

Groundwater Contour Plan: 
 

Figure 3 

 

2.3 Site Location, Topography and Regional Setting 

The site is located in a predominantly industrial area of Horsley Park. The site is bound by Johnston Crescent 

to the west, and a closed section of Burley Road to the north. The site is located approximately 550m to the 

west of Reddy Creek. An ephemeral tributary of Ropes Creek was mapped approximately 120m to the west 

of the site. However, this tributary was not identified during the inspection of the surrounds and filling of the 

surrounds was observed.   

 

The regional topography is characterised by undulating terrain and low hills. The site itself has been cut into 

the southern face of a low hill. The site appeared to have been levelled to account for the slope and 

accommodate the existing development.  

 

2.4 Site Inspection 

A walkover inspection of the site was undertaken by JKE on 18 March 2024. The inspection was limited to 

accessible areas of the site. Selected site photographs obtained during the inspection are attached in the 

appendices.  
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At the time of the inspection, the site was vacant (undeveloped) land and was generally level. The site was 

void of buildings, though keystone block retaining walls were observed along the northern, eastern and 

western site boundaries. The retaining walls ranged from approximately 0.5m to 8.5m in height. No evidence 

of salt wicking was observed on the face of the retaining walls. However, it is acknowledged that earthworks 

were completed relatively recently and longer-term impacts are unknown.  

 

The site was accessed via an unsealed driveway and ramp which ran parallel to the southern boundary, 

extending east for Johnston Crescent.  

 

A large man-made water detention basin was located in the north-west of the site. Drainage channels were 

located along the eastern, northern and southern site boundaries, which flowed into the detention basin. 

The drainage channels were generally lined with sandstone spalls, cobbles and boulders, though some areas 

were clay-lined. Surface water was observed in the sediment basin and appeared turbid based on visual 

observations. Measurements of the volume and quality of the surface water were not undertaken. Minor 

ponding of water was also observed within parts of the drainage channels and was associated with recent 

rainfall events.  

 

A vegetated embankment was observed in the south-east of the site. Vegetation comprised of low-grasses 

had also been planted along the high-side of the northern retaining wall. Sprinkler and hose systems were 

observed throughout the vegetated areas. The vegetation appeared to comprise of low grasses which had 

been planted relatively recently and was not fully established.  

 

A fenced area marked as ‘Environmental Protection Area’ was observed at the crest of the south-eastern 

embankment with remnant Cumberland wood-plain forest beyond.  

 

2.5 Surrounding Land Use 

During the site inspection, JKE observed the following land uses in the immediate surrounds: 

• North – A closed road (Burley Road), with overgrown vegetation and commercial warehouses beyond;  

• South – vacant (undeveloped) commercial/industrial land, with commercial warehouses beyond; 

• East – A high-voltage power cable easement, with rural residential properties beyond; and 

• West – Johnston Crescent, with vacant (undeveloped) commercial/industrial land beyond.  

 

2.6 Regional Geology and Soil Landscape 

Regional geological and soil landscape information was reviewed for the assessment. The information was 

sourced from the Lotsearch report attached in the appendices. The report indicates that the site is underlain 

by Bringelly Shale of the Wianamatta Group, which typically consists of shale, carbonaceous claystone, 

claystone, laminite, lithic sandstone, and rare coal. 

 

Soil landscape information presented in the Lotsearch report indicated that the site is located within the 

Blacktown soil landscape. Blacktown soils are characterised by moderate erodibility with some higher local 

occurrences, low dispersivity and localised areas of moderate salinity. 
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2.7 Dryland Salinity Potential of Western Sydney 

The site is located within the area of Western Sydney included in the Salinity Potential Map prepared by the 

Department of Infrastructure, Planning and Natural Resources (DIPNR). Based upon interpretation from the 

geological formations and soil groups presented on the map, the site is located in a region of moderate to 

high salinity potential.  

 

The moderate classification is attributed to scattered areas of scalding and indicator vegetation, in areas 

where concentrations have not been mapped. Saline areas may occur in this zone, which have not been 

identified or may occur if risk factors change adversely.   

 

Areas of high potential occur where soil, geology, topography and groundwater conditions predispose a site 

to salinity. These areas most commonly occur on lower slopes and drainage systems where water 

accumulation is high.  These areas are most likely to occur in lower slopes, foot slopes, floodplains and creek 

lines where run-off is high, resulting in seasonally high water tables and soil saturation.  

 

JKE note that the site has also been filled with clay, siltstone and sandstone sourced from other developments 

within Greater Sydney, including from properties in Willoughby, Merrylands and Castle Hill, along with site-

won materials. 

 

Review of the Salinity Potential Map indicates that Castle Hill is mapped in an area of very low to moderate 

salinity potential and Merrylands is mapped in an area of moderate salinity potential. Willoughby is not 

located within the mapped boundaries of the Salinity Potential Map.   

 

Reference should be made to the Salinity and ASS report for further information.  

 

2.8 Acid Sulfate Soil (ASS) Risk and Management 

The site is not located in an ASS risk area according to the risk maps prepared by the Department of Land and 

Water Conservation (DLWC). ASS information presented in the Lotsearch report indicated that the site is 

located in an area classed as extremely low probability of ASS occurrence.  

 

Reference should be made to the Salinity and ASS report for further information.  

 

2.9 Summary of Site History 

A review of historical information presented in the provided reports (discussed in Section 2.1) and the 

historical aerial photographs presented in the Lotsearch report was undertaken for the assessment. The 

review identified the following:  

• Prior to the 1960s, the site was predominantly vacant and grassed. The site was likely used for 

agricultural (grazing) purposes; 

• Extensive earthworks (quarrying) and brick production activities were visible from the 1960s to 2020; 

and 

• The site was filled to the current condition between 2021 and 2023.     
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3 REVIEW OF SURFACE WATER AND GROUNDWATER CONDITIONS 

3.1 Surface Water Conditions 

Surface water drainage across the site is expected to flow in sympathy with the overall topography and 

drainage channels, and eventuate in the man-made detention basin located in the north-west corner of the 

site. The detention basin is not considered to be a naturally occurring water body.  

 

A review of the historical aerial photographs presented in the Lotsearch report indicate that prior to the 

extensive development of the site circa 1961, there were no naturally occurring water bodies on the subject 

site. The closest surface water body is Reddy Creek, located approximately 550m to the east of the site. This 

is up-gradient from the site and is not considered to be a potential receptor. 

 

An ephemeral tributary of Ropes Creek is mapped approximately 120m to the west of the site. However, the 

tributary was not identified during the inspection of the immediate surrounds. Evidence of filling was 

observed in the surrounds within the vicinity of the mapped ephemeral tributary.  

 

Excess surface water has the potential to flow towards the west and north-west.  

 

3.2 Hydrogeology 

Hydrogeological information presented in the Lotsearch report indicated that the regional aquifer on-site 

and in the areas immediately surrounding the site includes porous, extensive aquifers of low to moderate 

productivity.  

 

Subsurface conditions at the site are generally expected to consist of low to moderate permeability (residual) 

soils overlying shallow bedrock. Filling has historically occurred at the site, and in some areas, to considerable 

depths. However, the information reviewed and the boreholes drilled for this assessment identified that fill 

typically comprised of clay, shale and sandstone rock (i.e. residual soil profiles), and some gravel. Abstraction 

and use of groundwater at the site or in the immediate surrounds under these conditions is considered to be 

low. The use of groundwater is not proposed as part of the development. There is a reticulated water supply 

in the area and human consumption of groundwater is not expected to occur.  

 

Considering the local topography, surrounding land features and existing site information, groundwater 

beneath the site is anticipated to flow towards the north-west of the site.    

 

The closest named surface water body is Reddy Creek, located approximately 550m to the east of the site.   

 

3.3 Registered Groundwater Bores 

A review of the registered groundwater bores records presented in the Lotsearch report was undertaken. A 

copy of the report is attached in the appendices. The review indicated that a total of eight registered bores 

within the report buffer of 2,000m. In summary:  

• The nearest registered bore was located approximately 800m to the west of the site. This included four 

nested wells; 
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• All of the bores were registered for monitoring purposes; 

• There were no nearby bores (i.e. within 2km) registered for domestic or irrigation uses;  

• The drillers log information from the closest registered bores typically identified fill and/or clay soil to 

depths of approximately 1mBGL, underlain by siltstone and sandstone bedrock. The SWL reported for 

the nested wells was approximately 2.89mBGL; and 

• The reported salinity concentrations for groundwater in the nearest bores ranged from 1,970mg/L to 

22,900mg/L.  

 

3.4 Other Groundwater Users 

A review of information pertaining to other groundwater users presented in the Lotsearch report was 

undertaken. The review identified an above ground water tank located approximately 530m to the north of 

the site, off Old Wallgrove Road. As the tank is above ground and based on its distance from the site, the 

tank is not considered to be a receptor.  

 

3.5 Groundwater Dependent Ecosystems (GDE) 

Areas with ‘high’ potential for GDE were mapped to the south-east of the site, along the site boundary. The 

areas were associated with terrestrial vegetation located within undulating to low hilly country, mainly on 

shale. The aquifer geology was identified as consolidated sedimentary geology. Based on the direction of 

groundwater flow (discussed further in Section 3.9), the GDE are mapped up-gradient of the site.  

 

The proposed development includes cut and fill across the site, generally to depths of approximately 0.5m 

to 2mBGL. Localised deeper excavation, up to depths of approximately 4-5mBGL are proposed within the 

western section of the site. However, based on the groundwater modelling and the information reviewed for 

this report, the proposed development is not expected to intercept the groundwater table. It is also noted 

that the site has previously been cleared of vegetation within the site boundaries and that extensive 

earthworks (cut and fill) have previously been undertaken within the site.  

 

Considering the above, and the information reviewed for this assessment, the proposed development is 

considered unlikely to impact on the GDE.  

 

In the event that the proposed development details change, the potential for impacts to GDE must be 

reviewed.  

 

3.6 Inflow Dependent Ecosystems (IDE) 

Areas with ‘high’ likelihood for IDE were mapped to the south-east of the site, along the site boundary The 

areas were associated with terrestrial vegetation located within undulating to low hilly country, mainly on 

shale. The aquifer geology was identified as consolidated sedimentary geology. Based on the direction of 

groundwater flow (discussed further in Section 3.9), the IDE are mapped up-gradient of the site. It is noted 

that vegetation within the site was cleared in accordance with the previous development approval for the 

project and extensive earthworks (cut and fill) have previously been undertaken within the site.  

 



 

E36628BRrpt3 12 

The proposed development includes cut and fill across the site, generally to depths of approximately 0.5m 

to 2mBGL. Localised deeper excavation, up to depths of approximately 4-5mBGL are proposed within the 

western section of the site. However, the proposed development is not expected to intercept the 

groundwater table.  

 

Considering the above, and the information reviewed for this assessment, the proposed development is 

considered unlikely to impact on the IDE.  

 

In the event that the proposed development details change, the potential for impacts to IDE must be 

reviewed.  

 

3.7 Ramsar Wetlands 

The site and immediate surrounds are not listed under the Ramsar Wetlands register. 

 

3.8 Ecological Sensitive Areas 

An area of ecological constraint associated with the Grassy Woodlands of the Cumberland Shale Plains 

Woodland is mapped along the northern and south-eastern site boundaries, within a protected area. 

However, all vegetation has previously been removed from the site, with native plantings subsequently 

included along the northern and south-eastern boundaries, to form a buffer/protection zone.  

 

Considering the proposed development, depth to groundwater, and ecological information reviewed for this 

report, including the Narla Environmental report and the DPHI waiver, impacts to the ecological constraints 

are not expected to occur.  

 

3.9 Groundwater Occurrence 

As part of the JKE investigation, a total of three groundwater monitoring standpipe piezometers were 

installed in boreholes BH1 (MW1), BH2 (MW2), and BH15 (MW15), to supplement the existing monitoring 

wells installed by ERM in 2023 in S3-06, S3-07 and S3-08. The well locations are shown on Figure 2 attached 

in the appendices. 

 

The wells were positioned to gain baseline information on groundwater conditions. Considering the 

topography and the location of the nearest down-gradient water body, MW15 was considered to be in the 

up-gradient areas of the site and would be expected to provide an indication of groundwater flowing from 

the south-east and east. MW1, MW2 and S3-07 were considered to be in the down-gradient areas of the site 

and would be expected to provide an indication of groundwater flowing across the site and beyond the down-

gradient site boundary. S3-08 was considered to be located in the cross-gradient area of the site and would 

be expected to provide an indication of regional ambient (background) conditions. S3-06 was considered to 

be located in the intermediate area of the site. 
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The JKE standpipe piezometers were typically installed as per the following methodology: 

• 50mm diameter Class 18 PVC (machine slotted screen) was installed in the lower section of the well to 

intersect groundwater; 

• 50mm diameter Class 18 PVC casing was installed in the upper section of the well (screw fixed); 

• A 2mm sand filter pack was used around the screen section for groundwater infiltration; 

• A hydrated bentonite seal/plug was used on top of the sand pack to seal the well; and 

• A concrete plug was installed at the surface to limit the inflow of surface water, with approximate 1m 

stick up and enviro-cap to seal the well top. 

 

The monitoring well installation details are summarised in the table below. The installation details for the 

wells are also presented on the borehole logs attached in the appendices. The well heights were based on 

the GPS information obtained using a differential GPS. The RLs in AHD are provided in the table below.  

 

Table 3-1: Standpipe Installation Details  

Borehole / 
Well 

Number 

Reduced 
Level of 
Ground 
Surface 

(mAHD)1 

Installation 
Depth 

(mBGL)2 

Slotted 
Screen 
Interval 
(mBGL) 

Material in screened 
section 

(refer to logs for detailed 
description) 

Sample collected for 
Testing 

BH/MW1 83.9m 12 3 - 12 Silty clay fill / Siltstone Yes 

BH/MW2 83.1m 12 3 - 12 Silty clay fill / Siltstone Yes 

BH/MW15 84.5m 9.5 3 - 9.5 Siltstone Yes 

S3-06 84.0m 17^ 11 – 17^ Siltstone Yes 

S3-07 82.6m 12.6^ 9.6 - 12.6^ Siltstone Yes 

S3-08 83.7m 9.9^ 6.9 – 9.9^ Siltstone Yes 
Notes: 

1 – mAHD obtained from the GPS 

2 – mBGL: metre below ground level 

^ - JKE field records indicate the wells were installed to deeper depths. The installation and slotted intervals are based on ERM 

borehole logs 

 

Groundwater measurements were made on subsequent visits on 21, 25 and 27 March 2024. A summary of 

the SWL is outlined in the table below: 

 

Table 3-2: Summary of Groundwater Levels  

Monitoring Well 
Surface Level 

(mAHD) 

Standing Water Level Depth (mBGL) 

21 March 2024 25 March 2024 27 March 2024 

MW1 83.9 10.31 8.87 9.62 

MW2 83.1 6.10 5.89 5.94 

MW15 84.5 5.60 5.49 5.53 

S3-06 84.0 5.82 6.75 5.82 

S3-07 82.6 4.64 4.61 4.63 

S3-08 83.7 5.18 5.17 5.17 

 

Data loggers were installed by JK Geotechnics (JKG) on behalf of JKE on 20 March 2024 into MW1, MW2, 

MW15, S3-06, S3-07 and S3-08 to undertake 3 months of monitoring. JKG returned to site on 10 April 2024 

and subsequently on 1 May 2024 to download the initial datasets. The table below summarises the results 
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of the data logger monitoring.  Reference should be made to the figures attached in the appendices for charts 

showing the groundwater levels and rainfall. 

 

Table 3-3: Summary of Groundwater Levels with Data Loggers 

Monitoring Well Basic Statistics 

Lowest Level  
(mAHD) 

Average 
(mAHD) 

Median 
(mAHD) 

Highest Level 
(mAHD) 

MW1 RL74.0m RL75.8m RL76.1m RL76.3m 

MW2 RL77.5m RL77.6m RL77.6m RL77.7m 

MW15 RL78.6m RL78.8m RL78.7m RL79.1m 

S3-06 RL78.1m RL78.2m RL78.2m RL78.4m 

S3-07 RL77.9m RL78.0m RL78.0m RL78.1m 

S3-08 RL78.3m RL78.5m RL78.4m RL78.7m 

 

The groundwater appears to have a general gradient down to the west with the highest groundwater levels 

recorded in MW15 and S3-08 in the southern and north-eastern portions of the site. The groundwater level 

also appears to be relatively unresponsive to rainfall events during the 6-week period of monitoring. 

 

Based on the groundwater monitoring data, the groundwater level appears to vary from approximately 

RL79.1m over the south-eastern extent of the site grading down to RL76.3m over the south-western extent.   

Based on the preliminary bulk earthworks plan, the earthworks are expected to be above the groundwater 

level across the site. 

 

3.10 Groundwater Permeability 

The groundwater was measured to be within the siltstone bedrock which is expected to be of very low 

permeability. Based on the results of groundwater pump-out tests undertaken by JKG between 20 and 21 

March 2024, a conservative coefficient of permeability for the siltstone bedrock of between 4.6 x 10-6m/sec 

and 5.1 x 10-9m/sec was calculated.   

 

It is noted that though earthworks are proposed, the proposed earthworks are generally limited in depth to 

approximately 0.5-2m below existing levels (localised deeper excavation to approximately 5m) and the 

proposed development is not expected to intersect the groundwater table.  

 

Should the development details change to include deeper excavation, the potential for groundwater inflow 

will need to be reassessed.  
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4 GROUNDWATER AND SURFACE WATER QUALITY 

An assessment of groundwater and surface water quality has been undertaken by JKE for the purpose of this 

assessment. Only one round of sampling and analysis has been completed. The surface water sample was 

collected from the man-made detention basin located in the north-west of the site.  

 

4.1 Screening Criteria 

For the purpose of the assessment, the groundwater samples were screened against the following criteria: 

• Groundwater Investigation Levels for 95% protection of freshwater species were adopted based on 

the Default Guideline Values in the Australian and New Zealand Guidelines for Fresh and Marine Water 

Quality (2018)10. The 99% trigger values were adopted where required to account for bioaccumulation. 

Low and moderate reliability trigger values were also adopted for some contaminants where high-

reliability trigger values don’t exist; and 

• The Australian Drinking Water Guidelines 2011 (updated 2021)11 multiplied by a factor of 10 to assess 

potential risks associated with incidental/recreational-type exposure to groundwater during 

excavation works. 

 

The screening criteria are referred to as Site Assessment Criteria (SAC). Reference should be made to the 

results summary tables Table G1 and Table G2 attached in the appendices for the specific criteria.  

 

4.2 Groundwater Monitoring Well Installation, Development and Sampling 

4.2.1 Monitoring Well Development and Sampling 

The monitoring wells were developed on 21 March 2024, and again on 25 March 2024 using a submersible 

electrical pump. Due to the hydrogeological conditions, groundwater inflow into most of the wells (MW1, 

MW2, MW15 and S3-06) was relatively low, therefore the wells were pumped until they were effectively dry.  

The remaining wells (S3-07 and S3-08) were pumped until greater than three bore volumes had been 

removed. The field monitoring records and calibration data are attached in the appendices. 

 

During development, the pump was flushed between monitoring wells with potable water (single-use tubing 

was used for each well). The pump tubing was discarded after each sampling event and replaced therefore 

no decontamination procedure was considered necessary.   

 

The monitoring wells were allowed to recharge for approximately two days after the second round of 

development.  Groundwater samples were obtained on 27 March 2024. Prior to sampling, the monitoring 

wells were checked for the presence of Light Non-Aqueous Phase Liquids (LNAPLs) using an inter-phase probe 

electronic dip meter. The monitoring well head space was checked for volatile organic compounds (VOCs) 

using a calibrated photo-ionisation detector (PID) unit. The samples were obtained using a combination of 

 
10 Australian and New Zealand Governments (ANZG), (2018). Australian and New Zealand Guidelines for Fresh and Marine Water Quality. Australian 

and New Zealand Governments and Australian state and territory governments, Canberra ACT, Australia (referred to as ANZG 2018) 
11 National Health and Medical Research Council (NHMRC), (2021). National Water Quality Management Strategy, Australian Drinking Water 

Guidelines 2011 (referred to as ADWG 2011) 
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low flow sampling equipment (a peristaltic pump and a bladder pump). During sampling, the following 

parameters were monitored using calibrated field instruments: 

• SWL using an electronic dip meter; and 

• pH, temperature, electrical conductivity (EC), dissolved oxygen (DO) and redox potential (Eh) using a 

YSI Multi-probe water quality meter. 

 

Steady state conditions were considered to have been achieved when the difference in the pH measurements 

was less than 0.2 units, the difference in conductivity was less than 10%, and when the SWL was not in 

drawdown. Due to the hydrogeological conditions, steady state conditions could not be achieved in all of the 

wells.  

 

Groundwater samples were obtained directly from the single use PVC tubing and placed in the sample 

containers. Duplicate samples were obtained by alternate filling of sample containers. This technique was 

adopted to minimise disturbance of the samples and loss of volatile contaminants associated with mixing of 

liquids in secondary containers, etc. 

 

Groundwater removed from the wells during development and sampling was transported to JKE in jerry cans 

and stored in holding drums prior to collection by a licensed waste water contractor for off-site disposal.   

 

The samples were preserved with reference to the analytical requirements and placed in an insulated 

container with ice or ice bricks. On completion of the fieldwork, the samples were temporarily stored in a 

fridge at the JKE office, before being delivered in the insulated sample container to a National Association of 

Testing Authorities (NATA) registered laboratory for analysis under standard Chain of Custody (COC) 

procedures.   

 

4.3 Surface Water Sampling  

A surface water sample was collected from the on-site detention basin (Dam 1) on 27 March 2024. The 

surface water sample was obtained using a dedicated polyethylene bailer. The following parameters were 

monitored using calibrated units prior to sampling:  

• pH, temperature, EC, DO and Eh using a YSI Multi-probe water quality meter. 

 

The surface water sample was obtained directly from the bailer and placed in the sample containers. The 

sample was preserved with reference to the analytical requirements and placed in an insulated container 

with ice or ice bricks. On completion of the fieldwork, the samples were temporarily stored in a fridge at the 

JKE office, before being delivered in the insulated sample container to a NATA registered laboratory for 

analysis under standard COC procedures.   

 

4.4 Analysis of Groundwater and Surface Water Samples 

 The surface water and groundwater samples were analysed for the following:  

• Alkalinity (bicarbonate, carbonate, hydroxide and total), acidity, EC, pH, Eh and DO; 
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• Turbidity, total dissolved solids (TDS), total suspended solids (TSS), total organic carbon (TOC) and 

sodium absorption ratio (SAR); 

• Ionic balance, which includes major anions and the cation suite (including hardness); 

• Metals including Aluminium (Al), antimony (Sb), arsenic (As), barium (Ba), beryllium (Be), boron (B), 

cadmium (Cd), chromium (Cr), cobalt (Co), copper (Cu), iron (Fe), lead (Pb), lithium (Li), manganese 

(Mn), mercury (Hg), molybdenum (Mo), nickel (Ni), selenium (Se), silica (dissolved SiO2), silver (Ag), 

strontium (Sr), uranium (U), vanadium (V), zinc (Zn); 

• Nutrient suite, including Ammonia (NH3), nitrate (NO3), total nitrogen (N), oxidised nitrogen (N), total 

phosphorus (P) and reactive phosphorus (P); 

• Chloride and sulphate;  

• Faecal coliforms and Escherichia (E) coli; and 

• Polycyclic aromatic hydrocarbons (PAHs); total recoverable hydrocarbons (TRH); and monocyclic 

aromatic hydrocarbons (BTEX). 

 

Quality analysis/quality control (QA/QC) samples (including intra-laboratory and inter-laboratory duplicates, 

trip spike and trip blank samples) were also obtained. 

 

Samples were analysed by Envirolab Services (NATA Accreditation Number – 2901). Reference should be 

made to the laboratory reports attached in the appendices for further information regarding the laboratory 

methods and practical quantitation limits (PQLs) for each analyte.   

 

4.5 Summary of Field Results 

A summary of the field screening results is presented in the following table: 

  

Table 4-1: Summary of Field Screening 

Aspect Details  

Groundwater Depth 
& Flow 

SWL measured during groundwater sampling in the monitoring wells installed at the site 
ranged from approximately 4.63mBGL (S3-07) to 9.62mBGL (MW1). A contour plot was 
prepared for the groundwater levels as shown on Figure 3 attached in the appendices. 
Groundwater flow generally occurs in a down-gradient direction perpendicular to the 
groundwater elevation contours. The contour plot indicates that groundwater generally 
flows towards the west and north-west.   
 
Reference should be made to Section 3.9 for more updated groundwater RLs recorded 
using data loggers. 
 

Groundwater Field 
Parameters 

Field measurements recorded during sampling of groundwater were as follows: 

• pH ranged from 6.74 to 7.22;  

• EC ranged from 6,731µS/cm to 16,894µS/cm;  

• Eh ranged from 82.1mV to 145.2mV; and 

• DO ranged from 1.19mg/L to 3.81mg/L. 
 
The PID readings in the monitoring well headspace recorded during sampling ranged from 
0ppm in S3-06 to 2.0ppm in MW2. All groundwater samples were analysed for TRH, BTEX 
and naphthalene. 
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Aspect Details  

Surface Water Field 
Parameters 
 

Field measurements recorded during immediately prior to sampling of surface water were 
as follows: 

• pH - 8.88;  

• EC - 607µS/cm;  

• Eh - 34.7mV; and 

• DO - 8.68mg/L.  
 

LNAPLs petroleum 
hydrocarbons 

Phase separated product (i.e. LNAPL) was not detected using the interphase probe during 
groundwater sampling, or visibly identified using a dedicated bailer.    
 

 

4.5.1 Summary of Analytical Results 

4.5.1.1 Laboratory Results 

Reference should be made to the attached Table G1 and G2 for a summary of the laboratory results 

compared to the screening criteria presented in Section 4.1. The following results were above the SAC: 

• The copper and zinc concentrations exceeded the ecological concentrations exceeded the ecological 

SAC in all of the groundwater samples analysed for the assessment; 

• The cadmium and nickel concentrations in MW1 exceeded the ecological SAC;  

• The aluminium concentration in MW15 exceeded the ecological SAC;  

• The nickel concentration in S3-08 exceeded the ecological SAC;  

• The ammonia concentrations in MW15 and S3-06 exceeded the ecological SAC; 

• The cadmium, chromium, copper, lead, nickel, zinc and aluminium concentrations exceeded the 

ecological SAC in the surface water sample collected from Dam 1; and 

• Detections of Faecal Coliforms and E. Coli were noted in samples MW15 and Dam 1. The detections in 

Dam 1 were relatively high.  

 

4.5.1.2 Assessment of Data Quality 

JKE have undertaken a preliminary assessment of the data quality against the following Data Quality 

Indicators (DQIs): precision, accuracy, representativeness, completeness and comparability. In this regard, 

we are of the opinion that the data quality is suitable for the purpose of the screening based on the following: 

• Standard sampling procedures (SSP) were complied with. The SSP is attached in the appendices; 

• Representative groundwater samples were analysed for a broad range of potential contaminants; 

• Field indicators were used as a screening tool; 

• Samples were analysed by a NATA registered laboratory. Laboratory quality control/quality assurance 

(QA/QC) samples were analysed and were generally within the acceptance criteria adopted by the 

laboratory;  

• During the investigation, one trip blank TB-W1 was placed in the esky during sampling and transported 

back to the laboratory. With the exception of TRH F2, all of the results were less than the PQLs. The 

laboratory noted that the TRH F2 result was due to a single peak with no hydrocarbon profile, 

consistent with the use of plastic containers. Therefore, cross contamination between samples that 

may have significance for data validity did not occur; 
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• The results for the trip spike TS-W1 sample ranged from 106% to 118% and indicated that field 

preservation methods were appropriate; 

• Two intra-laboratory duplicate samples (GWDUP1 and GWDUP2) were analysed. All relative 

percentage difference (RPD) results were acceptable; and 

• Due to a clerical error, the duplicate sample intended to be analysed as an inter-laboratory duplicate 

was not dispatched to the secondary laboratory. Instead, the sample was analysed as an intra-

laboratory duplicate sample. Given the objectives of the assessment, the analytical results and the fact 

that the sample was still analysed as a blind replicate sample, this oversight is considered to be minor 

and does not adversely affect the useability of the dataset. 
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5 DISCUSSION AND RECOMMENDATIONS  

5.1 Review of Surface Water Conditions 

The assessment included a review of the surface water conditions. Natural surface water bodies such as 

creeks, dams, lake and/or ponds were not identified onsite or in the immediate surrounds during the 

inspection. A man-made detention basin is located in the north-west corner of the site, with man-made 

surface water drainage channels generally around the perimeter of the site, connecting to the detention 

basin.   

 

A review of the site and regional topography indicates that the site is located within undulating terrain and 

low hills, with the site itself cut into the southern face of a low hill. The site is located approximately 550m 

to the west of Reddy Creek, and an ephemeral tributary of Ropes Creek is mapped approximately 120m to 

the west of the site. However, the tributary was not identified during the inspection and evidence of filling 

was observed in the surrounds. Extensive earthworks have historically occurred at the site.  

 

Considering the site is currently unpaved, there is potential for surface water infiltration to occur at the site 

which may impact on the groundwater levels. This is discussed further in Section 5.2. It is noted however that 

the underlying soils and rock are of low permeability and that excess surface water flow would be expected 

to eventuate within the on-site detention basin.  

 

The assessment indicated that the surface water within Dam 1 was impacted by heavy metals and microbial 

organisms including Faecal Coliforms and E. Coli. The surface water sample encountered heavy metal 

concentrations (specifically, cadmium, chromium, copper, lead, nickel, zinc and aluminium) above the SAC, 

as shown on Figure 3 attached in the appendices. Treatment of the surface water will be required prior to 

dewatering of the detention basin. Treatment may also be required prior to reuse on the site (such as for 

dust suppression purposes). This is discussed in greater detail in Section 5.5. 

 

5.2 Review of Groundwater Conditions 

The assessment has identified the following conditions which require addressing during the proposed 

development: 

• The proposed development includes excavation to depths of approximately 0.5m to 2m, with localised 

deeper excavation (up to approximately 5m). The localised deeper excavation is associated with the 

proposed vehicular access in the west of the site and connection to the existing roadway. Based on the 

groundwater monitoring data, the groundwater level appears to vary from approximately RL79.1m 

over the south-eastern extent of the site grading down to RL76.3m over the south-western extent. The 

bulk excavation for the proposed development is expected to be above the groundwater level; 

• The groundwater is saline and is non-aggressive towards buried concrete and steel. It is noted that JKE 

has prepared a Salinity Management Plan (SMP) for the proposed development. Management 

measures outlined in the SMP are to be implemented during construction; 

• The proposed development includes bulk earthworks (cut and fill). Considering multiple lines of 

evidence, the bulk earthworks are considered unlikely to impact in the GDE and IDE mapped along the 

south-eastern boundary. Should the development change from the proposed details, JKE recommend 
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engaging an ecologist to undertake an ecological assessment to identify potential impacts of the 

proposed development on the GDE and IDE. Any recommendations outlined in the ecologist’s report 

should be implemented; 

• A review of the ecological information indicates that the site formerly contained Grassy Woodlands of 

the Cumberland Shale Plain Woodland, which were cleared during previously approved works. The 

Grassy Woodlands were also mapped along the northern and south-eastern site boundaries, within a 

protected area. Considering multiple lines of evidence, the proposed development is considered 

unlikely to impact of the ecological constraints. Should the development change from the proposed 

details, JKE recommend engaging an ecologist to undertake an ecological assessment to identify 

potential impacts of the proposed development on the woodland. Any recommendations outlined in 

the ecologist’s report should be implemented; 

• The assessment indicated that groundwater was impacted by selected heavy metals, ammonia and 

microbial organisms. The groundwater samples encountered heavy metal concentration above the 

SAC as shown on Figure 3 attached in the appendices. The minor elevations can be attributed to 

regional background concentrations and the underlying geology at the site (i.e. weathered siltstone 

bedrock);  

• The proposed development is considered unlikely to intersect the groundwater table. In the unlikely 

event that dewatering of the groundwater is required, treatment of the groundwater will be necessary 

prior to discharge; and 

•  Should the proposed development details change to likely intersect the groundwater table, a detailed 

assessment and analysis of likely groundwater inflows into excavations will need to be undertaken.  

 

5.3 Groundwater Seepage and Dewatering During Construction 

Groundwater seepage is not expected to occur and temporary dewatering is not anticipated to be required 

during the proposed development. If a rain event occurs during the development, this water should be 

managed appropriately on-site in accordance with the construction contractor’s soil and water management 

plan. This water should not be pumped to stormwater of sewer unless a prior application is made and this is 

approved by the relevant authorities.  

 

The above conclusions must be reviewed if there are any changes to the proposed development.  

 

5.4 Surface Water Dewatering During Construction 

An existing water detention basin (Dam 1) is located within the north-western portion of the site. It is noted 

that the proposed development does not include a detention basin within the site. Therefore, the basin will 

need to be dewatered and the surface water managed accordingly. The water will likely require treatment 

prior to reuse on-site and/or off-site disposal. This is discussed further in Section 5.5.  

 

Should this basin be considered for use during the construction phase for the proposed development, the 

construction contractor must confirm that the basin has been constructed correctly and is of the appropriate 

volume capacity to serve the intended purpose.  
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5.5 Surface Water Quality and Treatment 

The assessment has identified that the surface water at the site is impacted by selected metals and microbial 

organisms. Additional testing of surface water is recommended to assess the quality and provide 

recommendations for treatment and/or reuse (such as dust suppression) during the construction works.  

 

A specialist contractor must be contacted to design an appropriate water treatment program to facilitate the 

disposal and/or reuse of the collected surface water. The treatment program would likely entail various 

treatment processes including flocculation which may reduce concentrations of heavy metals which are likely 

to be at least partly associated with sediment particles in the water.  

 

Turbidity and pH are parameters that can fluctuate depending on site conditions and activities such as 

excavation during construction/enabling works. JKE recommend that the extracted groundwater be held in 

a settlement tank or lined sump pit so that the turbidity and pH can be measured. If required (i.e. if the 

turbidity is greater than 50NTU or the pH is outside the range of 6.5 and 8.5) the pH can be adjusted by 

dosing, and the and the turbidity can be adjusted by use of a flocculent. 

 

The relevant consent authorities should be contacted to clarify the requirements to obtain disposal approval 

to stormwater, if this option is to be considered.  

 

In the event unexpected conditions are encountered during construction/enabling works that may pose a 

contamination risk, all works should stop and an environmental consultant should be engaged to inspect the 

site and address the issue.   
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6 LIMITATIONS 

The report limitations are outlined below: 

• JKE accepts no responsibility for any unidentified contamination issues at the site.  Any unexpected 

problems/subsurface features that may be encountered during development works should be 

inspected by an environmental consultant as soon as possible; 

• This report has been prepared based on site conditions which existed at the time of the investigation; 

scope of work and limitation outlined in the JKE proposal; and terms of contract between JKE and the 

client (as applicable); 

• The conclusions presented in this report are based on investigation of conditions at specific locations, 

chosen to be as representative as possible under the given circumstances, visual observations of the 

site and immediate surrounds and documents reviewed as described in the report; 

• Groundwater and surface water conditions may vary, especially after climatic changes and wet/dry 

periods; 

• The investigation and preparation of this report have been undertaken in accordance with accepted 

practice for environmental consultants, with reference to applicable environmental regulatory 

authority and industry standards, guidelines and the assessment criteria outlined in the report; 

• Where information has been provided by third parties, JKE has not undertaken any verification 

process, except where specifically stated in the report; 

• JKE has not undertaken any assessment of off-site areas that may be potential contamination sources 

or may have been impacted by site contamination, except where specifically stated in the report; 

• JKE have not and will not make any determination regarding finances associated with the site; 

• Additional investigation work may be required in the event of changes to the proposed development 

or land use. JKE should be contacted immediately in such circumstances; 

• This report has been prepared for the particular project described and no responsibility is accepted for 

the use of any part of this report in any other context or for any other purpose; 

• Copyright in this report is the property of JKE.  JKE has used a degree of care, skill and diligence normally 

exercised by consulting professionals in similar circumstances and locality. No other warranty 

expressed or implied is made or intended.  Subject to payment of all fees due for the investigation, the 

client alone shall have a licence to use this report; 

• If the client, or any person, provides a copy of this report to any third party, such third party must not 

rely on this report except with the express written consent of JKE; and 

• Any third party who seeks to rely on this report without the express written consent of JKE does so 

entirely at their own risk and to the fullest extent permitted by law, JKE accepts no liability whatsoever, 

in respect of any loss or damage suffered by any such third party. 
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Important Information about this Report 
 
These notes have been prepared by JKE to assist with the assessment and interpretation of this report. 
 
The Report is based on a Unique Set of Project Specific Factors 
This report has been prepared in response to specific project requirements as stated in the JKE proposal document 
which may have been limited by instructions from the client.  This report should be reviewed, and if necessary, revised 
if any of the following occur: 

• The proposed land use is altered;  

• The defined subject site is increased or sub-divided; 

• The proposed development details including size, configuration, location, orientation of the structures or 
landscaped areas are modified; 

• The proposed development levels are altered, eg addition of basement levels; or  

• Ownership of the site changes.  
 
JKE/J&K will not accept any responsibility whatsoever for situations where one or more of the above factors have changed 
since completion of the assessment.  If the subject site is sold, ownership of the assessment report should be transferred 
by JKE to the new site owners who will be informed of the conditions and limitations under which the assessment was 
undertaken.  No person should apply an assessment for any purpose other than that originally intended without first 
conferring with the consultant. 
 
Changes in Subsurface Conditions 
Subsurface conditions are influenced by natural geological and hydrogeological process and human activities. 
Groundwater conditions are likely to vary over time with changes in climatic conditions and human activities within the 
catchment (e.g. water extraction for irrigation or industrial uses, subsurface waste water disposal, construction related 
dewatering). Soil and groundwater contaminant concentrations may also vary over time through contaminant 
migration, natural attenuation of organic contaminants, ongoing contaminating activities and placement or removal of 
fill material. The conclusions of an assessment report may have been affected by the above factors if a significant 
period of time has elapsed prior to commencement of the proposed development. 
 
This Report is based on Professional Interpretations of Factual Data 
Site assessments identify actual subsurface conditions at the actual sampling locations at the time of the investigation. 
Data obtained from the sampling and subsequent laboratory analyses, available site history information and 
published regional information is interpreted by geologists, engineers or environmental scientists and opinions are 
drawn about the overall subsurface conditions, the nature and extent of contamination, the likely impact on the 
proposed development and appropriate remediation measures.  
 
Actual conditions may differ from those inferred, because no professional, no matter how qualified, and no 
subsurface exploration program, no matter how comprehensive, can reveal what is hidden by earth, rock and time. The 
actual interface between materials may be far more gradual or abrupt than an assessment indicates. Actual conditions 
in areas not sampled may differ from predictions. Nothing can be done to prevent the unanticipated, but steps can be 
taken to help minimise the impact. For this reason, site owners should retain the services of their consultants 
throughout the development stage of the project, to identify variances, conduct additional tests which may be 
needed, and to recommend solutions to problems encountered on site. 
 
Assessment Limitations 
Although information provided by a site assessment can reduce exposure to the risk of the presence of contamination, 
no environmental site assessment can eliminate the risk.  Even a rigorous professional assessment may not detect all 
contamination on a site.  Contaminants may be present in areas that were not surveyed or sampled, or may migrate 
to areas which showed no signs of contamination when sampled.  Contaminant analysis cannot possibly cover every 
type of contaminant which may occur; only the most likely contaminants are screened. 
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Misinterpretation of Site Assessments by Design Professionals 
Costly problems can occur when other design professionals develop plans based on misinterpretation of an 
assessment report. To minimise problems associated with misinterpretations, the environmental consultant 
should be retained to work with appropriate professionals to explain relevant findings and to review the adequacy of 
plans and specifications relevant to contamination issues. 
 
Logs Should not be Separated from the Assessment Report 
Borehole and test pit logs are prepared by environmental scientists, engineers or geologists based upon interpretation 
of field conditions and laboratory evaluation of field samples. Logs are normally provided in our reports and these 
should not be re-drawn for inclusion in site remediation or other design drawings, as subtle but significant drafting errors 
or omissions may occur in the transfer process. Photographic reproduction can eliminate this problem, however contractors 
can still misinterpret the logs during bid preparation if separated from the text of the assessment. If this occurs, delays, 
disputes and unanticipated costs may result. In all cases it is necessary to refer to the rest of the report to obtain a 
proper understanding of the assessment.  Please note that logs with the ‘Environmental Log’ header are not suitable for 
geotechnical purposes as they have not been peer reviewed by a Senior Geotechnical Engineer.   
 
To reduce the likelihood of borehole and test pit log misinterpretation, the complete assessment should be 
available to persons or organisations involved in the project, such as contractors, for their use. Denial of such access 
and disclaiming responsibility for the accuracy of subsurface information does not insulate an owner from the 
attendant liability. It is critical that the site owner provides all available site information to persons and 
organisations such as contractors. 
 
Read Responsibility Clauses Closely 
Because an environmental site assessment is based extensively on judgement and opinion, it is necessarily less exact than 
other disciplines. This situation has resulted in wholly unwarranted claims being lodged against consultants. To help 
prevent this problem, model clauses have been developed for use in written transmittals. These are definitive 
clauses designed to indicate consultant responsibility. Their use helps all parties involved recognise individual 
responsibilities and formulate appropriate action. Some of these definitive clauses are likely to appear in the 
environmental site assessment, and you are encouraged to read them closely. Your consultant will be pleased to give 
full and frank answers to any questions. 
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Appendix A: Report Figures 
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Nickel 19µg/L
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MW15
Copper 3µg/L

Zinc 14µg/L
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Ammonia

S3-06
Copper 5µg/L

Zinc 20µg/L
Ammonia

S3-07
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Appendix B: Site Information 
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Proposed Development Plans 
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Selected Site Photographs 
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Lotsearch Environmental Risk and Planning Report 
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Appendix C: Laboratory Results Summary Tables 
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Appendix D: Borehole Logs 
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JKE Borehole Logs 
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ERM Borehole Logs 
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Appendix E: Laboratory Reports & CoC Documents 
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Appendix F: Fieldwork Documents 
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Field Calibration Records and  

Groundwater Development & Sampling Field Sheets 
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Rainfall vs Groundwater SWL 
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Appendix G: Report Explanatory Notes 
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STANDARD SAMPLING PROCEDURE (SSP) 
 

These protocols specify the basic procedures to be used when sampling soils or groundwater for environmental site 

assessments undertaken by JKE.   

 

The purpose of these protocols is to provide standard methods for: sampling, decontamination procedures for sampling 

equipment, sample preservation, sample storage and sample handling.  Deviations from these procedures must be 

recorded. 

 

A. Groundwater Sampling 

Groundwater samples are more sensitive to contamination than soil samples and therefore adhesion to this protocol is 

particularly important to obtain reliable, reproducible results.  The recommendations detailed in AS/NZS 5667.1:1998 are 

considered to form a minimum standard. 

 

The basis of this protocol is to maintain the security of the borehole and obtain accurate and representative groundwater 

samples.  The following procedure should be used for collection of groundwater samples from previously installed 

groundwater monitoring wells. 

• After monitoring well installation, at least three bore volumes should be pumped from the monitoring wells (well 

development) to remove any water introduced during the drilling process and/or the water that is disturbed during 

installation of the monitoring well.  This should be completed prior to purging and sampling. 

• Groundwater monitoring wells should then be left to recharge for at least three days before purging and sampling.  Prior 

to purging or sampling, the condition of each well should observed and any anomalies recorded on the field data 

sheets.  The following information should be noted: the condition of the well, noting any signs of damage, 

tampering or complete destruction; the condition and operation of the well lock; the condition of the protective 

casing and the cement footing (raised or cracked); and, the presence of water between protective casing and 

well. 

• Take the groundwater level from the collar of the piezometer/monitoring well using an electronic dip meter.  The 

collar level should be taken (if required) during the site visit using a dumpy level and staff. 

• Purging and sampling of piezometers/monitoring wells is done on the same site visit when using micro-purge (or 

other low flow) techniques.   

• Layout and organize all equipment associated with groundwater sampling in a location where they will not 

interfere with the sampling procedure and will not pose a risk of contaminating samples.  Equipment generally 

required includes:  

➢ Micropore filtration system or Stericup single-use filters (for heavy metals samples); 

➢ Filter paper for Micropore filtration system; Bucket with volume increments;  

➢ Sample containers: teflon bottles with 1 ml nitric acid, 75mL glass vials with 1 mL hydrochloric acid, 1 L 

amber glass bottles;  

➢ Bucket with volume increments;  

➢ Flow cell;  

➢ pH/EC/Eh/T meters;  

➢ Plastic drums used for transportation of purged water;  

➢ Esky and ice;  

➢ Nitrile gloves;  

➢ Distilled water (for cleaning);  

➢ Electronic dip meter;  

➢ Low flow pump pack and associated tubing; and  
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➢ Groundwater sampling forms. 

• If single-use stericup filtration is not used, clean the Micropore filtration system thoroughly with distilled water 

prior to use and between each sample. Filter paper should be changed between samples. 0.45um filter paper 

should be placed below the glass fibre filter paper in the filtration system. 

• Ensure all non-disposable sampling equipment is decontaminated or that new disposable equipment is available 

prior to any work commencing at a new location. The procedure for decontamination of groundwater equipment 

is outlined at the end of this section. 

• Disposable gloves should be used whenever samples are taken to protect the sampler and to assist in avoidance 

of contamination. 

• Groundwater samples are obtained from the monitoring wells using low flow/micro-purge sampling equipment 

to reduce the disturbance of the water column and loss of volatiles. 

• During pumping to purge the well, the pH, temperature, conductivity, dissolved oxygen, redox potential and 

groundwater levels are monitored (where possible) using calibrated field instruments to assess the development 

of steady state conditions. Steady state conditions are generally considered to have been achieved when the 

difference in the pH measurements was less than 0.2 units and the difference in conductivity was less than 10%. 

• All measurements are recorded on specific data sheets. 

• Once steady state conditions are considered to have been achieved, groundwater samples are obtained directly 

from the pump tubing and placed in appropriate glass bottles, BTEX vials or plastic bottles. 

• All samples are preserved in accordance with water sampling requirements detailed in the NEPM 2013 and 

placed in an insulated container with ice. Groundwater samples are preserved by immediate storage in an 

insulated sample container with ice as outlined in the report text. 

• Record the sample on the appropriate log in accordance with AS1726:1993.  At the end of each water sampling 

complete a chain of custody form. 

 

B. Decontamination Procedures for Groundwater Sampling Equipment 

• All equipment associated with the groundwater sampling procedure (other than single-use items) should be 

decontaminated between every sampling location. 

• The following equipment and materials are required for the decontamination procedure: 

➢ Phosphate free detergent; 

➢ Potable water; 

➢ Distilled water; and 

➢ Plastic Sheets or bulk bags (plastic bags). 

• Fill one bucket with clean potable water and phosphate free detergent, and one bucket with distilled water. 

• Flush potable water and detergent through pump head.  Wash sampling equipment and pump head using 

brushes in the bucket containing detergent until all materials attached to the equipment are removed. 

• Flush pump head with distilled water. 

• Change water and detergent solution after each sampling location. 

• Rinse sampling equipment in the bucket containing distilled water. 

• Place cleaned equipment on clean plastic sheets. 

• If all materials are not removed by this procedure that equipment should not be used until it has been thoroughly 

cleaned 
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QA/QC DEFINITIONS 
 

The QA/QC terms used in this report are defined below.  The definitions are in accordance with US EPA publication SW-

846, entitled Test Methods for Evaluating Solid Waste, Physical/Chemical Methods (1994)12 methods and those 

described in Environmental Sampling and Analysis, A Practical Guide, (H. Keith 1991)13. 

 

A. Practical Quantitation Limit (PQL), Limit of Reporting (LOR) & Estimated Quantitation Limit (EQL) 

These terms all refer to the concentration above which results can be expressed with a minimum 95% confidence 

level. The laboratory reporting limits are generally set at ten times the standard deviation for the Method 

Detection limit (MDL) for each specific analyte. For the purposes of this report the LOR, PQL, and EQL are 

considered to be equivalent. 

 

When assessing laboratory data it should be borne in mind that values at or near the PQL have two important 

limitations. 

 

“The uncertainty of the measurement value can approach, and even equal, the reported value. Secondly, 

confirmation of the analytes reported is virtually impossible unless identification uses highly selective methods. These 

issues diminish when reliably measurable amounts of analytes are present. Accordingly, legal and regulatory actions 

should be limited to data at or above the reliable detection limit” Keith 1991. 

 

B. Precision 

The degree to which data generated from repeated measurements differ from one another due to random errors. 

Precision is measured using the standard deviation or Relative Percent Difference (RPD). Acceptable targets for 

precision in this report will be less than 50% RPD for concentrations greater than ten times the PQL, less than 

75% RPD for concentrations between five and ten times the PQL and less than 100% RPD for concentrations that are 

less than five times the PQL. 

 

C. Accuracy 

Accuracy is a measure of the agreement between an experimental result and the true value of the parameter being 

measured.  The assessment of accuracy for an analysis can be achieved through the analysis of known reference 

materials or assessed by the analysis of surrogates, field blanks, trip spikes and matrix spikes. 

 

The proximity of an averaged result to the true value, where all random errors have been statistically removed. Accuracy 

is measured by percent recovery. Acceptable limits for accuracy generally lie between 70% to 130% recoveries. Certain 

laboratory methods may allow for values that lie outside these limits. 

 

D. Representativeness 

Representativeness expresses the degree to which sample data accurately and precisely represents a characteristic of 

a population, parameter variations at a sampling point, or an environmental condition.  Representativeness is primarily 

dependent upon the design and implementation of the sampling program.  Representativeness of the data is partially 

ensured by the avoidance of contamination, adherence to sample handing and analysis protocols and use of proper 

chain-of-custody and documentation procedures. 

 

 
12 US EPA, (1994). SW-846: Test Methods for Evaluating Solid Waste, Physical/Chemical Methods. (US EPA SW-846) 
13 Keith., H, (1991). Environmental Sampling and Analysis, A Practical Guide 
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E. Completeness 

Completeness is a measure of the number of valid measurements in a data set compared to the total number of 

measurements made and overall performance against DQIs.  The following information is assessed for completeness: 

• Chain-of-custody forms; Sample receipt form; 

• All sample results reported; All blank data reported; 

• All laboratory duplicate and RPDs calculated; 

• All surrogate spike data reported; 

• All matrix spike and lab control spike (LCS) data reported and RPDs calculated; 

• Spike recovery acceptable limits reported; and 

• NATA stamp on reports. 

 

F. Comparability 

Comparability is the evaluation of the similarity of conditions (eg. sample depth, sample homogeneity) under which 

separate sets of data are produced.  Data comparability checks include a bias assessment that may arise from the 

following sources: 

• Collection and analysis of samples by different personnel; Use of different techniques;  

• Collection and analysis by the same personnel using the same methods but at different times; and  

• Spatial and temporal changes (due to environmental dynamics). 

 

G. Blanks 

The purpose of laboratory and field blanks is to check for artefacts and interferences that may arise during sampling 

and analysis. 

 

H. Matrix Spikes 

Samples are spiked with laboratory grade standards to detect interactive effects between the sample matrix and the 

analytes being measured. Matrix Spikes are reported as a percent recovery and are prepared for 1 in every 20 samples. 

Sample batches that contain less than 20 samples may be reported with a Matrix Spike from another batch. The 

percent recovery is calculated using the formula below. Acceptable recovery limits are 70% to 130%. 

 

(Spike Sample Result – Sample Result) x 100 

Concentration of Spike Added 

 

I. Surrogate Spikes 

Samples are spiked with a known concentration of compounds that are chemically related to the analyte being 

investigated but unlikely to be detected in the environment. The purpose of the Surrogate Spikes is to check the 

accuracy of the analytical technique. Surrogate Spikes are reported as percent recovery. 

 

J. Duplicates 

Laboratory duplicates measure precision, expressed as Relative Percent Difference. Duplicates are prepared from a 

single field sample and analysed as two separate extraction procedures in the laboratory. The RPD is calculated 

using the formula where D1 is the sample concentration and D2 is the duplicate sample concentration: 

 

(D1 – D2) x 100 

{(D1 + D2)/2} 

 


