
CSR Advanced manufacturing hub - Modification 4

ENVIRONMENTAL ASSESSMENT
Prepared for CSR Building Products Limited - March 2019

elementenvironment.com.au



CSR remains committed to sustainable 
practices to ensure it minimises its impact 
on the environment and the community.
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Source: LPI (2017), Department of Infrastructure and Regional Development - Western Sydney Airport - Draft Environmental Impact Statement (2015), Cambium Group (2019).
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CSR ADVANCED MANUFACTURING HUB - MODIFICATION 3

As a major consumer of energy, we are 
facing significantly higher costs in this space. 
Sustainable initiatives on the site like the 
solar farm, will be implemented to mitigate 
the potential impacts of climate change and 
fluctuations in energy supply and pricing in 
the future. 

CSR are also committed to ensuring the site 
is progressively rehabilitated and development 
ready after clay extraction is complete. By 
progressively backfilling the clay pits using 
virgin excavated natural material from major 
Sydney construction projects, the site will 
be ready for redevelopment as part of the 
Western Sydney Aerotropolis precinct and 
millions of tonnes will be diverted from landfill. 

Allison Basford
Senior Development Manager - Australia & New Zealand
CSR - Group Property



 

 

CSR Advanced Manufacturing Hub 

MODIFICATION 4 | ENVIRONMENTAL ASSESSMENT 

Prepared for CSR Building Products Limited 
March 2019 

 

PR30 

 Prepared by Reviewed by 
Name Mark Ryan Neville Hattingh 
Company Element Environment Element Environment 
Position Senior Environmental Consultant Director 
Project Role Project Manager Project Director 

Signature   
Date 29 March 2019 29 March 2019  

 
This report has been prepared in accordance with the scope of services set out in the contract between Element Environment Pty Ltd and 
the client. The report is for the use of the client and no responsibility will be taken for its use by other parties. 

© 2019 Reproduction of this report is prohibited without Element Environments prior written permission. 

DOCUMENT CONTROL 

Revision Date Description Prepared by Reviewed by 
0 22 February 

2019 
For CSR review Element 

Environment 
CSR Building 
Products Limited 

1 28 February 
2019 

For submission to 
DP&E 

Element 
Environment 

CSR Building 
Products Limited 

2 29 March 2019 For submission to 
DP&E for exhibition 

Element 
Environment 

CSR Building 
Products Limited 

 

  





 

CSR ADVANCED MANUFACTURING HUB v 

Executive Summary 
Introduction  

In October 2016, CSR Building Products Limited (CSR) acquired Boral Bricks Pty Limited (Boral) 
brick business along the eastern seaboard of Australia including the Badgerys Creek Brick Making 
Facility site (‘the site’). The site is strategically placed in the Western Sydney Priority Growth Area 
and borders the proposed Western Sydney Airport (WSA) precinct. 

CSR needs to modify Project Approval (PA10_0014) and Concept Plan Approval (CP 10_0033) 
to realise the full potential of the site and to allow it to meet the strategic needs of CSR’s brick 
and roof products manufacturing businesses. CSR lodged a modification application and 
supporting documentation to the NSW Department of Planning and Environment (DP&E) under 
Section 75W of the NSW Environmental Planning & Assessment Act 1979 (EP&A Act) on 
21 December 2017 in respect to these changes. 

CSR started thorough community and government stakeholder engagement. Two key matters 
were raised, which required CSR to revisit and amend their modification application and lodge a 
further modification: 

 NSW Roads and Maritime Service (RMS) advised that the strategic infrastructure plans for 
the area include the realignment of Martin Road to remove the ‘S’ bend in the road and its 
extension southwards through the site; and 

 Greater Sydney Commission requested CSR to consider including backfilling the empty 
pits/voids to facilitate future development associated with the proposed WSA. 

The first matter has been addressed in the Modification 3 application and the second matter is 
the subject of this modification application (Modification 4). These modifications to the approved 
project demonstrate CSR’s intention to work co-operatively with key stakeholders at federal, state 
and local levels.  

CSR is positioning the development of the site as a transitional use of the site in the longer-term 
development of WSA. CSR has confidence that key objectives of the development and long-term 
strategic growth plans for the area can be collaboratively achieved through the proposed 
modifications. 

Site description 

The site is at 235 Martin Road in the suburb of Badgerys Creek, which is in the Liverpool Local 
Government Area. The site and surrounds are zoned RU1–Primary Production under the 
Liverpool Local Environmental Plan 2008. 

The approximately 200 ha site is bound by Badgerys Creek to the west, Ingham’s Chicken to the 
south, South Creek to the east and Australian Native Landscapes and rural residential properties 
to the north. The site is generally cleared of vegetation except for the creek lines and some 
isolated stands of trees scattered across the site. 

The site is accessed via a private road off the southern end of Martin Road. Martin Road joins 
Elizabeth Drive (a designated B-double route) at a T junction intersection to the north. 

There are small rural residential holdings, larger agricultural properties, agricultural enterprises 
(chicken farms, nurseries), composting and resource recovery facilities and market gardens in 
the area. The is in the Western City Parkland Area under the Greater Sydney Region Plan (2018). 
The proposed WSA precinct lies to the west of the site. 
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Proposed modifications to quarrying, dewatering Pit 1, clay extraction in Pit 1 and backfilling open 
pit voids with VENM will be on CSR owned land in the approved project boundary. A solar farm 
is proposed on land owned by CSR, outside the approved project boundary. 

Modification 4  

This application is for Modification 4 to the Project Approval and comprises: 

Pit 1 dewatering and clay extraction 

 Dewatering of Pit 1 with use of water for onsite processes and irrigation, transfer offsite for 
use by other parties or discharge to local creeks. 

 Extraction of remaining clay and sandstone in Pit 1 use in the brick and roof products 
manufacturing processes. 

Virgin excavated natural material importation 

 Importation of virgin excavated natural material (VENM) to backfill the pits, commencing with 
Pit 1. 

 Importation of VENM to fill pits 1 and 2 with 200 extra trucks on weekdays and 100 trucks on 
Saturdays and Sundays. 

 Potential use of VENM to construct environmental management structures such as noise 
bunds. 

Revised 30-year quarry staging plans 

 The changes to quarrying under Modification 4 require a revision of the approved quarry 
staging plans and the changes proposed to quarrying in Modification 3. 

 No changes are proposed to the lateral extent of quarry pits or the maximum approved 
extraction depth of 35 m below the pre-existing surface of the ground. 

 Upgrades and extension of an existing onsite track for use by VENM trucks. 
 Implementation of a new water management strategy. 
 Construction and operation of a 4.5 million watt solar farm on approximately 10 hectares 

east of pits 3 and 4. 

Impact Assessment  

Environmental aspects that could be impacted by the modification were identified collaboratively 
by Element Environment and CSR, technical specialists, government authorities and community 
consultation. The technical specialists investigated the key environmental issues, with 
assessment outcomes informing project design and environmental management measures. 

The technical assessment reports are summarised below and in the impact assessment chapters 
of the EA, with the detailed reports appended to the EA. 

Surface water  

The site is bordered to the east by South Creek and to the west by Badgerys Creek. South Creek 
is perennial and contains water most of the time. Badgerys Creek is ephemeral and contains 
some small and large pools. Badgerys Creek flows into South Creek north of the site, and South 
Creek eventually flows into the Hawkesbury River. 

Water quality of both creeks is characterised by elevated electrical conductivity and chlorophyll 
levels. Badgerys Creek has elevated turbidity, total nitrogen and phosphorus. South Creek has 
elevated levels of some dissolved metals.  

Water is managed in accordance with a water management plan, which includes water storage 
at pits 1, 2 and 3. Water in the pits is slightly alkaline, brackish and has low turbidity. There are 
three sediment basins and two small farm dams for sediment control.  
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The following aspects of water management were assessed: 

 Initial dewatering of pits 1, 2 and 3. 
 Ongoing dewatering of quarry pits. 
 Potential flooding associated with the solar farm. 
 Potential erosion and sedimentation from rainfall at the solar farm and VENM haul road. 

Initial and ongoing dewatering 

The following initial pit dewatering will be required: 

 916 ML from Pit 1 over 12 months at 100,000 L/hr. 
 109 ML from Pit 2 over 2 months at 100,000 L/hr. 
 55 ML from Pit 3 over 1 month at 100,000 L/hr. 

The site water balance model described in Modification 3 demonstrated the ongoing dewatering 
requirement will be 100-200 ML/year, and up to 750 ML/year in the wettest years.  

The following dewatering options were assessed, with a focus on initial dewatering as this 
represents the worst-case scenario in timing and quantity: 

 Onsite reuse of water for dust suppression and irrigation. 
 Transfer of water to nearby sites. 
 Discharge of water to waterways. 

Total demand for dust suppression and irrigation will range from approximately 180 ML/year at 
the start of the modification to 120 ML/year following initial dewatering of pits 1, 2 and 3. This 
represents approximately 20% of water to be dewatered from Pit 1 in Year 1. Therefore, additional 
uses for the water need to be investigated. 

Ongoing use of water for dust suppression and irrigation will use 100-200 ML/year, which will be 
sufficient in most years except wet years, where it would use approximately 16% of the water 
requiring management. 

The water management strategy will be revised to include the pit dewatering strategy, which is 
based on the following prioritisation: 

 Use as much of the pit water onsite as possible, unless there is significant offsite demand. 
 Transfer water to other sites such as WSA if further investigations prove this is feasible. 
 Discharge residual water after implementation of the above to Badgerys Creek. 

The water from Pit 1 will be suitable for use in irrigation and dust suppression and the mixing of 
water from pits 2 and 3 will not reduce this suitability. Use of water for these purposes will account 
for 20% of the initial volume to be dewatered. The residual discharge to WSA or Badgerys Creek 
would be 1.9 ML/day. 

After initial dewatering, dust suppression and irrigation will increase to between 60-100% of the 
volume to be dewatered and would reduce the residual discharge to between 0.22 ML/day and 
zero. The residual discharge may increase to 1.7 ML/day during wet years. 

The transfer of residual water from Pit 1 to WSA for dust suppression during the initial dewatering 
stage will remove the need to discharge to Badgerys Creek. Continued supply of water to WSA 
during ongoing dewatering is probably not feasible and options to supply water to the nearby 
Australian Native Landscapes site will be investigated. 

Water may be discharged to Badgerys Creek if the transfer option to WSA is abandoned. In this 
case, water would be discharged from Pit 1 to the creek via an existing vegetated drainage line. 

Discharge of water to Badgerys Creek could result in the following impacts: 
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 Flood impacts and potential scour. 
 Impacts to existing baseflow. 
 Water quality impacts. 
 Impacts on downstream users. 

The flow depth in Badgerys Creek will be less than 200 mm (estimated to be approximately 100 
mm), which is minimal compared to total creek depth (assuming existing zero flow). Therefore, 
discharges to Badgerys Creek will not significantly impact flood levels 

Flow velocities will be less than the maximum permissible velocity of 0.5 m/second in DEWS’ 
(2013) Queensland Urban Drainage Manual for the type of waterway represented by Badgerys 
Creek. Therefore, there will be minimal potential that flows would cause erosion and scour in the 
creeks. 

A constant flow would likely improve water quality in Badgerys Creek by reducing stagnant water 
in the pools. Notwithstanding, creek ecology would be based on current wetting and drying 
conditions and permanently wetting a portion of the creek could impact ecology. However, the 
cross section of creek to be impacted will be very small and stagnation will be reduced. 

Most analytes in pit water were the same as or lower than those for Badgerys Creek. Therefore, 
the release of pit water to Badgerys Creek would not impact the concentrations of water quality 
analytes in the creek, except pH. 

Flooding – solar farm 

The flooding assessment demonstrated that the solar farm will not significantly impact flood 
depths or velocities and that most solar farm structures will not be damaged by flooding, except 
some solar panels if they are at maximum tilt during the Probable Maximum Flood (PMF). The 
panels would be repaired if they are damaged. 

Erosion and sedimentation 

Erosion and sediment controls will be implemented during construction of the solar farm and 
around the filled pits until surfaces are vegetated with grass. Erosion and sediment controls will 
also be implemented along the unsealed VENM haul road. 

Groundwater 

Eight groundwater bores were installed to investigate the presence of alluvium and associated 
groundwater, and to test connectivity between shallow groundwater (if present) and deeper 
systems in the shale. There were two existing bores on the site. 

The water levels in bores near pits were compared to the water levels in the pits, which 
demonstrated low drawdown and permeability in the shale/clay. Very slow recovery times of 
groundwater levels in bores demonstrates very low hydraulic conductivity.  

The physico-chemical characteristics of groundwater samples at different depths indicated a 
sodium chloride type of groundwater, which suggests lower groundwater recharge and/or 
connectivity. Groundwater under the site is not used for any beneficial uses except ecosystem 
protection. 

The presence of alluvium was investigated as part of the groundwater bore drilling program as 
pits 1 and 5 will be near Badgerys Creek and could be in alluvium. No alluvium was encountered 
in any boreholes, except potentially the upper 0.5 m of BW4, which is adjacent to South Creek. 

A model was used to simulate local hydrogeology and quantify impacts on groundwater resources 
from extraction associated with Modification 4. Extraction could result in seepage into pit voids, 
associated groundwater drawdown and baseflow impacts on Badgerys and/or South creeks. 
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The water table will be drawdown as a result of progressive clay/claystone excavation and the 
water table will recover as a result of backfilling with overburden/VENM. Drawdown and recovery 
will be very tightly confined around the pits. 

Initial pit inflows will be due to seepage into pits 1, 2 and 3, which will decrease in the first year 
as Pit 2 is filled. Overall, there will be short term increases in seepage as new excavation areas 
are opened, then groundwater will recover as pits are backfilled. 

The modification will have minor impacts on baseflow to local creeks due to the low hydraulic 
connectiveness of the groundwater system. 

The NSW Aquifer Interference Policy needs to be considered as the modification will be an 
extractive industry which intersects groundwater. The current water license (WAL 24346) is for 
25 ML/year, which more than covers the peak of 15 ML/year of groundwater predicted to seep 
into the pits. 

Condition 20 of the Project Approval requires:  

Mitigation and management measures to ensure alluvial sediments and alluvial 
aquifers are not impacted by the project, including: - appropriate buffer setback 
distances between the alluvial sediments and the Pit 5 extraction area; and - any 
resulting adjustments to the Pit 5 extraction area. 

No alluvium has been identified between Badgerys Creek and pits 1 or 5. Therfore, no 
adjustments are required to the extent of these pits and no further management or mitigation 
measures are deemed necessary to avoid impacts to the Badgerys Creek alluvial 
sediments/aquifer. 

The water management plan will be updated to include the groundwater monitoring network and 
a TARP for exceedances of groundwater criteria, which will be developed based on the baseline 
groundwater data. 

Contamination  

The site was investigated for potential contamination or potentially contaminating activities, which 
identified: 

 Tipping of material which may have included asbestos containing material at the eastern 
edge of Pit 1. 

 Three underground storage tanks were historically removed from the brick making facility 
and backfilled with unknown materials.  

 The land under the brick making facility may have been levelled using unknown material.  
 Elevated concentrations of copper and zinc have been detected in surface water. However, 

the higher concentrations were detected upstream and are unlikely to be indicative of site 
contamination. 

 Potentially contaminating activities were uncontrolled filling, use and filling of underground 
storage tanks and construction of buildings using hazardous materials.  

The potentially contaminating activities could have contaminated soil, surface water and 
groundwater. People and the environment could be exposed to contamination if any contaminated 
materials are disturbed during construction. 

Contaminant levels in soil and groundwater sampling results were below the NEPM (2013) criteria 
for ongoing commercial/industrial land use and protection of aquatic ecosystems. 
Notwithstanding, the modification will be constructed in accordance with work health and safety 
requirements and an unexpected contamination finds protocol will be prepared and implemented. 
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A materials management plan will be prepared and implemented at Pit 1 to ensure activities at 
the area of tipping do not pose a risk to human health or the environment and will be suitable for 
the proposed land use.  

The potential presence of asbestos at the eastern end of Pit 1 will be recorded in the site’s 
asbestos register. 

Terrestrial biodiversity 

Approximately 0.4 ha of the solar farm site will be on land which has not been biodiversity certified 
under State Environmental Policy (Sydney Region Growth Centres) 2006. Potential impacts of 
construction of the solar farm on the biodiversity of this area were assessed. 

According to government database searches, no threatened flora or fauna species have been 
recorded in the solar farm area and a likelihood of occurrence assessment determined no species 
had a moderate or high potential to use the solar farm area.  

It was observed during the survey of the solar farm area that vegetation comprised pasture 
dominated by exotic pasture and herbaceous weeds and is of low ecological value and would 
only provide minimal fauna habitat.  

Construction of the solar farm will involve removal and disturbance of approximately 10 ha of 
introduced grassland. No native vegetation will be directly impacted. This grassland is potential 
foraging habitat for birds and small reptiles. 

There is a second order stream (according to Strahler classification) to the south-west of the solar 
farm site which could provide aquatic habitat. There will be 20 m buffer either side of the second 
order stream to protect it from construction and operational activities. 

There is Forest Red Gum - Rough-barked Apple grassy woodland on alluvial flats of the 
Cumberland Plain, Sydney Basin Bioregion, PCT 835 in the wider area. This community is listed 
as an endangered ecological community under the NSW Biodiversity Conservation Act 2016, but 
will not be impacted by the solar farm. 

Aquatic biodiversity  

Badgerys and South Creeks are ‘Type 1 – highly sensitive fish habitat’ as they contained large 
in-stream woody debris and native macrophytes. They are also ‘Class 2 – moderate key fish 
habitat’ for fish passage as they had non-permanent flows but had clearly defined bed and banks 
with semi-permanent water during the survey.  

The modification will not impact key fish habitat provided vegetated riparian zones are maintained 
along Badgerys and South creeks, a wetland associated with South Creek and a tributary to 
Badgerys Creek. 

No threatened fish species have been previously recorded in stretches of Badgerys and South 
creeks adjacent to the site, and none were observed during the survey. 

There are four groundwater dependent ecosystems in and around the modification site, but these 
will not be impacted by the solar farm or other modification activities as they will be outside 
disturbance areas and the modification will have negligible groundwater impacts.  

462 individual macroinvertebrates from 28 families were collected across the five assessment 
sites. Nearly one quarter of taxa collected belonged to just two groups, Acarina (water mites) and 
Chironomidae (non-biting midges). Acarina are a group that inhabit waterways with standing 
water or low flow condition and Chironomidae are ubiquitous to most waterways, are fast 
colonisers and it is typical to find this group in large numbers colonising waterways that undergo 
frequent disturbance. 
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60 species of diatoms (a type of plankton) were collected across the five assessment sites. 
Statistical analysis of diatoms indicated the waters of Badgerys and South creeks were, at the 
time of sampling, in a highly eutrophic state (nutrient enriched with low dissolved oxygen) which 
is to be expected due the absence of flow for a prolonged period. 

Continuous flow to Badgerys Creek from discharge of pit water will change the creek to a 
perennial system. This may result in loss of macroinvertebrate taxa and diatoms which are reliant 
on low/no flow conditions. The loss of abundance may affect feeding resources of higher 
organisms such as fish and waterbirds. 

The impacts of discharge of water from Pit 1 to Badgerys Creek will be the combination of 
changed water quality and flow regime from ephemeral to perrenial. This change will expose the 
creek channel to elevated levels of salinity, pH and nutrients over a long term period and, 
therefore, it is likely ecosystem impacts will occur resulting in a change from an ecosystem adept 
to intermittent flow to one that is flow reliant. 

The following measures will be implemented to manage impacts of pit water discharge on the 
aquatic biodiversity of Badgerys Creek: 

 Geomorphology will be assessed in greater detail to validate the creek bed and bank 
materials prior to finalisation of the pit dewatering strategy.  

 The optimum flow rate that can be achieved without impacting the creek bed and banks will 
be determined in a sediment transport model if the bed and bank materials are demonstrated 
to be sensitive to erosion. 

 A biological monitoring program will be developed to detect if the macroinvertebrate 
community is changed by exposure to discharge water. 

 An in-stream vegetation monitoring program will be prepared and implemented to detect if 
the discharge is impacting vegetation community composition and mortality. 

Aboriginal heritage 

Land subject to components of Modification 4 that will be outside the approved project boundary 
were assessed for Aboriginal heritage significance. According to the Aboriginal Heritage 
Information Management System, no Aboriginal objects have previously been recorded in the 
study area, and no objects were found during a survey of the area.  

One Aboriginal item (BCBW18 IF 01) and an uprooted tree with cultural heritage values (BCBW18 
Tree) were discovered during a site survey. The tree is not subject to Aboriginal heritage 
legislation. 

Sixty four test pits were excavated to characterise the subsurface archaeology, with two sites 
discovered (BCBW18 AS 02 and BCBW18 AS 03) including a heat retainer hearth at BCBW18 
AS 02.  

The hearth at BCBW18 AS 02 is extremely rare in the region and BCBW18 AS 02 is of high 
scientific significance due to its high research potential and rarity. BCBW18 AS 03 comprises an 
unusually high concentration of artefacts but is in a medium flood impact risk area and is of low 
scientific significance. BCBW18 IF 01 is an isolated surface artefact in a moderately disturbed 
context and is of low scientific significance. 

Construction of Modification 4 will result in the total loss of BCBW18 IF 01 and the partial loss of 
BCBW18 AS 02. The section of BCBW18 AS 02 to be impacted contains a very low artefact 
density. There will be a 10 m exclusion zone around the section of the item containing the hearth. 

BCBW18 AS 03 will not be impacted. 
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Air quality 

Particulate matter, or dust, is the main air pollutant of concern from extractive activities, brick 
making and roof products manufacturing. Dust can be defined by the following sub-categories: 

 total suspended particles (TSP), which comprises the total mass of all particles suspended in 
the air; 

 particulate matter with an aerodynamic diameter of 10 µm or less (PM10); 
 particulate matter with an aerodynamic diameter of 2.5 µm or less (PM2.5); and  
 deposited dust, which is dust that has settled from the atmosphere onto surfaces. 

Additional to these, stack emissions from the brick making facility will comprise SO2, NO2, 
hydrogen fluoride (HF), chlorine (Cl), sulfuric acid (H2SO4) and odour.  

Worst case pollutant generation over four scenarios (extraction at pits 4 and 5, and alternative 
haul routes to pits 4 and 5) was modelled using emissions reduction factors, which assume the 
application of management measures. 

It is predicted that all the assessed air pollutants generated by the operation of the approved 
project, Modification 3 and Modification 4 will comply with the applicable assessment criteria at 
the sensitive receivers with the exception of short-term (24-hour average) PM10 and PM2.5 levels 
for the both the Pit 4 and Pit 5 scenarios.    

No exceedances of the criteria for stack emissions are predicted at any sensitive receptors or the 
site boundary due to the modification. 

The existing air quality management plan includes a reactive dust management program which 
requires the use of portable ambient air quality samplers downwind of the extraction activity, 
between the site and the receivers during the extraction campaigns. A modelling scenario with 
the strategy (i.e. suspending extraction activities during a small number of periods with adverse 
weather conditions) indicated that responding to changes in dust levels and weather conditions 
would ensure dust levels are kept below the levels predicted in this assessment, and therefore 
within acceptable criteria. 

The existing HVAS should be moved to as close to the northern boundary of the property and the 
closest sensitive receiver as possible and existing deposited dust gauges should also be 
relocated to appropriate positions as close to the property boundaries and nearest sensitive 
receivers as possible. 

The AQMP will be revised to address changes to the approved project operations, relocation of 
air quality monitoring equipment, and removal of the need to continue to implement a reactive 
dust management program. 

Noise  

Operational noise levels were predicted for the following scenarios during the morning shoulder, 
day, evening and night periods: 

 operational noise levels from manufacturing at the brick making facility and roof products 
manufacturing plant (part of Modification 3) and operation of the solar farm; and  

 operational noise levels from the above plus quarrying. 

Noise results were compared to noise trigger levels, which was taken as the lower of the 
intrusiveness or amenity noise levels. 

The existing topography in the site was included in the model and includes: 

 an approximately 4.5 m high noise bund along the site’s main entrance driveway; and 
 a partially constructed noise bund in the south-eastern corner of the site, along the eastern 

edge of the approved Pit 3. 
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The original EA identified the need for a 10 m high noise bund along the northern boundary and 
a 7 m high noise bund along the eastern boundary. 

Preliminary noise modelling of modifications 3 and 4 suggested that the approved: 

 10 m high noise bund could be reduced to 8 m and its length shortened; and 
 7 m high noise bund could be removed entirely. 

Further noise modelling of Modification 4 assumed the above. 

Operational noise levels at sensitive receivers for manufacturing and solar farm operation only, 
are predicted to comply with the project noise trigger levels at all nearby receivers during both 
calm and noise-enhancing meteorological conditions. 

Operational noise levels at sensitive receivers during all operating activities comply with the 
project noise trigger levels at nearby receivers during calm weather. However, exceedances of 
the project noise trigger levels are predicted at R5, R9, R26, R27 and R42 when all activities 
occur concurrently during noise-enhancing meteorological conditions. The exceedances at R9, 
R25, R26 and R27 are due to trucks on the VENM haul road and exceedances could occur at 
any time during quarrying. 

The predicted exceedances are 1 dBA at R25 and R27 and 3 dBA at R9 and R26. If these 
exceedances were not treated i.e. the 6 m VENM haul road noise bund proposed under 
Modification 3 was not built, the residual noise impacts would be ‘negligible’ (≤2 dBA) and 
‘marginal’ (3-5 dBA) under the NSW Noise Policy for Industry, respectively. Marginal residual 
impacts could be discernible by residents and should be treated by providing mechanical 
ventilation systems to enable windows in residences to be closed without compromising internal 
air quality/amenity.  

CSR seeks flexibility in changing the height and location of noise attenuation structures if it can 
be demonstrated through noise modelling that noise levels at sensitive receivers will still meet the 
project noise trigger levels. 

Should at-receiver treatments be selected rather than extending the noise barrier along the VENM 
haul road, negotiated agreements with the relevant landowners should be sought and finalised 
prior to the importation of VENM. 

Maximum noise levels are predicted to be less than the sleep disturbance screening level at all 
receivers for all stages of the modification. 

There is the potential for construction noise levels to exceed noise management levels at several 
receivers ranging from 1-16 dBA. No exceedances of the 75 dBA highly affected level are 
predicted.  

Six receivers (RN5, RN9, RN14, RN16, RN21 and RN22 (R34)) are predicted to experience 
significantly increased noise levels due to the modification and will require the ‘Type 2’ treatment 
package from RMS’s (2015) At-receiver Treatment Guideline.  

A construction noise management plan will be prepared and implemented during construction of 
the modification to manage noise exceedances. 

The noise management plan will be updated to incorporate the Modification 4 works and noise 
mitigation and management measures. 

Visual amenity 

One residence could view the solar farm: VP4 (Victor Avenue). Vegetation along South Creek 
limits private views from VP4. However, there could be views from the rear of several private 
properties to the solar farm, which will be filtered and framed by existing trees. 
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The site is in an area which will be subject to significant change soon associated with construction 
and operation of the WSA. Therefore, changes to landuse and the visual character of the area 
are going to occur in parallel with the development and operation of the site. 

The site has some characteristics which reduce its potential for visual impact, for example there 
are few residences with views to the site, the nearest public roads are no-through roads so there 
are limited opportunities for public views of the site and there are riparian corridors which screen 
the site.  

Management measures will be implemented to reduce the modification’s visual impacts for 
example, solar panel support structures will be non-reflective and amber lighting will be used 
instead of blueish-white lighting. 

The modification will represent a low level of change to the landscape character of the site and 
its surrounds, and a low impact to private and public viewpoints. 

Traffic and transport 

The traffic assessment was based on traffic volumes for 2021 and 2026, which is when the 
modification will be operational, and was focussed on the Martin Road-Elizabeth Drive 
intersection. The assessment included traffic associated with Modification 3 as, assuming it is 
approved, the modifications are likely to commence around the same time in 2021. 

RMS has indicated that Elizabeth Drive will need to be upgraded including traffic signals at the 
Martin Road-Elizabeth Drive intersection.  

The current performance of the Martin Road-Elizabeth Drive intersection was analysed using the 
SIDRA 8 program in comparison to the level of service (LoS) criteria in RMS’ (2002) Guide to 
Traffic Generating Developments. The intersection has LoS B, with acceptable delays and spare 
capacity. 

Combined Modification 3 and Modification 4 peak hour traffic will be: 

 85 inbound trips and 58 outbound trips in the AM peak hour of which 51 inbound and 51 
outbound trips will be heavy vehicles; and 

 63 inbound trips and 140 outbound trips in the PM peak hour, of which 41 inbound and 41 
outbound trips will be heavy vehicles. 

Impacts at the existing intersection in 2021 were modelled, which determined a LoS E (at 
capacity) in the AM peak hour and F (oversaturated) in the PM peak hour. The intersection was 
modelled again assuming installation of traffic signals, which determined a LoS A/B (good 
operation/acceptable delays with spare capacity) in the AM and PM peak hours. This will change 
to LoS C (satisfactory) when the proposed Mirvac development on the opposite side of Elizabeth 
Road to Martin Road is constructed. 

Bushfire  

The bushfire hazard consists of remnant woodland to the north and east of the solar farm site. 
Surrounding vegetation represents a low bushfire risk and the proposed modification conforms 
with the requirements of the aim and objectives of RFS’ (2006) Planning for bushfire protection. 

Other environmental considerations  

The following other environmental aspects were also considered: 

 Historic heritage – there are no known items of historic heritage significance in the 
modification area. 

 Rehabilitation – Under Modification 4, open voids will be dewatered and backfilled with 
burden and VENM, changing the surface from an inward to an outward draining site. 
Backfilled pits will be progressively grassed to provide a stable land form. Noise bunds and 
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remaining overburden and clay stockpiles no longer needed at the end of the project life will 
be removed and used to backfill remaining pit voids or clay may be transported for use at 
other CSR brick making facilities. Previous noise bund and stockpile areas will be grassed to 
prevent dust and sediment. The existing site infrastructure, brick making facility, roof 
products manufacturing facility and solar farm will remain until the future use of the site is 
determined. The existing rehabilitation strategy and rehabilitation management plan will be 
revised to incorporate Modification 4.  

 Greenhouse gas – the solar farm presents an opportunity to reduce greenhouse gas 
generation from coal fired power plants by sourcing electricity from a renewable resource. 
Transportation of VENM will generate greenhouse gases. However, even more emissions 
would be likely if the application is not approved and the VENM requiring disposal from large 
construction projects in Sydney needs to be hauled a greater distance outside Sydney for 
disposal. 

 Socio-economic – the potential social impacts of the modification mostly relate to impacts on 
general amenity such as noise, air quality (dust), surface water management, traffic 
generation and visual exposure. These potential social impacts have been thoroughly 
assessed in the EA and a range of mitigation measures are recommended to minimise these 
potential impacts, so they are not perceived as a nuisance to neighbouring residents and 
other sensitive receivers. Local jobs could be generated during construction of the solar 
farm. 

 Hazardous materials – no hazardous materials or dangerous goods are likely to be stored at 
the site in association with Modification 4. As such, the modification does not constitute a 
potentially hazardous industry. The modification could constitute a ‘potentially offensive 
industry’ as it will emit pollutants. As activities under the modification are likely to be 
incorporated in the environment protection license covering the site, the modification is 
unlikely to be potentially offensive industry. 

 Waste – the proposal to import VENM promotes the efficient reuse of this material and will 
reduce waste sent to landfill. The waste management plan will be updated to include the 
receipt and inspection of VENM. 

Justification and conclusion 

The modification is necessary as there is a suitable additional source of clay in Pit 1; there are pit 
voids that can be filled with spoil from Sydney construction projects, which would reduce the 
quantity of waste bound for landfill; and most of the site’s electricity requirements could be 
generated onsite rather than purchasing all electricity from the grid. 

All potential amenity impacts from the modification on sensitive receivers, comprising noise, air 
quality and visual impacts, will be below relevant criteria or have low residual impacts. The 
modification will not have significant impacts on some biophysical aspects such as surface and 
ground water, terrestrial biodiversity and historic heritage.  

The modification will also have residual impacts on Aboriginal heritage. An item of low significance 
will be destroyed and an item of high significance will be protected from impacts. 

The modification will have significant economic and social benefits and is in the public interest. 
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1 INTRODUCTION  

1.1 Background 

In October 2016, CSR Building Products Limited (CSR) acquired Boral Bricks Pty Limited (Boral) 
brick business along the eastern seaboard of Australia and with it, the Badgerys Creek Brick 
Making Facility site (‘the site’), which is strategically placed in the Western Sydney Priority Growth 
Area and borders on the proposed Western Sydney Airport (WSA) precinct (Figure 1.1).   

To realise the full potential of the Badgerys Creek site and to allow the site to meet the strategic 
needs of their brick and roof products manufacturing businesses, CSR requires modifications to 
the existing Project Approval (PA10_0014) and Concept Plan Approval (CP 10_0033). CSR 
lodged two modification applications and supporting documentation on 4 and 21 December 2017 
under Section 75W of the NSW Environmental Planning & Assessment Act 1979 (EP&A Act), 
hereafter referred to Modification 3 and Modification 4 respectively. CSR undertook a thorough 
community and key government stakeholder engagement process during the planning and 
assessment of the proposed changes to the Project Approval including: 

 door knocking and letter box drops to the surrounding community and major aerotropolis 
landowners; 

 meetings with the Department of Planning and Environment (DP&E); and 
 meetings with the Greater Sydney Commission (GSC), Liverpool City Council (LCC), WSA 

and Roads and Maritime Services (RMS). The GSC also recommended that CSR investigate 
sustainability and the introduction of a solar farm into the modification. 

Two key matters were raised through this consultation which required CSR to revisit and amend 
their Modification 3 application and lodge an additional modification application (Modification 4): 

1. RMS advised that the strategic infrastructure plans for the area include the realignment of 
Martin Road to remove the ‘S’ bend in the road and its extension southwards through the 
site; and 

2. The GSC requested CSR to consider including in their modification application, backfilling 
the empty pits/voids on the site to facilitate future development associated with the proposed 
Western Sydney Airport precinct. 

The first matter has been addressed in the Modification 3 application and the second matter in 
the Modification 4 application. The proposed modifications to the approved project outlined in 
Sections 1.2 and 1.3, demonstrates CSR’s intention to work co-operatively with key stakeholders 
at federal, state and local levels. CSR is positioning the use of the site as an immediate term 
transitional use in the development of the longer term “Aerotropolis Strategy”. CSR has 
confidence that key objectives of long term strategic growth plans for the area can be 
collaboratively achieved through the proposed modifications. 
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1.2 Modification 3 

CSR has concurrently lodged a separate modification application (Modification 3) to permit the 
following additional changes to the approved project: 

1.2.1 Advanced manufacturing – brick production 

 Removal of most of the existing brick manufacturing equipment and replacement with new 
brick manufacturing equipment in the existing brick making facility;  

 Increase in the building footprint of the existing brick making facility;  
 Increase in the building footprint of the existing administration building;  
 A NATA (National Association of Testing Authorities) Accredited Advanced Testing 

Laboratory; 
 Extension to the existing visitor’s carpark;  
 An innovation centre; 
 A weighbridge;   
 Factory staff parking; 
 A new access road to the factory staff parking area and for bulk material deliveries and 

dispatch; and 
 New rainwater tanks; 

1.2.2 Advanced manufacturing – roof products manufacturing 

 Construction and operation of a roof products manufacturing facility on CSR owned land, 
outside the approved project boundary, immediately east of Pit 4;  

 Modification to the approved project boundary to include the proposed roof products 
manufacturing facility, located on the adjacent property; and 

 The processing of sandstone (overburden material not used in brick production) for use in 
the manufacture of roof products on-site. 

1.2.3 General 

 Re-commence operations at the site as approved in the Project Approval (PA10_0014), and 
expel the current mothballed status of the site; 

 Amendment to the extent of Pit 5 to include a 200m buffer zone to neighbouring residential 
properties required under the Mining Act 1992; 

 An increase in the importation of raw materials from off-site for use in both the brick making 
and roof products manufacturing facilities; and 

 Modifications to the approved noise bunds. 

1.2.4 Signalised Martin Road-Elizabeth Drive intersection 

A detailed traffic impact assessment by Transport and Urban Planning in Modification 3 concluded 
that the proposed increase in heavy vehicle volumes associated with both the brick making and 
roof products manufacturing facilities would make the existing Martin Road-Elizabeth Drive 
intersection unsafe to use. After considering various options the assessment determined traffic 
signals would be the most appropriate intersection treatment. The signalised intersection would 
comprise: 

 Two approach lanes on Martin Road. 
 Two eastern approach/western departure lanes on Elizabeth Drive with a shared left 

turn/through traffic lane. 
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 Three western approach/eastern departure lanes on Elizabeth Drive with two through lanes 
and a right turn bay. 

 Increase in length of the eastbound departure side kerbside lane to allow sufficient merge 
length for vehicles that have just turned from Martin Road. 

 Three phase signal operation including a right turn green light. 
 Pedestrian crossings on all approaches. 

A conceptual layout of the proposed signalised Elizabeth Drive-Martin Road intersection is 
presented in Figure 5 of the traffic impact assessment in Appendix N.  

The proposed signalised intersection would be temporary until Elizabeth Drive is widened to 
accommodate traffic associated with the WSA. 

1.3 Modification 4 

This modification application is Modification 4 to the existing Project Approval and includes the 
following changes: 

 The dewatering of Pit 1; 
 Continued extraction of clay material in Pit 1 to a depth of 35 m;  
 The importation of Virgin Excavated Natural Material (VENM) to backfill Pit 1 and other pits, 

to rehabilitate the site and facilitate future development; and 
 The establishment of a grid connected solar farm. This will allow energy security through a 

more diverse energy mix, initiate a clean renewable energy source on-site, reduce the 
greenhouse gas emissions that contribute to global warming and improve the land utilisation 
on the eastern flank, outside of the approved project boundary. 

An overview of the key physical features of the proposed Modification 3 and Modification 4 are 
on Figure 1.2.



}} }} }}

!!11

!!10
!!9!!8

!!7!!6
!!5

!!4

!!3

!!2

!!1

Inghams EnterprisesInghams Enterprises

NATA laboratory

Brick factory extension

Visitor parking extension

Innovation centre

Roof products manufacturing facility

Eastern stockpile
Raw material

stockpiles

Central stockpile

Dewatering of Pit 1 and extraction 
of remaining clay to 35m. Engineered
backfilling with (VENM)

Pit 1 water 
storage facility

Pit 5

Pit 2
overburden

Pit 3

Pit 4

South eastern stockpile (east)

South eastern stockpile (west)

Southern stockpile

Western stockpile

CSR Advanced
Manufacturing Hub

Australian Native LandscapesAustralian Native Landscapes

Engineered backfilling 
of Pit 5 (VENM)

Engineered backfilling 
of Pit 3 (VENM)

Engineered backfilling 
of Pit 4 (VENM)

Extended project boundary

Office extension

Factory carpark extension

Solar farm

Future Roof products manufacturing
facility expansion area

W
ES
TE
RN

 R
O
AD

VICTOR AVENUE

LONGLEYS ROAD

M
AR

TI
N
 R
O
AD

WATTS ROAD

TURNBULL AVENUE

LA
W
SO

N
 R
O
AD

BRAIKFIELD AVENUE

FULLER STREET

0 0.1 0.2 0.3 0.4 0.5 km

Site boundary

Mining lease 1771

Water bodies

Watercourse

60m Badgerys Creek buffer

Approved

Approved project boundary

Approved project features

Overhead electrical

!!1 Sediment basin 1

!!2 Sediment basin 2

!!3 Sediment basin 3

!!4 Dam 1

!!5 Dam 2

!!6 Dairy

!!7 Administration office

!!8 Gate house

!!9 Truck parking

!!10 Brick production storage area

!!11 Brick making facility

Modification 3

Project features

Noise barrier

Extended project boundary

}} }} Overhead electrical

Modification 4

Solar farm

Noise barrier

Overview of proposed Modifications 3 and 4
Figure 1.2

ENVIRONMENTAL ASSESSMENT 

031118_EIS_M4_F1-2_OPM34_190226_v03Source: LPI (2017), Nearmap (2018), Department of Infrastructure and Regional Development - Western Sydney Airport - Draft Environmental Impact Statement (2015), VGT (2018), Wilkinson Murray (2018), BECA (2018), Crossmuller Technology (2018), SBA Architects (2018), Cambium Group (2019).

C
am

bi
um

 G
ro

up
 P

ty
 L

td
 d

is
cl

ai
m

s 
al

l l
ia

bi
lit

y 
fo

r 
al

l c
la

im
s,

 e
xp

en
se

s,
 lo

ss
es

, d
am

ag
es

, a
nd

 c
os

ts
an

y 
pe

rs
on

/c
om

pa
ny

 m
ay

 in
cu

r 
as

 a
 r

es
ul

t 
of

 t
he

ir 
/it

s 
re

lia
nc

e 
on

 t
he

 a
cc

ur
ac

y 
or

 c
om

pl
et

en
es

s
of

 t
hi

s 
do

cu
m

en
t 

or
 it

s 
ca

pa
bi

lit
y 

to
 a

ch
ie

ve
 a

ny
 p

ur
po

se
. ©

 C
am

bi
um

 G
ro

up
 P

ty
 L

td
 2

01
9

D
IS

C
LA

IM
ER

Proposed Western 
Sydney Airport site

South
 C

re
ek

Bad
ger

ys
 C

re
ek

CSR ADVANCED MANUFACTURING HUB - MODIFICATION 4



 

8 CSR ADVANCED MANUFACTURING HUB 

1.4 Identification of potential environmental impact  

1.4.1 Preliminary environmental risk analysis 

A preliminary environmental risk analysis was undertaken as part of the issues identification and 
scoping process to identify key potential environmental factors or impacts associated with the 
modification. The preliminary environmental risk analysis, presented in the Background Scoping 
Document (BSD) was informed by an assessment of the proposed modification against the 
previous environmental assessment of the approved project. For those environmental factors that 
achieved a high or medium risk rating, further assessment was proposed to be undertaken as 
part of this EA, generally in the form of specialist technical investigations, as detailed in Chapters 
6 –16. For those environmental factors that achieved a low risk rating, no further specialist 
technical assessment was required, as these non-key issues could largely be addressed using 
appropriate environmental safeguards and management measures outlined in the original EA, 
environmental management plans and Project Approval, and as detailed in this EA (Chapter 17). 

1.4.2 Secretary’s Environmental Assessment Requirements  

DP&E did not issue formal Secretary’s Environmental Assessment Requirements (SEARs) for 
the modification, but confirmed by email on 17 January 2018 that, as outlined in the BSD, they 
would require: 

 detailed assessments in relation to surface water (including a flood assessment), 
groundwater, noise, air quality, traffic, Aboriginal heritage and aquatic biodiversity; 

 a cumulative assessment of traffic, noise and air quality impacts, which includes the 
expanded operations proposed as part of Modification 3; 

 various details on the proposed solar farm; and 
 an overview of the community and stakeholder engagement process. 

The informal SEARs are reproduced in Appendix A, with reference to where SEARs have been 
addressed in the EA and/or specialist technical studies. 

1.5 The applicant  

CSR Building Products Limited is the Applicant for the proposed modification. As CSR owns the 
land on which the modification to the existing Project Approval  and Concept Plan Approval is 
proposed, landowner consent is not required.  

CSR is an international building and construction materials group, headquartered in North Ryde, 
Australia. CSR’s competitive position is underpinned by being a market leader in production and 
supply of building products for residential and commercial construction markets in Australia and 
New Zealand. Notable products produced by CSR include Gyprock plasterboard, Bradford 
insulation, bricks and pavers, Monier roof tiles, Hebel and AFS Walling Solutions. 
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CHAPTER 2  
EXISTING ENVIRONMENT AND 
APPROVED PROJECT 
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2 EXISTING ENVIRONMENT AND APPROVED 
PROJECT  

2.1 Site description  

As described in the Environmental Assessment – Continuation of Operations – Quarry and Brick 
Making Facility, Badgerys Creek (AECOM, 2010) (‘original EA’), the site is located at 235 Martin 
Road in the suburb of Badgerys Creek within the Liverpool Local Government Area (LGA). 
Badgerys Creek is approximately 41 km south west of Sydney and 17 km west of Liverpool. 
Badgerys Creek is currently a small community comprising rural residences, agricultural activities, 
quarrying and industry. The locality supports a number of small rural residential holdings and a 
limited number of larger agricultural properties, agricultural enterprises (chicken farms, nurseries), 
composting and resource recovery facilities and market gardens. The region falls within the 
Western City Parkland Area under the Greater Sydney Region Plan (2018). The proposed WSA 
precinct lies to the west of the site.  

The site and surrounds are zoned RU1 - Primary Production zone under the Liverpool Local 
Environmental Plan (LEP) 2008. 

The approximately 200 hectare (ha) site is bound by Badgerys Creek to the west, Ingham’s 
Chicken to the south, South Creek to the east and Australian Native Landscapes and rural 
residential properties to the north (Figure 2.1). The Blue Mountains National Park is located 
approximately 16 km to the west of the site. 

The underlying topography of the site is relatively flat, however historical quarrying activities have 
substantially altered the natural landform with various voids and elevated stockpiles present in 
the western part of the site. The most prominent of these landforms is a rehabilitated stockpile in 
the far west, known as the ‘Western Stockpile’. This stockpile of unusable material is 
approximately 200 m x 125 m, with an average height of 10 m and has been revegetated with 
native grasses and trees. Other significant landforms on the site include the raw material stockpile 
area in the centre of the site, as well as unusable materials stockpiles in the south and centre of 
the site. 

Existing voids on the site comprise Pits 1, 2 and 3 (Figure 2.2). The largest of these, Pit 1, is 
located in the west of the site and is used as the main water storage for the site. Pit 2, immediately 
south of Pit 1 is also complete and was previously partially backfilled and rehabilitated. Pit 3 is an 
active pit where quarry campaigns were focused, prior to the site being mothballed. Three large 
sediment basins are located in the north and east of the site, along with two smaller dams in the 
vicinity of these basins.  

Remaining land at the site is vacant, of which areas to the north and east of the brick making 
facility are leased for livestock grazing. The site is generally cleared of vegetation with the 
exception of the creek lines and some isolated stands of trees scattered across the site.  

Access to the site is via a private road off the southern end of Martin Road which dead ends at 
the site to the south and joins Elizabeth Drive (a designated B-double route) at a T junction 
intersection to the north. The internal road network consists of a number of unsealed haul roads.  
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Source: LPI (2017), Department of Infrastructure and Regional Development - Western Sydney Airport - Draft Environmental Impact Statement (2015), Cambium Group (2019).

Local context
Figure 2.1

ENVIRONMENTAL ASSESSMENT 

Project boundary

Aerotropolis core

Liverpool Local Government Area

Highway

Road

Railway line

Watercourse

Water bodies

Proposed Western Sydney Airport site

Nature reserve
! Town

CSR Advanced
Manufacturing Hub

Proposed Western 
Sydney Airport site

CSR ADVANCED MANUFACTURING HUB - MODIFICATION 4

CSR Bringelly Brick Making Facility

PGH Horsley Park



 

CSR ADVANCED MANUFACTURING HUB 13 

2.2 Operational and planning approval history  

Boral Bricks Pty Limited (Boral) owned and operated the Badgerys Creek Quarry and Brick 
Making Facility at Badgerys Creek for over 30 years.  

On 27 September 2011, project approval was issued under Section 75J of the EP&A Act for the 
ongoing production of bricks and the expansion of the existing quarrying operations (Figure 2.2). 

Due to uncertain economic conditions and a downturn in residential housing activity, Boral 
reviewed its bricks production capacity in NSW. Following this review, Boral ‘mothballed’ its 
operations at Badgerys Creek effective from 30 March 2012. Shutting down the site gave Boral 
the option to review its commercial position at a future stage and, if market conditions and 
business needs allowed, recommence production. During the shutdown period, the Bringelly Brick 
Making Facility (now also owned by CSR) supplied the Sydney market. 

2.2.1 Modification 1 

As many of the conditions of consent were not relevant during the shutdown, Boral applied to 
modify the Project Approval under Section 75W of the EP&A Act.  

Modification application (10_0014 Mod 1) requested that post-March 2012 activities be limited to: 

 minor maintenance and inspection (e.g. water management, equipment testing); 
 operation of the retail display facility; and 
 irregular and occasional dispatch of bricks from the inventory remaining on-site. 

In 2015, Boral and CSR formed a joint venture brick business called Boral CSR Bricks Pty Ltd. 
The assets held by the respective companies were transferred into the joint venture. At the end 
of October 2016, CSR acquired Boral’s share of the brick business and with it, the Badgerys 
Creek Brick Making Facility. 

2.2.2 Modification 2 

The 2011 Project Approval did not allow for the exportation of material extracted on-site. Due to 
recent and forecasted closure of many quarries in the region, reducing the availability of raw 
materials, CSR needed to be able to export raw material (clay) from the site. This is important for 
the sustainability of CSR’s brick manufacturing business and to ensure an immediate and ongoing 
supply of raw material to other CSR brick factories.  

Although the 2011 Project Approval allowed for the storage of finished brick products in the hard 
stand storage yard, to the east of the brick factory, this storage area will not be used for the 
storage of bricks manufactured at the site, until planning approval has been granted for the 
upgrade of the existing brick factory and the upgrade has been completed (Modification 3). In the 
interim CSR urgently requires additional finished product storage capacity in the greater Sydney 
region and therefore proposed to make use of this valuable space for the temporary storage of 
finished building products from other CSR manufacturing facilities e.g. autoclaved aerated 
concrete panels or roof products. 

As the ability to export clay from the Badgerys Creek site and temporarily store finished building 
products was required as a matter of urgency, CSR lodged a separate modification application 
(Modification 2) under Section 75W of the EP&A Act for these two activities. CSR obtained 
planning approval for Modification 2 from DP&E on 5 May 2018. 
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2.2.3 Mining lease and mining operations plan 

A mining lease (ML 1771) was granted for the site on 8 May 2018 and the Mine Operations Plan 
(MOP) was approved on 23 October 2018.  

2.3 Environment protection license  

The Protection of the Environment Operations Act 1997 provides for an integrated system of 
licensing and contains a core list of activities requiring Environmental Protection Licences (EPL) 
from the NSW Environment Protection Authority (EPA). The activities are called ‘scheduled 
activities’ and are listed in Schedule 1 of the Act. The site currently operates under EPL No. 684, 
for the scheduled activities of ceramic works, extractive activities and mining for minerals. 
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2.4 Approved project  

2.4.1 Quarry activities  

Approved quarrying activities allow extraction of no more than 420,000 tonnes of clay shale from 
the site in any calendar year and extraction is limited to no greater than 30 m below the pre-
existing natural surface of the ground. Quarry operations are approved for a 20 year period until 
27 September 2031, with the eastward progression of Pit 3 (where quarrying had already 
commenced), followed by the establishment of Pit 4 and then Pit 5. The establishment of a new 
pit involves the following works: 

 Exploratory core drilling to a depth of 35 m below ground surface (bgs) across a 50m square 
grid; 

 Assessment of cores for suitability for brick making; 
 If the core is suitable, the area is fenced off and appropriate signage placed around the area; 
 Removal of overburden and topsoil; 
 Breaking up raw materials using a bulldozer with ripping attachment; 
 Collection of raw materials with an excavator and placement into a 40-tonne dump truck; 
 Transport and deposit of raw materials to the raw material stockpiles to the south of the brick 

making facility; 
 Transport and deposit of unusable material to either the Central Stockpile or to an open void 

(Pit 2);  
 Creation of new stormwater drainage systems and/or drainage pathways in accordance with 

the Water Management Plan; and 
 Upon completion of quarrying disturbed areas will be rehabilitated in accordance with the 

Rehabilitation Management Plan. 

The approved project final landform includes Pit 2 backfilled to pre-existing natural ground level 
with the remainder of the pits as open voids with accumulated water.  

2.4.2 Stockpiles 

Stockpile areas within the site include: 

 Raw material stockpiles situated in the centre of the site, which provided the feedstock for 
the brick making process; 

 Overburden stockpiles which contain upper level excavated materials that was not suitable 
for brick making; 

 Unusable material stockpiles which contain deeper level excavated material that was not 
suitable for brick making, but may be suitable in the future if upgrades were made to the clay 
preparation equipment; and 

 Rehabilitated stockpiles in the far west and along the southern boundary of the site. 

2.4.3 Brick production 

The site is approved to produce no more than 252,000 tonnes of bricks in any calendar year. 

The primary machinery and equipment used to make bricks includes: 

 Clay preparation equipment (crushing and grinding); 
 Brick forming and handling equipment; 
 Gas-fired kiln; 
 Brick dryer; 
 Brick unloading machine (Dehacker); and 
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 Compressor building. 

The brick manufacturing process is generally described as follows: 

 The as-mined clay material is crushed from -500 mm to -2 mm through a crushing process.  
Water is added during the process to take the material from 6-10% moisture content to 10-
12% moisture content. 

 To make bricks, the crushed raw material has more water added to bring the mixture to 13-
14% and is then extruded.  Various textures, sands, frits and clay suspensions are applied to 
the clay column to add aesthetic appeal.  The extruded column is cut into brick sized units 
and stacked on kiln or dryer cars.  These cars pass through a tunnel dryer over the course of 
two days during which the moisture content is reduced to <1%. 

 The kiln cars stacked with dry bricks are then fed into the entrance of the gas-fired tunnel 
kilns at the rate of one car approximately every 60 minutes.  One kiln car holds 
approximately 6500 bricks (or 18 brick stacks) stacked with gaps between them to allow the 
hot air to circulate between them and fire evenly. The stock is then raised to above 1000oC 
and cooled back to room temperature in less than two days.  Waste heat is drawn from the 
kiln in the cooling stage and is used in the dryer to dry the bricks.  

 The fired stock is unloaded from the kiln car and packaged into brick packs by the Dehacker. 
The Dehacker was installed at the plant to improve efficiencies in the packing and 
transportation of bricks. It allows for a greater number of bricks to be transported per 
truckload, thereby reducing the number of truck movements needed to dispatch the same 
amount of product. The Dehacker unpacks the bricks into individual units and then repacks 
them into pallet size packs for transport to customers, strapping them together with plastic 
belly strap. Once the belly strap is attached, the complete brick packs travel along a driven 
roller conveyor where they are picked up by forklift and transported to the storage yard. All 
equipment is housed within the brick making facility with the exception of the unloading 
conveyor and exhaust stacks. 

 The existing brick product storage yard is located to the north-east of the brick making facility 
and covers an approximate area of 41,500 m2. Forklifts transport the bricks from the brick 
making facility to the yard and load the bricks from the yard on to trucks for transport off site.  

Previous additions and alterations to the brick making facility were approved by Liverpool City 
Council to enable an increase in the efficiency of the existing brick making process. The additions 
and alterations included a dust collector, air receiver and brick dipping tanks. The additions and 
alterations were aimed at reducing dust in the brick making process and reducing the incidence 
of cracking in bricks, hence yielding a higher quantity and quality of product for export.  

2.4.4 Road infrastructure and transportation 

Access to the site is via Martin Road, which joins Elizabeth Drive approximately 2.1 km to the 
north (Figure 2.1). Elizabeth Drive is an east west state arterial road with a posted speed of 80 
km/hr that runs between the Hume Highway (Liverpool) and the Northern Road (Bringelly). Martin 
Road has a speed limit of 60 km/h and is subject to give way control at the intersection with 
Elizabeth Drive. Martin Road also provides access to rural residential and other land uses to the 
north of the site.  

The intersection of Elizabeth Drive and Martin Road (Figure 5 of Appendix N) is a channelised 
T-junction intersection which includes: 

 Single eastbound and westbound lanes in Elizabeth Drive; 
 A left turn deceleration land (100 m long including taper) in the eastern approach of 

Elizabeth Drive;  
 A right turn auxiliary turn in the western leg of Elizabeth Drive (275 m long including taper) 

facilitating the left turn out of Martin Road; and 
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 Flaring at the intersection in Martin Road that can accommodate a single left and right turn 
vehicle in Martin Road at the holding line. 

CSR is in the process of reaching agreement with LCC for the upgrade and ongoing maintenance 
of Martin Road in accordance with condition 25(b) of the Project Approval (Section 3.5.2). 

The site is approved to receive no more than 20,000 tonnes of raw materials in any calendar year. 
Additional raw materials required for brick making are stockpiled in the raw material stockpile 
area.  

The site is approved to dispatch no more than 275,000 tonnes of raw materials in any calendar 
year. Extracted clay, surplus to the needs of the site is transported offsite, primarily to other CSR 
brick making facilities via the entrance driveway, Martin Road and Elizabeth Drive. 

Under the approved project truck movements at the site (either arrival or dispatch) must not 
exceed:  

 120 per day, Monday to Friday; and 
 40 per day on Saturday.  

2.4.5 Administration offices and parking 

The administrative component of the facility includes a 380 m2 office, 95 m2 gate house and 
associated parking for light and heavy vehicles. The office is located on the northern edge of the 
existing hardstand area and forms part of the perimeter fence. The gate house is located to the 
south of the access road. A 12 bay light vehicle parking lot, services these two buildings and is 
located north of the access road, outside the security fence. An existing open gravel parking lot 
for heavy vehicles is to the south of the gatehouse.  

2.4.6 Surface water management 

Surface water management for the site as defined in the original EA and Water Management Plan 
(Hyder; 2013) is described in the following sections. The surface flow directions of the approved 
site water management system are presented in Figure 2.3. 

Clean water diversion  

Clean water onsite is defined as runoff that has not come into contact with any disturbed area of 
the site. The objective for clean water management is to: 

 minimise disturbed areas within the site and separate these areas from undisturbed zones 
by manipulating ground contours; 

 implementing controls to divert clean water to Sediment Basins 1, 2 and 3, and 
 divert runoff from disturbed areas to Pit 1. 

Erosion and sediment control 

Existing erosion and sediment controls for the site were developed in accordance with Managing 
Urban Stormwater: Soils and Construction (Landcom, 2004) and Volume 2E Mines and Quarries 
(DECC, 2008) (the Blue Book). The intent of the erosion and sediment controls for the site is to 
minimise the mobilisation of sediment, and where this is not achievable, to reduce sediment 
transport around and off the site. Priority areas for the application of erosion and sediment controls 
are: 

 discharge points to Badgerys and, South Creeks (including tributaries);  
 disturbed downslopes, and  
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 natural and formalised drainage channels responsible for the movement of clean and dirty 
water. 

Water storage 

Three existing extraction pits (pits 1, 2 and 3) form part of the water management strategy for the 
site (Figure 2.2). Pit 1 is located to the west of the site and is the largest void. Pit 2 is adjacent to 
Pit 1 and is found in the south-west corner of the site. Pit 3 is east of Pit 1 and Pit 2 and was the 
focus of extraction prior to the site being mothballed.  

In addition to the pits, three large sediment basins are located in the north and eastern parts of 
the site (Figure 2.2). Sediment basin 1 is to the north of the existing PGH facility and accepts run-
off from the brick storage area, brickmaking facility, gatehouse and adjacent paddocks. Sediment 
basin 2 accepts overflow from Sediment basin 1 before entering Badgerys Creek through an 
ephemeral drainage line.  

Sediment Basin 3 is to the west of the PGH facility and accepts overland runoff from the south 
and west of the basin, including runoff from the brickmaking facility. Runoff from this basin enters 
South Creek via an ephemeral stream. 

Two small farm dams (Figure 2.3) are located in the vicinity of the sediment basins and accept 
runoff from small undisturbed catchments. 
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2.4.7 Rehabilitation 

The original EA included a Rehabilitation Strategy and a Rehabilitation Management Plan was 
prepared in accordance with the Project Approval.  

The approved quarrying approach and final landform is to extract clay from pits 3, 4 and 5, backfill 
Pit 2 with burden from these quarry pits, use Pit 1 as the primary water storage and leave pits 1, 
3, 4 and 5 as open voids at the end of the project life which will slowly fill with water. The RMP 
also includes revegetation of Pit 2 and some of the stockpile areas. 

Rehabilitation within the project site includes fencing, planting and weed control along Badgerys 
Creek and the tributary extending into the lower eastern portion of the site. A 60 m riparian buffer 
was adopted and includes the amalgamation of an ecological (50 m) and aboriginal heritage 
(additional 10 m) setback.  

The Project Approval requires a final landform rehabilitation plan to be compiled, through 
consultation with the NSW Office of Environment and Heritage (OEH) and The Department of 
Primary Industries (DPI), 2 years prior to completing quarrying activities.  

2.4.8 Utilities 

Electricity 

The site currently receives a high voltage (HV) supply of 11 kilovolts (kV) from Endeavour Energy. 
There is an agreed load of 3.15 Mega Volt Amps (MVA) for the site, although the facility has been 
‘mothballed’ since March 2012 with a reduced electricity demand.  

Water 

The original EA states the site is serviced with reticulated water and supply was expected to be 
sufficient to accommodate the continued operations of the quarry and brick making facility without 
upgrades to the network.  

An existing 100 mm unplasticised polyvinyl chloride (UPVC) supply line services the site and runs 
parallel to Martin Road. A metering station feeds both the existing duel use potable/fire water tank 
and potable water lines. The existing fire hydrant tank is located to the north-east of the brick 
making facility, while two 10,500 L wastewater process tanks are located to the north-west.  

Wastewater 

Sewage is discharged from the brick factory and gate house to two septic tanks whilst the 
administration building is connected to an aerated wastewater treatment system. The factory 
septic tank is connected to an absorption field located west of the brick factory. The administration 
building treatment system is located to the North of the Administration building and discharges to 
an irrigation field adjacent to the treatment system. Solid effluent from the gate house is pumped 
by a macerator pump to the treatment system at the administration building. All treatment systems 
have the ability to be pumped out, by a licensed disposal contractor, on an as needed basis.  

Gas 

The site is serviced by an existing secondary high pressure 150 mm gas main approximately 1m 
below ground. The original EA states the gas supply to the approved project was expected to be 
sufficient to accommodate the continued operations of the quarry and brick making facility without 
upgrades to the network. 
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2.4.9 Waste management  

CSR’s waste management practices encourage efficient resource use, re-use and recycling. 
Waste that cannot be re-used or recycled is disposed of in an appropriate manner. Waste is 
managed in accordance with the site’s Waste Management Plan.  

2.4.10 Operating hours and workforce 

Approved operating hours for the site are in Table 2.1. 

Table 2.1: Approved operating hours 

Activity Day Time 
Quarrying operations (excluding 
removal of overburden, truck arrival, 
loading and dispatch) 

Monday-Saturday 
Sunday and public holidays 

7:00 am to 6:00 pm 
None 

Removal of overburden and 
construction of noise bunds 

Monday-Friday 
Saturday 
Sunday and public holidays 

7:00 am to 6:00 pm 
8:00 am to 1:00 pm 
None 

Brick making facility and storage 
yard 

Monday-Sunday 24 hours 

Truck arrival and dispatch 
(excluding finished building 
products) 

Monday-Friday 
Saturday 
Sunday and public holidays 

6:00 am to 10:00 pm 
6:00 am to 6:00 pm 
None 

Truck arrival and dispatch (finished 
building products only) 

Monday-Saturday 
Sunday and public holidays 

7:00 am to 10:00 pm 
None 

Maintenance At any time, provided that these activities are not audible at any 
privately-owned residence outside of permissible hours for 
quarrying operations 

 

At the height of previous operations, there were 56 people employed in the brick making facility 
and 20 in the administration/sales office. Up to 10 contractors worked two to four months per 
annum on a campaign basis to complete the quarrying activities.  

2.4.11 Environmental management and monitoring 

An Environmental Management Strategy and the following associated management plans were 
prepared in accordance with the Project Approval and are implemented on site: 

 Noise Management Plan (NMP); 
 Air Quality & Greenhouse Gas Management Plan (AQMP); 
 Water Management Plan (WMP) which includes: 

- Site Water Balance; 
- Surface Water Management Plan; and 
- Ground Water Management Plan. 

 Aboriginal Heritage Management Plan (AHMP);  
 Transport Management Plan (TMP);  
 Waste Management Plan; 
 Rehabilitation Strategy; and 
 Rehabilitation Management Plan (RMP). 

CSR’s existing environmental monitoring network at the site (Figure 2.4) includes: 

 a weather station; 
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 four deposited dust gauges; 
 one High Volume Air Sampler (HVAS); 
 two noise monitoring sites; 
 five groundwater monitoring wells; and  
 three surface water monitoring sites (Badgerys creek only).  

2.4.12 Environmental performance 

CSR has assessed compliance of their site operations against the conditions of the Project 
Approval to demonstrate environmental performance. CSR is compliant with all conditions as 
outlined in the table of compliance included in Appendix C, acknowledging that there are 
approved activities that have not yet commenced and therefore conditions that have not been 
triggered. 
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CHAPTER 3  
PROPOSED MODIFICATIONS 
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3 PROPOSED MODIFICATIONS 

3.1 Modification site and study area 

The modification site and study area can be defined by two areas: 

 Changes on CSR owned land within the approved project boundary; and 
 New development on land owned by CSR outside the approved project boundary. 

All proposed modifications to quarrying activities, dewatering Pit 1, further clay extraction in Pit 1 
and backfilling open pit voids with VENM are located on CSR owned land within the approved 
project boundary (Figure 1.2). 

The 4.4 MW solar farm is proposed on land owned by CSR, outside the approved project 
boundary (Figure 3.10).  

3.2 Pit 1 dewatering and clay extraction 

The GSC has encouraged CSR to backfill empty pits/voids on site, to facilitate the future 
redevelopment of the site as a key part of the proposed Western Sydney Aerotropolis precinct. 
Therefore, CSR intend to progressively backfill Pit 1 and the remainder of the pits, after the 
extraction of the remaining clay and sandstone resource. Prior to backfilling Pit 1 the existing void 
will be:  

 dewatered, with the water disposed of by alternative methods evaluated in the surface water 
assessment (Chapter 6). Consideration has been given to the suitability and feasibility of 
reuse on site (process water and dust suppression), irrigation, use by other parties and 
discharge to Badgerys Creek and/or South Creek; and  

 excavated to a maximum depth of 35 m below the pre-existing natural surface of the ground, 
to ensure that all remaining clay and sandstone is extracted for use in the brick and roof 
products manufacturing processes.  

Water accumulated in pits 2 and 3 will be pumped to Pit 1 prior to extraction of the remaining 
resource in Pit 3 and the backfilling of Pit 2 with engineered fill.  

3.3 VENM importation 

After the extraction of clay, open pit voids will be backfilled with a combination of burden extracted 
from pits on site and VENM, imported from off site, likely to be predominantly from other major 
Sydney construction projects. Approximately 2,050,000 m3 of material (6,554,254 Tonne) is 
required to backfill Pit 1. Additional material will be needed to backfill the remainder of the pits 
and will depend on the amount of burden encountered during extraction. VENM material may also 
be utilised to construct environmental management features such as noise bunds.  

CSR propose that 200 VENM truckloads are imported per day during the week (Monday to 
Friday). This campaign drops to 100 truckloads per day on both Saturday and Sunday. CSR 
require approval to import VENM on weekends as: 

 many of the major Sydney construction projects undertake bulk earthworks on weekends 
and need alternatives to landfill sites to dispose of surplus VENM spoil; and 

 with the significant volume required to fill all the pit voids on site by the end of the proposed 
30-year Project life to facilitate future development aligned with the rest of the WSA 
aerotropolis, the site needs flexibility to receive VENM from other major construction projects 
when it is available.   
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3.4 Revised 30-year quarry staging plans 

As outlined in Section 2.4.7, the approved quarrying approach and final landform is to extract 
clay over a 20-year period from pits 3, 4 and 5, backfill Pit 2 with burden from these quarry pits, 
use Pit 1 as the primary water storage and leave pits 1, 3, 4 and 5 as open voids at the end of the 
project life which will slowly fill with water.  

Modification 3 maintained the same approach to quarrying as the approved project and proposed 
some minor changes to the lateral extent of pits 4 and 5 and an extension of the project life to 30 
years from the date of approval of Modification 3.  

The changes to quarrying outlined in Sections 3.2 and 3.3 under Modification 4 requires a 
revision of the approved quarry staging plans and the changes proposed to quarrying in 
Modification 3. The revised 30-year quarry staging plans presenting indicative timing and 
sequencing of extraction and backfilling of quarry pits, are presented in Figures 3.1 to 3.9. There 
are no changes proposed to the lateral extent of quarry pits in addition to those proposed in 
Modification 3. There are no changes proposed to the maximum approved extraction depth of 
35 m below the pre-existing surface of the ground. 
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3.5 Road infrastructure and transportation 

3.5.1 VENM haul road 

VENM is likely to be transported to site by truck or truck and dog heavy vehicles. VENM trucks 
will not travel down the existing driveway, to avoid interaction with vehicles associated with the 
brick and roof products manufacturing facilities. VENM trucks will enter the site off Martin Road 
approximately 100 m to the north of the existing entrance driveway and use an existing farm track 
to the old dairy as the main VENM haul road (Plate 1). The existing track gives direct access to 
pits 1 and 5. The haul road will need to be extended to pits 3 and 4 either via a route between pits 
1 and 2 or between the brick factory building and Pit 1. This track will be upgraded to safety 
accommodate the movement of heavy vehicles. A typical cross section of the upgrade VENM 
haul road is in Plate 3.1.  

 

Plate 3.1 Cross-section of potential VENM haul route (VGT, 2018) 

3.5.2 Martin Road-Elizabeth Drive intersection 

3.5.3 Surface water management  

The approved concept for surface water management on the site is outlined in Section 2.4.6. 

Pit 1 currently forms an integral part of the site’s water management system retaining surface 
water run-off from the site. Modification 4 changes the surface water management approach from 
an inward to an outward draining site.  

A new water management strategy, allowing water to drain off site, has been developed in the 
assessment of Modification 4 and is described in Chapter 6. 

3.5.4 Utilities 

No changes are proposed to utilities on site associated with the dewatering of Pit 1, continued 
extraction of clay from Pit 1 and importation of VENM to backfill the pit voids. 



 

CSR ADVANCED MANUFACTURING HUB 39 

3.5.5 Workforce 

Up to four additional staff may be employed during VENM importation to direct truck drivers to 
correct pit emplacement locations and to verify appropriate material contents of truckloads. 

3.6 Solar farm  

CSR propose to construct an approximately 10 ha, 4.5 MW solar farm outside of the approved 
project boundary on the south-eastern portion of the site immediately east of pits 3 and 4 (Figure 
3.10). The approved project boundary will need to be modified to include the solar farm and the 
following properties owned by CSR: 

 Lot 54 of DP 3050; 
 Lot 55 of DP 3050; 
 Lot 56 of DP 3050;  
 Lot 57 of DP 3050; 
 Lot 58 of DP 3050; 
 Lot 59 of DP 3050and 
 Lot 1 of DP 981161 (access road).  

The solar farm aims to: 

 Allow energy security through a more diverse energy mix; 
 Initiate a clean renewable energy source on-site; 
 Reduce the greenhouse gas emissions of the facilities; and 
 Improve the land utilisation on site. 

CSR initially intended a larger 10-20 MW solar farm that extended over a large portion of their 
eastern properties, however the following environmental constraints defined the area now 
proposed: 

 Flood prone land adjacent to South Creek; 
 Ecological setbacks and buffers including a 10 m buffer to native vegetation, a 40 m buffer to 

a wetland, and a 20 m buffer to a second order creek located on the south-eastern boundary 
of the site;  

 An Aboriginal hearth and associated 10m buffer. 

The eastern part of the solar farm is located within the Probable Maximum Flood (PMF) line. Flood 
modelling has confirmed that this minor encroachment into the PMF will have negligible impacts 
on the flood regime of South Creek as outlined in Chapter 6. 

The solar farm was designed by Beca and is described in the solar farm concept report in 
Appendix D, with a summary of the key components of the solar farm in the following sections. 
During detailed design the likely electric and magnetic field output of the solar farm will be 
determined and adjustments made if necessary to ensure compliance with the requirements of 
the National Health and Medical Research Council standards for electric and magnetic fields, and 
all applicable and relevant Australian standards. Measurements of electric and magnetic fields 
will be performed as part of the commissioning process, in accordance with the international 
electrotechnical commission (IEC) and institute of electrical and electronics engineers (IEEE) 
standards on measurement of electric and magnetic fields from AC power lines (IEC 1987, IEEE 
19.87). 

Potential electromagnetic interference from the solar farm is discussed in Section 3.7.7 of Beca’s 
report. 



 

40 CSR ADVANCED MANUFACTURING HUB 

3.6.1 Solar Panels 

Solar panels for commercial installations are typically available in two sizes. 60 cell solar panels, 
(commonly used in residential installations) and 72 cell solar panels (longer and common in 
commercial installations). The 72 cell polycrystalline solar panels have been selected (Figure 
3.11), although other sizes and technologies of solar panels are available and can be considered 
at the detailed design stage. 
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Solar farm layout plan
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Self powered single axis tracking system
with solar panels installed on structures
which track from east to west.
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3.6.2 Panel support structures 

A single axis tracking system is proposed for the solar farm, with rows of panels installed on 
structures tracking from east to west. Other types of solar panel support structures are available 
and can be considered in detailed design. 

The single access tracking system has been proposed for the following reasons: 

 Increased solar yield per panel. A single axis tracking system can have a lower cost of 
energy compared to fixed tilt systems.  

 Single axis tracking systems have flood clearance resulting from the elevated height of the 
mounting structure to allow panel rotation. 

3.6.3 Inverter stations 

Two 2 MW inverter stations are proposed with each inverter station contained within a shipping 
container. The final quantity and configuration of the inverter stations will be confirmed during the 
detailed design. 

3.6.4 High voltage network connection 

The site is connected to the local electrical distribution network at 11 kV. The solar farm and roof 
products manufacturing facility are located in close proximity to each other. CSR propose to 
connect the solar and new roof products manufacturing facility at 11 kV, encouraging reduced 
cabling requirements. 

3.6.5 Access 

Access to the solar farm will be through the Monier roof products manufacturing facility. The 
access road will be trafficable in all weather for maintenance and emergency purposes. The final 
access road width, path, construction and location of connection to the Monier facility will be 
determined during the detailed design stage 

3.6.6 Surface water management 

Impervious areas in the solar farm will be minimal except for two inverter stations, an area 
reserved for firefighting tanks and access tracks. Existing grasses will be maintained or reinstated 
beneath the solar panel arrays, will catch storm water and promote infiltration largely like pre-
existing conditions. No significant earthworks are proposed and the location of stormwater 
discharge into South Creek will not be impacted. Any existing channels through the site will be 
managed through post-development conditions. Appropriate construction phase erosion and 
sediment control measures are discussed in Chapter 6.  

3.6.7 Utilities 

No existing utilities will be impacted by the solar farm. 

3.6.8 Capital investment 

The indicative cost of a solar farm is approximately $1.6 million per MW. Therefore, a 4.5 MW 
solar farm is likely to cost approximately $7.2 million. The exact cost of the solar farm will be 
determined in detailed design. 
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3.6.9 Operating hours and workforce 

Once construction has been completed, the solar farm will run autonomously with scheduled 
maintenance procedures to ensure the system is functioning in an acceptable manner. The solar 
farm will operate during daylight hours and will not have a dedicated workforce. 

3.7 Comparison against the approved project 

A comparison of the approved operations at the site and the proposed modification to the 
approved project is set out in Table 3.1 and  

Table 3.2. As the EA for Modification 3 is being lodged at the same time as this EA for Modification 
4, changes to the approved project associated with both modifications has been presented so the 
combined cumulative changes can be understood. 
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Table 3.1 Comparison of approved project and proposed modifications 

Aspect Existing Project Approval Proposed Modification 3 (yet 
to be approved) 

Proposed Modification 4  Variance to Approved 
Project 

Brick Production 252,000 tonnes of bricks per 
calendar year 

300,000 tonnes of bricks per 
calendar year 

Nil Increased production of 
48,000 tonnes of bricks per 
calendar year in Modification 
3 

Roof Products Production Nil 132,000 tonnes of roof products 
per calendar year 

Nil  Increased production of 
132,000 tonnes of roof 
products per calendar year in 
Modification 3 

Quarrying Extract 420,000 tonnes of clay 
shale per calendar year 

No change No change Nil 

Receival of raw materials Receive 20,000 tonnes of raw 
materials for brick production 
per calendar year 

Importation of 215,000 tonnes of 
raw materials for brick 
production and 124,000 tonnes 
for roof product production per 
calendar year 

No change Increase of 319,000 tonnes of 
imported raw materials for 
brick and roof product 
production per calendar year 
in Modification 3 

Dispatching of raw materials Dispatch 275,000 tonnes of 
raw materials from the site per 
calendar year 

No change No change Nil 

Truck Movements 
 

Maximum of 60 laden brick 
trucks (i.e. 120 vehicle 
movements) exiting the site 
per day Monday to Friday 

Maximum of 272 trucks entering 
and exiting the site per day 
Monday to Friday (i.e. 544 
vehicle movements) 

Maximum of 200 trucks entering 
and exiting the site per day 
Monday to Friday (i.e. 400 
vehicle movements) 

Maximum of 472 trucks 
entering and exiting the site 
per day Monday – Friday in 
Modification 3 and 4 (i.e. 944 
vehicle movements). This is a 
combined increase of 412 
trucks entering and exiting 
the site per day Monday to 
Friday in Modification 3 and 4 
(i.e. 824 vehicle movements) 

Maximum of 20 laden brick 
trucks (i.e. 40 vehicle 
movements) exiting the site 
per day on Saturday 

Maximum of 79 trucks entering 
and exiting the site per day on 
Saturday 

Maximum of 100 trucks entering 
and existing the site per day on 
Saturday 

Maximum of 179 trucks 
entering and existing the site 
per day on Saturday (i.e. 358 
vehicle movements).  
This is a combined increase 
of 159 trucks entering and 
exiting the site per day on 
Saturday for Modification 3 
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and 4 (i.e. 318 vehicle 
movements) 

Nil  Nil  Maximum of 100 trucks entering 
and existing the site per day on 
Sunday 

Increase of 100 trucks 
(VENM only) entering and 
exiting the site per day on 
Sunday for Modification 4 (i.e. 
200 vehicle movements) 

Duration of Project Approval 27 September 2031 30 years from date of approval 
of Modification 3 

No change As the quarry and brick 
making facility would have 
been in a mothballed state 
over the first six years of the 
Project Approval and the 
Project Approval is only for a 
20-year period, CSR wishes 
to include an extension of the 
Project Approval duration to 
30 years and requests that 
the 30 years commences 
from the date of the approval 
of Modification 3   

 

Table 3.2 Comparison of approved hours of operation and proposed modifications 

Activity Existing Project Approval Proposed Modification 3 (yet 
to be approved) 

Proposed Modification 4 Variance to Approved 
Project 

Quarrying operations 
(excluding removal of 
overburden, truck arrival, 
loading and dispatch) 

Monday-Saturday 
7:00 am to 6:00 pm 
Sunday and public holidays  
None 

No change No change Nil 

Removal of overburden and 
construction of noise bunds 

Monday-Friday 
7:00 am to 6:00 pm 
Saturday 
8:00 am to 1:00 pm 
Sunday and public holidays 
None 

No change No change Nil 

Brick making facility and 
storage yard 

Monday-Sunday 
24 hours 

No change No change Nil 
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Roof products manufacturing 
facility and storage yard 

Nil Monday-Sunday 
24 hours 

No change Roof products manufacturing 
facility and storage yard to 
operate 24 hours Monday-
Sunday (Modification 3) 

Truck arrival and dispatch 
(excluding finished building 
products i.e. raw materials) 

Monday-Friday 
6:00am to 10:00pm 
Saturday 
6:00am to 6:00pm 
Sunday and public holidays 
None 

No change No change Nil 

Truck arrival and dispatch 
(finished building products 
only) 

Monday-Saturday 
7:00am to 10:00pm 
Sunday and public holidays 
None 

Monday-Friday 
5:00 am to 10:00 pm 
Saturday 
6:00 am to 6:00 pm 
Sunday and public holidays 
None 

No change 
 

Deliveries and dispatch to be 
extended by two hours earlier 
in the morning on a week day 
(Monday to Friday) and one 
hour earlier in the morning on 
a Saturday to allow finished 
product trucks (Modification 3) 
to arrive at site, load, and 
dispatch between 5:00 am and 
6:00 am 

Truck arrival and dispatch 
(VENM Importation) 

Nil  N/A Monday - Sunday 
7:00 am – 6:00 pm  

Importation of VENM to backfill 
open voids (Modification 4) 

Sales Selection / Cash Sales Nil Monday-Saturday 
6:00 am to 6:00 pm 
Sunday and public holidays 
None 

No change Additional operating hours for 
sales selection and cash sales 
activities for finished brick 
products (Modification 3)  

Customer Display Centre Nil Monday-Sunday 
8:00 am to 5:00 pm 
Public Holidays 
None 

No change Additional operating hours for 
customer display centre for 
finished brick products 
(Modification 3) 
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3.8 Assessment of alternatives and justification 

3.8.1 ‘Do nothing’ option – a justification for the modification 

The “do-nothing” option of not obtaining planning approval for the proposed Modification 4 works, 
means that: 

 a potentially suitable additional clay resource below the base of Pit 1 will not be extracted; 
 the quarry pits would remain as open voids and would not be backfilled to natural ground 

level, inhibiting the future development of the site in line with plans for the WSA and 
aerotropolis precinct;  

 Spoil material from major Sydney construction projects may need to be disposed of to landfill 
rather than being beneficially reused, taking up valuable landfill space;  

 CSR would need to purchase all electricity required for site operations and would therefore 
be affected by ongoing increases in the price of electricity which would end up being passed 
onto the consumer in elevated prices of building products; and 

 the opportunity for generating most of the sites electricity demand through a more 
sustainable energy alternative, and a reduction in greenhouse gas emissions would be lost. 

3.8.2 Alternatives at the Badgerys Creek site 

The only alternative land that is available for locating the solar farm, that is not occupied by 
approved project or proposed modification activities and is not affected by environmental 
constraints (refer to Section 3.4, is the land to the east of Pit 5 which is the buffer to residential 
receivers to the north. The proposed location is preferred as it is further away and less visible 
from sensitive receivers and is adjacent the proposed roof products manufacturing facility so the 
installation of cabling from the solar farm to the grid can be installed with the roof products 
manufacturing facility cabling, reducing costs.  

3.9 Sensitive receivers  

Sensitive residential receivers identified in the original EA have been adopted for the Modification 
4 EA and are presented in Table 3.3 and Figure 3.12. Four of the receivers R7, R47, R48 and 
R53 are on the WSA site, have been demolished and are therefore no longer assessed as 
sensitive receivers. Receiver R10 is owned by CSR and is not assessed as a sensitive receiver. 

Table 3.3 Sensitive receivers (quarrying and industrial operations) 

Receiver Address Lot/DP Number Status 

R5 255 Lawson Road, 
Badgerys Creek 19 DP 3050  

R7  Lot 77 Fuller Street, 
Badgerys Creek 1 DP 838361  

R9 217 Martin Road, 
Badgerys Creek 3 DP 589918  

R10  225 Martin Road, 
Badgerys Creek 16 DP 28050 Located on CSR owned 

land.  

R11 22 Victor Avenue, 
Kemps Creek 17 DP 28050  

R12 50 Victor Avenue, 
Kemps Creek 19 DP 28050  

R12a 50 Victor Avenue, 
Kemps Creek 19 DP 28050  
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R13 70 Victor Avenue, 
Kemps Creek 20 DP 28050  

R14 80 Victor Avenue, 
Kemps Creek 21 DP 28050  

R15 82 Victor Avenue, 
Kemps Creek 3 DP 589918  

R25 211 Martin Road, 
Badgerys Creek 2 DP 589918  

R26 210 Lawson Rd, 
Badgerys Creek 1 DP 589918  

R27 200 Lawson Road, 
Badgerys Creek 18 DP 3050  

R28 245 Lawson Road, 
Badgerys Creek 1 DP 237229  

R29 190 Lawson Road, 
Badgerys Creek 2 DP 237229  

R30 180 Lawson Road, 
Badgerys Creek BORAL  

R31 235 Lawson Road, 
Badgerys Creek 17 DP 3050  

R32 180 Martin Road, 
Badgerys Creek 2 DP 237229  

R34 170 Lawson Road, 
Badgerys Creek 3 DP 237229  

R35 195 Martin Road, 
Badgerys Creek 4 DP 589918  

R36 100 Victor Road, 
Kemps Creek 22 DP 774035  

R37 82 Victor Road, Kemps 
Creek 21 DP 28050  

R38 32 Victor Road, Kemps 
Creek 16 DP 28050  

R39 25 Victor Road, Kemps 
Creek 53 DP 28050  

R40 35 Victor Road, Kemps 
Creek 54 DP 28050  

R41 35 Victor Road, Kemps 
Creek  54 DP 28050  

R42 245 Lawson Road, 
Badgerys Creek 18 DP 3050  

R43 225 Lawson Road, 
Badgerys Creek 16 DP 3050  

R44 205 Lawson Road, 
Badgerys Creek 14 DP 3050  

R45 160 Lawson Road, 
Badgerys Creek 4 DP 237229  

R46 170 Martin Road, 
Badgerys Creek 1 DP 567860  

R47  255 (Lot 60) Longleys 
Road, Badgerys Creek 1 DP 838361 

Demolished as part of the 
Western Sydney Airport 
development. 

R48 42 Longleys Road, 
Badgerys Creek 1 DP 838361 

Demolished as part of the 
Western Sydney Airport 
development.  

R53 65 Leggo St, Badgerys 
Creek 1 DP 838361 

Demolished as part of the 
Western Sydney Airport 
development.  
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Road noise receivers identified during the road noise impact assessment are presented in Table 
3.4. Five of the road noise receivers are also sensitive receivers close to the site that have the 
potential to be impacted by site based operations such as continued clay extraction in Pit 1, 
hauling of VENM on site and backfilling of pit voids. The associated ‘quarrying and industrial 
operations’ sensitive receiver numbers for these five road noise receivers has been included in 
brackets after the road noise receiver number in Table 3.4. 

Table 3.4 Road noise receivers 

Receiver ID Address 
RN1 1970 Elizabeth Drive Badgerys Creek 
RN2 10 Martin Road Badgerys Creek 
RN3 30 Martin Road Badgerys Creek 
RN4 40 Martin Road Badgerys Creek 
RN5 50 Martin Road Badgerys Creek 
RN6 55 Martin Road Badgerys Creek 
RN7 50a Martin Road Badgerys Creek 
RN8 60 Martin Road Badgerys Creek 
RN9 65 Martin Road Badgerys Creek 
RN10 70 Martin Road Badgerys Creek 
RN11 80 Martin Road Badgerys Creek 
RN12 90 Martin Road Badgerys Creek 
RN13 100 Martin Road Badgerys Creek 
RN14 110 Martin Road Badgerys Creek 
RN15 75 Martin Road Badgerys Creek 
RN16 120 Martin Road Badgerys Creek 
RN17 85 Martin Road Badgerys Creek 
RN18 140 Martin Road Badgerys Creek 
RN19 150 Martin Road Badgerys Creek 
RN20 160 Martin Road Badgerys Creek 
RN21 170 Martin Road Badgerys Creek 
RN22 (R34) 165 Martin Road Badgerys Creek 
RN23 165A Martin Road Badgerys Creek 
RN24 (R32) 180 Lawson Road Badgerys Creek 
RN25 (R35) 195 Martin Road Badgerys Creek 
RN26 (R25) 211 Martin Road Badgerys Creek 
RN27 (R9) 211a Martin Road Badgerys Creek 
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4 PLANNING FRAMEWORK  

4.1 Introduction 

This chapter summarises the Commonwealth and NSW regulatory and policy framework required 
to modify the Project Approval, under Section 75W of the EP&A Act. This chapter describes the 
assessment pathway under these pieces of legislation and identifies other approvals under State 
and Commonwealth legislation which are required.  

4.2 Commonwealth legislation 

4.2.1 Environmental Protection and Biodiversity Conservation Act 1999 

The Commonwealth Environmental Protection and Biodiversity Conservation Act 1999 (EPBC 
Act) provides the legal basis to protect and manage internationally and nationally important flora, 
fauna, ecological communities, heritage places and water resources which are deemed to be 
matters of national environmental significance (MNES). MNES, as defined under the EPBC Act, 
are: 

 world heritage properties; 
 places listed on the National Heritage Register; 
 wetlands of international significance listed under the Ramsar Convention; 
 threatened flora and fauna species and ecological communities; 
 migratory species; 
 Commonwealth marine areas; 
 Great Barrier Reef Marine Park; 
 nuclear actions (including uranium mining); and 
 water resources, in relation to coal seam gas or large coal mining development. 

Under the EPBC Act, actions that will, or are likely to, have a significant impact on a MNES are 
deemed to be controlled actions and can only proceed with the approval of the Commonwealth 
Minister for the Environment. An action that may potentially affect a MNES has to be referred to 
the DoEE for determination as to whether it is a controlled action.  

Modification 4 will not have a significant impact on a MNES, an EPBC referral has therefore not 
been made to the DoEE, and no further approval is required.  

4.2.2 Native Title Act 1993 

The Commonwealth Native Title Act 1993 recognises and protects native title rights in Australia. 
It allows a native title determination application (native title claim) to be made for land or waters 
where native title has not been validly extinguished, for example, extinguished by the grant of 
freehold title to land.  

Applications for compensation for extinguishment or impairment of native title rights can also be 
made. All native title claims are subjected to a registration test and will only be registered if 
claimants satisfy a number of conditions. A register of native title claims is maintained by the 
National Native Title Tribunal. 

Proposed activities or development that may affect native title are called ‘future acts’. Claimants 
whose native title claims have been registered have the right to negotiate about some future acts, 
including mining and granting of a mining lease over the land covered by their native title claim. 
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Where a native title claim is not registered, a development can proceed through mediation and 
determination processes, though claimants will not be able to participate in future act negotiations. 

There are no further approvals and requirements with respect to this Act and the proposed 
Modification 4 application.  

4.2.3 National Greenhouse and Energy Reporting Act 2007 

The Commonwealth National Greenhouse and Energy Reporting Act 2007 (NGER Act) provides 
a single national framework for the reporting and dissemination of information about the 
greenhouse gas emissions, greenhouse gas projects, and energy use and production of 
corporations. It makes registration and reporting mandatory for corporations whose energy 
production, energy use or greenhouse gas emissions meet specified thresholds. 

CSR triggers the threshold for reporting under the NGER Act, and reports energy use and 
greenhouse gas emissions from its operations, including the approved project. 

CSR will be required to monitor and report energy use and greenhouse gas emissions associated 
with the proposed modification under its obligations under the NGER Act. 

4.3 Key NSW legislation 

4.3.1 Environmental Planning and Assessment Act 1979 

Part 3A (Major Infrastructure and Other Projects) of the EP&A Act was repealed by the NSW 
Environmental Planning and Assessment Amendment Act 2011 (Part 3A Repeal Act) in October 
2011.  

Under the Part 3A Repeal Act, projects deemed to be transitional Part 3A projects continue to be 
subject to Part 3A of the EP&A Act. The definition of transitional projects includes certain projects 
that were the subject of an existing approval under Part 3A. 

This applies to Modification 4 because there is an existing Project Approval granted under Section 
75J of Part 3A of the EP&A Act.  

The transitional arrangements in the EP&A Act were repealed by the Environmental Planning and 
assessment Bill 2017. This moved transitional Part 3A projects to the current State significant 
development and State significant infrastructure pathways, and applications to modify such 
projects can no longer be made under Section 75W. This modification application has been made 
within the transitional timeframe and is not affected by the above arrangements. 

A legal opinion obtained from MinterEllison on 24 February 2017 stated CSR could apply for 
modification of approval under Section 75W, as opposed to applying for a new project approval, 
as the proposal will not result in a completely new project that changes the underlying or essential 
part of the approval and has limited environmental consequences beyond the project’s original 
environmental assessment. 

Counsel’s view was that the proposed modification would not result in a completely new project 
as the site will still be used for the purposes of an extractive industry with extractive material 
being processed onsite and does not change an essential element of the development the 
subject of the Project Approval. 
 
Additionally, the proposed modification would result in limited environmental consequences 
when compared to the impacts from the development the subject of the Project Approval. The 
proposed changes should be considered as allowing for better rehabilitation of the site by 
backfilling open quarry voids with burden and VENM, ensuring the site is suitable for future 
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redevelopment, while the proposed solar farm will reduce the reliance on energy produced by 
coal fired power stations, ensuring more sustainable site operations. 
 
Counsel stated Section 75W modifications have been approved for changes to project approvals 
with far greater environmental impacts than the proposed modification, and with greater changes 
to the original development than the proposed modification. The site before and after any 
modification would remain characterised as 'extractive industry' and 'extractive material 
processing'. 

4.3.2 Protection of the Environment Operations Act 1997 

Under Section 48 of the NSW Protection of the Environment Operations Act 1997 (POEO Act), 
an EPL is required for premises-based activities listed in Schedule 1 of the Act. The site EPL No. 
684 provides for the following extractive activities: 

 ceramics production: 0 – 15,000T produced; 
 land-based extractive activity: 0 – 30,000T extracted, processed or stored;  
 mining for minerals: 0 – 30,000T produced.  

The proposed modification includes variances in the following areas: 

 Dewatering of Pit 1 to Badgerys Creek; 
 Continued extraction in Pit 1 to a depth of 35 m;  
 Importing VENM and backfilling quarry voids; and  
 Construction of a 4.5 MW solar farm. 

The modifications will not trigger additional scheduled activities under the POEO Act. However, 
variation/s to the EPL, for activities such as dewatering Pit 1 to Badgerys Creek, are likely to be 
required as a result of the modification. 

The requirement to vary the EPL will be confirmed by CSR via liaison with the EPA following the 
receipt of the notice of Project Approval.   

4.3.3 Crown Lands Act 1989 

The NSW Crown Lands Act 1989 provides for the administration and management of Crown land 
in the eastern and central divisions of NSW. Crown land may not be occupied, used, sold, leased, 
dedicated, reserved, or otherwise dealt with unless authorised by this act or the NSW Crown Land 
(Continued Tenured) Act 1989.  

The project is contained on land owned by the applicant. Therefore, landowner consent is not 
required from the NSW Department of Industry - Crown Lands. 

4.3.4 Water Management Act 2000 

The NSW Water Management Act 2000 (WM Act) is intended to ensure that water resources are 
conserved and properly managed for sustainable use benefitting both present and future 
generations. Water sharing plans (WSP) prepared in accordance with the WM Act include rules 
for protecting the environment and administrating water licencing and trading.   

The Badgerys Creek Quarry is in the South Creek and Badgerys Creek catchments and has a 
water access licence (WAL) issued under the WM Act (WAL 24346). 

The groundwater and surface water assessment have determined that no amendment to the 
existing Water Access Licence would be required to support the proposed modification.  
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4.3.5 National Parks and Wildlife Act 1974 

The NSW National Parks and Wildlife Act 1974 (NPW Act) is the primary piece of legislation for 
the protection of Aboriginal cultural heritage in New South Wales. The Office of Environment and 
Heritage (OEH) administers the NPW Act. The NPW Act provides statutory protection for 
Aboriginal objects by making it illegal to harm Aboriginal objects and Aboriginal places. 

Under Section 86 of the NPW Act, a person must not harm or desecrate an Aboriginal object or 
place. In cases where harm to Aboriginal objects or places cannot be avoided, an Aboriginal 
heritage impact permit (AHIP) may be sought under Section 90 of the Act. An AHIP is not required 
for Part 3A approvals in accordance with Section 75U of the EP&A Act and, therefore, no further 
approvals are required for the modification under the NPW Act. 

The solar farm is proposed outside the approved project boundary and on land which has been 
fully assessed for potential Aboriginal heritage values in the EA (Chapter 11). 

The dewatering of Pit 1 to Badgerys Creek, clay extraction in Pit 1 and backfilling pit voids with 
VENM, will be on existing disturbed areas, in the approved project boundary. There will be no 
impact on Aboriginal and historic heritage values or land not previously assessed as part of the 
approved project. 

4.3.6 Biodiversity Conservation Act 2016 

The NSW Biodiversity Conservation Act 2016 (BC Act) aims to protect biological diversity of NSW 
and lists threatened or endangered flora and fauna species and ecological communities. Under 
the EP&A Act, impacts on threatened species listed under the BC Act are required to be 
assessed. 

The dewatering of Pit 1 to Badgerys Creek, clay extraction in Pit 1 and backfilling pit voids with 
VENM, will be on existing disturbed areas, in the approved project boundary. The solar farm is 
proposed on land outside the approved project boundary, not previously assessed in the original 
EA. However, only 0.4 ha of the 10 ha solar farm will be on land that is not biodiversity certified 
land in accordance with the order to confer biodiversity certification on the State Environmental 
Policy (Sydney Region Growth Centres) 2006. This 0.4 ha is colonised by exotic pasture grasses 
and does not support any native vegetation or biodiversity values (refer to Chapter 9). 

4.3.7 Heritage Act 1977 

The NSW Heritage Act 1977 (Heritage Act) includes provisions relating to the protection and 
management of heritage items (historic heritage).  

No historic heritage sites were identified within or in proximity to the Modification 4 disturbance 
footprint through desktop database review (original EA and relevant historic heritage registers) 
and site inspections and therefore no further approvals are required under the Heritage Act. 

4.3.8 Roads Act 1993 

Under Section 138 of the NSW Roads Act 1993, consent is required to erect a structure or carry 
out work in, on or over a public road. 

As outlined in Chapter 15 an increase in heavy vehicle movements as a result of the proposed 
modification has the potential to impact the local road network including road and intersection 
capacity as well as level of service. CSR propose to upgrade the Martin Road-Elizabeth Drive 
intersection to a signalised intersection (Modification 3), and to contribute to the upfront upgrade 
and ongoing maintenance of Martin Road (current condition of approval).  
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RMS and the LCC are currently being engaged in terms of Section 138 of the Act to upgrade 
Martin Road and construct the intersection with Elizabeth Drive. 

4.3.9 Contaminated Lands Management Act 1997 

The NSW Contaminated Lands Management Act 1997 establishes a process for investigating, 
and where required remediating contaminated lands, that pose a risk to human health and the 
environment. 

The site was investigated for potential contamination during the EA process, with specific focus 
on the proposed solar farm disturbance footprint and the historically emplaced material in the 
eastern edge of Pit 1 that will need to be removed during further extraction of clay and backfilling 
with VENM. The solar farm is proposed on land currently used for grazing. CSR is unaware of 
any historical potentially contaminating activities that could have occurred in this area and the 
contamination assessment (Chapter 8) concluded the same. The contamination assessment 
identified potentially contaminated material in the eastern edge of Pit 1 and recommended 
mitigation and management measures prior to and during the removal of this material.   

4.4 State environmental planning policies  

State environmental planning policies (SEPPs) deal with issues significant to the State and people 
of NSW. They are made by the Governor on the recommendation of the Minister for Planning and 
may be exhibited in draft form for public comment before being gazetted as a legal document. 

The relevant SEPPs which have been considered in relation to the modification are summarised 
in the following sections. 

4.4.1 SEPP (Infrastructure) 2007 

The Infrastructure SEPP assists the NSW government, private infrastructure providers, local 
councils and the community by simplifying the process for providing infrastructure such as 
electricity generating works. 

Section 34 of the SEPP concludes that electricity generating works can be undertaken with 
consent on land prescribed as rural, industrial or a special use zone. The land encompassing the 
site is zoned RU1 – Primary production indicating that the proposal to construct the solar farm for 
private use is acceptable.  

4.4.2 SEPP (Sydney Region Growth Centres) 2006 

Clause 16, Part 4 of the Growth Centres SEPP details the development controls that apply to land 
that is not subject to a precinct plan and is not on land referred to in clause 7A of the Growth 
Centres SEPP. While the Western Sydney Airport Land Use Plan is being finalised for the area, 
Table 4.1 addresses applicable development controls in clause 16.   

Table 4.1 Matters for consideration – clause 16 of the Growth Centres SEPP  

Matter for Consideration Comment 
(a) whether the proposed development will 
preclude the future urban and employment 
development land uses identified in the 
relevant growth centre structure plan, 

The site is in an area which is designated for 
the future development of the WSA and 
associated aerotropolis. The proposed use is 
in accordance with the designated future use 
of the land under the South West Subregional 
Strategy, and by rehabilitating open voids will 
allow for future redevelopment within the 
aerotropolis precinct.  
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(b) whether the extent of the investment in, 
and the operational and economic life of, the 
proposed development will result in the 
effective alienation of the land from those 
future land uses, 

The proposed use of the site is in accordance 
with the designated future use. The quarry 
voids will be rehabilitated in accordance with a 
rehabilitation plan, which would allow the site 
to be redeveloped as part of the aerotropolis 
precinct.   

(c) whether the proposed development will 
result in further fragmentation of land holdings, 

The modification would not result in the 
fragmentation of land holdings.  

(d) whether the proposed development is 
incompatible with desired land uses in any 
draft environmental planning instrument that 
proposes to specify provisions in a Precinct 
Plan or in clause 7A, 

The Liverpool Growth Centres Precinct Plan 
applies to Modification 4, specifically with 
regard to permitted development. Refer to the 
permissibility discussion in Section 4.6.2. 
 
Clause 7a of the SEPP relates to controls 
applying to Colebee, Edmondson Park and 
Bingara Gorge Precincts. This is not applicable 
to Modification 4. 

(e) whether the proposed development is 
consistent with the precinct planning strategies 
and principles set out in any publicly exhibited 
document that is relevant to the development, 

Refer to Section 4.5.2 for details on the 
aerotropolis precinct planning. 

(f) whether the proposed development will 
hinder the orderly and co-ordinated provision 
of infrastructure that is planned for the growth 
centre, 

Boral, and now CSR has been operating on 
the site for 30 years, using the existing 
infrastructure. The existing road infrastructure 
would continue to be used for transport 
purposes. Traffic has been assessed as part 
of the EA, which concluded that the proposed 
operation would not result in significant traffic 
impacts, with upgrades to Martin Road to 
improve its condition (a condition of the 
approved project) and signalisation of the 
Martin Road-Elizabeth Drive intersection to 
improve safety. The modification will therefore 
not impact upon the provision of infrastructure 
in the growth centre. 

 

Clause 19 of the SEPP applies to development that requires consent and is carried out on flood 
prone land and major creeks land. Table 4.2 addresses applicable development controls in clause 
19. 

Table 4.2 Matters for consideration – clause 19 of the Growth Centres SEPP 

Matter for Consideration Comment 
(2a) whether or not the development will 
adversely affect flood behaviour resulting in 
detrimental increases in the potential flood 
affectation of other development or properties 

The solar farm will encroach slightly into the 
PMF zone but will result in a negligible change 
in the flood behaviour of South Creek. No flood 
related impacts to other development or 
properties is expected. Refer to Section 6.2.2 
for flood assessment results. 

(2b) whether or not the development will alter 
flow distributions and velocities to the 
detriment of other properties or the 
environment of the floodplain 

The solar farm will encroach slightly into the 
PMF zone but will result in a negligible change 
in the flow distributions and velocities of South 
Creek. Refer to Section 6.2.2 for flood 
assessment results.  

(2c) whether the development will enable safe 
occupation of the flood prone and major 
creeks land 

The modification does not propose occupation 
of flood prone land.   

(2d) whether or not the development will 
detrimentally affect the floodplain environment 
or cause avoidable erosion, siltation, salinity, 
destruction of riparian vegetation or a 

The solar farm will not cause significant ground 
disturbance as earthworks will be minimal. 
Grass groundcover will be maintained under 
the solar panels. Minimal ground disturbance 
and maintenance of a grass groundcover, as 
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reduction in the stability of the 
riverbank/watercourse 

well as implementation of necessary sediment 
and erosion controls during construction will 
minimise erosion and siltation. The solar farm 
will not impact on Badgerys Creek or South 
Creek riparian vegetation, riverbanks or 
watercourses. Mitigation outlined in Chapter 6 
will prevent avoidable erosion, siltation, 
destruction of riparian vegetation and 
reduction in the stability of Badgerys Creek 
riverbank/watercourse during dewatering of Pit 
1.   

(2e) whether or not the development will be 
likely to result in unsustainable social and 
economic costs to the flood affected 
community or general community, as a 
consequence of flooding 

The solar farm will encroach slightly into the 
PMF zone but will result in a negligible change 
in the flood behaviour of South Creek. No flood 
related impacts to other development or 
properties is expected and therefore the 
modification is unlikely to result in 
unsustainable social and economic costs to 
the community. Refer to Section 6.2.2 for 
flood assessment results. 

(2f) whether or not the development is 
compatible with the flow conveyance function 
of the floodway 

The solar farm will have a negligible impact on 
the flow conveyance function of the floodway.  

(2g) whether or not the development is 
compatible with the flood hazard 

The construction of the solar farm is 
compatible with the flood hazard. The flood 
assessment determined the increase in flood 
levels as a result of the modification will be 
negligible and unlikely to impact South Creek 
and neighbouring properties (Section 6.2.2).  

(2h) in the case of development consisting of 
the excavation or filling of land, whether or not 
the development: 
i)  will detrimentally affect the existing drainage 
patterns and soil stability in the locality, and 
(ii)  will significantly impact on the likely future 
use or redevelopment of the land, and 
(iii)  will adversely impact on the existing and 
likely amenity of adjoining properties, and 
(iv)  will minimise the disturbance of relics, and 
(v)  will adversely impact on any watercourse, 
drinking water catchment or environmentally 
sensitive area. 
 

The solar farm will not require bulk earthworks. 
The solar farm will not impact on existing 
drainage patterns. The solar farm will not 
prevent the site from being redeveloped 
because the converters, cabling and solar 
panel supports can be easily removed. The 
solar farm will have a negligible impact on 
neighbouring properties from a visual, noise 
and flood perspective.  

 

4.4.3 SEPP 33 (Hazardous and Offensive Development) 

SEPP 33 requires the consent authority to consider whether a development proposal is a 
potentially hazardous industry or a potentially offensive industry. 

As described in Section 17.5 the modification is not classified as hazardous or offensive industry 
under SEPP 33. As such, the preparation of a preliminary hazard analysis (PHA) report is not 
required. 

4.4.4 SEPP (Mining, Petroleum, Production and Extractive Industries) 
2007 

This SEPP regulates the permissibility of mining, extractive industries and related development 
and specifies matters that must be considered in assessing extractive industry and mining 
developments requiring consent under the EP&A Act.  
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The proposed modification is not considered exempt or complying development under the SEPP 
and therefore requires consent. The Minister for Planning is the consent authority for the 
modification under Section 75W of the Act. 

Part 3 of the SEPP identifies matters for consideration by the consent authority in determining an 
application for consent for the purposes of mining, petroleum production or extractive industries.  

The following sections outline the compatibility of activities associated with the modification with 
clauses 12 to 17 of Part 3 of the SEPP. 

Clause 12 

Clause 12 of the SEPP requires consideration of the compatibility of the development with other 
land uses in the vicinity. Potential impacts of the quarry on surrounding land uses have been 
considered in the original EA and this EA, which have both demonstrated that the approved and 
proposed quarry operations will not significantly impact existing land uses in the area.  

Environmental control measures will be implemented to avoid or minimise identified impacts. CSR 
has consulted with the neighbouring landowners and local community about the proposed 
modification. The community has not raised any significant concerns about the existing operations 
or proposed modification as they have become accustomed to quarrying and manufacturing at 
the site for many decades and they are also aware that the area will be redeveloped in the future 
as part of the aerotropolis precinct.  

Clause 12A of the SEPP requires consent authorities to consider any applicable provisions of the 
Voluntary Land Acquisition and Mitigation Policy (VLAMP), published by the NSW Government 
in December 2014, before determining an application for consent for the purposes of mining, 
petroleum production or extractive industry.  

The provisions of the VLAMP have been considered in the noise and air quality impact 
assessments (refer to Chapters 12 and 13).  

Clause 13 

Clause 13 of the SEPP requires a consent authority, prior to determining a development 
application, to consider whether the proposed development is likely to: 

 have a significant impact on current or future extraction or recovery of extractive materials 
(including by limiting access to those resources), and 

 be incompatible with any existing or approved mine or extractive industry in the vicinity. 

The proposed dewatering of Pit 1 and the extraction of any remaining suitable clay to a depth of 
35 m will allow the recovery of additional clay resource from the site not currently approved for 
extraction.  

Although the proposed backfilling of the final quarry voids would prevent future deeper extraction 
within the pits (subject to approval), the original EA reports that the approved extraction depth 
limit of 35 m below the pre-existing natural ground surface was defined by a thick layer of hard 
Minchinbury sandstone and that it would be uneconomical to extract through this layer of 
sandstone to access potentially suitable clay deposits at depth. 

As the solar farm can be removed/relocated, it doesn’t prevent future access to or extraction of 
any clay resource to the east of Pit 3. 

Modification 4 will not reduce the capacity of the quarry to continue extracting 420,000 tonnes of 
clay shale per annum over the proposed 30-year project life. Thereafter, development on the 
property will need to be aligned with the type of development to occur in the aerotropolis precinct 
and further clay extraction is unlikely to occur on the property.  
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Clause 14 

Clause 14 of the SEPP requires that before granting consent for development for the purposes 
of mining, petroleum production or extractive industry, the consent authority must consider 
whether the consent should be issued subject to conditions aimed at ensuring that the 
development is undertaken in an environmentally responsible manner, including conditions to 
ensure that: 

 impacts on significant water resources, including surface and groundwater resources, are 
avoided, or are minimised to the greatest extent practicable; 

 impacts on threatened species and biodiversity, are avoided, or are minimised to the 
greatest extent practicable; and 

 greenhouse gas emissions are minimised to the greatest extent practicable. 

The potential impacts of the modification on surface water and groundwater resources are 
discussed in Chapter 6 and Chapter 7, including management and mitigation measures that will 
be implemented to minimise potential impacts.  

The potential impacts of the modification on threatened species and biodiversity are described in 
Chapter 9 and include management and mitigation measures to be implemented to minimise 
potential impacts. 

The potential for impacts associated with greenhouse gas emissions is low and is addressed in 
Section 17.3.  

Clause 15 

Clause 15 of the SEPP requires the consent authority, before granting consent, to consider the 
efficiency of the development in terms of resource recovery and the minimisation of waste 
associated with the extraction, recovery or processing of extractive materials. 

The proposed dewatering of Pit 1 and the extraction of any remaining suitable clay to a depth of 
35 m will allow the recovery of additional clay resource from the site not currently approved for 
extraction.  

Any burden material not suitable for use in brick production will be used in the engineered 
backfilling of the pits. 

Spoil material from major Sydney construction projects, instead of being disposed of to landfill 
taking up valuable landfill space, will be beneficially reused on site to backfill quarry voids. 

Clause 16 

Clause 16 of the SEPP requires the consent authority to consider the implications of transporting 
extractive materials associated with the development on public roads. 

Modification 4 proposes to import VENM to backfill open voids on site. The potential cumulative 
impact of Modification 3 in conjunction with transporting VENM on the public road network has 
been assessed in Chapter 15.  

Clause 17 

Clause 17 of the SEPP requires that before granting development consent that the consent 
authority must consider whether the consent should be issued subject to conditions aimed at 
ensuring the rehabilitation of land that will be affected by the development. 

The site has an existing rehabilitation strategy and RMP, which are required as a condition of the 
Project Approval. Modification 4 will have a positive influence on site rehabilitation by facilitating 
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the backfilling of all pit voids to natural ground level. Rehabilitation is discussed in Section 17.2, 
and the rehabilitation strategy and RMP will be updated post approval to reflect the proposed 
modification. 

4.4.5 SEPP (Western Sydney Employment Area) 2009 

This SEPP aims to protect and enhance the land to which this SEPP applies (the Western Sydney 
Employment Area) for employment purposes. 

Employment opportunities will be presented for personnel involved in clay extraction from Pit 1, 
the importation of VENM and construction and maintenance of the solar farm.  

4.4.6 SEPP (Sydney Water Drinking Catchment) 2011 

This SEPP aims to provide for healthy water catchments, delivering high quality water while 
permitting development that is compatible with that goal.  The SEPP also aims to support the 
maintenance or achievement of the water quality objectives for the Sydney drinking water 
catchment and requires developments to demonstrate a neutral or beneficial effect on water 
quality. 

The site is not within the Sydney Drinking Water Catchment and therefore this SEPP does not 
apply to the modification.   

4.5 District and land use plans   

4.5.1 Greater Sydney Region Plan  

The Greater Sydney Region Plan (2018) sets out a 40 year vision (2056) in conjunction with a 20 
year plan to manage growth and social, economic and environmental change in Greater Sydney. 
This plan informs district and local plans and provides guidance for the assessment of planning 
proposals.  

The site is in the Western Parkland City precinct of the plan, with key principles informing the 
private sector of government’s growth management and infrastructure investment intentions. The 
key development and investment drivers in this precinct are the WSA and Badgerys Creek 
Aerotropolis, with the economic opportunities (aerospace and defence and advanced 
manufacturing, logistics and trade) outlined in Objective 20 of the plan. 

The proposed CSR Advanced Manufacturing Hub will be adjacent to the eastern boundary of the 
WSA drawing the application into an interconnected transport focussed city. As outlined in 
Modification 4, as the extraction of clay is completed in quarry voids, they will be backfilled with 
engineered fill to facilitate redevelopment.  

Eventually the land occupied by the brick making facility, roof products manufacturing facility and 
solar farm will be redeveloped and connected to the adjacent development nodes by the 
environmental and economic corridors (road and rail) proposed to attract defence and aerospace 
activities, along with trade, freight logistics, advanced manufacturing, health, education and 
science activities.  

Therefore, the proposal will not conflict with Objective 20 of the plan.  

4.5.2 Western City District Plan  

The site falls within the ambit of the Western City District Plan, which covers the Blue Mountains, 
Camden, Campbelltown, Fairfield, Hawkesbury, Liverpool, Penrith and Wollondilly LGA’s. This is 
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a 20-year plan managing growth in the contact of economic, social and environmental matters to 
achieve the 40-year vision of greater Sydney.   

The district plan informs local strategic planning statements, local environmental plans, the 
assessment of planning proposals and community strategic plans and policies. Planning for the 
WSA and Badgerys Creek Aerotropolis will be conducted through the Western Sydney City Deal 
and collaboration between the GSC and the Australian Federal and NSW governments, and the 
local governments outlined above.  

Planning Priority W8 proposes to leverage the construction of the WSA and Badgerys Creek 
Aerotropolis as an economic catalyst for the area. Ultimately the site will be required to achieve 
this strategic plan. Under Modification 3, the continued use of the site to extract clay and 
manufacture building products (bricks and roof products) is a logical interim and transitional use 
as it already has an approved quarry and brick making facility, is within the heart of the 
aerotropolis precinct and is therefore ideally located to supply building products to the significant 
development that is going to occur in this precinct over the next 30 years. Modification 4 will allow 
for the backfilling of the quarry pits to natural ground level suitable for future development aligned 
with the aerotropolis precinct.  

4.5.3 Western Sydney Aerotropolis – Land Use and Infrastructure 
Implementation Plan (Stage 1)  

This Plan applies to the Western Sydney Aerotropolis and recognises the potential of an 
aerotropolis within the context of a global airport development.  

With the submission of the EA, the proposed statutory planning framework for the aerotropolis 
was not available for inclusion in the key legislation section.  

The Western Sydney Aerotropolis (11,200 hectare) will be Greater Sydney’s newest economic 
hub, encompassing an airport city surrounded by an emerging Western Parkland City.  

This plan creates the vision of the Western Parkland City by recognising the wider Metropolitan 
Clusters of Greater Penrith, Liverpool and Campbelltown– Macarthur, while providing connectivity 
between the aerotropolis and these centres.  

“Badgerys Creek” and “South Creek” are two key precincts within the plan, relating specifically to 
the site as they form the western and eastern boundaries of the site respectively. 

The South Creek Precinct provides the central green spine of the open space network, placing 
emphasis on the opportunity to view and manage this waterway as an asset in greenfield 
developments. Key aspects of this plan include development orientated towards the creek, 
interconnected waterway focussed land use and infrastructure and the rehabilitation of South 
Creek and its tributaries.  

The Badgerys Creek Precinct adjoins directly to the east of the airport and will support airport 
operations and the new urban centre. This sector is affected by aircraft noise and is not suitable 
for noise sensitive land uses. However, it will meet the demand for a range of employment 
generating uses that require proximity to the airport but do not rely on direct access to public. 

The site also straddles two zones within the plan, Flexible Employment and Mixed Flexible 
Employment and Urban Land. The engineered backfilling of the quarry pits proposed in 
Modification 4 will provide a final landform that facilitates intensified redevelopment of the site in 
accordance with these zones.  
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4.6 Local environmental plan  

4.6.1 Liverpool Local Environmental Plan 2008 

Local Environmental Plans (LEPs) are environmental planning instruments that guide planning 
decisions for local government areas and allow councils to manage the way in which land is used 
through zoning and development consents. 

The site is in the Liverpool LGA. Under the provisions of the Liverpool Local Environmental Plan 
2009 (Liverpool LEP), the site is zoned RU1 Primary Production. Extractive industries are 
permissible in this zone with development consent. 

The RU1 zone objectives are: 

 To encourage sustainable primary industry production by maintaining and enhancing the 
natural resource base; 

 To encourage diversity in primary industry enterprises and systems appropriate for the area; 
 To minimise the fragmentation and alienation of resource lands; 
 To minimise conflict between land uses within the zone and with adjoining zones; 
 To ensure that development does not unreasonably increase the demand for public services 

or public facilities. 
 To ensure that development does not hinder the development or operation of an airport on 

Commonwealth land in Badgery’s Creek. 
 To preserve bushland, wildlife corridors and natural habitat. 

The findings of this EA demonstrate that the proposed modification, if implemented in accordance 
with the additional environmental controls, mitigation and monitoring measures outlined in 
Chapters 6 - 17, can be carried out in a manner which upholds the objectives of the zone and is 
consistent with other objectives of the Liverpool LEP.  

4.6.2 Permissibility  

Existing clay shale mining at the quarry is subject to Mining Lease 1771 and clay/shale is defined 
as a mineral under Schedule 1 of the NSW Mining Regulation 2016.  

Extractive industries and open cut mining are permitted with consent in the RU1–Primary 
Production zone under the land use table in Part 2 of the LEP. Therefore, the extraction/mining 
component of Modification 4 is permissible with consent and is part of the proposed activities 
subject to this modification application.  

Notwithstanding the above, the proposed solar farm will be a new component of the quarry and 
is prohibited development in the RU1–Primary Production zone.  

The Infrastructure SEPP aims to facilitate the effective delivery of infrastructure across the State. 
The two aims of the Infrastructure SEPP specific to the planning regime are: 

(2) Aim of Policy 

The aim of this Policy is to facilitate the effective delivery of infrastructure across 
the State by: 

improving regulatory certainty and efficiency through a consistent planning 
regime for infrastructure and the provision of services, and 

….. 
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identifying the environmental assessment category into which different types of 
infrastructure and services development fall (including identifying certain 
development of minimal environmental impact as exempt development), and 

….. 

The Infrastructure SEPP achieves these aims by identifying in which land use zones, listed under 
the land use tables in LEPs, certain infrastructure developments can be permitted with or without 
consent or are prohibited; or which are complying or exempt development.  

In the case a photovoltaic electricity generating system (solar energy system), cl 34(7) states: 

(34) Development permitted with consent 

(7) Solar energy systems 

Except as provided by subclause (8), development for the purpose of a solar 
energy system may be carried out by any person with consent on any land. 

(8) Development for the purpose of a photovoltaic electricity generating system 
may be carried out by a person with consent on land in a prescribed residential 
zone only if the system has the capacity to generate no more than 100kW. 

As the land subject to the proposed solar farm is zoned RU1–Primary Production, and not a 
residential zone, the solar farm is permissible on that land with consent. Therefore, the solar farm 
is part of the proposed activities subject to this modification application. 
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5 STAKEHOLDER ENGAGEMENT  
CSR commissioned a thorough community and key government stakeholder engagement 
process including: 

 door knocking and letter box drops to the surrounding community; 
 meetings with other major landowners in the area including Australian Native Landscapes 

and Ingham’s; 
 meetings with DP&E; 
 meetings with the GSC, LCC and RMS; and  
 holding a community information open day at the site. 

Three key matters were raised through this consultation which required CSR to revisit and amend 
their modification application and lodge an additional modification application: 

 The GSC requested CSR to consider including in their modification application, backfilling the 
empty pits/voids on the site to facilitate future development associated with the proposed 
Western Sydney Airport precinct which has been included in Modification 4.  and 

 RMS advised that the strategic infrastructure plans for the area include the realignment of 
Martin Road to remove the ‘S’ bend in the road and its extension southwards through the site. 
This potential future extension of Martin Road through the site has been allowed for in 
Modification 3 by not locating the roof products manufacturing facility in the preferred location 
in the northern part of Pit 4 and has been allowed for in Modification 4 by importing VENM and 
to backfill pit voids to natural ground level; 

The proposed modification to the approved project outlined in Sections 1.2 and 1.3, 
demonstrates CSR’s intention to work co-operatively with key stakeholders at Federal, State and 
local levels. CSR is positioning the use of the site as an immediate term transitional use in the 
development of the longer term “Aerotropolis Strategy”. CSR has confidence that key objectives 
of long term strategic growth plans for the area can be collaboratively achieved through the 
proposed modification. 

Table 5.1 and Table 5.2 provides a summary of government agency and community consultation 
respectively, key issues raised and a reference to where in the EA these issues have been 
addressed. Where no key outputs arose consultation with that government agency has not been 
captured. 

The EA will be placed on public exhibition to allow for government agencies, organisations, 
interest groups, stakeholders and community members to review the EA, seek clarification with 
CSR on the content of the EA and provide written submissions if required.   

Once the EA has been exhibited, CSR will prepare a Response to Submissions Report, if 
required, to address any written submissions, prior to determination of the modification 
application.  
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Table 5.1 Summary of government agency and regulator consultation 

Stakeholder Consultation Details  Comments Response / EA Section 
Department of Planning and 
Environment 

DP&E has been consulted thought the 
EA process. Key consultation includes: 
 Confirmation of the planning 

approval pathway; 
 Receipt of informal SEARs; 
 Clarification on timeframes for 

lodgement of the modification 
application and EA. 

Other than ongoing consultation with 
DP&E on the status of the EA process, 
key formal correspondence from DP&E 
that required consideration in the EA 
includes: 
 Confirmation modification falls 

within s75W of the EP&A Act 1979 
received on 19 October 2017;  

 Informal SEARs dated 17/01/2018; 
 Confirmation on 21 December 2018 

that the EA must be submitted by 
28 February 2019. 

Planning pathway  
Section 2.2 
Section 4.3.1 
Section 4.6.2 
 
Informal SEARs 
Section 1.4.2 
Appendix A 
 
 

Liverpool City Council  The LCC have been extensively 
engaged throughout the EA. Key 
consultation includes: 
 Meetings, emails and phone calls 

on CSR’s contribution to the upfront 
upgrade and ongoing maintenance 
of Martin Road; 

 Meeting with key council 
representatives to introduce them 
to the modification and a further 
meeting to provide an update on 
changes to the modification;   

 Clarification on whether Martin 
Road is as a Principal Haulage 
Route for the traffic assessment;  

 Clarification on whether Advisian’s 
more recent flood modelling for 
South Creek could be used in 
assessing flood impacts to 
proposed development adjoining 
the South Creek flood prone land; 

 Clarification on the permissibility of 
the proposed solar farm.  

 CSR reached in principle 
agreement with LCC on required 
upfront upgrade and ongoing 
maintenance contributions for 
Martin Road and prepared a draft 
agreement for LCC’s consideration. 
The draft agreement is being 
reviewed in light of updated heavy 
vehicle volumes associated with 
Modifications 3 and 4.  

 LCC confirmed that Martin Road 
can be considered a Principal 
Haulage Route; 

 LCC confirmed that Advisian could 
use their more recent South Creek 
flood modelling for any flood impact 
assessment; 

 LCC were uncertain on whether the 
proposed solar farm was 
permissible under the site zoning. 

 
 
 

Traffic 
Chapter 15 
 
Principal haulage route 
Chapter 13 
 
Flood Impact Assessment 
Chapter 6 
 
Permissibility 
Section 4.6.2 

Roads and Maritime Service A number of meetings and 
teleconferences were held with RMS 

The following provides a summary of 
key outcomes of discussions on the 

Traffic 
Chapter 15 
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Stakeholder Consultation Details  Comments Response / EA Section 
regarding the upgrade required to the 
intersection of Martin Road and 
Elizabeth drive. Specific engagement 
related to: 
 Establishing if there were any 

surrounding projects that need to 
be considered; 

 Traffic forecast data for Elizabeth 
Drive; 

 Intersection treatment options for 
the Martin Road and Elizabeth 
drive intersection and the proposal 
to install signals. 

necessary treatments to the Martin 
Road-Elizabeth Drive intersection: 
 RMS initially advised that they 

would support a signalised 
intersection; 

 RMS subsequently advised that 
they required a warrant report, road 
safety audit, an intersection 
treatment options report and a 
concept layout to be prepared to 
support the proposal for a 
signalised intersection. These 
reports and designs have all been 
prepared and submitted to RMS; 

 Consultation with RMS is ongoing. 
Department of Primary Industry - 
Water 

DPI Water were provided with the 
locations and depth of the proposed 
groundwater monitoring well network 
prior to installation.  

Correspondence was received form 
DPI on 14 March 2018 confirming that 
the proposed groundwater monitoring 
well network was acceptable.  

Groundwater 
Chapter 7  
Appendix F 
 

Office of Environment and Heritage  Clarification was sought from OEH on 
the approach to Aboriginal consultation 
for the Aboriginal Cultural Heritage 
Assessment and whether just the 
Aboriginal parties that registered their 
interest in the original approved project 
could be consulted for the modification.  

Correspondence from OEH on 10 May 
2018 confirmed that consultation 
needed to be carried out in accordance 
with the OEH Aboriginal cultural 
heritage consultation requirements for 
proponents 

Aboriginal Heritage 
Chapter 11 
Appendix J 

Civil Aviation Authority (CASA) Todoroski Air Sciences engaged with 
CASA regarding a plume rise 
assessment infringement of the 
Obstacle Limitation Surface.  

Written correspondence was received 
from CASA on February 2018 
confirming that no infringement of the 
OLS is expected. 

Air Quality  
Chapter 12 
Appendix K 

Endeavour Energy and Jemena Gas  CSR engaged with the utility providers 
regarding electricity and gas supply 
requirements for the modification.  

Endeavour Energy advised in 
preliminary consultation that a new 11 
kV feeder is likely to be required to 
service the expanded brick making 
facility and the roof products 
manufacturing facility proposed under 
Modification 3 and to allow for the 
connection of the solar farm proposed 
under Modification 4. A technical 
review request has been submitted by 
CSR to Endeavour Energy (reference 

Utilities 
Section 3.2 and 3.3 of Modification 3 
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Stakeholder Consultation Details  Comments Response / EA Section 
number ENL3201). Specific detail on 
this consultation is included in Sections 
3.2 and 3.3 of Modification 3. 

Western Sydney Airport Company 
including Commonwealth 
Department of Infrastructure and 
Regional development 

CSR met with WSA Co on 6 February 
2019 and held a site visit on 12 
February 2019 to brief them on the 
proposed modifications. 
CSR also provided WSA Co with a 
copy of the CASA plume rise 
assessment (Modification 3) and 
details on the proposed solar farm. 

WSA company provided in principle 
verbal support for CSR’s plans for the 
site.  
WSA Co did not respond with any 
comments or concerns on the plume 
rise assessment or the proposed solar 
farm. 

Project Justification 
Section 3.8 
 
Air Quality  
Chapter 12 
Visual amenity 
Chapter 14 

 

Table 5.2 Summary of community consultation 

Stakeholder Consultation Details  Comments Response / EA Section  
Neighbouring landowners and local 
community  

Neighbouring landowners and local 
community were engaged through a 
mixture of letterbox drops, door 
knocking, phone calls and email.  

Two residents surrounding the site 
raised the following key concerns in 
May 2017: 
 Increased dust and associated 

health impacts; 
 The Main Street resident raised 

concern of increased dust, traffic 
congestion and safety associated 
with heavy vehicle traffic; and 

 Impact to property values.  

Air Quality 
Chapter 12 
 
Traffic 
Chapter 15 
 
Assessment of alternatives and 
justification – Chapter 3.8 

Neighbouring resident during the 
community information open day 

A community open day was advertised 
in the local paper (Penrith Times) and 
through a letter box drop to over 70 
properties neighbouring the site and 
along Lawson Road, Martin Road and 
Victor Avenue. The community 
information open day was held on site 
from 7:30 am to 8:00 pm on 15 
November 2018. 

Only one resident attended the 
community information open day. This 
resident was interested whether 
proposed changes to Pit 5 would have 
any different impacts on their property 
and was also interested in the 
proposed approach to managing 
stormwater runoff from the site as one 
of the drainage lines that originate on 
the site drain over their property.  

Pits 4 and 5 
Section 3.2, 3.3 and 3.4 
 
Surface water  
Chapter 6 
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CHAPTER 6  
SURFACE WATER  
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6 SURFACE WATER  
This chapter summarises the surface water assessment report, which is in Appendix E. It 
describes the existing environment and water management system; proposed water management 
system; results of simulation of the water management system; potential flood and water quality 
impacts; and management measures and residual impacts. 

6.1 Existing environment and water management 

6.1.1 Hydrology 

The site is in the South Creek and Badgerys Creek catchments, which are part of the 
Hawkesbury-Nepean catchment. Badgerys Creek is ephemeral and flows north/north-east along 
the western site boundary to South Creek. South Creek is perennial, however it does not flow for 
40% of the time, and flows north along the eastern site boundary to the Hawkesbury River.  

Badgerys Creek is a fourth order stream and South Creek is a fifth order stream under the Strahler 
classification system. There are ephemeral first order drainage lines in the project area, with one 
flowing from the south-east corner to South Creek. 

The water courses were inspected on 6 April 2018. Badgerys Creek was not flowing and had 
some small and large pools in the central and southern sections and a broad floodplain with reeds 
and phragmites at the northern extent. There was riparian vegetation along the creek and the 
creek channel was relatively stable with some erosion. 

South Creek comprised a broad and uniform channel and contained water but no flow. The 
channel was stable with minimal erosion. 

6.1.2 Water quality 

Water has been sampled by different parties at the following dates and locations: 

 Badgerys Creek: 

- VGT Environmental Compliance Solutions on 2 December 2015 and 6 June 2017: 

 upstream at Badgerys Creek Road 800 m from the site; and 
 downstream at Pitt Street 1 km from the site. 

- CSR in September 2018: adjacent to the site and up to 1 km downstream of the site. 

 South Creek: CSR in September 2018 – adjacent to the site and up to 1 km downstream of 
the site. 

Water was also monitored in other reaches of these waterways during preparation of the WSA 
development application. 

Water quality is summarised below in reference to ANZECC’s (2000) lowland rivers in slightly to 
moderately disturbed ecosystems in south-east Australia trigger value guidelines for physical 
parameters, and the dissolved metals trigger values for freshwater with 95% species protection. 

 Badgerys Creek: 

- Electrical conductivity exceeded trigger values at least once at every monitoring point. 
- Turbidity exceeded trigger values at most monitoring points. 
- Suspended solid concentrations exceeded trigger values at the WSA monitoring points 

on occasions. 
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- Chlorophyll concentrations exceeded trigger values at most monitoring points. 
- Total nitrogen and phosphorous concentrations exceeded trigger values at all monitoring 

points. 
- Heavy metal concentrations in CSR sampling were mostly below trigger values except for 

copper and zinc which exceeded values in one sample each. 
- Faecal coliform concentrations in some WSA samples exceeded the trigger value on 

occasion. 

 South Creek: 

- Electrical conductivity and total nitrogen and phosphorous concentrations exceeded 
trigger values at every monitoring point. 

- Chlorophyll concentrations exceeded trigger values at all monitoring points. 
- Aluminium concentrations exceeded trigger values at three sampling points and silver 

exceeded values at all monitoring points.  
- Sulfate, chloride, magnesium, sodium, aluminium, manganese and total nitrogen 

concentrations at the most downstream monitoring point were greater than the other 
monitoring points.  

6.1.3 Rain and climate 

Daily rain data from the Badgerys Creek all weather station (AWS) was used in the water balance 
model. The highest mean rainfall is from January to March (inclusive) and the lowest monthly 
average rainfall is in September. The average annual rainfall at Badgerys Creek is 771 mm. 

Six-minute rain data from the Liverpool AWS was used in the stormwater quality model in 
accordance with Liverpool City Council’s (2016) WSUD Technical Guidelines.  

Evaporation data from the Badgerys Creek AWS was used in the water balance model. The 
highest mean monthly evaporation is in December (195 mm) and mean annual evaporation is 
1,462 mm. Daily average potential evapotranspiration data from Parramatta were used in the 
stormwater quality model, which is a maximum of 5.57 mm/day in January. 

6.1.4 Flooding 

The solar farm site is in the following flood zones associated with South Creek shown on Liverpool 
City Council’s flood map: 

 Low flood risk – the extent of the probable maximum flood (PMF). 
 Medium flood risk – land below the 1% annual exceedance probability (AEP) flood level but 

not subject to high hydraulic hazard and no significant evacuation difficulties. 
 Flood planning area – land below the 1% AEP flood level plus 500 mm freeboard.  

Advisian updated the South Creek flood study in 2015 using the RMA-2 model. The updated 
model showed the solar farm site is outside the 1% AEP flood level but would be impacted by the 
PMF. 

The RMA-2 model was refined with further local topographic detail to simulate the 0.5% AEP and 
PMF floods at the undeveloped site for Modification 4. The model showed the solar farm site 
would not be impacted by the 0.5% AEP but would be partially impacted by the PMF.  

The peak depth during the PMF would be 0.70-0.95 m along the eastern solar farm site boundary, 
with a maximum depth of 1 m in the centre of the eastern boundary. There would be a peak flow 
velocity of 1.10 m/seconds near the south-east corner, and typical velocities would be 0.3-
0.9 m/second. 
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6.1.5 Water management 

The approved site WMP has the following components, which are summarised below and detailed 
in Section 2.4.6. 

Water storages 

Three voids remain from previous extraction at the site, which are part of the water management 
systems as follows: 

 Pit 1 – this is in the west of the site and is the largest pit. Clay extraction has ceased in Pit 1 
and this pit is the main water storage and collects runoff from the raw materials stockpile and 
part of the central stockpile. 

 Pit 2 – this pit is adjacent to Pit 1 and clay extraction has ceased. It will be backfilled and 
rehabilitated but currently collects runoff from its walls and floor. 

 Pit 3 – this pit is east of the other pits and has not been extracted since the site was 
mothballed. It collects runoff from its walls and floor. It will be the first active pit when clay 
extraction recommences. 

The quality of water in the pits was tested in August 2017 and compared to ANZECC’s (2000) 
guidelines, which demonstrated the following: 

 Water in the pits was not stratified and was slightly alkaline and brackish and had very low 
turbidity. 

 No analytes exceeded the 95% freshwater species protection trigger values. 
 The concentration of copper in Pit 3 (0.001 mg/L) was close to the trigger concentration of 

0.0014 mg/L. 
 No organochlorine pesticides, phenolic compounds or hydrocarbons were detected in any of 

the samples. 

Sediment basins  

There are three dams (similar to farm dams) in the north and east of the site, which are referred 
to as sediment basins but do not conform to classic sediment basin designs and are part of the 
water management systems as follows: 

 Sediment Basin 1 – this basin is to the north of the brick making facility and collects runoff 
from the product storage area, brock making facility, gate house and adjacent paddocks.  

 Sediment Basin 2 – this basin is north-west of Sediment Basin 1 and collects overflows from 
that basin. It releases into Badgerys Creek via an ephemeral drainage line. 

 Sediment Basin 3 – this basin is east of the brick making facility and collects runoff from the 
south, west and some from the brick making facility. It overflows into South Creek via an 
ephemeral drainage line. 

The following small farm dams are near the sediment basins: 

 Small Farm Dam 1 – to the north of Sediment Basin 1 and collects runoff from a small 
undisturbed catchment. 

 Small Farm Dam 2 – to the north of Sediment Basin 3 and collects runoff from a small 
undisturbed catchment. 

The eastern section of the site is the area between the approved project boundary and the eastern 
site boundary along South Creek. This area is undeveloped and drains east to South Creek. 

There are no water discharge points from the site in the EPL. 
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Harvestable rights 

All existing extraction pits, sediment basins and farm dams were constructed prior to 1 January 
1999 and therefore, do not need to be licenced according to DPI Water under the WM Act. 

Existing water storages in the extraction pits have been created as a by-product of the material 
extraction process. These pits only collect stormwater falling in the pits or on nearby stockpiles, 
preventing contamination of nearby watercourses. Accordingly, the volume of these storages is 
not included in the harvestable rights calculation. 

The storages provided by sediment basins 1, 2 and 3 and in the small farm dams are not likely 
categorised as dams for capture or containment of drainage. They do perform this function to 
some degree, but they were constructed primarily for storing water, like most farm dams. 
Accordingly, these dams have not been excluded from the harvestable rights calculation. 

Approximately 60 ML of water is stored in these dams. This exceeds the maximum harvestable 
rights dam capacity for the site, which means no additional dams are permitted for water storage 
or otherwise they need to be licensed by DPI Water. 

6.2 Impact assessment 

The following water aspects have been considered in assessing the proposed changes to the site 
associated with Modification 4: 

 Dewatering of pits 1, 2 and 3. 
 Ongoing dewatering. 
 Potential flood impacts associated with the solar farm. 
 Potential erosion and sedimentation from rainfall at the solar farm and VENM haul road. 

6.2.1 Dewatering  

Dewatering requirements 

The following initial pit dewatering will be required: 

 916 ML from Pit 1 over 12 months at 100,000 L/hr. 
 109 ML from Pit 2 over 2 months at 100,000 L/hr. 
 55 ML from Pit 3 over 1 month at 100,000 L/hr. 

100,000 L/hr equates to 876 ML/year, 2.4 ML/day and 0.03 m3/second. 

The approved project allows extraction from pits 1, 3, 4 and 5 and the backfilling of Pit 2 with 
burden extracted on site. Modification 4 includes progressive backfilling of the pits and 
rehabilitation over the project life. After the initial dewatering of pits 1, 2 and 3, the pits will need 
to be dewatered during extraction and filling to remove local runoff collected in the pits.  

The site water balance model described in Modification 3 demonstrated the ongoing dewatering 
requirement will be 100-200 ML/year, and up to 750 ML/year in the wettest years. The pumps will 
not run continuously, activating depending on rainfall. 

Dewatering options 

The following dewatering options were assessed, with a focus on initial dewatering as this 
represents the worst-case scenario in timing and quantity: 

 Onsite reuse of water for dust suppression and irrigation. 
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 Transfer of water to nearby sites. 
 Discharge of water to waterways. 

The assessment of these options is summarised below. 

Reuse of water onsite 

Use of the water for onsite purposes was investigated as the preferred option. 

Dust suppression 

The Modification 3 water balance model demonstrated that water demand to achieve greater than 
80% dust control effectiveness will be approximately 30 ML/year.  

Onsite irrigation 

The following areas could be irrigated by pit water: 

 Initially 40 ha of grass could be irrigated by water from pits 1, 2 and 3. This would reduce to 
20 ha in Year 8 when Pit 4 extraction commences. 

 10 ha of rehabilitated area around the solar farm during years 1-3. 
 10 ha of rehabilitated pit areas at any one time, occurring progressively after Year 3. 

The area to be irrigated will vary from 30-50 ha at any one time.  

Water quality, particularly salinity and pH, could impact the growth of grass and underlying soil. 
The salinity of existing water in pits 1 and 3 is acceptable for crops defined by DPI’s (2016) Salinity 
tolerance in irrigated crops as ‘moderately tolerant crops’ for example wheatgrass. The salinity of 
existing water in Pit 2 is only acceptable for ‘tolerant crops’. 

The acceptable pH range for irrigation water is 5.5-8.5, with alkaline water potentially resulting in 
saline clays that lead to soil structure breakdown (sodium permeability hazard), and loss of 
calcium and magnesium which can negatively impact plant growth.  

Existing water in the pits has relatively high pH, but the sodium permeability hazard for pits 1 and 
2 is low and water in Pit 3 is outside the recommended range. Water in Pit 1 is suitable for pasture 
and water in Pit 2 is only suitable for ‘tolerant crops’. Water in Pit 3 is not suitable for irrigation.  

Water demand to irrigate 30-50 ha of grass a year would be 90-150 ML/year. 

Summary of onsite demand 

Total demand for dust suppression and irrigation will range from approximately 180 ML/year at 
the start of the project to 120 ML/year following initial dewatering of pits 1, 2 and 3. This represents 
approximately 20% of water to be dewatered from Pit 1 in Year 1. Therefore, additional uses for 
the water need to be investigated. 

Ongoing use of water for dust suppression and irrigation will use 100-200 ML/year, which will be 
sufficient in most years except wet years, where it would use approximately 16% of the water 
requiring management. 

Transfer of water to offsite users 

Potential offsite users were investigated as onsite use may not manage all excess water. 

CSR is discussing the provision of pit water to WSA for dust suppression during major earthworks. 
Initial WSA construction activities will need 6-10 ML/day, with an average daily use of 5 ML. Water 
would be supplied via pipe bored under, or on a bridge over, Badgerys Creek. The pipe would 
terminate in a standpipe, where trucks and carts will fill up as required.  
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This option would be most useful during Year 1 as supply would be most plentiful and consistent. 
Supply would drop after this time.  

The nearby Australian Native Landscapes site could use pit water in processing and dust 
suppression. However, it would not require the volumes to be generated during initial dewatering 
but could be useful during longer term dewatering.  

Discharge to watercourses 

Pit water could be discharged to Badgerys and/or South creeks as a last resort option. The 
feasibility of this option depends on the following potential impacts: 

 Flood impacts and potential scour. 
 Impacts to existing baseflow. 
 Water quality impacts. 
 Impacts on downstream users. 

Flooding and scour 
A worst-case peak flow of 0.1 m3/second being released from all pits to either creek at the same 
time was modelled in Advisian’s waterRIDE program.  

The flow depth in Badgerys Creek will be less than 200 mm and less than 150 mm in South Creek, 
which is minimal compared to total creek depth (assuming existing zero flow). Therefore, 
discharges to Badgerys and South creeks will not significantly impact flood levels.  

Velocity will be 0.17 m/second and 0.32 m/second at two modelled sections of Badgerys Creek 
and 0.24 m/second and 0.16 m/second at the modelled sections of South Creek. These will be 
less than the maximum permissible velocity of 0.5 m/second in DEWS’ (2013) Queensland Urban 
Drainage Manual for the type of waterway represented by Badgerys and South creeks.  

Erosive potential was also considered using the Hjulstrom Diagram, which indicated potential for 
erosion of sediments if the grain size is between 0.03 and 0.7mm. However, if the discharge to 
the creek is limited to 100,000 L/hr from a single pit (i.e. 0.03 m3/s), then the flow velocity 
calculated via Manning’s equation will be a maximum of 0.22 m/s. This is very close to the 0.2 m/s 
erosion threshold for sediments of any size, according to the Hjulstrom Diagram, and hence the 
potential for erosion would be minimal. 

The WSA environmental impact statement states the Badgerys Creek channel is generally of low 
gradient and low energy and sediment transported is predominantly limited to fine grained silts 
and clays in suspension. These sediments would have a grain size less than 0.015 mm and 
according to the Hjulstrom Diagram, a velocity of 0.5 m/s or higher would be needed to trigger 
any erosion. 

In terms of potential impact during a flood, the maximum discharge rate of 0.1 m3/s represents 
about 0.5% of the peak flow in Badgerys Creek during the 2 year average recurrence interval 
(ARI) flood. In the 20 and 100 year ARI floods, the site discharge would represent 0.15% and 
0.11%, respectively. Accordingly, the discharge of water from the site to Badgerys Creek will have 
a negligible impact on existing flood conditions. 

Therefore, there will be minimal potential that flows would cause erosion and scour in the creeks. 

Base flow 
As described in Section 6.1.1, Badgerys Creek is ephemeral and usually comprises small and 
larger elongated pools. A constant flow would likely improve water quality by reducing stagnant 
water in the pools. Notwithstanding, creek ecology would be based on current wetting and drying 
conditions and permanently wetting a portion of the creek could impact ecology. However, the 
cross section of creek to be impacted will be very small and stagnation will be reduced. 
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South Creek flows approximately 60% of the time, but always has pools of still water. The addition 
of continuous flow will not significantly alter water levels nor significantly impact ecology as 
species would be accustomed to wet conditions. Further downstream (Great Western Highway) 
South Creek only ceases flowing approximately 3% of the time. 

Water quality 
Water in the pits exceeds ANZECC’s (2000) trigger levels for lowland rivers in slightly to 
moderately disturbed ecosystems in south-east Australia for pH, electrical conductivity and total 
nitrogen; and the dissolved metals trigger levels for freshwater with 95% species protection for 
copper.  

Sampled pH in pit water exceeded pH in Badgerys Creek. However, the other parameters 
sampled from the pits aligned with the lower end of concentrations in Badgerys Creek. The 
impacts of analytes in discharge water on aquatic ecology of Badgerys Creek are summarised in 
Section 10.2. 

Concentrations of pH, sulphate, total alkalinity, sodium, arsenic and copper in some pit water 
were above concentrations for those analytes in South Creek.  

Pit water could be diluted by combining water from different pits prior to discharge as not all pits 
contained water which exceeded ANZECC (2000) trigger levels or sampled concentrations in the 
creeks.  

Optimal pit water discharge arrangements 
The optimal discharge arrangement/sequence would be: 

 Pump water from pits 2 and 3 to Pit 1. 
 Pump water from Pit 1 to Badgerys Creek at 100,000 L/hour using a single pump and 

reducing the flow rate for ongoing dewatering (Refer to Figure 3.2 for proposed discharge 
point location). 

 Extending initial dewatering from 12 to 14 months given the additional pit 2 and 3 water 
requiring discharge. 

This arrangement is preferable to discharging the water to South Creek as well because: 

 Pit 1 is close to Badgerys Creek. 
 It would be more efficient, consistent and reliable to have one discharge location. 
 There is a higher level of confidence in predicting potential impacts to Badgerys Creek as 

there is a more comprehensive set of baseline data available for Badgerys Creek.  
 Pumping water into Pit 1 will dilute the elevated levels of analytes in pits 2 and 3.  
 Discharged water will not impact downstream users along Badgerys Creek as the majority of 

land is rural or naturalised pasture and not used for irrigation of fruit and vegetables such as 
along South Creek, which could be impacted by the discharged water.  

 Once the discharged water reaches South Creek, it will likely be diluted and not present a 
pollution risk to downstream irrigators. Further, the increased baseflow may contribute a 
more consistent water supple for downstream users.  

Water balance  

The Modification 4 dewatering strategy is based on an assessment of the worst-case scenario for 
potential discharges from the site, which would occur during the first 12 to 14 months of the Project 
life, assuming the WSA does not accept water from the pits for dust suppression.   

Water management within the site during this period will be generally in accordance with the water 
balance undertaken for Modification 3, which includes local overland runoff inflows but excludes 
groundwater inflow due to the negligible groundwater volumes predicted to seep into the pits 
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(Chapter 7), most of which is likely to evaporate and not contribute to the total surface water 
volumes requiring management.  

After the initial dewatering is completed, the required rate of any discharge is expected to reduce 
and will fluctuate according to weather conditions and the evolution of quarrying activities. There 
is no need for specific water balance modelling for Modification 4. Upon approval of Modification 
4, water balance modelling would be undertaken as part of the operational water management 
activities required at the site to ensure that any EPA discharge limits are not exceeded.  

6.2.2 Flooding – solar farm 

Flood behaviour 

Increased floodplain roughness was introduced to the RMA-2 model to simulate the steel piles of 
the solar panels and their potential to catch debris. The inverters were not included as they will 
be outside the modelled PMF extent.  

The maximum flood level was predicted to increase by up to 20 mm in a limited area outside the 
south-east corner of the solar farm site, which is a negligible increase and would not impact 
existing structures or adjacent properties. Flood levels would increase by up to 10 mm in the 
remainder of the floodplain, which is also a negligible increase. 

The solar farm would decrease flow velocities by 0.21 m/second in the site and 0.06 m/second 
outside the site. There will be a negligible increase in flow velocities of 0.04 m/second in two small 
discrete areas. 

Liverpool City Council Development Control Plan 2008 

Section 9 of the Liverpool City Council Development Control Plan 2008 (DCP) provides the flood 
related controls for development in the LGA. The principle DCP controls applying to the 
modification are: 

The flood impact of the development to be considered to ensure that the 
development will not increase flood effects elsewhere, having regard to: (i) loss of 
flood storage; (ii) changes in flood levels and velocities caused by alterations to the 
flood conveyance; and (iii) the cumulative impact of multiple potential developments 
in the floodplain. An engineer's report may be required. 

As summarised above, the modification will result in negligible changes in flood levels and 
velocities.  

Similar developments in future that do not involve filling or bulk earthworks and are positioned 
outside the 1% AEP flood extent will not significantly change flood behaviour in the South Creek 
floodplain. Accordingly, the potential for cumulative impacts is minimal. 

Construction and operation of the solar farm will not involve filling and, therefore, will not impact 
existing flood storages. The solar farm will be 55 m from the extent of the 1% AEP floodway and 
will not alter the existing flood conveyance during the 1% AEP flood. 

Other DCP considerations are: 

 Building components – structures in the PMF extent must be constructed of flood compatible 
materials. The piles and foundations will comprise stainless or galvanised steel, which are 
not prone to water damage. The bottom of the solar panels may be inundated when they are 
at maximum tilt, but the cells are encased and not prone to water damage. 

 Structural soundness – all structures are to be designed to withstand the forces of 
floodwaters, debris and buoyancy if in the flood planning area. Light structures will not be 
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damaged by velocity-depth products up to 1 m2/second. The maximum velocity-depth 
product on site will be 0.86 m2/second. This will not impact the piles and foundations but may 
impact the cells when at maximum tilt. The low velocities are unlikely to carry any large 
objects such as tree trunks or cars into the solar farm. 

 Access and car parks – the solar farm will not have a car park and the access route will be to 
the north-west outside the PMF extent.  

 Evacuation – workers at the solar farm could easily escape an unexpected flood by walking 
to higher ground to the west. Vehicles can evacuate site via the site access, which is outside 
the PMF extent.  

6.2.3 Erosion and sedimentation 

Construction of the solar farm will not involve significant earthworks, and disturbed areas, 
including those around and between the solar panels, will be promptly revegetated with grass. 
Therefore, there will not be significant generation of stormwater during construction and early 
operational stages, and rainfall at the solar farm after grass is established will infiltrate into the 
ground. 

There will not be any runoff from the pits to Badgerys or South creeks during extraction phases 
as the pits are inward draining.  

The pit areas will become components of the Badgerys and South creek catchments once they 
are filled with VENM and rehabilitation commences.  

6.3 Residual impacts and management measures 

6.3.1 Dewatering strategy 

The dewatering strategy is based on the following prioritisation: 

 Use as much of the pit water onsite as possible, unless there is significant offsite demand. 
 Transfer water to other sites such as WSA if further investigations prove this is feasible. 
 Discharge residual water after implementation of the above to Badgerys Creek. 

The water in Pit 3 will be transferred to Pit 1 during the first three weeks of the modification, then 
the water in Pit 2 will be transferred to Pit 1 over the subsequent seven weeks. Water from Pit 1 
will then be discharged to Badgerys Creek. The initial dewatering of pits 1, 2 and 3 will take 14 
months.  

The components of the dewatering strategy are summarised below. 

Onsite water use 

The water from Pit 1 will be suitable for use in irrigation and dust suppression and the mixing of 
water from pits 2 and 3 will not reduce this suitability. Use of water for these purposes will account 
for 20% of the initial volume to be dewatered. The residual discharge to WSA or Badgerys Creek 
would be 1.9 ML/day. 

After initial dewatering, dust suppression and irrigation will increase to between 60-100% of the 
volume to be dewatered and would reduce the residual discharge to between 0.22 ML/day and 
zero. The residual discharge may increase to 1.7 ML/day during wet years. 
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Transfer of water to WSA 

The transfer of residual water from Pit 1 to WSA for dust suppression during the initial dewatering 
stage will remove the need to discharge to Badgerys Creek. As described above, the transfer 
pipe will either be bored under Badgerys Creek or placed over the creek on a pipe bridge. 

Continued supply of water to WSA during ongoing dewatering is probably not feasible and options 
to supply water to the nearby Australian Native Landscapes site will be investigated. 

Discharge of water to Badgerys Creek 

Water may be discharged to Badgerys Creek if the transfer option to WSA is abandoned. In this 
case, water would be discharged from Pit 1 to the creek via an existing vegetated drainage line.  

Transfer between pits during ongoing dewatering 

Water will need to be transferred between pits after initial dewatering as different sections of pits 
are extracted. This could increase the risk of turbidity and total suspended solids and, therefore, 
will be transferred to Sediment Basin 4 for treatment prior to reuse, transfer to WSA or discharge.  

Runoff collected in pits 1, 2 and 3 during years 3 to 7 may be used or discharged directly from the 
pits, subject to water quality testing. If treatment is required, the pits will be dewatered into a new 
perched treatment basin in the western corner of Pit 1 prior to use, transfer or discharge. Water 
will be discharged to Badgerys Creek, if required, via the Pit 1 discharge point. 

A similar process will occur during years 8 to 18 for water collected in pits 1, 3 and 4; and years 
19 to 30 for pits 4 and 5. 

6.3.2 Monitoring 

The site WMP will be revised prior to commencement of Modification 4 to include the revised 
surface water management approach, and monitoring of discharge water from Pit 1 to WSA and 
Badgerys Creek, and in Pit 1.  

Electrical conductivity, pH, total nitrogen, total suspended solids, turbidity and copper will be 
monitored at the discharge point to Badgerys Creek. Discharges will be monitored daily during 
the first month of continuous discharge, then weekly if the first month of data does not exceed 
concentration limits. Monitoring will revert to daily if any limits are exceeded and/or concentrations 
are reduced below limits. 

Total dissolved solids, total phosphorus, arsenic, cadmium, chromium, lead, nickel, zinc and 
mercury will be sampled weekly during the first two months, which will reduce to monthly if there 
are no exceedances. 

The analytes previously sampled in Pit 1 will be monitored at three depth levels from the surface 
to 6 m at two locations near the discharge point to Badgerys Creek. Water will be monitored 
weekly for three weeks prior to discharge, then monthly. This monitoring will continue for the life 
of the project, and in the perched treatment basin described above. 

The WMP will include: 

 Rainfall and evaporation monitoring at the new site weather station. 
 Monitoring of downstream surface and ground water quality. 
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Monthly surface water quality monitoring will continue at the monitoring points in Badgerys and 
South creeks downstream of the site in accordance with the EPL, which would have been revised 
under Modification 3.  

6.3.3 Licensing and approvals 

CSR will apply to the EPA to amend the EPL to incorporate the discharge rates and concentration 
limits for the physical and chemical stressors, and toxicants, described in Table 7.3 of Appendix 
E at the discharge point to Badgerys Creek.  

CSR will consult DPI-Water on the need for water licenses associated with Modification 4.  

6.3.4 Stormwater management 

Erosion and sediment controls will be implemented during construction of the solar farm, which 
will be maintained until disturbed surfaces are vegetated with grass. 

Erosion and sediment controls will be implemented at the pit areas once they are filled with VENM 
and rehabilitation has commenced. These measures will remain in place until surfaces are fully 
stabilised.  

Erosion and sediment controls will be implemented along the unsealed VENM haul road, which 
will direct runoff to the pits or local sediment traps. 

6.3.5 Residual impacts 

With use of water from the pits for onsite dust suppression and irrigation, plus transfer to WSA for 
dust suppression, there will not be any residual pit water requiring discharge to Badgerys or South 
Creeks. 

Should water not be transferred to WSA, residual water from the pits will be discharged to 
Badgerys Creek. This will not impact creek flood regimes, scour and erosion or water quality as 
volumes will only result in a minimal change in water depth compared to total creek depth, flow 
rates will be less than the maximum permissible velocity and water quality in Pit 1 will be similar 
to that of the receiving waters.  

The flooding assessment demonstrated that the solar farm will not significantly impact flood 
depths or velocities and that most solar farm structures will not be damaged by flooding, except 
some solar panels if they are at maximum tilt during the PMF. The panels would be repaired if 
they are damaged.  
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7 GROUNDWATER 
This chapter summarises the groundwater assessment report, which is in Appendix F. It 
describes the existing geological and hydrogeological environment; results of groundwater 
modelling; potential groundwater impacts; and management measures and residual impacts. 

In addition to assessing the impacts of Modification 4 on groundwater, Appendix F addresses 
Schedule 3, Condition 20 of the Project Approval. This condition requires CSR to comply with the 
below within 12 months or recommencing quarrying. 

20. The Proponent shall prepare and implement an Alluvial Aquifer Assessment for the project to 
the satisfaction of the Director-General. This plan must:  

1. be prepared in consultation with NOW by suitably qualified and experienced persons whose 
appointment has been approved by the Director-General;  

2. be submitted to the Director-General for approval within 12 months of recommencing 
quarrying operations; and  

3. include: 

- a program to monitor groundwater from boreholes to be constructed in the alluvial 
sediments adjacent to Badgerys and South Creeks and in the Bringelly Shale bedrock 
aquifer;  

- alluvial mapping to delineate the presence and extent of alluvial sediments and alluvial 
aquifers between Badgerys Creek and the proposed Pit 5 extraction area;  

- mitigation and management measures to ensure alluvial sediments and alluvial aquifers 
are not impacted by the project, including: - appropriate buffer setback distances between 
the alluvial sediments and the Pit 5 extraction area; and - any resulting adjustments to the 
Pit 5 extraction area.  

The alluvial assessment is described in detail in Appendix F, with the requirements of 
Condition 20(c) summarised in sections 7.1.2/7.1.4 (groundwater monitoring), 7.2.3 (presence of 
alluvium) and 7.2.3/7.3 (pit setbacks and management measures). 

7.1 Existing environment 

7.1.1 Local geology  

Surface geology comprises the mid-triassic Wianamatta group, made up of shale, carbonaceous 
claystone, laminite and lithic sandstone. The group contains the following formations: 

 Ashfield shale – comprising claystone, siltstone, laminite, sandstone and tuff. 
 Minchinbury sandstone – comprising a fine to medium grained sandstone separating the 

Ashfield and Bringelly shales. 
 Bringelly shale – comprising basal dark grey to black siltstone. This formation is extracted at 

the quarry. 

The Penrith 1:100,000 Geology map sheet shows alluvial deposits of unconsolidated clays and 
silts with minor sand along Badgerys and South creeks. These encroach into the site by 
approximately 150 m in the west and 400 m in the east. Groundwater likely follows topography 
and drains towards the creeks.  

Faulting and other structural defects such as large fractures are present in Pit 1. 
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7.1.2 Hydrogeology  

A groundwater monitoring network was installed to investigate the presence of alluvium and 
associated groundwater, and to test connectivity between shallow groundwater (if present) and 
deeper systems in the shale. There were two existing bores on the site. The groundwater 
monitoring network is presented in Figure 2.4. 

Eight standpipe piezometers were installed to depths of less than 40 m in June 2018. The 
characteristics of the bores are summarised in Table 7.1. Even though the bores were only 
installed recently, the groundwater levels represent steady state conditions as few stresses are 
likely to have occurred over the past decade. 

Table 7.1 Groundwater bore summary 

Site Depth (m) Screen interval (m) Standing water level 
(meters below top of 
casing) 

BW1 8 5-8 6.11 
MW5* 28 22-28 6.85 
BW2a 8 5-8 3.58 
BW2b 33 27-33 11.25 
BW3 33 27-33 12.13 
BW4a 6 3-6 3.89 
BW4b 33 27-33 2.43 
BW5a 7 4-7 4.09 
BW5b 33 27-33 2.64 
MW1* 31 25-31 14.83 

*Pre-existing bore 

The presence of water at 6.11 m below ground level (mbgl) and 6.85 mbgl at BW1 and MW4, 
respectively, which is a significant height above the ponded water level in the nearby Pit 1, 
indicates a very steep drawdown cone in the shallow groundwater around Pit 1. This indicates 
the permeability of the shale/clay in the area is low. The existing groundwater levels on the site 
are presented in Figure 7.2 

The recovery time of over a week for groundwater following sampling in BW2b demonstrates very 
low hydraulic conductivity in the shale. Groundwater pressures were higher at depth in BW4(a/b) 
and BW5(a/b) than the shallow water table, which indicates a disconnection and an upward 
pressure gradient. This suggests water at the base of the shale is not connected to the shallow 
water table or South Creek.  

The hydraulic conductivity assessment demonstrated conductivity of around 5.5*10-3 m/day in the 
shale at most bores, which contrasted with conductivity of 1.3 m/day in BW5b as drilling may have 
intercepted a fracture network in that bore. 

7.1.3 Groundwater quality 

Water samples were collected for field analysis of pH and electrical conductivity (EC), and for 
laboratory testing of the following analytes: 

 pH, EC and total dissolved solids (TDS); 
 Major cations and anions; and 
 Dissolved metals (Aluminum, Arsenic, Chromium, Copper, Lead, Manganese, Molybdenum, 

Nickel, Selenium, Silver, Zinc, Boron, Iron). 
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Results are summarized in Table 7.2, which are compared to ANZECC’s (2000) trigger values 
for recreational water and dissolved metals for freshwater with 95% species protection 
(exceedances in bold). Salinity at several sites exceeded trigger levels for salinity and dissolved 
metals. 

The physico-chemical characteristics of groundwater samples at different depths were analysed 
to conceptualise the area’s hydrogeology, where different strata can have differing amounts of 
salinity, which tend to be low in areas of high recharge or connectivity with surface waters. All 
groundwater samples indicated a sodium chloride type of groundwater, which suggests lower 
groundwater recharge and/or connectivity. 

Groundwater use in the area was considered against the beneficial use types described in 
NWQM’s (1995) Strategy guidelines for groundwater protection in Australia: 

 Ecosystem protection; 
 Recreation and aesthetics; 
 Raw water for drinking water supply; 
 Agricultural water; and 
 Industrial water. 

Groundwater under the site is not used for any of the above beneficial uses except ecosystem 
protection.  
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Table 7.2 Groundwater sampling results  

Analyte Trigger* 
Level 

BW1 MW5 BW2a BW2b BW3 BW4a BW4b BW5b MW1 

pH 6.5-8.5 6.97 7.3 6.92 7.12 7.1 7.68 7.05 7.14 7.12 

Electrical Conductivity µS/cm - 28800 24900 31600 21700 23100 20000 20700 21100 10200 

Total Dissolved Solids  - 17200 18200 24700 13300 13700 13800 13000 14200 5130 

Hydroxide (CaCO3) - <1 <1 <1 <1 <1 <1 <1 <1 <1 

Carbonate (CaCO3) - <1 <1 <1 <1 <1 <1 <1 <1 <1 

Bicarbonate Alkalinity as CaCO3 - 256 675 224 815 637 526 799 646 469 

Total CaCO3 500 256 675 224 815 637 526 799 646 469 

Sulfate as SO4- 400 1320 1050 816 341 53 210 <1 <1 398 

Chloride 400 10400 8600 11500 7490 8290 6940 7290 7540 3120 
Calcium - 112 254 103 429 486 232 483 671 110 

Magnesium - 1170 912 1340 388 411 453 311 328 291 

Sodium 300 5070 4300 5570 4020 4110 3550 3770 3670 1600 
Potassium - 10 15 3 55 71 11 65 71 23 

Metals 

Aluminum 0.055 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 

Arsenic 0.024 <0.001 0.001 <0.001 0.044 0.005 <0.001 0.009 0.003 <0.001 

Chromium 0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 

Copper 0.0014 0.008 0.002 0.082 <0.001 <0.001 0.001 <0.001 0.364 0.017 
Lead 0.0034 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 

Manganese 1.9 4.02 0.436 0.662 0.742 0.541 1.92 0.2 0.252 0.265 

Molybdenum ID* 0.002 <0.001 <0.001 0.001 0.002 0.001 <0.001 0.002 0.004 

Nickel 0.011 0.106 0.004 0.024 0.003 0.002 0.061 0.003 0.082 0.042 
Selenium 0.011 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 

Silver 0.0005 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 

Zinc 0.08 0.141 0.015 0.027 <0.005 <0.005 0.207 0.03 0.081 0.015 

Boron 0.307 <0.05 0.06 <0.05 0.19 0.15 0.14 0.07 0.06 0.08 

Iron ID* <0.05 <0.05 <0.05 0.08 0.66 <0.05 0.78 <0.05 <0.05 
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7.1.4 Alluvium 

As described above, alluvium has been mapped on the site (Figure 7.1). The presence of 
alluvium was investigated as part of the groundwater bore drilling program as pits 1 and 5 will be 
near Badgerys Creek and could be in alluvium. No alluvium was encountered in any boreholes, 
except potentially the upper 0.5 m of BW4, which is adjacent to South Creek.  

7.2 Impact Assessment  

7.2.1 Hydrogeology 

Method 

A low complexity groundwater model was prepared and implemented to simulate local 
hydrogeology and quantify impacts on groundwater resources from the changes proposed to 
quarrying in Modification 4 – the dewatering of Pit 1, the extraction of the remaining clay in Pit 1 
and the backfilling of all pit voids. Although extraction from pits 3, 4 and 5 was assessed in the 
original EA and approved, they have been included in the groundwater model to ensure 
cumulative groundwater impacts are assessed and to address Condition 2 of the Project 
Approval. Extraction could result in seepage into pit voids, associated groundwater drawdown 
and baseflow impacts on Badgerys and/or South creeks. 

The model was centred on the site and covered 27 km2. The model boundaries were offset from 
the main sub-regional drainage in and out flows by 2 km to capture local flow conditions, including 
Badgerys and South creeks.  

Groundwater recharge was assumed to be 2% of rainfall recorded at BoM’s Prospect station 
(4.9*10-5 m/day), and evapotranspiration was assumed to be 5.4*103 m/day with a shallow 
extinction depth of 4 m.  

Flows in a groundwater model are affected by hydraulic conductivity, specific yield and specific 
storage. The hydraulic conductivity values described in Section 7.1.2 were used in the model, and 
the typical ranges for specific yield and specific storage from similar lithologies were used. 

A steady state (baseline long term) model was prepared using:  

 The above parameters.  
 Spot groundwater levels from the monitoring bores and interpolations from the significant 

difference in water levels between the boreholes and in existing voids.  
 A water balance comprising drains (pit inflows), recharge (direct rainfall), evapotranspiration, 

rivers (leakage/baseflow), general head boundaries (sub regional drainage inflow and 
outflow). 

The model was calibrated to determine its accuracy by comparing preliminary predictions to 
known groundwater depths, which demonstrated no systemic under or over prediction.  

All extraction and filling activities under modifications 3 and 4 were included in the model to 
account for cumulative impacts and stressors addition to those from Modification 4. The following 
activities that could impact groundwater were included in the model: 

 Quarrying in Pit 1 then backfilling to 40% by Year 10 and 100% by Year 15. 
 Continued quarrying in Pit 3 in years 1-7. 
 Quarrying in Pit 4 in years 8-18. 
 Quarrying in Pit 5 in years 18-29 and backfilling from Year 25. 
 Prompt filling of Pit 2.   
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Source: LPI (2017), VGT (2018), BECA (2018), Crossmuller Technology (2018), SBA Architects (2018). Groundwater Exploration Serices (2019), Cambium Group (2019).

Existing groundwater levels
Figure 7.2
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Groundwater drawdown 

The water table will be drawdown as a result of progressive clay/clay shale excavation and the 
water table will recover as a result of backfilling with burden/VENM. Drawdown and recovery will 
be very tightly confined around the pits. 

The groundwater drawdown and recovery patterns will be: 

 Stage 1 (Year 3) – drawdown of up to 5 m at Pit 1 and 15 m at Pit 3. Recharge of up to 5 m 
at Pit 2. 

 Stage 2 (Year 7) – drawdown of up to 5 m at Pit 1 and 25 m at Pit 3. Recharge of up to 5 m 
at Pit 2. 

 Stage 4 (Year 12) – drawdown of up to 5 m at Pit 1, 20 m at Pit 3 and 25 m at Pit 4. 
Recharge of up to 5 m in two areas at Pit 2, up to 5 m at Pit 2 and 10 m at Pit 3. 

 Stage 5 (Year 17) – drawdown of up to 30 m at Pit 4. Recharge of up to 15 m at Pit 1, 5 m at 
Pit 2 and 10 m at Pit 3. 

 Stage 6 (Year 20) – drawdown of up to 20 m at pits 4 and 5. Recharge of up to 20 m at Pit 1, 
5 m at Pit 2 and 15 m at Pit 3. 

 Stage 7 (Year 25) – drawdown of up to 2 m at Pit 4 and 30 m at Pit 5. Recharge of up to 
20 m at Pit 1, 5 m at Pit 2 and 15 m at Pit 3. 

 Stage 8 (Year 29) – drawdown of up to 1 m at Pit 4 and 30 m at Pit 5. Recharge of up to 
20 m at Pit 1, 2 m at Pit 2 and 20 m at Pit 3. 

 Stage 9 (Year 31) – drawdown of up to 10 m at Pit 5. Recharge of up to 20 m at Pit 1, 5 m at 
Pit 2 and 20 m at Pit 3. 

Groundwater drawdown contours for each of the stages outlined above are on Figures 7.3 to 7.6 
and demonstrates that drawdown is restricted almost entirely to the bounds of the CSR property. 

Pit inflows/seepage 

Initial pit inflows will be due to seepage into pits 1, 2 and 3, which will decrease in the first year 
as Pit 2 is filled. Overall, there will be short term increases in seepage as new excavation areas 
are opened.  

Seepage rates will increase from the current flows into Pit 1 of 30 m3/day to 40 m3/day in Year 2 
as Pit 1 is dewatered and excavated, and Pit 3 excavation progresses. Seepage rates will be 
around 33 m3/day to around Year 15 then will decline to 10 m3/day by Year 30, with some 
variation in the meantime. This reflects the continued backfilling of pits and recovery of 
groundwater levels. 

Baseflow impacts  

The modification will have minor impacts on baseflow to local creeks due to the low hydraulic 
connectiveness of the groundwater system. The steepest decline in baseflow will be a flux from 
approximately 4 m3/day added to the creeks around Year 5 to approximately 12 m3/day around 
Year 7 taken from the creeks. This recovers up to approximately Year 17 then fluctuates to 
Year 30. 

The model possibly overstated the impact on Badgerys Creek as it was simulated using the 
‘stream package’ but it is ephemeral, so the ‘drain package’ may have been more accurate. 

Groundwater users 

The nearest bore not related to the site is more than 1 km north. The modification will not impact 
this bore as impacts will mostly be contained in the project boundary.  



M
AR

TI
N
 R
O
AD

2

5

10

15

2
5

CAMBIUM 

C
am

bi
um

 G
ro

up
 P

ty
 L

td
 d

is
cl

ai
m

s 
al

l l
ia

bi
lit

y 
fo

r 
al

l c
la

im
s,

 e
xp

en
se

s,
 lo

ss
es

, d
am

ag
es

, a
nd

 c
os

ts
an

y 
pe

rs
on

/c
om

pa
ny

 m
ay

 in
cu

r 
as

 a
 r

es
ul

t 
of

 t
he

ir 
/it

s 
re

lia
nc

e 
on

 t
he

 a
cc

ur
ac

y 
or

 c
om

pl
et

en
es

s
of

 t
hi

s 
do

cu
m

en
t 

or
 it

s 
ca

pa
bi

lit
y 

to
 a

ch
ie

ve
 a

ny
 p

ur
po

se
. ©

 C
am

bi
um

 G
ro

up
 P

ty
 L

td
 2

01
9

D
IS

C
LA

IM
ER

Source: LPI (2017), VGT (2018), BECA (2018), Crossmuller Technology (2018), SBA Architects (2018). Groundwater Exploration Serices (2019), Cambium Group (2019).

Groundwater drawdown: Stage 1 (Year 3) and Stage 2 (Year 7)
Figure 7.3
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Source: LPI (2017), VGT (2018), BECA (2018), Crossmuller Technology (2018), SBA Architects (2018). Groundwater Exploration Serices (2019), Cambium Group (2019).

Groundwater drawdown: Stage 4 (Year 12) and Stage 5 (Year 17)
Figure 7.4
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Source: LPI (2017), VGT (2018), BECA (2018), Crossmuller Technology (2018), SBA Architects (2018). Groundwater Exploration Serices (2019), Cambium Group (2019).

Groundwater drawdown: Stage 6 (Year 20) and Stage 7 (Year 25)
Figure 7.5
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Source: LPI (2017), VGT (2018), BECA (2018), Crossmuller Technology (2018), SBA Architects (2018). Groundwater Exploration Serices (2019), Cambium Group (2019).

Groundwater drawdown: Stage 8 (Year 29) and Stage 9 (Year 31)
Figure 7.6
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Groundwater dependent ecosystems  

BoM’s Groundwater Dependent Ecosystem Atlas shows a low potential groundwater dependent 
ecosystem along South Creek. This area will not be impacted as groundwater drawdown will not 
extend to South Creek. 

7.2.2 Aquifer interference policy  

The NSW Aquifer Interference Policy needs to be considered as the modification involves an 
extractive industry which intersects groundwater. The policy states: 

All water taken by aquifer interference activities, regardless of its quality, needs to 
be accounted for within these extraction limits. This is to protect environmental water 
and the lawful taking of water from groundwater and surface water sources by other 
users. The processes for obtaining licenses under the Water Management Act 2000, 
the license type and the entitlement volumes are all relevant for ensuring that the 
aquifer interference activity has adequate water in its water account to cover the take 
of water by that activity. 

The current water license (WAL 24346) is for 25 ML/year, which more than covers the peak of 
15 ML/year of groundwater predicted to seep into the pits.  

7.2.3 Alluvium 

Condition 20 of the Project Approval requires: 

Mitigation and management measures to ensure alluvial sediments and alluvial 
aquifers are not impacted by the project, including: - appropriate buffer setback 
distances between the alluvial sediments and the Pit 5 extraction area; and - any 
resulting adjustments to the Pit 5 extraction area. 

As described in Section 7.1.4, no alluvium has been identified between Badgerys Creek and pits 
1 or 5. Therfore, no adjustments are required to the extent of these pits and no further 
management or mitigation measures are deemed necessary to avoid impacts to the Badgerys 
Creek alluvial sediments/aquifer. 

7.3 Residual impacts and management measures 

The hydrogeology of the area is strongly influenced by the geology which comprises low 
permeability shales and clays. There has been negligible groundwater inflow during historical 
extraction at the quarry. 

Observations from newly installed and existing groundwater bores show that groundwater quality 
is poor due to brackish salinity levels, consistent with the host shale. Drawdown cones in the 
vicinity of existing excavations are steep highlighting the low inherent hydraulic conductivity of the 
Bringelly Shale. 

The recent and historical drilling has shown that the Badgerys and South creek alluvium shown 
on the 1:100,000 geological map is not as extensive as implied and the corridor of alluvium is 
much narrower than previously mapped. There is limited alluvium along the creeks and minimal 
risk of impacting associated alluvial groundwater resource. 

Modelling predicts inflow rates into quarry voids will increase slightly from current static inflow 
rates into Pit 1 at the start of the Project and peaking in Stage 2 as Pit 1 is dewatered and 
excavated further and Pit 3 excavation progresses. A gradual decline in pit inflows occurs 
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following Year 16 as backfilling of Pit 1 and Pit 3 is completed and only single areas (Pit 4 then 
Pit 5) are excavated. The continued decline in seepage/inflow into quarry voids reflects the 
progressive backfilling and the associated recovery of groundwater levels within the previously 
open excavations. 

The extent of groundwater impacts will be minimal, surrounding the open excavations with steep 
drawdown cones due to the low hydraulic conductivity typical of shale. This minimises potential 
impacts on Badgerys and South creeks.  

The WMP will be updated to include the groundwater monitoring network and a TARP for 
exceedances of groundwater criteria, which will be developed based on the baseline groundwater 
data. 
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8 CONTAMINATION  
This chapter summarises the Preliminary Site Investigation (PSI), which is in Appendix G. It 
describes existing records, reviews existing information, reviews contaminated site registers, 
reviews historical aerial photography, assesses the environmental setting and established current 
conditions through a site inspection. 

8.1 Existing environment  

To identify any potential contamination at the site that could be encountered during works 
associated with Modification 4, the following methodology was adopted including desktop reviews 
and a site visit: 

 Review of existing council records, historical title deeds and Section 149 Certificates; 
 Review of existing targeted site investigation information for the area of the former 

underground storage tanks (USTs) located within the footprint of the proposed brick making 
facility;  

 Review of NSW EPA Contaminated Sites and POEO Act registers to identify current or 
historical notices/licences associated with the site together with any nearby contaminated 
sites which may have impacted or have the potential to impact the site;  

 Review of historical aerial photographs which date back as early as the 1950s to identify 
large scale land use changes and potentially contaminating activities on and offsite; 

 Assessment of the environmental setting with reference to published maps and a 
Department of Natural Resources bore search including a review of geological, soil, salinity, 
acid sulfate soil and hydrogeological information;  

 Review of water quality monitoring data included in the surface water and groundwater 
assessments; and 

 Site walkover observing current conditions of the site and surrounding area.  

The full results of the desktop review and site visit relevant to Modification 4 are outlined in 
Appendix G with key findings summarised below: 

 Land on which the solar farm is proposed appears to have always been used for agricultural 
(grazing and possibly dairy) purposes and is still used for grazing. The Pit 1 site has been 
used for agricultural (grazing and possibly dairy) purposes prior to the establishment of a 
brickworks between 1965 and 1978. Pit 1 excavations commenced prior to 1986 and were 
completed, with the pit filling with water prior to 2010.   

 Tipping of materials (including bricks, concrete, metal and potential asbestos cement 
sheeting) has occurred at the eastern edge of Pit 1. The potential extent of this material is 
not known as much of the ground surface is covered by grass. 

 Three USTs, size and content unknown, were reportedly removed from the brick making 
facility and backfilled with unknown materials although no validation documents were 
prepared. 

 The land on which the brick making facility is built may have been levelled with unknown 
material. 

 A targeted environmental site assessment was conducted by Environmental Earth Sciences 
in December 2015 to target the former USTs. The results of the soil and groundwater testing 
meet the NEPM (2013) criteria for ongoing commercial / industrial land use and protection of 
aquatic ecosystems. 

 Some stockpiled bricks are present to the western side of the brick factory, it is understood 
that these will be crushed and transported to another site for reuse.  

 The potential significance, if any, of the elevated concentrations of copper, manganese, 
nickel and zinc cannot be determined at this stage as only one round of monitoring is 
available.  
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 Although elevated concentrations of copper and zinc have been detected in surface water on 
site, the higher concentrations were detected upstream and are unlikely to be indicative of 
contamination associated with the site. 

From the historical documentation review and site inspection, potentially contaminating activities 
have been identified in Table 8.1. 

Table 8.1 Summary of potentially contaminating materials  

Activity Potential Contaminants 
Uncontrolled filling/reworked material associated 
with backfilling of the eastern edge of Pit 1. 

Heavy metals, Total recoverable hydrocarbons 
(TPH), Polycyclic aromatic hydrocarbons (PAH), 
BTEX (Benzene, Toluene, Ethylbenzene, Xylene), 
Organochlorine (OC) / Organophosphate (OP) 
Pesticides, Polychlorinated Biphenyls (PCB), and 
Asbestos. 

 

Since the desktop review and site visit the eastern portion of the site has been subject to illegal 
dumping activities. External parties forced access to the property in November 2018 and dumped 
material in three separate areas currently utilised for cattle grazing. The proponent has reported 
this incident to the EPA and are working with a specialist waste management company to 
characterise the waste and determine the appropriate means of disposal. Interim management 
measures that are currently in place include spray sealing all illegally dumped stockpiles with 
Envirobinder and the installation of erosion and sediment controls. The site is now patrolled by a 
security company to prevent further incidents. 

The illegally dumped stockpiles are outside and down gradient from the proposed Modification 4 
works and therefore don’t require further consideration. 

8.2 Impact assessment  

The potentially contaminating activities outlined in Table 8.1 could potentially have affected soil, 
groundwater and surface water. 

Potential human receptors of contamination during Modification 4 works may include workers 
involved in construction, operations and maintenance as well as neighbouring land owners. 
Potential environmental receptors of contamination may include terrestrial and aquatic flora and 
fauna, groundwater and surface water. 

8.2.1 Potential and complete exposure pathways  

The potential and complete exposure pathways associated with removing the fill material on the 
eastern edge of Pit 1 prior to further extraction of clay and backfilling with VENM are summarised 
in Table 8.2. 
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Table 8.2 Summary of potential and complete exposure pathways 
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Uncontrolled 
filling/reworked 
material associated 
with backfilling of 
the eastern edge of 
Pit 1. 

L-M Y N N U P P P NA NA P The presence of fill and reworked 
material was noted in the eastern 
edge of Pit 1 during a site walkover 
but the extent could not be 
determined due to grass cover.  
The Pit 1 site is secured 
preventing unauthorised access. 
  
  

A note of potential asbestos 
presence at the eastern end 
of Pit 1 should be added to 
the site Asbestos Register. 
Potential risks to 
construction workers should 
be managed under Work 
Health and Safety (WHS) 
requirements for the site. 
A Materials Management 
Plan should be prepared for 
Pit 1 to ensure that surface 
water, backfilled material 
and imported soils are 
handled appropriately, do 
not pose a risk to human 
health or the environment 
and will be suitable for the 
proposed land use. 

KEY: L – low, M – medium, H – high, Y – yes, N – no, P – possible, U – unlikely, NA – not applicable 
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8.3 Residual impacts and management measures  

The assessment concluded that the potential for widespread contamination at the solar farm and 
eastern Pit 1 sites are low and medium respectively; that isolated areas of contamination should 
not be discounted, although if encountered are unlikely to pose a significant risk to human health 
or the environment; and that the sites are suitable for their proposed uses provided the following 
mitigation and management measures are implemented: 

 add the potential presence of asbestos in the eastern edge of Pit 1 to the site Asbestos 
Register; 

 prepare a Materials Management Plan to ensure that surface water, backfilled material and 
imported soils are handled appropriately, do not pose a risk to human health or the 
environment and will be suitable for the proposed land use. Should contaminated materials 
be identified in existing backfilled pit areas, the Materials Management Plan will provide 
procedures to appropriately quantify, classify, dispose of and report on potential 
contaminants; 

 prepare an Unexpected Finds Protocol (UFP), providing guidance in the event that future 
below ground excavations identify contaminated materials (e.g. asbestos, staining, odours). 
The UFP must outline procedures for handling, assessing and managing any contamination 
that may be identified as part of Modification 4 works. If previously unidentified contaminated 
materials are encountered during construction and operation of the proposed modification, 
relevant statutory requirements, including potential soil testing and waste classification, will 
need to be complied with, and the material managed and disposed of appropriately;  

 inspect stored/stockpiled materials within the proposed disturbance footprints and recycle or 
dispose of them to facilities which can legally receive such materials; 

 Assess stockpiles of soil materials within the vicinity of the Modification 3 works in 
accordance with NSW EPA (2014) Waste Classification Guidelines and either re-use them 
on site where suitable or dispose of them offsite to a landfill which can legally receive such 
materials; 

 Conduct a hazardous material survey on existing site structures prior to demolition/alteration 
activities.  
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9 TERRESTRIAL BIODIVERSITY 
This chapter summarises the flora and fauna assessment report, which is in Appendix H. It 
focusses on the solar farm and the part of the modification area which is not biodiversity certified 
land in the South West Growth Centre. It describes the existing vegetation communities, flora and 
fauna in the modification area; potential direct and indirect biodiversity impacts; and management 
measures and residual impacts. 

9.1 Existing environment  

The study area comprised the solar farm site and areas to the east and north-east of the site in 
lots 54-59 of DP 3050. 0.4 ha of the solar farm site and the remainder of the study area to the 
east and north-east comprises non-biodiversity certified land. 

9.1.1 Literature and database review 

An area of 5 km from the study area was searched in the Atlas of NSW Wildlife (OEH 2018) and 
the EPBC Protected Matters Search Tool (DoEE 2018) for threatened species, populations and 
migratory species. The likelihood species would occur in the study area was determined by 
considering the date of the record and habitat availability.  

There were 20 previous records of threatened species in the search area, comprising seven flora 
species and 13 fauna species (five birds, five microbats, one megabat and one gastropod). No 
species have been recorded in the study area.  

The likelihood of occurrence assessment determined no species had a moderate or high potential 
to use the study area. 

The following vegetation communities were identified in the study area on OEH mapping: 

 Forest Red Gum - Rough-barked Apple grassy woodland on alluvial flats of the Cumberland 
Plain, Sydney Basin Bioregion, PCT 835 – listed as an endangered ecological community 
(EEC) under the BC Act (River-Flat Eucalypt Forest on Coastal Floodplains of the New 
South Wales North Coast, Sydney Basin and South East Corner Bioregions). 

 Grey Box - Forest Red Gum grassy woodland on flats of the Cumberland Plain, Sydney 
Basin Bioregion, PCT 849 – listed as critically ECC (CEEC) under the BC Act and EPBC Act 
(Cumberland Plain Woodland in the Sydney Basin Bioregion). 

9.1.2 Field survey 

The study area was surveyed on 6 March 2018. The study area was traversed and native and 
exotic flora species recorded and potential habitat for threatened species identified. The OEH 
vegetation mapping was also verified.  

Incidental observations of fauna were recorded and frogs were surveyed in Badgerys Creek. 
Fauna habit observations were recorded, for example, tree hollows and bird nests.  

Vegetation communities 

The survey verified that there is vegetation community PCT 835 on site, and additionally, 
Freshwater Wetlands on Coastal Floodplains of the New South Wales North Coast, Sydney Basin 
and South East Corner Bioregions (freshwater wetland). No PCT 849 was observed. The 
remainder of vegetation was exotic pasture/grassland and no trees contained hollows (Figure 
9.1). 
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These communities were characterised by: 

 PCT 835 – a moderate condition part of the community in the centre and east of the study 
area, which has been modified by grazing. A high condition part in the north-east along 
South Creek. There is 8.75 ha of this community in the study area but none in the solar farm 
site. 

 Freshwater wetland – approximately 2 ha along a possible anabranch of South Creek 
outside the solar farm site and is impacted by Salvinia molesta and Alternanthera 
philoxeroides, which are weeds of national significance.  

The remainder of the study area, including the solar farm site, comprised pasture dominated by 
exotic pasture and herbaceous weeds.
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Flora species 

Forty-one plant species were identified during the survey, of which 19 were introduced or planted. 
No threatened individuals or populations of threatened flora were identified or were expected to 
occur in the study area.  

Additional to the weeds of national significance discovered in the freshwater wetland, Senecio 
madagascariensis was found in the study area.  

Fauna and fauna habitat 

Fourteen fauna species were observed during the survey, comprising eight bird, four frog and two 
reptile species. The threatened White-bellied Sea Eagle (Haliaeetus leucogaster) was observed 
along Badgerys Creek, and may also occur along South Creek. 

Habitat comprised woodland, grassland, creeks and wetlands. The woodland provides foraging, 
roosting and nesting habitat for birds and mammals. The creeks and wetlands provide habitat for 
birds, reptiles and amphibians.  

The solar farm site comprises introduced grass species, is of low ecological value and would only 
provide minimal habitat. 

There is a second order stream (according to Strahler classification) to the south-west of the solar 
farm site which could provide aquatic habitat. 

9.2 Impact assessment 

The impact assessment only focussed on the potential direct and indirect impacts on biodiversity 
in the 0.4 ha of non-biodiversity certified land in the solar farm site.  

Direct impacts 

Construction of the solar farm will involve removal and disturbance of approximately 10 ha of 
introduced grassland. This grassland is potential foraging habitat for birds and small reptiles.  

Four trees are immediately south of the solar farm disturbance footprint, will not cast shadows 
over the panels and therefore don’t need to be removed.  

Indirect impacts 

Construction of the solar farm may result in erosion and sedimentation, which could degrade 
water quality in South Creek and the freshwater wetlands.  

Threatened species and communities 

None of the threatened species listed under the EPBC Act which occur in the area according to 
the Protected Matters Search Tool are likely to occur in the study area. 

The EEC (PCT 835) will not be directly impacted by construction or operation of the solar farm. 
The White-bellied Sea Eagle, which is listed under the BC Act, will not be impacted as no native 
trees will be removed and the freshwater wetland will not be modified.  
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9.3 Residual impacts and management measures  

Erosion and sedimentation controls will be implemented during construction of the solar farm, 
which will prevent siltation of South Creek and the freshwater wetland. 

The four trees located immediately south of the solar farm will be protected by exclusion fencing 
before construction of the solar farm commences. 

There will be a 20 m buffer either side of the second order stream to the south-west of the solar 
farm site to protect it from construction and operational activities. 

Given there will not be any native vegetation clearing, and management measures will be 
implemented to protect streams, construction and operation of the solar farm will not result in any 
direct or indirect impacts to biodiversity.  
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10 AQUATIC BIODIVERSITY  
This chapter summarises the aquatic ecosystem assessment report, which is in Appendix I. The 
chapter describes the existing aquatic ecosystem, presence and extent of GDEs and key fish 
habitat (KFH), potential impacts; and management measures and residual impacts. 

The chapter focusses on Badgerys Creek because, as described in Section 6.2.1, water may be 
discharged to this creek from Pit 1 as a last resort. However, some environmental aspects of 
South Creek are considered, as components of the modification will be on the east side of the 
site (near the creek). 

10.1 Existing environment  

The study area comprised the reaches of Badgerys and South creeks adjacent to the entire quarry 
site. 

10.1.1 Literature and database review 

Government biodiversity databases and mapping were searched for the region, and previous 
reports relevant to the site and nearby developments were reviewed.  

The DPI-Fisheries’ (2007) key fish habitat map for Sydney shows Badgerys and South creeks as 
KFH but DPI-Fisheries’ (2016) freshwater species distribution maps do not show any records of 
threatened species in the creeks near the study area. 

The BoM’s (2018) Atlas of Groundwater Dependent Ecosystems showed GDEs in or adjacent to 
the riparian corridors of Badgerys and South creeks, a small patch in the approved Pit 4 area and 
along the tributary to Badgerys Creek. The PCT 835 described in Section 9.1.1 is mapped as 
GDE. 

10.1.2 Field survey 

The KFH and GDEs were surveyed on 21 March 2018 and aquatic macroinvertebrate and benthic 
diatom were surveyed at five monitoring sites on 27 March 2018.  

Key fish habitat 

Habitat was classified in accordance with DPI-Fisheries’ (2013) Fisheries NSW Policy and 
Guidelines for Fish Habitat Conservation and Management. Badgerys and South Creeks were 
classified as ‘Type 1 – highly sensitive fish habitat’ as they contained large in-stream woody debris 
and native macrophytes. They were also classified as ‘Class 2 – moderate key fish habitat’ for 
fish passage as they had non-permanent flows but had clearly defined bed and banks with semi-
permanent water. 

Groundwater dependent ecosystems  

The survey confirmed the GDE mapping as follows: 

 PCT 835 GDE was confirmed as being present, including as a terrestrial GDE. 
 An expanse of Carex appressa dominated wetland was found on the eastern boundary of 

the study area and appeared to be an historical anabranch or flood runner of South Creek. 

Additionally, a small patch of GDE is mapped in the south-western corner of the study area, which 
is the current location of Pit 2 and no GDEs remain in this location. A small GDE is mapped in the 
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footprint of the approved Pit 4 extraction area, comprising a remnant patch of poor condition native 
vegetation which has been impacted by past and current land use and will be excavated during 
approved Pit 4 clay extraction. This patch is also in the ‘South West Certified Growth Centre’ and 
is on biocertified land. 

Macroinvertebrates 

462 individual macroinvertebrates from 28 families were collected across the five assessment 
sites. 

Nearly one quarter of taxa collected belonged to just two groups, Acarina (water mites) of which 
110 individuals were collected and Chironomidae (non-biting midges) of which 101 individuals 
were collected.  

Acarina are a group that inhabit waterways with standing water or low flow condition and 
Chironomidae are ubiquitous to most waterways, are fast colonisers and it is typical to find this 
group in large numbers colonising waterways that undergo frequent disturbance, for example, 
urban streams or waterways with harsh physical/chemical conditions i.e. no flow or eutrophic 
waters. Of the other taxa recoded during survey the majority require habitat with standing water 
and/or low flows reflecting flow conditions at the time of survey. 

Statistical analysis comparing family richness between sites and possible pressures indicated 
toxic pollution or harsh physical conditions were impacting the Badgerys Creek sites. This result 
was likely due to the dry period which had resulted in no flow in Badgerys Creek for a prolonged 
period, which has likely created harsh aquatic conditions such as low oxygen, elevated water 
temperature or increased algae blooms. 

The results for two South Creek sites indicated impact by urban, agricultural and/or industrial land 
use practices, which was expected as the upstream catchment was undergoing rapid land use 
change. The condition of this reach could be affected by a lack of flow during prolonged periods 
with no rain and by feeding Carp which were observed in large numbers during field assessment. 

The result for the third South Creek site (downstream of the other sites) indicated a combination 
of favourable habitat and elevated nutrients and/or salinity (which could be natural). 

Benthic diatoms 

60 species of diatoms (a type of plankton) totalling 1570 individual cells were collected across the 
five assessment sites. Statistical analysis of the distribution of diatoms indicated the waters of 
Badgerys and South creeks were, at the time of sampling, in a highly eutrophic state (nutrient 
enriched with low dissolved oxygen) which is to be expected due the absence of flow for a 
prolonged period. 

10.2 Impact assessment 

The components of Modification 4 could impact streams and aquatic biodiversity as follows: 

 Works near creeks could disturb vegetation, cause bank erosion and disturb in-stream 
habitat such as submerged logs. 

 Works in and near GDEs could disturb vegetation and impact groundwater. 
 Changed flow regimes in streams could impact water quality and quantity and subsequently 

impact biota that is adapted to a certain flow regimen.  
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10.2.1 Impacts to streams 

DPI-Fisheries (2013) provides guideline vegetated riparian zone (VPZ) widths to prevent impacts 
to waterways, with widths depending on the habitat type and waterway class. These widths would 
be 100 m for Badgerys and South creeks (Type 1 – highly sensitive fish habitat).  

The above VRZ is a guideline value, and the 60 m setback from Badgerys Creek required in 
Condition 18 of the Project Approval provides adequate protection of the waterways. 

Protection measures for the tributary to Badgerys Creek and wetland are provided in Section 10.3. 

The indicative modelling described in Section 6.2.1 demonstrates there is minimal risk that the 
discharge water will result in erosion of the bed and banks of Badgerys Creek. Notwithstanding, 
there is potential for erosion if bed sediments contain sands of 0.1-0.2 mm diameter. 

10.2.2 Impacts to groundwater dependent ecosystems 

The PCT 835 and Carex appressa dominated wetland GDEs are in the riparian zones of Badgerys 
and South creeks, which are outside the proposed development footprint and are unlikely to be 
impacted by the modification. 

It is likely these communities derive their primary source of water from shallow subsurface ground 
water which recharges after rain. In addition, the vegetation near the creek channels are likely to 
access the shallow groundwater and creek water which has permeated into riparian soils. 

South Creek is mapped as an aquatic GDE and it is likely groundwater contributes to maintaining 
baseflow. Overland flow, storm water and run-off from urban and agricultural land upstream is 
likely to be the major contributor to water levels and flow in South Creek. 

As described in Section 7.2 the modification will result in minimal drawdown of groundwater and 
is unlikely to impact the groundwater sources used by the GDEs. 

10.2.3 Impacts to aquatic biodiversity from changed flow regimes 

This section focuses on Badgerys Creek as water may be discharged to the creek from Pit 1 as 
a last resort and there is insufficient baseline information about South Creek to predict impacts. 
There are measures in Section 10.3 to gain further/ongoing information about South Creek.  

As described in Section 6.1.1, Badgerys Creek is ephemeral. Continuous discharge to Badgerys 
Creek will result in a likely 100% loss of no flow periods. These changes to hydrology will likely 
change the creek ecosystem from one reliant on ephemerality to one that is adapted to permanent 
flows. This may result in loss of macroinvertebrate taxa which are reliant on low/no flow 
conditions. This group contributed up to 25% of the macroinvertebrate abundance and a 
loss/decrease of this group may affect feeding resources of higher organisms such as fish and 
waterbirds. 

The change in hydrology will likely alter the benthic (the ecological region at the lowest level of a 
body of water including the sediment surface and some sub-surface layers) diatom community 
from one that preferences lentic (still) conditions to one that is adept to lotic (flowing) conditions. 
This change may affect higher organisms as the diatom community occurs at the base of the food 
chain. 

10.2.4 Impacts to aquatic biodiversity from changed water quality 

Long term monitoring of Badgerys Creek shows water quality parameters of turbidity, total 
suspended solids, total nitrogen, total phosphorous, copper and zinc to be highly variable and, to 
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a lesser extent, pH, nickel and lead. It is likely that periods of elevated values periodically stresses 
the aquatic ecosystem and, when combined with low/no flow conditions, results in a 
macroinvertebrate and benthic diatom community that has tolerance to eutrophic conditions. 

Discharges from Pit 1 to Badgerys Creek could result in the release of water with elevated levels 
of the following analytes, which could impact the creek: 

Acidity and alkalinity 

The pH of pit water is slightly alkaline. Diurnal fluctuation of pH occurs which is a natural process 
and typically results in pH being lowest in the mornings and highest in the late evening. If the 
diurnal pH cycle changes significantly, adverse effects to water chemistry may occur including 
increase in toxicity of metals such as cyanide and aluminium with pH decrease or increase in 
ammonia with pH increase, all which have potential to cause degradation to aquatic ecosystems. 

Salinity 

As the water level in Badgerys Creek will vary between 100 mm and <200 mm depth, there is 
potential for extensive areas of creek channel to be inundated by saline discharge for an extended 
period of 12–14 months. 

Salinity changes may affect aquatic organisms by:  

 direct toxicity through physiological changes (particularly osmoregulation) — both increases 
and decreases in salinity can have adverse effects; and 

 indirectly by modifying the species composition of the ecosystem and affecting species that 
provide food or refuge. 

Research found that the benthic macroinvertebrate community stress threshold for salinity was 
triggered at around 900 μS/cm when exposed to saline mine water discharge. While electrical 
conductivity in Badgerys Creek was higher than 900 μS/cm and the macroinvertebrate 
communities were found to be impaired, the spatial extent of creek channel that will be exposed 
to long term salinity (including the ionic components of sodium, bicarbonate and sulphate, and 
potential effects on aquatic and riparian biota (if any) of receiving waters) cannot be quantified 
without hydraulic modelling which will allow determination of the extent of channel inundation. 

Exposure to long term saline discharge in Badgerys Creek may affect in-channel and riparian 
vegetation that, under an ephemeral flow regime, are not frequently watered by flows. Currently, 
higher flows likely flush and dilute pools and inundate instream and riparian vegetation for a short 
duration. Sustained higher flows of saline pit water may result in an increased cover of salt tolerant 
species, and have a deleterious effect of species less tolerant of saline water. However, this effect 
cannot be quantified without hydraulic modelling and specialist advice by a soil scientist/botanist. 

Total nitrogen 

The diluted total nitrogen in discharge water will be 0.53-0.86 mg/L, which will be below the 
median 1.7 mg/L in Badgerys Creek. While discharge will not increase nitrogen concentrations in 
the creek, it will expose the creek to nitrogen for a longer period given the constant flows.  

It is likely prolonged discharge of nitrogen to Badgerys Creek may cause adverse effects, such 
as algae blooms and associated oxygen depletion, which will result in eutrophication and further 
stress to the aquatic ecosystem. Elevated nitrogen may promote weed growth in the riparian 
corridor which will potentially degrade riparian biodiversity. 



 

CSR ADVANCED MANUFACTURING HUB 125 

Arsenic and copper 

The modelled concentration of copper in pit water discharge was 0.0011-0.0012 mg/L, which is 
higher than the median concentration in Badgerys Creek (0.002 mg/L) but below the level where 
it becomes a known toxicant to aquatic biota 0.0016-0.0017 mg/L (ANZECC 2000). Therefore, it 
is unlikely copper will impact aquatic biota of Badgerys Creek. 

Arsenic was reported below the limit of detection and, therefore, it is unlikely arsenic will impact 
aquatic biota in Badgerys Creek. 

10.3 Residual impacts and management measures  

Provided the Badgerys Creek riparian buffer is maintained, it is unlikely the modification will 
impact GDEs or KFH. A 40 m vegetated riparian zone will be maintained around the wetland 
adjacent to South Creek and 20 m zone will be maintained around the tributary to Badgerys Creek 
(except over Pit 2). 

As the hydraulic modelling for the surface water assessment was indicative, geomorphology will 
be assessed in greater detail to validate the bed and bank materials of Badgerys Creek prior to 
finalisation of the pit dewatering strategy. This will include quantification of bed and bank material 
and particle size and calculation of critical shear stress for the bed and bank to determine its 
sensitivity to erosion. 

If the bed and bank materials are demonstrated to be sensitive to erosion, the optimum flow rate 
that can be achieved without impacting the creek bed and banks will be determined in a sediment 
transport model.  

The impacts of discharge of water from Pit 1 to Badgerys Creek will be the combination of 
changed water quality and flow regime from ephemeral to perrenial. This change will expose the 
creek channel to elevated levels of salinity, pH and nutrient over a long term period and, therefore, 
it is likely ecosystem impacts will occur resulting in a change from an ecosystem adept to 
intermittent flow to one that is flow reliant. 

It will be necessary to gain further water quality and flow data to determine the impact of 
discharges on Badgerys Creek. Water quality will be monitored every month at the four Badgerys 
Creek and South Creek monitoring locations as described in Section 6.3.2. This will include 
nitrogen speciation to determine which portion of nitrogen is bioavailable and could impact aquatic 
ecosystems.  

A biological monitoring program will be developed to detect if the macroinvertebrate community 
is changed by exposure to discharge water. An in-stream vegetation monitoring program will be 
prepared and implemented to detect if the discharge is impacting vegetation community 
composition and mortality. 
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11 ABORIGINAL HERITAGE 
This chapter summarises the Aboriginal cultural heritage assessment (ACHA) report, which is in 
Appendix J. It describes the cultural context of the site, consultation with the Aboriginal 
community, study methods, items discovered during surveys, the significance of the items, 
potential impacts and mitigation measures where impacts are unavoidable. 

11.1 Existing environment  

The Aboriginal heritage assessment study area comprised components of Modification 4 outside 
the approved project boundary, not previously assessed in the original EA and excluding areas 
to be disturbed by proposed Modification 3 works. The site is near the boundaries of the Dharawal 
and Gundungurra Aboriginal language groups, however, traditional territorial boundaries were 
fluid it is uncertain which group(s) occupied the study area. 

The oldest evidence of human occupation in the area is 20 km north west of the study area at 
Cranebrook Terrace, which has been dated to 41,700 years before present (BP). The most 
common type of Aboriginal objects remaining in the archaeological record of the area are stone 
artefacts. 

The Aboriginal Heritage Information Management System (AHIMS) was searched on 5 March 
2018 for Aboriginal sites recorded within 1,000 m of the study area. There are 30 registered sites 
in the search area, with site frequency summarised in Table 11.1. 

Table 11.1 Frequency of site types in AHIMS results 

Site type Frequency  % 
Artefact  27 90 
Modified tree (carved or scarred) 2 6.66 
Art (pigment or engraved)  1 3.33 
Total  30 100 

 

There are no previously registered Aboriginal sites in the study area. One AHIMS result indicated 
there was a site near the study area (AHIMS ID 45-5-0213), however, field investigations revealed 
the site location to be incorrect, likely due to a coordinate error.  

A review of previous archaeological studies indicated that low density artefact scatters, primarily 
comprised of silcrete, are associated with crest landforms in the Badgerys Creek area and surface 
artefact sites will most likely be downstream from main creek lines. 

11.2 Impact assessment 

11.2.1 Predictions 

The following predictions of the occurrence of sites in the study area (Figure 11.1) are based on 
analysis of the existing environment and previous studies on Aboriginal occupation of the region: 

 Open artefact scatters or isolated finds – this is the most prevalent source of evidence of 
Aboriginal occupation. The visibility of these sites is dependent on surface visibility and are 
affected by the nature of the soil landscape. There is a high likelihood of intact occupational 
records in the deep stratigraphic layers. Previous surveys in the wider area identified that 
surface artefacts will most likely be downstream from main creek lines. 
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 Culturally modified scar trees – while extensive clearing occurred post-European contact 
these sites may occur in any pockets of mature native trees. 

 Grinding grooves – these sites occur on sandstone outcroppings usually along waterways, 
swamps or water pans. The presence of these sites will be dependent on the availability of 
suitable sandstone sources. The underlying geology of the study area is the Wianamatta 
Group which contains the Minchinbury Sandstone. Grinding grooves have been found along 
South Creek and Badgerys Creek. 

 Sub-surface artefacts – low density assemblies, primarily of silcrete, will be associated with 
crest landforms in the Badgerys Creek area.



}}

(C

k

#

"

!<

Roof products manufacturing facility

Future Roof products manufacturing
facility expansion area

Pit 3

Pit 4

Pit 5

Eastern stockpile

South eastern
stockpile (east)

Raw material
stockpile (east)

Innovation centre

Visitor parking extensionOffice extension

NATA laboratory

CSR Advanced
Manufacturing Hub

BCBW18 AS 01

BCBW18 TREE

Hearth with 10 m buffer

BCBW18 IF 01

BCBW18 AS 03

VICTOR AVENUE

M
AR

TI
N
 R
O
AD

0 50 100 150 200 250 m

Site boundary

Water bodies

Watercourse

Approved

Approved project boundary

Approved project features

Modification 3

Project features

Noise barrier

Modification 4

Solar farm

Noise barrier

Aboriginal heritage

Study area (Modification 3)

Study area (Modification 4)

BCBW18 AS 02

" BCBW18 AS 01

!< BCBW18 AS 03

k BCBW18 IF 01

# BCBW18 TREE

(C Hearth with 10m buffer

031118_EIS_M4_F11-1_AHI_190227_v03Source: LPI (2017), Nearmap (2018), VGT (2018), Crossmuller Technology (2018), SBA Architects (2018), Artefact Heritage (2019), Cambium Group (2019).

C
am

bi
um

 G
ro

up
 P

ty
 L

td
 d

is
cl

ai
m

s 
al

l l
ia

bi
lit

y 
fo

r 
al

l c
la

im
s,

 e
xp

en
se

s,
 lo

ss
es

, d
am

ag
es

, a
nd

 c
os

ts
an

y
pe

rs
on

/c
om

pa
ny

m
ay

in
cu

r 
as

a 
re

su
lt 

of
 t

he
ir 

/it
s 

re
lia

nc
e 

on
 t

he
 a

cc
ur

ac
y

or
co

m
pl

et
en

es
s

of
 t

hi
s 

do
cu

m
en

t 
or

its
 c

ap
ab

ili
ty

 t
o 

ac
hi

ev
e

an
y 

pu
rp

os
e.

©
C

am
bi

um
 G

ro
up

 P
ty

Lt
d 

20
19

D
IS

C
LA

IM
ER

Figure 11.1
Aboriginal heritage impact

CSR ADVANCED MANUFACTURING HUB - MODIFICATION 4 
ENVIRONMENTAL ASSESSMENT 

South
 C

re
ek



 

132 CSR ADVANCED MANUFACTURING HUB 

11.2.2 Survey 

The study area was surveyed on 20 August 2018 to cover a representative sample of the area, 
record visible Aboriginal sites, understand the archaeological potential of the area from 
Registered Aboriginal Parties (RAP) representatives and determine potential test excavation 
transect locations. 

Old growth trees were examined for signs of cultural scarring and marking and photographs were 
taken during the survey to record aspects of survey units including vegetation and disturbance. 
Ground surface visibility conditions were generally low due to grass cover.  

One Aboriginal item was found in the study area, BCBW18 IF 01. An uprooted tree with cultural 
heritage values was also discovered (BCBW18 Tree). 

11.2.3 Test excavation 

Sixty four test pits were excavated along eight east-west oriented transects from 20 to 
24 August 2018 to: 

 characterise the subsurface archaeological deposit across sample landforms; and 
 test the predictive model and survey results. 

Two subsurface sites were discovered within the Modification 4 study area (BCBW18 AS 02 and 
BCBW18 AS 03), with BCBW18 AS 02 containing a heat retainer hearth. The sites formed an 
archaeological complex, which is likely the result of repeated occupation by small groups who 
engaged in lower residential mobility and higher logistical mobility. Artefact manufacturing and 
activities associated with the clay heat retainer hearth would have occurred in the wider area. 

One carbon sample from the hearth was suitable for carbon dating and was from 2,056 +/- 20 
years BP. 

11.2.4 Significance 

The Aboriginal community was consulted, and previous studies were reviewed to determine if the 
study area contains any specific socio-cultural heritage value. The following values were 
expressed: 

 BCBW18 Tree – The cultural site is potentially a modified tree (likely a white box – E. 
Albens) and features a dead, uprooted tree with two branches which have fused together to 
form a ring. The branches of this species do not bind naturally, which suggests the branches 
had been artificially cut and bound to create the fusion. Aboriginal people have assigned a 
cultural value to ring trees, and therefore the site has been recorded and reported as a 
cultural site. The tree contributes towards the cultural significance of the study area and 
other identified Aboriginal sites. The tree is not subject to Aboriginal heritage legislation. 

 Archaeological evidence of Aboriginal occupation – Aboriginal people have expressed a 
strong view that sites and deposits associated with the archaeological record of Aboriginal 
occupation at Badgerys Creek were of high cultural value to Aboriginal people. 

 Badgerys Creek – The area has characteristics of significance in the traditional life of 
Aboriginal people of the pre-colonial past and, as such it should be retained in as natural 
state as possible. The intangible cultural values of the landscape and its surviving biota were 
valued for their association with traditional culture and lore, and the sense of the place and 
social identity derived from them. 

 Heat retainer hearth – Clay heat retainers are of very high spiritual and cultural significance 
to Aboriginal people, as they form a direct link to the Aboriginal past. 
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The significance of the sites was considered in regard to the following criteria from the Burra 
Charter: 

 Social values – BCBW18 Tree (cultural site) is of cultural significance to Aboriginal people. 
BCBW18 AS 02, BCBW18 AS 03 and BCBW18 IF 01 have moderate social significance as 
part of the wider cultural landscape and is physical evidence of the use of the area by 
Aboriginal people. 

 Historic values – the study area is not known to be associated with any people, events or 
activities of historical importance to the Aboriginal community. The relatively small 
assemblage size suggests it was not the location of any significant event or activity. 

 Aesthetic values – The study area is of moderate aesthetic value based on proximity to 
aesthetically pleasing features such as the creek and trees.  

 Scientific values – these should be considered in terms of the following and is described for 
the study area below: 

- research potential, if it can contribute to an understanding of the area and/or region 
and/or state’s natural and cultural history? 

- representativeness, how much variability exists, what is already conserved, how much 
connectivity is there? 

- rarity, is the subject area important in demonstrating a distinctive feature and/or is it in 
danger of being lost or of exceptional interest? 

- education potential, does the subject area contain teaching sites or sites that might have 
teaching potential? 

The Aboriginal items discovered during the surveys have the following scientific values: 

 BCBW18 AS 02 contains a clay heat retainer hearth, which is extremely rare in the region. 
The intact nature of the deposit presents an opportunity to use the obtained carbon dates to 
contribute towards a regional sequence of artefact assemblages. BCBW18 AS 02 is of high 
scientific significance due to its high research potential and rarity. 

 BCBW18 AS 03 is a high density subsurface artefact scatter on an intact landform which is 
unusual due to the high concentration of artefacts in a small area. The site is also significant 
due to its association with BCBW18 AS 02 and its hearth. As the site is in a medium flood 
risk area, the archaeological integrity of the site has been impacted and the spatial 
distribution of artefacts compromised. Therefore, it is of low significance. 

 BCBW18 IF 01 is an isolated surface artefact in a moderately disturbed context. Due to the 
lack of archaeological integrity the site it is of low scientific significance. 

Statement of significance 

The study area contains Aboriginal sites which range from high to low scientific significance. All 
Aboriginal sites are of social and cultural significance to the contemporary Aboriginal community 
as part of an increasingly rare archaeological resource providing a tangible connection to the pre-
contact Aboriginal people of the area. No specific historical values were identified during the 
assessment. However, the study area is of moderate aesthetic significance. Therefore, the study 
area is of moderate significance. 

11.2.5 Impacts  

The identified Aboriginal objects will be impacted by construction of the solar panels and areas 
around these required for construction access. This will result in the following impacts to the 
Aboriginal items: 

 BCBW18 AS 02 – partial impact and loss of value. 
 BCBW18 AS 03 – no impact or loss of value. 
 BCBW18 IF 01 – total impact and loss of value.  
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The section of BCBW18 AS 02 to be impacted contains a very low artefact density. There will be 
a 10 m exclusion zone around the section of the item containing the hearth. BCBW18 IF 01 is an 
isolated artefact and will be collected prior to works. 

Cumulative impacts 

There are 30 registered Aboriginal sites in approximately 2 km of the study area. Most of these 
are west of the study area, between Badgerys Creek and South Creek. 90% of these sites are 
common artefacts and impacts to BCBW18 AS 02 and BCBW18 IF 01 will not result in a 
cumulative impact. 

While BCBW18 AS 02 includes a hearth, which is rare in the region, it will not be impacted by the 
proposed works. 

11.3 Residual impacts and management measures 

BCBW18 AS 03 will not be impacted by the modification. BCBW18 IF 01 will be completely 
removed and its values lost. However, it has low scientific and other values and its loss will not 
result in a cumulative impact. 

The south-western portion of BCBW18 AS 02 will be impacted but the hearth, which has high 
scientific value, will be protected from impact. The hearth will be reburied after it has been 
investigated and a 10 m exclusion area will be placed around the site with fencing or similar. 
Sections of BCBW18 AS 02 to be impacted have low scientific and other values and their loss will 
not result in a cumulative impact. 

The following additional mitigation and management measures will be implemented: 

 Items retrieved from the test excavation will be reburied onsite within the exclusion area of 
BCBW18 AS 02 after they have been analysed. All items will be reburied in consultation with 
the RAPs;  

 A heritage interpretation strategy will be prepared in consultation with Aboriginal 
stakeholders which will include methods of incorporating identified Aboriginal heritage values 
into the design process, such as use of native vegetation in replanting, use of local 
Aboriginal place names and interpretative signage providing information on Aboriginal land-
use within the study area and surrounding area; and 

 The AHMP will be updated with the findings of the Modification 4 ACHA. 
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12 AIR QUALITY 
Potential air quality impacts on sensitive receivers associated with Modification 4 were assessed. 
The air quality assessment report is in Appendix K, which is summarised in this chapter.   

12.1 Existing environment  

12.1.1 Local climate 

Long term climatic data from the Bureau of Meteorology weather station at Badgerys Creek 
Automatic Weather Station (Site No. 067108), which is approximately 1.5 km west of the site, are 
summarised in Table 12.1. The dispersion modelling used meteorological data from the 2014 
calendar year. 

Table 12.1 Summary climate data – Badgerys Creek 

Parameter Month 
Maximum Minimum 

Mean temperature (˚C) January – 30.1 July – 4.1 
Humidity – 9am (%) March – 83 October – 62 
Humidity – 3pm (%) June – 56 August/September – 44 
Rainfall (mm) February – 98.5 July – 22.6 
Windspeed – 9am (km/h) October – 11.8 March – 8.4 
Windspeed – 3pm (km/h) October – 19.9 June – 13.7 

 

On an annual basis, winds are predominantly from the south-west. During summer there is are 
high percentage of winds from the north-north-east to east-south-east and south-west. In autumn, 
winter and spring the highest percentage of winds come from the south-west and west-south-
west. 

12.1.2 Local air quality 

Air emission sources around the site are motor vehicle exhaust, domestic wood heaters, 
agricultural activities and industrial activities.  

A HVAS is operated onsite, which measures ambient 24-hour PM10 levels (particulate matter with 
an aerodynamic diameter of up to 10 microns). The highest reading between October 2016 and 
March 2018 was 41 µg/m3, which is 9 µg/m3 below the 24-hour average criterion of 50 µg/m3. 

There are also four onsite dust deposition monitors, with their annual average dust deposition 
results for 2017 summarised in Table 12.2. Dust deposition levels were below the criterion of 
4 g/m²/month. 

Table 12.2 Summary of site annual dust deposition data 

Monitor ID Annual average insoluble solids (g/m2/month) 
1 0.9 
2 1.5 
3 1.4 
4 1.7 
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Regional air quality was characterised based on data from the site stations plus OEH monitors at 
Bringelly, St Marys and Liverpool between 2013 and 2017. Annual average PM10 concentrations 
at Bringelly, St Marys and Liverpool were below the criterion of 25 µg/m³. Maximum 24-hour 
average PM10 concentrations at these stations exceeded the criterion of 50 µg/m³ at times during 
the review period. 

The elevated regional PM10 levels typically coincide with regional dust events and bushfires which 
affect a wide area, as indicated by other air quality monitoring stations in the surrounding region 
also recording elevated levels on such days. At other times, potential sources such as local 
agricultural activities, industrial activity and other sources may have contributed to periods of 
elevated PM10 levels. 

Annual average PM2.5 concentrations at Liverpool were above the criterion of 8 µg/m³ for the 
period reviewed. The annual average levels of PM2.5 concentrations for the Bringelly and St Marys 
monitors were below the criterion of 8 µg/m³ in 2017. The maximum 24-hour average PM2.5 
concentrations exceeded the criterion of 25 µg/m³ at times during the review period. 

There is a seasonal trend in 24-hour average PM2.5 concentrations, with elevated levels in the 
cooler months. This is opposite to the seasonal trend for PM10 concentrations which has elevated 
levels during the warmer months. 

Annual, 24-hour and 1-hour average sulfur dioxide (SO2) concentrations at the monitoring stations 
were below the criteria of 60 µg/m³, 228 µg/m³ and 570 µg/m³, respectively. Annual and 1-hour 
average nitrogen dioxide (NO2) concentrations at the monitoring stations were below the criteria 
of 62 µg/m³ and 246 µg/m³, respectively. 

PM10 and PM2.5 have been recorded at three sites around the WSA site since October 2017. 24-
hour average PM10 and PM2.5 concentrations exceeded criteria on occasion for the northern, 
southern and western monitoring sites during the review period. The eastern monitoring site is 
closest to the modification site and had much lower levels compared to the other monitoring sites. 

The 2014 dataset for the Bringelly OEH site was used to represent background air quality levels 
as it is the nearest monitor to the modification site. Background levels adopted for the study are 
summarised in Table 12.3.  

Total suspended solids (TSP) and deposited dust were not monitored and have been estimated 
assuming an annual average PM10 concentration of 25 µg/m3 corresponds to a TSP concentration 
of 90 µg/m3 and a dust deposition value of 4 g/m2/month. This results in the TSP concentration 
and deposition values in the table. 

Table 12.3 Adopted background pollutant concentrations 

Pollutant Averaging period Units Concentration 
TSP Annual  µg/m³ 59.8 
PM10 Annual  µg/m³ 16.6 

24-hour µg/m³ 42.6 
PM2.5 Annual µg/m³ 7 

24-hour µg/m³ 24.3 
Deposited dust Annual  g/m2/month 2.7 
NO2 Annual µg/m³ 8.2 

1-hour µg/m³ 51.3 
SO2 Annual µg/m³ 0.7 

24-hour µg/m³ 8.6 
 1-hour µg/m³ 25.7 
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12.2 Impact assessment 

The air quality impact assessment for this modification included the approved project, proposed 
Modification 3 and proposed Modification 4 operations to assess worst case cumulative air quality 
impacts on sensitive receivers. Total suspended particulates, deposited dust, PM10 and PM2.5 will 
be the primary emissions from the extraction of clay, backfilling of pit voids with VENM, brick 
manufacturing and roof product manufacturing. Additional to these, stack emissions from the brick 
making facility will comprise SO2, NO2, hydrogen fluoride (HF), chlorine (Cl), sulfuric acid (H2SO4) 
and odour. 

Potential emissions from four worst case operating scenarios were modelled using the California 
Meteorological Model (CALMET) and California Puff Model (CALPUFF):  

 Pit 4 scenario: Extraction at Pit 4, with sensitive receivers to the east. Overburden is 
removed from Pit 4 and used to fill Pit 2, clay is extracted from Pit 4 and hauled to the clay/ 
raw materials stockpile area and the VENM is delivered to the site and backfilled in Pit 3. 

 Pit 5 scenario: Extraction at Pit 5, with receivers to the north and east. Overburden is 
removed from Pit 5 and used to fill Pit 4, clay is extracted from Pit 5 and hauled to the 
clay/raw materials stockpile area and the VENM is delivered to the site and backfilled in 
Pit 4. Pits 1, 2 and 3 are assumed to be rehabilitated. 

 Alternative Pit 4 haul route scenario: Which considers a shorter haul route for VENM haul 
trucks hauling to Pit 4. The alternative shorter VENM truck haul route to Pit 4 passes 
between Pit 1 and the brick factory, while the proposed longer haul route for VENM trucks to 
Pit 4 passes to the west of Pit 1, between Pit 1 and Pit 2. 

 Alternative Pit 5 haul route scenario: Which considers a shorter haul route from Pit 5 to Pit 4 
(when hauling burden), from Pit 5 to the raw material stockpile area (when hauling clay) and 
for VENM trucks hauling to Pit 4. The alternative shorter haul route from Pit 5 and for VENM 
trucks passes between Pit 1 and the brick factory, while the proposed longer haul route from 
Pit 5 and for VENM trucks passes to the west of Pit 1, between Pit 1 and Pit 2. 

The scenarios assumed production levels and operating hours summarised in Chapter 3 
(adjusted to be 365 days per year to estimate maximum 24-hour impacts), with equipment at the 
closest locations to the sensitive receivers. 

12.2.1 Dust emissions 

Dust emissions were estimated by analysing the types of dust generating activities at the site and 
using emission factors developed by the United States EPA and in the Australian National 
Pollutant Inventory (see Section 8.4 of Appendix K). The emission factors assumed 
implementation of all reasonable and feasible dust mitigation measures. 

Dust emissions were predicted for the operation of the modification (incremental) and operation 
of the modification with local dust sources and background levels (cumulative) at the sensitive 
receivers and reported in: 

 maximum 24-hour average PM2.5 and PM10 concentrations; 
 annual average PM2.5 and PM10 concentrations; 
 annual average TSP concentrations; and 
 annual average dust (insoluble solids) deposition rates. 

Incremental results 

Incremental modelling results for the Pit 4 and Pit 5 scenarios are summarised in Table 12.4 and 
Table 12.5. Note there are no incremental criteria for TSP.  
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Table 12.4 Incremental particulate dispersions results – Pit 4 scenario 

Receptor PM2.5 (µg/m3) PM10 (µg/m3) TSP 
(µg/m3) 

DD 
(g/m2/month) 

24-hour 
average 

Annual 
average 

24-hour 
average 

Annual 
average 

Annual 
average 

Annual 
average 

NSW EPA Air quality impact criteria/VLAMP 
25 – 50 – – 2 

R5 5.9 0.6 41.5 3.8 10.0 0.4 
R9 5.9 0.8 42.3 4.9 14.5 0.7 

R11 4.4 0.2 26.0 0.9 2.3 0.1 
R12 4.6 0.2 27.5 1.0 2.4 0.1 

R12a 5.3 0.2 31.2 1.1 2.7 0.1 
R13 4.4 0.2 26.7 1.0 2.5 0.1 
R14 4.2 0.2 25.6 1.0 2.5 0.1 
R15 3.7 0.2 22.3 0.9 2.2 0.1 
R25 5.1 0.6 36.2 3.9 11.1 0.5 
R26 5.6 0.6 38.7 3.3 8.6 0.3 
R27 5.0 0.5 34.3 2.7 7.0 0.3 
R28 5.2 0.5 36.0 2.9 7.5 0.3 
R29 4.3 0.4 29.3 2.1 5.3 0.2 
R30 3.9 0.3 26.8 1.9 4.6 0.2 
R31 4.7 0.4 32.4 2.5 6.2 0.2 
R32 3.9 0.4 26.0 1.9 4.8 0.2 
R34 3.3 0.3 21.7 1.6 4.0 0.1 
R35 3.6 0.4 24.1 2.3 5.9 0.3 
R42 5.5 0.6 38.7 3.3 8.6 0.3 
R43 4.4 0.4 30.0 2.2 5.4 0.2 
R44 3.2 0.3 22.1 1.4 3.4 0.1 
R45 3.3 0.3 22.2 1.4 3.5 0.1 
R46 2.7 0.3 17.9 1.4 3.3 0.1 

 

Table 12.5 Incremental particulate dispersions results – Pit 5 scenario 

Receptor PM2.5 (µg/m3) PM10 (µg/m3) TSP 
(µg/m3) 

DD 
(g/m2/month) 

24-hour 
average 

Annual 
average 

24-hour 
average 

Annual 
average 

Annual 
average 

Annual 
average 

NSW EPA Air quality impact criteria/VLAMP 
25 – 5 – – 2 

R5 8.4 0.8 55.1 5.1 13.2 0.6 
R9 8.9 1.0 56.2 6.3 18.1 0.9 

R11 3.9 0.2 26.6 0.9 2.1 0.1 
R12 4.2 0.2 28.8 0.9 2.2 0.1 

R12a 4.5 0.2 30.7 1.0 2.4 0.1 
R13 4.7 0.2 31.6 1.0 2.3 0.1 
R14 4.9 0.2 32.2 1.0 2.4 0.1 
R15 4.5 0.2 29.3 0.9 2.1 0.1 
R25 7.7 0.8 48.4 5.0 14.0 0.7 
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R26 8.1 0.7 52.1 4.2 10.8 0.4 
R27 7.3 0.6 46.4 3.5 8.8 0.3 
R28 7.4 0.6 49.2 3.8 9.7 0.4 
R29 6.1 0.5 39.5 2.6 6.6 0.3 
R30 5.5 0.4 36.5 2.3 5.6 0.2 
R31 6.7 0.5 44.5 3.1 7.8 0.3 
R32 5.2 0.4 35.1 2.4 6.0 0.2 
R34 4.4 0.4 29.7 2.0 4.9 0.2 
R35 5.1 0.5 32.4 2.9 7.4 0.3 
R42 7.9 0.7 51.6 4.4 11.1 0.5 
R43 6.3 0.5 41.7 2.7 6.7 0.3 
R44 4.5 0.3 31.6 1.7 4.1 0.1 
R45 4.4 0.3 30.7 1.7 4.2 0.2 
R46 3.6 0.3 24.6 1.7 4.0 0.2 

Note: bold numbers represent exceedances of criteria 

The dust deposition results are below the incremental criterion of 2 g/m2/month at all assessed 
receivers for both the Pit 4 and Pit 5 scenarios.  

Predicted PM10 concentrations for the Pit 5 scenario are above the incremental 24-hour average 
PM10 criteria of 50 µg/m³ at a number of assessed receivers. A result of this could be a further 
exceedance of the cumulative criterion when the incremental results are added to background 
PM10 levels.  

A ‘level 2 contemporaneous’ assessment was used to predict cumulative 24-hour average PM10 
concentrations, where the background levels are added to the day’s predicted dust level from the 
modification. 

The predicted number of days over the criterion at affected receptors are summarised in Table 
12.6.  

Table 12.6 Predicted number of days over incremental 24-hour average PM10 criteria – Pit 5 
scenario 

Receptor Number of days over 50 µg/m3 
R5 2 
R9 3 
R26 1 
R42 2 

Cumulative annual average results 

Predicted cumulative annual average PM2.5, PM10, TSP and dust deposition levels for the Pit 4 
and Pit 5 modelling scenarios are summarised in Table 12.7 and Table 12.8. The predicted levels 
are below the annual average particulate criteria at the receptors for both modelling scenarios. 

Table 12.7 Cumulative annual average particulate dispersions results – Pit 4 scenario 

Receptor PM2.5 (µg/m3) PM10 (µg/m3) TSP (µg/m3) DD (g/m2/month) 

NSW EPA Air quality impact criteria/VLAMP 
8 25 90 4 

R5 7.6 20.4 69.8 3.1 
R9 7.8 21.5 74.3 3.4 
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R11 7.2 17.5 62.1 2.8 
R12 7.2 17.6 62.2 2.8 

R12a 7.2 17.7 62.5 2.8 
R13 7.2 17.6 62.3 2.8 
R14 7.2 17.6 62.3 2.8 
R15 7.2 17.5 62.0 2.8 
R25 7.6 20.5 70.9 3.2 
R26 7.6 19.9 68.4 3.0 
R27 7.5 19.3 66.8 3.0 
R28 7.5 19.5 67.3 3.0 
R29 7.4 18.7 65.1 2.9 
R30 7.3 18.5 64.4 2.9 
R31 7.4 19.1 66.0 2.9 
R32 7.4 18.5 64.6 2.9 
R34 7.3 18.2 63.8 2.8 

R35 7.4 18.9 65.7 3.0 
R42 7.6 19.9 68.4 3.0 
R43 7.4 18.8 65.2 2.9 
R44 7.3 18.0 63.2 2.8 
R45 7.3 18.0 63.3 2.8 
R46 7.3 18.0 63.1 2.8 

 

Table 12.8 Cumulative annual average particulate dispersions results – Pit 5 scenario 

Receptor PM2.5 (µg/m3) PM10 (µg/m3) TSP (µg/m3) DD (g/m2/month) 

NSW EPA Air quality impact criteria/VLAMP 
8 25 90 4 

R5 7.8 21.7 73.0 3.3 
R9 8.0 22.9 77.9 3.6 
R11 7.2 17.5 61.9 2.8 
R12 7.2 17.5 62.0 2.8 
R12a 7.2 17.6 62.2 2.8 
R13 7.2 17.6 62.1 2.8 
R14 7.2 17.6 62.2 2.8 
R15 7.2 17.5 61.9 2.8 
R25 7.8 21.6 73.8 3.4 
R26 7.7 20.8 70.6 3.1 
R27 7.6 20.1 68.6 3.0 
R28 7.6 20.4 69.5 3.1 
R29 7.5 19.2 66.4 3.0 
R30 7.4 18.9 65.4 2.9 
R31 7.5 19.7 67.6 3.0 
R32 7.4 19.0 65.8 2.9 
R34 7.4 18.6 64.7 2.9 

R35 7.5 19.5 67.2 3.0 
R42 7.7 21.0 70.9 3.2 
R43 7.5 19.3 66.5 3.0 
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R44 7.3 18.3 63.9 2.8 
R45 7.3 18.3 64.0 2.9 
R46 7.3 18.3 63.8 2.9 

Cumulative 24-hour analysis 

A ‘level 2 contemporaneous’ assessment was used to predict cumulative 24-hour average PM2.5 
and PM10 concentrations, where the background levels are added to the day’s predicted dust level 
from the modification. Assessment results are provided in Appendix D of Appendix K, which are 
summarised in Table 12.9 and Table 12.10. 

Table 12.9 Maximum number of additional days above 24-hour average criteria – Pit 4 scenario 

Receptor PM10 PM2.5 

R5 4 0 
R9 3 1 
R12a 1 0 
R26 3 0 

 

Table 12.10 Maximum number of additional days above 24-hour average criteria – Pit 5 scenario 

Receptor PM10 PM2.5 
R5 5 1 
R9 7 2 
R12a 1 0 
R26 4 1 

 

To demonstrate the effectiveness of the implementation of reactive measures at the site, the 
dispersion modelling was re-run to consider the effects of temporarily pausing extraction activities 
during the periods of elevated dust predicted to occur at the most affected receptors. The results 
indicated that temporarily pausing extraction activities will prevent the predicted exceedances in 
Table 12.9 and Table 12.10.  

Dust impacts on more than 25% of privately owned land 

Modification 4 has been assessed against the Voluntary Land Acquisition and Mitigation Policy 
(VLAMP; 2018), to determine whether voluntary mitigation or land acquisitions are required to 
address noise (Section 13.2.2) or dust impacts. The potential impacts of the development have 
been assessed in accordance with the Approved Methods for the Modelling and Assessment of 
Air Pollutants in NSW (2016). Dust impacts on more than 25% of privately owned land were 
predicted to determine if CSR will be required to purchase any affected properties. The 
assessment showed that the modification will not impact on more than 25% of any privately-
owned land. 

Therefore, no voluntary mitigation or land acquisition rights, as prescribed by the VLAMP apply 
to sensitive receivers. 

12.2.2 Other emissions 

Predicted maximum cumulative SO2, NO2 and HF concentrations are summarised in Table 12.11. 
No exceedances of the criteria for these pollutants are predicted at any sensitive receivers or the 
site boundary due to the modification. 
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Table 12.11 Maximum dispersion results – SO2, NO2 and HF 

Pollutant Averaging 
period 

Maximum 
incremental 

impact at 
receptor 

Background 
concentration 

Maximum 
cumulative 
impact at 
receptor 

Criteria Units 

SO2 1-hour 56.3 25.7 82 570 µg/m3 
24-hour 4.8 8.6 13.4 228 µg/m3 
Annual  0.8 0.7 1.5 60 µg/m3 

NO2 1-hour 81.0 51.3 132.3 146 µg/m3 
Annual  1.2 8.2 9.4 62 µg/m3 

HF 24-hour 2.3 – – 2.9 µg/m3 

 

Predicted incremental Cl, H2SO4 and odour concentrations are summarised in Table 12.12. No 
exceedances of the criteria for these pollutants are predicted at any sensitive receivers or the site 
boundary due to the modification. 

Table 12.12 Incremental dispersion results – Cl, H2SO4 and odour 

Pollutant Averaging 
period 

Percentile Maximum 
incremental 

impact at 
boundary 

Maximum 
incremental 

impact at 
receptor 

Criteria Units 

Cl 1-hour 99.9th  0.00008 0.00008 0.05 mg/m3 

H2SO4 1-hour 99.9th  0.0012 0.0012 0.018 mg/m3 
Odour 1-hour peak to 

mean 
corrected 

99th  <1 <1 2 Odour units 

12.2.3 Alternative haul routes 

Pit 4 haul route 

Incremental modelling results for the alternative Pit 4 haul route scenario, for the potentially most 
affected receivers are summarised in Table 12.13. Incremental impacts will be below relevant 
criteria at receivers. Predicted emissions are lower than those for the Pit 4 scenario summarised 
in Table 12.4 

Table 12.13 Incremental particulate dispersions results – Pit 4 alternative haul route  

Receptor PM2.5 (µg/m3) PM10 (µg/m3) TSP 
(µg/m3) 

DD 
(g/m2/month) 

24-hour 
average 

Annual 
average 

24-hour 
average 

Annual 
average 

Annual 
average 

Annual 
average 

NSW EPA Air quality impact criteria/VLAMP 
25 - 50 - - 2 

R5 5.9 0.6 41.3 3.5 9.1 0.4 
R9 5.6 0.8 41.1 4.6 13.7 0.7 

R12a 4.8 0.2 26.9 1.0 2.4 0.1 
R26 5.5 0.5 37.4 3.0 7.8 0.3 

 

Cumulative modelling results for the alternative Pit 4 haul route scenario, for the potentially most 
affected receivers are summarised in Table 12.14. cumulative impacts will be below relevant 
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criteria at receptors. Predicted emissions are lower than those for the Pit 4 scenario summarised 
in Table 12.7. 

Table 12.14 Cumulative particulate dispersions results – Pit 4 alternative haul route  

Receptor PM2.5 (µg/m3) PM10 (µg/m3) TSP (µg/m3) DD (g/m2/month) 
8 25 90 4 

R5 7.6 20.1 68.9 3.1 
R9 7.8 21.2 73.5 3.4 

R12a 7.2 17.6 62.2 2.8 
R26 7.5 19.6 67.6 3.0 

 

Results of a Level 2 contemporaneous assessment of the alternative Pit 4 haul route, are 
summarised in Table 12.15. The results are better compared to the Pit 4 results in Table 12.9. 

Table 12.15 Maximum number of additional days above 24-hour average criteria – Pit 4 alternative 
haul route  

Receptor PM10 PM2.5 

R5 3 0 
R9 3 1 

R12a 1 0 
R26 3 0 

Pit 5 haul route 

Incremental modelling results for the alternative Pit 5 haul route, for the potentially most affected 
receivers are summarised in Table 12.16. Incremental impacts will be below relevant criteria at 
receptors. Predicted emissions are lower than those for the Pit 5 scenario summarised in Table 
12.5. 

Table 12.16 Incremental particulate dispersions results – Pit 5 alternative haul route  

Receptor PM2.5 (µg/m3) PM10 (µg/m3) TSP 
(µg/m3) 

DD 
(g/m2/month) 

24-hour 
average 

Annual 
average 

24-hour 
average 

Annual 
average 

Annual 
average 

Annual 
average 

NSW EPA Air quality impact criteria/VLAMP 
25 - 50 - - 2 

R5 7.4 0.7 48.0 4.4 11.3 0.5 
R9 7.9 1.0 46.7 5.6 16.2 0.9 

R12a 3.6 0.2 22.5 0.9 2.0 0.1 
R26 7.2 0.6 43.2 3.6 9.3 0.4 

 

Cumulative modelling results for the alternative Pit 5 haul route, for the potentially most affected 
receivers are summarised in Table 12.17. Cumulative impacts will be below relevant criteria at 
receptors. Predicted emissions are lower than those for the Pit 5 scenario summarised in Table 
12.8. 

Table 12.17 Cumulative particulate dispersions results – Pit 5 alternative haul route  

Receptor PM2.5 (µg/m3) PM10 (µg/m3) TSP (µg/m3) DD (g/m2/month) 
8 25 90 4 
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R5 7.7 21.0 71.1 3.2 
R9 8.0 22.2 76.0 3.6 

R12a 7.2 17.5 61.8 2.8 
R26 7.6 20.2 69.1 3.1 

 

Results of a Level 2 contemporaneous assessment of the alternative Pit 5 haul route, are 
summarised in Table 12.18. The results are better compared to the Pit 5 results in Table 12.10. 

Table 12.18 Maximum number of additional days above 24-hour average criteria – Pit 5 alternative 
haul route  

Receptor PM10 PM2.5 

R5 4 1 
R9 5 1 

R12a 0 0 
R26 4 0 

 

The modelling of the alternative Pit 4 and Pit 5 haul route scenarios indicates a reduction in 
predicted dust impacts from the site. Therefore the alternative Pit 4 and Pit 5 haul routes is an 
effective means of reducing the overall dust generated from the site and will be adopted during 
quarry operations if a safe road width can be established in the limited space between Pit 1 and 
the brick factory and haul truck movements don’t conflict with other receival and dispatch raw 
material truck movements or front end loader movements between the raw material stockpile area 
and the primary crusher. 

12.3 Residual impacts and management measures 

It is predicted that all the assessed air pollutants generated by the operation of the approved 
project, Modification 3 and Modification 4 will comply with the applicable assessment criteria at 
the sensitive receivers with the exception of short-term (24-hour average) PM10 and PM2.5 levels 
for the both the Pit 4 and Pit 5 scenarios.    

The existing AQMP includes a reactive dust management program which requires the use of 
portable ambient air quality samplers downwind of the extraction activity, between the site and 
the receivers during the extraction campaigns. Quarry operators receive an alert when PM10 levels 
exceed: 

 80 µg/m³ (15-minute average period) – warning level requiring actions such as additional 
water suppression and review of activity. 

 100 µg/m3 (15-minute average period) – critical level requiring suspension of extraction 
operations whilst continuing to implement measures at the warning level. 

A modelling scenario with the reactive dust management strategy (i.e. suspending extraction 
activities during a small number of periods with adverse weather conditions) indicated that the 
reactive dust management strategy of responding to changes in dust levels and weather 
conditions would ensure dust levels are kept below the levels predicted in this assessment, and 
therefore within acceptable criteria.   

 The use of an alternative haul route between Pit 5 and Pit 4 and for VENM trucks hauling to 
pits 3 and 4 would reduce dust impacts, and is an effective means to minimise the overall 
dust generated whilst optimising the site travel distances.  

 Given the conservative nature of the modelling assessment, it is anticipated that application 
of the existing AQMP, would result in actual dust levels lower than the levels predicted.  
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Overall, the assessment demonstrates that the operation of the site would not cause any 
unacceptable air quality impact in the surrounding environment. 

The existing HVAS should be moved to as close to the northern boundary of the property and the 
closest sensitive receiver as possible. The existing deposited dust gauges should also be 
relocated to appropriate positions as close to the property boundaries and nearest sensitive 
receivers as possible.  

The AQMP will be revised to address changes to the approved project operations and relocation 
of air quality monitoring equipment.  
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CHAPTER 13  
NOISE  
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13 NOISE  
Potential noise impacts on sensitive receivers associated with the modification were assessed. 
The noise impact assessment report is in Appendix L, which is summarised in this chapter. 

13.1 Existing environment  

13.1.1 Noise sources 

The site is in a rural area which has low background noise levels. Noise sources in the local area 
include:  

 natural (e.g. birdsong, insects, road noise and livestock);  
 domestic and small rural enterprises; and 
 commercial and industrial (chicken farming, composting, nurseries, resource recovery). 

The sensitive receivers are identified on Figure 3.12. Additional potential receivers of road noise 
associated with the modification are also identified on Figure 3.12 and listed in Table 3.4. 

13.1.2 Meteorology 

Noise levels at receivers at distance from a source can be influenced by meteorological 
conditions, particularly temperature inversions and gradient winds.  

Temperature inversions are likely in the area, particularly during winter nights, and have been 
included in the assessment for night time and the morning shoulder.  

Prevailing winds were identified in accordance with Fact Sheet D of the NPI based on hourly wind 
speed and direction observations during 2017 at the Bringelly Air Quality Monitoring Station.  

Winds are considered a feature of the area, and noise enhancing, when the proportion of wind 
above 3 m/s from a particular direction (+/- 45˚) is 30% or more and must be included in the 
assessment. There are daytime and evening prevailing winds at the site. However, these winds 
are unlikely to occur at receivers R11-15 and the noise enhanced predictions for these have not 
been considered. 

13.1.3 Ambient noise 

Unattended noise monitoring was undertaken at the three residential receivers potentially most 
affected by noise from the site. The rating background levels (RBL) were derived from the 
background noise for day, evening, night and morning shoulder (0500-0700hrs) periods in 
accordance with the EPA’s (2017) Noise Policy for Industry (NPI), which are summarised in Table 
13.1. 

Table 13.1 Ambient noise and rating background levels 

Monitoring location Represented receivers Period Noise levels (dBA) 
RBL LAeq 

L1 R9, R25, R35 Morning shoulder 38 47 
Day  40 50 

Evening  35 43 
Night  34 43 

L2 R5, R26-32, R34, R42-46 Morning shoulder 38 45 
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Day  37 51 
Evening  36 43 

Night  34 42 
L3 R11-15 Morning shoulder 41 47 

Day  38 47 
Evening  38 43 

Night  37 45 

Notes: morning shoulder 0500-0700, day 0700-1800, evening 1800-2200, night 2200-0500. 

Noise was also monitored at two locations on Martin Road at the same time as traffic counts to 
establish the noise levels at sensitive receivers (Table 13.2) and existing traffic levels. The traffic 
counts are summarised in Section 15.1. 

Table 13.2 Existing traffic noise levels 

Monitoring Location Façade/Free-Field Day a (LAeq, 15 
hour) 

Night a (LAeq, 9 
hour) 

L1 Free-field 53.1 47.9 
L2 Free-field 54.1 48.4 

a. Day 0700–2200; night 2200–0700.  

13.2 Impact assessment  

13.2.1 Operational noise 

Noise levels were predicted for the following scenarios during the morning shoulder, day, evening 
and night periods using the CadnaA acoustic noise prediction software and the CONCAWE noise 
prediction algorithm: 

 Manufacturing and solar farm only scenario: Operational noise levels from manufacturing at 
the brick making facility and roof products manufacturing plant plus solar farm – comprising 
24-hour operations of each facility, varied operation of the storage yards across the day and 
operation of the solar farm during the morning shoulder/day/evening periods. 

 All operations scenario: Operational noise levels from the above scenario plus quarrying, 
VENM importation and engineered fill – comprising the above operating parameters for the 
manufacturing facilities/solar farm plus quarrying/VENM importation/engineered fill during the 
day, with the worst-case equipment locations in the pits used in the model.  

In each of these worst-case quarry areas, overburden removal (OB), raw material extraction (RM) 
and VENM importation/engineered fill have been modelled. A detailed description of the worst 
case noise operating scenarios is outlined in Section 5.4 of the noise impact assessment 
(Appendix L). Figures showing the locations of modelled noise sources for all worst case noise 
operating scenarios are included in Appendix B of the noise assessment. 

The existing topography within the site was included in the model and includes: 

 an approximately 4.5 m high noise bund along the site’s main entrance driveway; and 
 a partially constructed noise bund in the south-eastern corner of the site, along the eastern 

edge of the approved Pit 3.  

The original EA identified the need for a 10 m high noise bund along the northern boundary of the 
site to mitigate noise from the approved Pit 5 and a 7 m high noise bund along the eastern 
boundary of the site to mitigate noise from the approved pits 3 and 4 (refer to approved noise 
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bund locations in Figure 1.2). Preliminary noise modelling of the modified operations for 
Modification 3 and 4 suggested that: 

 the approved 10 m high noise bund could be reduced to 8 m and it’s length shortened as, 
the eastern half of Pit 5 has been removed to achieve a 200 m buffer to the nearest 
receivers to the north (Modification 3) and the residences to the west of Badgerys Creek on 
the WSA site have since been demolished. The location of this 8 m high noise bund, which is 
proposed to be constructed prior to quarrying activities occurring in Pit 5 (i.e. during 
extraction in Pit 4 north), is shown in Figure 1.2; and 

 The approved 7 m high noise bund could be removed entirely.  

Therefore, all noise modelling of Modification 4, with and without mitigation includes the existing 
topographic features outlined above and the existing and proposed structures/buildings 
associated with the brick and roof products manufacturing facilities. When modelling of the all 
operations scenario when Pit 5 OB removal and RM extraction takes place, it is assumed the 
reduced 8 m high noise bund to the north of Pit 5 has been constructed. 

Manufacturing and solar farm operation have been modelled without quarrying and fill importation 
in the first scenario as quarrying and fill importation occurs in campaigns rather than as a daily 
activity.  

Noise results were compared to noise trigger levels, which was taken as the lower of the 
intrusiveness or amenity noise levels.  

The intrusiveness noise level is the noise level 5 dBA above the background noise level for each 
time period (daytime, evening or night time) of interest at a residential receiver.  

Amenity noise levels are a limit on continuing increases in noise levels from all industrial noise 
sources affecting a variety of receiver types; that is, the ambient noise level in an area from all 
industrial noise sources remains below recommended amenity noise levels. 

The project noise trigger levels have mostly been derived from the intrusiveness noise levels and 
are listed in Table 13.3 and  

Table 13.4 for comparison with the predicted noise levels. Exceedances of the trigger levels are 
shown in bold. 
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Table 13.3 Predicted noise levels – manufacturing and solar farm only (LAeq, 15min dB(A)) 

Receiver AM Shoulder a Day a Evening a Night a 
Predicted 

Level 
Trigger 
Level 

Predicted 
Level 

Trigger 
Level 

Predicted 
Level 

Trigger 
Level 

Predicted 
Level 

Trigger Level 

Calm b NE c Calm b NE c Calm b NE c Calm b NE c 
R5 34 38 42 35 40 42 34 39 41 33 37 38 
R9 31 35 43 35 39 45 31 35 40 30 34 38 

R11 32 37 43 32 37 43 32 37 43 28 33 38 
R12 33 38 43 33 38 43 33 38 43 28 33 38 

R12a 35 40 43 35 40 43 35 40 43 29 34 38 
R13 33 38 43 34 39 43 33 39 43 30 35 38 
R14 33 38 43 33 38 43 33 38 43 29 34 38 
R15 32 37 43 32 37 43 32 37 43 29 34 38 
R25 31 35 43 35 39 45 31 35 40 29 34 38 
R26 31 36 42 33 38 42 32 37 41 31 35 38 
R27 30 35 42 32 37 42 31 36 41 29 34 38 
R28 31 35 42 33 37 42 31 36 41 30 35 38 
R29 28 33 42 30 35 42 29 33 41 27 32 38 
R30 27 32 42 29 34 42 27 32 41 26 31 38 
R31 29 34 42 31 36 42 30 35 41 29 34 38 
R32 27 32 42 31 36 42 28 33 41 26 31 38 

R34 26 31 42 30 35 42 26 31 41 24 29 38 
R35 30 35 43 38 43 45 30 35 40 25 30 38 
R42 32 36 42 34 38 42 33 37 41 31 36 38 
R43 28 33 42 30 35 42 29 34 41 28 33 38 
R44 25 30 42 27 32 42 25 30 41 24 29 38 
R45 25 30 42 28 33 42 26 31 41 33 37 38 
R46 24 29 42 29 34 42 25 30 41 30 34 38 
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a. Morning shoulder 0500–0700, day 0700–1800, evening 1800–2200, night 2200–0500. 
b. D-class stability, no wind. 
c. 3 m/s source to receiver wind during day & evening; F-class stability and 2 m/s source to receiver wind during night & AM shoulder.  
d. Noise enhancement due to wind is not a feature of the area for receivers to the south-east of the site.  

 

Table 13.4 Predicted noise levels – all operations (LAeq, 15min dB(A)) 

Receiver Trigger 
Level 

Pit 1 RM Pit 3 RM Pit 4 RM Pit 5 RM 

Predicted 
Level 

Predicted 
Level 

Predicted 
Level 

Predicted 
Level 

Calm a NE a Calm a NE a Calm a NE a Calm a NE a 
R5 42 41 45 41 46 35 39 34 38 
R9 45 39 41 39 42 43 47 39 42 
R11 43 32 37 36 41 40 45 c 33 38 

R12 43 34 39 37 42 41 46 c 34 39 

R12a 43 35 40 39 43 42 48 c 36 41 

R13 43 34 39 37 42 41 46 c 34 39 

R14 43 33 38 36 41 40 45 c 33 39 

R15 43 33 38 35 41 40 45 c 33 38 

R25 45 38 41 38 42 43 46 38 42 
R26 42 39 44 40 44 41 45 39 43 

R27 42 37 41 37 42 38 43 36 41 

R28 42 37 42 37 42 37 41 35 40 

R29 42 33 38 34 39 36 40 33 38 

R30 42 32 37 32 37 34 39 32 37 

R31 42 35 40 35 40 36 41 34 39 

R32 42 34 39 35 40 37 42 34 39 

R34 42 32 37 33 38 35 40 32 37 

R35 45 39 44 39 44 40 45 39 44 
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Receiver Trigger 
Level 

Pit 1 RM Pit 3 RM Pit 4 RM Pit 5 RM 

Predicted 
Level 

Predicted 
Level 

Predicted 
Level 

Predicted 
Level 

Calm a NE a Calm a NE a Calm a NE a Calm a NE a 
R42 42 39 44 39 44 38 42 36 41 
R43 42 34 38 34 39 35 40 33 38 
R44 42 30 35 31 36 32 37 31 36 
R45 42 31 36 31 36 33 38 31 36 
R46 42 30 35 31 36 33 38 30 35 

a. D-class stability, no wind. 
b. 3 m/s source to receiver wind during daytime.  
c. Noise enhancement due to wind is not a feature of the area for receivers to the south-east of the site.  
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Operational noise levels at sensitive receivers for manufacturing and solar farm operation only 
are predicted to comply with the project noise trigger levels at all nearby receivers during both 
calm and noise-enhancing meteorological conditions.  

Operational noise levels at sensitive receivers during all operating activities comply with the 
project noise trigger levels at nearby receivers during calm weather. There will be exceedances 
at R5, R9, R26, R27 and R42 when all activities occur concurrently during noise-enhancing 
meteorological conditions.  

The exceedances at R5, R26 and R42 occur during raw material extraction in Pit 1, assuming the 
Pit 5 noise bund has not been built. Therefore, construction of this bund will reduce noise impacts 
from Pit 1 and Pit 5.  

The exceedances at R9, R25, R26 and R27 are due to trucks on the VENM haul road and 
exceedances could occur at any time during quarrying. Constructing a 6 m high noise barrier 
(wall) along the northern boundary of the site immediately south of R9 and R25 (as proposed 
under Modification 3 to attenuate noise from the roof products manufacturing facility and quarrying 
in Pit 4) and extending this 6 m high noise barrier (by constructing an earth noise bund) along the 
northern side of the VENM haul road, would alleviate the need for the 2 m barrier on top of the 
existing brick making facility driveway noise bund recommended in Modification 3 (required to 
attenuate noise from quarrying in Pit 4). These proposed noise barriers and bunds are presented 
in Figure 1.2. 

The noise model was re-run incorporating these mitigation measures (Table 13.5), which 
indicated operational noise levels for the all operations scenario, would comply with the project 
noise trigger levels at all sensitive receivers during all operating times and during calm and noise-
enhancing meteorological conditions.  

Extending the 6 m high noise barrier by constructing a 6 m high earth noise bund along the 
northern side of the VENM haul road would have significant cost and is only required to prevent 
exceedances under noise-enhancing weather at four receivers. A more cost-effective approach 
may be to apply at-receiver treatments.  

The predicted exceedances are 1 dBA at R25 and R27 and 3 dBA at R9 and R26. If these 
exceedances were not treated i.e. the 6 m VENM haul road noise bund was not built, the residual 
noise impacts would be ‘negligible’ (≤2 dBA) and ‘marginal’ (3-5 dBA) residual impacts under the 
NPI, respectively. Marginal residual impacts could be discernible and should be treated by 
providing mechanical ventilation systems to enable windows to be closed without compromising 
internal air quality/amenity.  

Should at-receiver treatments be selected rather than extending the noise barrier along the VENM 
haul road, negotiated agreements with the relevant landowners should be sought and finalised 
prior to the importation of VENM. 
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Table 13.5 Predicted noise levels – all operations – with mitigation (LAeq, 15min dB(A)) 

Receiver Trigger 
Level 

Pit 1 RM Pit 3 RM Pit 4 RM Pit 5 RM 

Predicted Level Predicted Level Predicted Level Predicted Level 

Calm a NE a Calm a NE a Calm a NE a Calm a NE a 
R5 42 31 35 30 35 35 39 33 37 
R9 45 37 40 37 40 42 45 37 40 
R11 43 32 37 36 41 40 45 c 33 38 

R12 43 34 39 37 42 41 46 c 34 39 

R12a 43 35 40 39 43 42 48 c 36 41 

R13 43 34 39 37 42 41 46 c 34 39 

R14 43 33 38 36 41 40 45 c 33 39 

R15 43 33 38 35 41 40 45 c 33 38 

R25 45 36 40 37 40 42 45 37 40 
R26 42 32 37 33 38 38 42 33 37 
R27 42 32 37 33 38 36 41 33 38 
R28 42 33 37 33 38 36 40 34 39 
R29 42 31 36 31 36 35 40 32 37 
R30 42 30 35 30 36 33 38 31 36 
R31 42 32 37 32 37 35 40 33 38 
R32 42 31 36 32 37 35 40 32 37 
R34 42 31 36 31 37 34 39 31 36 
R35 45 38 43 39 43 40 45 38 43 
R42 42 33 38 33 38 37 41 35 39 
R43 42 31 36 31 36 34 39 32 37 
R44 42 29 34 29 34 31 36 30 35 
R45 42 29 34 29 35 32 37 30 35 
R46 42 29 34 30 35 33 38 30 35 

a. D-class stability, no wind. b. 3 m/s source to receiver wind during daytime. c. Noise enhancement due to wind is not a feature of the area for receivers to the south-east of the site.  
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Noise sources at night occurring over a short duration have the potential to cause sleep 
disturbance despite complying with project noise trigger levels. Maximum noise levels are 
predicted to be less than the sleep disturbance screening level at all receivers for all stages of the 
modification.  

13.2.2 Voluntary Land Acquisition and Mitigation Policy  

The VLAMP applies to the modification.  

The predicted noise levels comply with the project noise trigger levels at all sensitive receivers 
and do not exceed the acceptable noise level plus 5 dB in Table 2.2 of the NPfI on more than 
25% of any privately owned land where there is an existing dwelling or where a dwelling could be 
built under existing planning controls.  

Therefore, no voluntary mitigation or land acquisition rights, as prescribed by the VLAMP apply 
to sensitive receivers.   

13.2.3 Construction noise 

Noise levels at receivers were predicted for the construction activities associated with the solar 
farm and VENM haul road construction and are summarised in Table 13.6, with the CadnaA noise 
prediction software using the CONCAWE noise prediction algorithms during standard 
construction hours. In the event that a noise barrier/bund is constructed along the VENM haul 
road, the associated construction noise impacts would be within the range of impacts for the 
construction of noise barriers presented in the Modification 3 noise assessment.  

The predicted noise levels at receivers are compared to noise management levels (NML) for 
residences from EPA’s (2009) Interim Construction Noise Guideline in Table 13.6 with 
exceedances in bold.  

Construction noise levels are likely to exceed the NML at several receivers by 1-16 dBA. No 
exceedances of the 75 dBA highly affected level are predicted. 

Table 13.6 Predicted construction noise levels – solar farm (LAeq, 15min dB(A)) 

Receiver Predicted Level NML Exceedance 

Trenchinga Piling a Installationa Haul Road 
R5 25 34 24 63 47 16 dB 
R9 29 38 28 66 50 16 dB 
R11 44 54 43 43 48 -  
R12 47 56 46 44 48 - 

R12a 51 60 50 43 48 12 dB 

R13 45 54 44 46 48 6 dB 

R14 42 51 41 45 48 3 dB 

R15 42 52 41 45 48 4 dB 

R25 29 38 27 65 50 15 dB 

R26 26 35 25 61 47 14 dB 

R27 25 35 24 56 47 9 dB 

R28 25 34 23 56 47 9 dB 
R29 24 33 23 50 47 3 dB 
R30 23 32 22 48 47 1 dB 
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R31 24 33 23 52 47 5 dB 
R32 25 34 23 53 47 6 dB 
R34 24 34 23 49 47 1 dB 
R35 27 36 26 57 50 7 dB 
R42 25 34 24 59 47 12 dB 
R43 23 33 22 50 47 3 dB 
R44 21 30 19 45 47 - 
R45 22 31 21 46 47 - 
R46 24 33 23 44 47 - 

a Works associated with solar farm construction 

13.2.4 Road traffic noise – Martin Road 

There will be an increase in traffic volumes during operation of the modification. Noise associated 
with this increase at receivers along Martin Road was predicted using the UK Department of 
Transport’s (1988) Calculation of Road Traffic Noise) program for day and night periods.  

Existing (no build) and predicted (build) noise levels are compared to the EPA’s (2011) NSW 
Road Noise Policy (RNP) criteria in Table 13.6, with exceedances in bold. The RNP states that 
any increase in total traffic noise should be limited to 2 dBA above the ‘no build’ option. 

All reasonable and feasible mitigation measures should be implemented to reduce noise levels 
to the impact assessment criteria when the criteria are exceeded and the increase in noise levels 
due to a proposal are more than 2 dBA at a building façade. 

Six receivers (RN5, RN9, RN14, RN16, RN21 and RN22 (R34)) are predicted to experience 
significantly increased noise levels due to the modification and will require the mitigation 
described in Section 13.3. 

13.2.5 Martin Road and Elizabeth Drive intersection 

Road traffic noise 

As outlined in Section 2.4.4 the traffic impact assessment for Modification 3 concluded that the 
proposed increase in heavy vehicle volumes associated with Modification 3 would make the 
existing Martin Road-Elizabeth Drive intersection unsafe to use and recommended traffic signals 
would be the most appropriate intersection treatment. In developing the conceptual layout of the 
proposed signalised intersection and modelling its performance, the traffic engineers allowed for 
the additional heavy vehicles associated with the importation of VENM. Therefore, the signalised 
intersection conceptual layout presented in the Modification 3 EA accommodates both 
Modification 3 and Modification 4 vehicles and further upgrades to this intersection are not 
proposed or assessed in Modification 4. However, the noise specialist reassessed road traffic 
noise at this signalised intersection for Modification 4 with the increased truck volumes associated 
with VENM importation. The noise specialist determined the changes to the horizontal alignment 
of the through lanes are not significant when compared to the setback distance of nearby 
receivers. The road noise levels were predicted at the most potentially affected receiver locations 
along Elizabeth Drive immediately south of the intersection with Martin Road, with and without 
the proposed modification and signalised intersection. The predicted road noise levels at the 
façade of the most potentially affected receivers comply with the RNP impact assessment criteria 
and the increase in traffic noise levels due to the modification and signalised intersection is less 
than 2 dBA.  Therefore, a negligible impact to road noise from traffic continuing straight along 
Elizabeth Drive would be experienced. The CoRTN (Calculation of Road Traffic Noise) model 



 

CSR ADVANCED MANUFACTURING HUB 161 

does not account for traffic accelerating and decelerating at intersections, so existing levels of 
road noise should be qualified prior to this intersection being upgraded. This will allow any 
complaints or concerns raised by receivers’ post construction, to be measured against existing 
data, quantified and a determination made on whether architectural treatment should be offered 
to affected receivers. 

Construction noise 

Noise levels at receiver’s RN1 and RN2 were predicted for the construction activities associated 
with the proposed signalised intersection. There is the potential for construction noise levels to 
exceed NMLs by 23 dBA at RN1 and by 21 dBA at RN2. No exceedances of the 75 dBA highly 
affected level are predicted. 
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Table 13.7 Predicted road noise levels at the most affected residential facades 

Receiver Predicted LAeq,period 
Noise Levels 

Criteria Increase Exceed  
Criteria? 

Increase > 
2dB? 

Mitigate? Treatment 
Package 

No Build Build 
ID Address Day Night Day Night Day Night Day Night Day Night Day Night 
RN1 1970 

Elizabeth 
Drive  

45.6 39.7 51.8 44.2 60 55 6.2 4.5 N N Y Y N Nil 

RN2 10 Martin 
Road  

49.1 43.2 55.2 47.6 60 55 6.1 4.4 N N Y Y N Nil 

RN3 30 Martin 
Road  

46.9 41 53.1 45.5 60 55 6.2 4.5 N N Y Y N Nil 

RN4 40 Martin 
Road  

47.6 41.7 53.7 46.1 60 55 6.1 4.4 N N Y Y N Nil 

RN5 50 Martin 
Road  

55.4 49.5 61.5 53.9 60 55 6.1 4.4 Y N Y Y Y 2 

RN6 55 Martin 
Road  

53.9 48.1 60.1 52.5 60 55 6.2 4.4 N N Y Y N Nil 

RN7 50a 
Martin 
Road  

38.8 32.9 45.2 37.6 60 55 6.4 4.7 N N Y Y N Nil 

RN8 60 Martin 
Road  

42.2 36.3 48.4 40.8 60 55 6.2 4.5 N N Y Y N Nil 

RN9 65 Martin 
Road  

56.2 50.3 62.4 54.8 60 55 6.2 4.5 Y N Y Y Y 2 

RN10 70 Martin 
Road  

48.8 42.9 55 47.3 60 55 6.2 4.4 N N Y Y N Nil 

RN11 80 Martin 
Road  

41.9 36.0 48.2 40.5 60 55 6.3 4.5 N N Y Y N Nil 

RN12 90 Martin 
Road  

50.7 44.8 56.9 49.2 60 55 6.2 4.4 N N Y Y N Nil 

RN13 100 
Martin 
Road  

51.8 45.9 57.9 50.3 60 55 6.1 4.4 N N Y Y N Nil 
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Receiver Predicted LAeq,period 
Noise Levels 

Criteria Increase Exceed  
Criteria? 

Increase > 
2dB? 

Mitigate? Treatment 
Package 

No Build Build 
ID Address Day Night Day Night Day Night Day Night Day Night Day Night 
RN14 110 

Martin 
Road  

57.4 51.6 63.5 55.9 60 55 6.1 4.3 Y Y Y Y Y 2 

RN15 75 Martin 
Road  

54.2 48.4 60.4 52.8 60 55 6.2 4.4 N N Y Y N Nil 

RN16 120 
Martin 
Road  

57.8 52.0 63.9 56.3 60 55 6.1 4.3 Y Y Y Y Y 2 

RN17 85 Martin 
Road  

52.6 46.7 58.8 51.2 60 55 6.2 4.5 N N Y Y N Nil 

RN18 140 
Martin 
Road  

41.8 35.9 48.2 40.6 60 55 6.4 4.7 N N Y Y N Nil 

RN19 150 
Martin 
Road  

45.4 39.5 51.6 44 60 55 6.2 4.5 N N Y Y N Nil 

RN20 160 
Martin 
Road  

47.5 41.6 53.7 46.1 60 55 6.2 4.5 N N Y Y N Nil 

RN21 170 
Martin 
Road  

56.0 50.1 62.1 54.5 60 55 6.1 4.4 Y N Y Y Y 2 

RN22 
(R34) 

165 
Martin 
Road  

57.5 51.7 63.7 56.1 60 55 6.2 4.4 Y Y Y Y Y 2 

RN23 165A 
Martin 
Road  

54.2 48.3 60.4 52.8 60 55 6.2 4.5 N N Y Y N Nil 

RN24 
(R32) 

180 
Lawson 
Road  

44.7 38.8 51.3 43.7 60 55 6.6 4.9 N N Y Y N Nil 

RN25 
(R35) 

195 
Martin 
Road  

47.0 41.0 56.5 48.6 60 55 9.5 7.6 N N Y Y N Nil 
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Receiver Predicted LAeq,period 
Noise Levels 

Criteria Increase Exceed  
Criteria? 

Increase > 
2dB? 

Mitigate? Treatment 
Package 

No Build Build 
ID Address Day Night Day Night Day Night Day Night Day Night Day Night 
RN26 
(R25) 

211 
Martin 
Road  

39.2 33.2 45.9 38.3 60 55 6.7 5.1 N N Y Y N Nil 

RN27 
(R9) 

211a 
Martin 
Road  

37.7 31.7 44.4 36.8 60 55 6.7 5.1 N N Y Y N Nil 
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13.3 Residual impacts and management measures  

The predicted potential noise exceedances will require the implementation of mitigation and 
management measures to reduce the potential impact of construction and operation of the 
modification. 

The predicted operational exceedances are a result of:  

 quarrying in Pit 1; and 
 trucks on the VENM haul road. 

To mitigate the exceedances associated with raw material extraction in Pit 1, the 8 m high noise 
bund on the property boundary to the north of Pit 5 can be built earlier, prior to the commencement 
of raw material extraction in Pit 1. If the 8 m noise bund can’t be constructed prior to the 
commencement of raw material extraction in Pit 1, CSR could carry out architectural treatments 
to affected residences to mitigate these noise impacts if agreed to by affected landowners.  

To mitigate the exceedances associated with trucks travelling on the VENM haul road, CSR 
propose to construct a 6 m high noise barrier/bund along the northern side of the VENM haul 
road. This would have significant cost and is only required to prevent exceedances under noise-
enhancing weather at four receivers. A more cost-effective approach may be to apply at-receiver 
treatments. The predicted exceedances are 1 dBA at R25 and R27 and 3 dBA at R9 and R26. If 
these exceedances were not treated i.e. the 6 m VENM haul road noise bund was not built, the 
residual noise impacts would be ‘negligible’ (≤2 dBA) and ‘marginal’ (3-5 dBA) residual impacts 
under the NPI, respectively. Marginal residual impacts could be discernible and should be treated 
by providing mechanical ventilation systems to enable windows to be closed without 
compromising internal air quality/amenity. Should at-receiver treatments be selected rather than 
extending the noise barrier along the VENM haul road, negotiated agreements with the relevant 
landowners should be sought and finalised prior to the importation of VENM. 

Compliance with the project noise trigger levels has been demonstrated based on the 
implementation of several noise barriers. However, the noise barriers identified in this assessment 
may not represent the most desirable barrier designs based on other factors such as cost and 
ease of construction. Therefore, should more desirable barrier designs be identified during the 
detailed design phase, which are demonstrated to effectively mitigate operational noise levels 
down to the project noise trigger levels, then these alternative barrier designs should be adopted. 
For instance, the noise bund to the north of Pit 5 may be extended eastwards, parallel to the 
northern boundary, and joined with the barrier in the north-eastern corner of the site, allowing the 
VENM haul road noise barrier/bund to be omitted. Additionally, the barriers identified in this 
assessment are each modelled at a fixed height. The detailed design process may also identify 
sections of some noise bunds that may be reduced in height without compromising compliance 
with noise trigger levels. Therefore, CSR seeks flexibility in changing the height and location of 
noise attenuation structures if it can be demonstrated through adequate noise modelling that 
noise levels at sensitive receivers will still meet the project noise trigger levels. 

With respect to the proposed upgrade to the Martin Road-Elizabeth Drive intersection, prior to 
construction taking place, existing road noise levels would be qualified to determine if architectural 
treatment should be offered to receivers raising complaints about increased road noise levels. 

The assessment determined the six residences affected by road noise will require the ‘Type 2’ 
treatment package from RMS’s (2015) At-receiver Treatment Guideline.  

Identified noise mitigation management measures will reduce predicted operation and 
construction noise emissions from the modification to comply with the noise trigger levels at 
affected receivers. Architectural treatments will be required at the residences predicted to be 
affected by road noise. 
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A construction noise management plan will be prepared and implemented during construction of 
the modification to manage noise exceedances. 

The NMP will be updated to incorporate the Modification 4 works and noise mitigation and 
management measures. 
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CHAPTER 14  
VISUAL AMENITY  

  



 

168 CSR ADVANCED MANUFACTURING HUB 

 

  



 

CSR ADVANCED MANUFACTURING HUB 169 

14 VISUAL AMENITY 
Potential impacts of the site on the visual amenity of sensitive receivers were assessed. The 
visual impact assessment report is in Appendix M, which is summarised in this chapter. 

14.1 Existing environment 

Visual amenity around the site is characterised by rural/agricultural viewscapes, with some 
dispersed residences, industrial/commercial premises and tree lined waterways. Tall and dense 
vegetation along Badgerys and South creeks provide visual screening to the site from the west 
and east.  

Visual amenity within the site is characterised by extractive and industrial infrastructure, for 
example, the central hardstand yard, brickmaking facility, quarry pits, sediment basins and noise 
bunds. 

14.2 Impact assessment 

Impacts to landscape character and key viewpoints were assessed in terms of their sensitivity 
and magnitude of change. The assessment method and results are summarised in this section. 

14.2.1 Potential visual concerns  

Studies have determined that the public’s main concern with renewable energy is visual intrusion, 
with the main aspects of this concern summarised in Table 14.1. 

Table 14.1 Public concerns with visual impacts 

Aspect Description 
Scale Large scale solar facilities can occupy very large land areas, have regular, 

strong geometry, and can be visible for long distances. However, they are 
generally low to the ground, have low visual contrast, and can appear as 
shadows from a distance. 

Glint and glare Glint is a momentary flash of light. Glare is a longer and for some time 
continuous source of light reflection. The proposed PV solar modules will be 
non-reflective and do not use concentrating mirrors. 

Light refraction A ‘mirage’ effect (glittering or shimmering) may be observed at PV facilities. 
The mirage effect is not bright enough to cause discomfort. It is likely to be 
only observed during certain times of day and from certain viewing positions. 

Geometric pattern 
and viewer position 

Viewer position in relation to the layout of PV modules also affects the 
appearance of the solar farm. The proposed PV panels will face east in the 
morning and west in the afternoon. If a viewer was east of the site, the 
panels would appear blueish in the morning, and dark/black in the afternoon. 
If a viewer was west of the site, the panels would appear dark in the 
mornings and blueish in the afternoon. No public viewers are likely to have 
direct views of the proposed solar panels. 

Aviation  Aviation warning lights are required for towers and other tall structures which 
may be a hazard to aircraft. Normally these would be red flashing lights. As 
the proposed solar panels will be low-profile, aviation warning lights are not 
required. 

Movement  Fixed solar panels are permanently oriented toward one aspect (north). 
Tracking PV solar panels slowly follow the daily transverse of the sun in a 
180 degree turn. Although solar panels may change their orientation during 
the day, the movement is usually very slow and not apparent in short-
duration views. 
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Skylining  Skylining occurs when structures are placed on ridgelines, summits, or other 
locations where they would be silhouetted against the sky. The proposed PV 
solar panels will be low-profile at 2.1 m high and will be on low-lying ground. 

Ancillary structures PV solar farms may require inverters and ancillary structures to be installed 
across the site. The colour of such ancillary structures may contrast against 
the landscape of the solar fam and could draw attention to the multiple 
structures laid out in a grid pattern across the farm. The use of darker, more-
recessive colours can lower visual contrast and potential visual impact. 

 

14.2.2 Method 

Sensitivity refers to the type and nature of receptors in the area, how sensitive the area is to 
change, and the value attached to the landscape. Magnitude refers to the size and scale of 
proposed change, its reversibility and duration. 

Sensitivity is ranked in Table 14.2 and magnitude of change is ranked in Table 14.3. The ranks 
are combined in Table 14.4 to rate the level of impact. 

Table 14.2 Sensitivity ranking 

Sensitivity  Criteria  
High  Landscape or heritage of high to very high conservation value. 

 Public views with a high to very high number of users. 
 Viewers are in proximity. 
 The site has a high visual prominence. 
 Viewers have opportunity for prolonged or stationary views. 

Moderate   Landscape or heritage of moderate conservation value. 
 Public views with a moderate to high number of viewers. 
 Viewers are in close or moderate proximity. 
 The site is visually prominent. 
 Private views in proximity with mostly unimpeded views. 

Low   Some landscape or heritage conservation value but of lower visual value. 
 Public views for a small number of users. 
 Viewers at a more distant proximity. 
 Site is less visually prominent. 
 Viewers have short-time period to view / transitory views. 

Negligible   Landscape has no or very little heritage or visual value. 
 Very few people can view. 
 Viewers are long distance from site. 
 Site is not visually prominent. 
 Viewers have short time period to view / no private/stationary views. 

 

Table 14.3 Magnitude of change ranking 

Magnitude  Criteria  
High   Significant size and extent of area affected. 

 Permanent and irreversible change. 
 The project forms a significant and immediately apparent part of the scene, and one 

that significantly contrasts in scale and character (either existing or planned) and is 
severely detrimental to the quality of the scene. 

Moderate   Moderate in size and extent of area affected. 
 Temporary, or if permanent, effects reduced over time. 
 The project becomes the dominant feature of the scene to which other elements 

become subordinate, and one that significantly contrasts in scale and character 
(either existing or planned), possibly reducing the quality of the scene. 

Low   Small in size and extent of area. 
 Temporary, or if permanent, visual effects able to be reduced substantially. 
 The project forms a visible and recognisable new element within the overall scene, 

yet one that is relatively compatible with the surrounding character (either existing or 
planned). 
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Negligible   The project constitutes only a minor component of the wider view, which might be 
missed by the casual observer or receptor. Awareness of the project would not have 
a marked effect on the overall quality of the scene. 

 

Table 14.4 Landscape character and visual impact grades 

Magnitude 

Se
ns

iti
vi

ty
 

 High Moderate Low Negligible 
High High impact Moderate-high 

impact 
Moderate 
impact 

Negligible 
impact 

Moderate Moderate-high 
impact 

Moderate 
impact 

Low-moderate 
impact 

Negligible 
impact 

Low Moderate 
impact 

Low-moderate 
impact 

Low impact Negligible 
impact 

Negligible Negligible 
impact 

Negligible 
impact 

Negligible 
impact 

Negligible 
impact 

 

14.2.3 Landscape character 

Sensitivity 

Visual changes will occur in parallel to the modification as the area has been identified by the 
NSW Government for significant investment and infrastructure growth related to the adjoining 
WSA.  

The site has low visual sensitivity as it is not visually prominent to the public, does not have 
particular landscape conservation value, has been modified for extractive and industrial uses and 
will be subject to significant future growth. 

Magnitude of change 

Visual changes will occur at Pit 1 and the eastern portion of the site (solar farm). These changes 
will occur in parallel with works already permitted under the Project Approval and Modification 3 
(if approved). 

There will be a low magnitude of change to the landscape during activities at Pit 1 as they will be 
similar to, and use the same equipment as, approved activities.  

Construction and operation of the solar farm will have a moderate magnitude of change as it will 
be a new element in the viewscape and in an area previously used for grazing. However, there 
will also be a roof products manufacturing facility in the eastern portion of the site should 
Modification 3 be approved, and the solar farm will have a low profile. 

Level of impact 

The low sensitivity and magnitude of change associated with activities at Pit 1 will result in a low 
level of impact. The low sensitivity and moderate magnitude of change associated with the solar 
farm will result in a low-moderate level of impact. 

14.2.4 Changes to viewpoints 

Direct views into the site are limited due to the undulating terrain, existing vegetation along roads 
and creeklines, limited public access, and lack of high vantage points in the vicinity.  



 

172 CSR ADVANCED MANUFACTURING HUB 

Potential sensitive viewing locations such as residences and publicly accessible areas such as 
local roads were identified during a site inspection. Access to private properties was not possible 
so visibility was assessed from the closest public access to each viewpoint. 

The five receptors from the original EA were assessed (Table 14.6) and are summarised in Table 
14.5. Nearby commercial, agricultural and industrial premises were not included as viewpoints as 
they are not considered to be sensitive. 

Table 14.5 Viewpoints  

Viewpoint Location 
VP1 (not assessed further as within project footprint) Dairy farmer’s residence 
VP2 Martin Road 
VP3 Lawson Road 
VP4 Victor Avenue 
VP5 (previously residences on Longleys Road which have been 
demolished for the WSA) 

Longleys Road 

 

Future changes to visibility and local character were considered during the assessment, in 
particular, the anticipated NSW Government precinct-wide changes associated with the adjoining 
Western Sydney Aerotropolis. 
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Table 14.6 Visual impact assessment summary 

View 
point 

Description Existing view  Sensitivity  Magnitude of change Impact  

VP2 Three private 
properties at 
the southern 
end of Martin 
Road near the 
site entrance, 
including views 
from Martin 
Road. 
In proposed 
Badgerys 
Creek precinct. 

The elevated ridge 
and leased 
residence in the 
eastern portion of 
the site is visible to 
the south. 
Neither Pit 1 nor the 
proposed solar farm 
location are visible. 
If approved, the roof 
products 
manufacturing 
facility, subject of 
Modification 3, will 
be built south of this 
viewpoint, which will 
block views further 
south. 

Low 
 This viewpoint is 

unlikely to provide 
private views of the 
proposed solar farm site 
or Pit 1. 

 The viewpoint does not 
provide public views to 
the proposed solar farm 
site or Pit 1. 

 There will be no viewers 
near Pit 1 or the 
proposed solar farm.   

 There will be changes 
to the rural setting 
associated with the 
WSA and 
Modification 3. 

 

Low  
 The proposed solar farm will be on a low-lying area with low visual 

prominence. 
 The proposed solar farm will have a low profile (a maximum height 

of 2.1 m for the panels). 
 The solar farm will not be visible as it will be screened by the ridge 

and proposed roof products manufacturing facility. 
 

Low 

VP3 Private 
properties at 
the southern 
end of Lawson 
Road, along 
the northern 
site boundary 
and on an 
elevated ridge.  
Includes the 
views from 
Lawson Road. 
In proposed 
Badgerys 
Creek precinct. 

Views to the 
proposed solar farm 
location are 
prevented by 
elevation and 
vegetation.  
Pit 1 is not visible 
from Lawson Road. 

Low 
 Provides limited views 

of the site for several 
private residences and 
public views for a small 
number of road users. 

 Viewers are not near 
Pit 1 or the proposed 
solar farm location. 

 Major development 
changes are planned in 
the area in connection 
with the WSA. 

Low 
 The proposed solar farm and activities associated with the solar 

farm will not be visible. 
 Pit 1 activities, if visible from residences, will be similar to 

quarrying activities already approved at the site, and use the same 
equipment.  

 

Low 
 

VP4 Residences on 
the eastern 
edge of the 
future South 

Views of the site are 
prevented by 
elevation and 
vegetation. 

Low 
 May provide views from 

the rear yard of private 
residences to the solar 
farm footprint, however, 

Low 
 Activities associated with Pit 1 will not be visible. 

Low 
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View 
point 

Description Existing view  Sensitivity  Magnitude of change Impact  

Creek green 
corridor.  
lower than the 
site and largely 
concealed by 
dense 
vegetation 
along South 
Creek. 
Includes views 
from Victor 
Avenue. 

Views to the solar 
farm footprint are 
possible from the 
rear boundary of 
residential 
properties. Such 
views will be partially 
screened and 
framed by existing 
trees. 
Pit 1 will not be 
visible from Victor 
Avenue. 

these views will be 
partially screened by 
dense vegetation. 

 Does not provide public 
views. 

 The proposed solar farm, if visible, will be low-profile (a maximum 
of 2.1 m high panels and several freestanding, 2.9 m high inverter 
stations). 

 The solar farm panels will be dark and non-reflective. 
 South Creek is planned to remain a green, vegetated, corridor and 

will continue to screen the site.  
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14.3 Residual impacts and management measures 
There could be views of the proposed solar farm from one receptor: VP4 (Victor Avenue). Vegetation 
along South Creek limits private views from VP4. However, there could be views from the rear of 
several private properties to the solar farm, which will be filtered and framed by existing trees. 

The site is in an area which will be subject to significant change in the near future associated with 
construction and operation of the WSA. Therefore, changes to landuse and the visual character of the 
area are going to occur in parallel with the development and operation of the site.  

The site has some characteristics which reduce its potential for visual impact, for example there are 
few residences with views to the site, the nearest public roads are no-through roads so there are limited 
opportunities for public views of the site and there are riparian corridors which screen the site. 

Management measures will be implemented to reduce the modification’s visual impacts further, which 
are described in Section 8.2 of Appendix M. For example, solar panel support structures will be non-
reflective and amber lighting will be used instead of blueish-white lighting. 

The modification will represent a low level of change to the landscape character of the site and its 
surrounds, and a low impact to private and public viewpoints. 
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TRAFFIC AND TRANSPORT  
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15 TRAFFIC AND TRANSPORT  
Potential traffic impacts of the modification on the local road network were assessed. The traffic 
impact assessment report is in Appendix N, which is summarised in this chapter. The 
assessment included traffic associated with Modification 3 as, assuming it is approved, the 
modifications are likely to commence around the same time in 2021. 

15.1 Existing environment  

15.1.1 Roads and intersections 

The site is accessed via Elizabeth Drive and Martin Road. Elizabeth Drive is a state arterial road, 
which has a sealed two-way carriage way with a speed limit of 80 kph in Badgerys Creek. Martin 
Road is an approximately 2.1 km long sealed two-way council owned local road with variable road 
width.  

The Elizabeth Drive and Martin Road intersection is a channelised T-junction with single east and 
west bound lanes, a left turn deceleration lane (CHL treatment), a right turn auxiliary lane to 
enable the left turn out of Martin Road; and flaring in Martin Road to accommodate a single left 
and right turning vehicle. There are give way signs on Martin Road and its speed limit at the 
intersection is 60 kmh. 

The intersection is approximately 120 m east of the intersection to Kemps Creek Waste Facility, 
which is a T-junction with a right turning lane in Elizabeth Drive (CHL treatment). 

Sight distances to and from the Martin Road intersection along Elizabeth Drive meet Austroads 
standards. However, trucks in the right turn bay at the waste facility intersection impede the sight 
of eastbound vehicles in the western approach of Elizabeth Drive, as well as for vehicles turning 
right out of Martin Road. 

15.1.2 Traffic volumes 

There were automatic and classification vehicle counts on Martin Road and weekday AM and PM 
counts at the Martin Road/Elizabeth Drive intersection in May 2018. RMS counts traffic on 
Elizabeth Drive approximately 8.4 km east at Cecil Hills  

Average weekday and Saturday two-way vehicle volumes on Martin Road are summarised in 
Table 15.1. 

Table 15.1 Average weekday and Saturday two-way vehicle volumes – Martin Road 

Day Total two-way volume Heavy vehicles % heavy vehicles 
Weekday 877 361 41.2% 
Saturday 555 126 22.7% 

 

The AM and PM peak hour traffic volumes using the Martin Road/Elizabeth Drive intersection 
along Elizabeth Drive are summarised in Table 15.2. 

Table 15.2 AM and PM peak hour traffic volumes on Elizabeth Drive at Martin Road-Elizabeth Drive 
intersection 

Peak hour Elizabeth Drive 
Eastbound (vph) Westbound (vph) 

0700-0800 807 395 
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1615-1715 420 770 
 

The AM and PM peak hour traffic volumes turning out of the Martin Road/Elizabeth Drive 
intersection from Martin Road are summarised in Table 15.3. 

Table 15.3 AM and PM peak hour traffic volumes onto Martin Road-Elizabeth Drive intersection – 
Martin Road 

Peak hour Martin Road 
Left (vph) Right (vph) 

0700-0800 5 19 
1615-1715 22 52 

15.1.3 Intersection performance  

The performance of the Martin Road-Elizabeth Drive intersection was analysed using the 
SIDRA 8 program in comparison to the level of service (LoS) criteria in RMS’ (2002) Guide to 
Traffic Generating Developments, which are replicated in Table 15.4. 

Table 15.4 Intersection LoS criteria  

Level of 
Service 

Average Delay per 
Vehicle (secs/veh) 

Traffic Signals, 
Roundabout 

Give Way & Stop Signs 

A <14 Good operation Good operation 

B 15 to 28 Good with acceptable 
delays and spare capacity 

Acceptable delays and spare 
capacity 

C 29 to 42 Satisfactory Satisfactory, but accident 
study required 

D 43 to 56 Operating near capacity Near capacity and accident 
study required 

E 57 to 70 At capacity; at signals, 
incidents will cause 
excessive delays. 
Roundabouts require other 
control mode 

At capacity, requires other 
control mode 

F >70 Intersection is 
oversaturated 

Oversaturated, requires 
other control mode 

 

The SIDRA analysis for the intersection determined it has LoS B, with acceptable delays and 
spare capacity. The average delay for the right turn out of Martin Road is between 20.7-27.8 
seconds per vehicle. The right turn out of Martin Road, which experiences the longest delays, is 
the major turning movement in Martin Road 

15.1.4 Future roads and development 

Land adjacent to Martin Road and Elizabeth Drive is likely to be developed during the next decade 
and is shown as ‘flexible employment land’ in the NSW Government’s (2018) Western Sydney 
Aerotropolis Landuse and Infrastructure Implementation Plan. 
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Elizabeth Drive will be upgraded from a two-lane road to a four-lane road with provision for six 
lanes to cater for future development associated with the Airport. However, no details are 
available as to the timing or the concept design of the road. 

15.2 Impact assessment 

The assessment was based on traffic volumes for 2021 and 2026, which is when the modifications 
will be operational. RMS has indicated that Elizabeth Drive will need to be upgraded as described 
above, including traffic signals at the Martin Road-Elizabeth Drive intersection. 

Traffic associated with other incomplete construction projects in the area have been included as 
part of the background traffic growth on Elizabeth Drive from 2018-2022. 

Mirvac is proposing an industrial development on land on the northern side of Elizabeth Drive, 
opposite Martin Road. The development could be accessed via the Martin Road-Elizabeth Drive 
intersection and could generate 404 vph during the AM and PM peak hours in Stage 1 and 
909 vph during the AM and PM peak hours in the combined stages 1 and 2. 

15.2.1 Project traffic generation 

Predicted weekday inbound and outbound trips to and from site associated with Modification 3 
are summarised in Table 15.5 and for Modification 4 in Table 15.6.  

Vehicles associated with Modification 3 will be employee, visitor and customer light vehicles and 
heavy vehicles transporting raw materials and finished products. Vehicles associated with 
Modification 4 will be heavy vehicles transporting VENM and light vehicles for VENM 
emplacement supervisors. There will only be occasional vehicles associated with operation of the 
solar farm. 

Table 15.5 Weekday vehicle trips to and from site – Modification 3 

Trip Light and small heavy vehicles Heavy 
vehicles 

Total 
Employees Visitors 

inc 
display 
centre 

Customers 

In  123 60 49 272 504 
Out  123 60 49 272 504 

 

Table 15.6 Weekday vehicle trips to and from site – Modification 4 

Trip Light and small heavy vehicles Heavy vehicles Total 
In  4 200 204 
Out  4 200 204 

 

There will also be a total of 742 vehicle movements (371 in and 371 out) on Saturdays, of which 
358 will be trucks (179 in and 179 out).  

Predicted weekday peak hour inbound and outbound trips to and from site are summarised in 
Table 15.7 for Modification 3 and Table 15.8 for Modification 4. 

Table 15.7 Weekday peak hour vehicle trips to and from site – Modification 3 

Peak hour Vehicles  
Light and small heavy Heavy 
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In  Out In  Out 
0700-0800 32 7 33 33 
1615-1715 22 97 23 23 

 

Table 15.8 Weekday peak hour vehicle trips to and from site – Modification 4 

Peak hour Vehicles  
Light and small heavy Heavy 
In  Out In  Out 

0700-0800 2 2 18 18 
1615-1715 2 2 18 18 

 

Combined peak hour traffic generation will be: 

 85 inbound trips and 58 outbound trips in the AM peak hour of which 51 inbound and 51 
outbound trips will be heavy vehicles; and 

 63 inbound trips and 140 outbound trips in the PM peak hour, of which 41 inbound and 41 
outbound trips will be heavy vehicles. 

Heavy vehicle origins and destinations to and from the site are predicted to be: 

 75% to and from the east along Elizabeth Drive towards M7; and 
 25% to and from the west along Elizabeth Drive to and from The Northern Road. 

Cash sales, visitors and employee trips are predicted to have the same origins and destinations 
as the heavy vehicles. 

15.2.2 Intersection impacts using current intersection in 2021 

SIDRA was used to model the impacts of predicted traffic on Elizabeth Drive plus site related 
traffic in 2021. The analysis determined LoS would be E in the AM peak hour and F in the PM 
peak hour, which indicate the intersection would be at capacity in the AM and oversaturated in 
the PM. Delays for vehicles turning right from Martin Road onto Elizabeth Drive would be 68.9-
167.4 seconds. 

15.2.3 Intersection impacts using traffic signal control in 2021 and 2026 

Given the predicted unsatisfactory performance of the existing intersection in 2021, other 
intersection treatments were assessed to improve performance. Any treatment would be 
temporary until Elizabeth Drive was widened to accommodate traffic associated with the WSA. 

A two-lane roundabout was ruled out as it would have LoS F from an approach in 2026 and would 
be unsafe for pedestrians. 

The assessment determined traffic signals would be the most appropriate interim intersection 
treatment. A signalised intersection would have LoS A during the AM and PM peak hours in 2021 
and 2026 with low vehicle delays of 11.8-13.37 seconds. 

The signalised intersection will be constructed during Modification 3 and is described in the EA 
accompanying the Modification 3 application. 

The signalised intersection was remodelled with additional traffic associated with Modification 4. 
The intersection will have LoS A/B in the peak hours, which represents good operation with 
acceptable vehicle delays and spare capacity. Average vehicle delays will be 12.3-15 seconds. 
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15.2.4 Road impacts  

The increased traffic associated with the modification will not impact the safety or capacity of 
Martin Road. However, the increased heavy vehicles will contribute to pavement deterioration 
and CSR will contribute to the upfront upgrade of Martin Road and will continue making annual 
road maintenance contributions as required under Condition 28 of the Project Approval. CSR is 
in advanced discussions with LCC on their contribution to the upfront upgrade of Martin Road and 
for ongoing road maintenance, has provided LCC with a draft agreement for review and intend to 
sign an agreement with LCC prior to the commencement of Modification 3 works.  

The additional traffic generated by Modification 3 and 4 will have relatively minor impacts on the 
existing and future state road network in Badgerys Creek. 

15.2.5 Intersection impacts with Mirvac development 

Preliminary traffic modelling for 2026 with stages 1 and 2 of the proposed Mirvac development as 
well as the modifications and future traffic growth on Elizabeth Drive shows that the intersection 
would have a satisfactory operation with a LoS C. 

The intersection layout will be further refined in consultation with RMS, when Mirvac finalises its 
development proposal. 

15.2.6 Construction impacts 

There will be 10 inbound/outbound light vehicle and 2 inbound/outbound heavy vehicle trips per 
day during construction of the solar farm. It is unlikely that oversize vehicles will be required during 
the construction of the solar farm because the inverters, solar panels and supports can be 
accommodated on typical heavy vehicles. However, if oversize vehicles are required, then 
oversized vehicle traffic management procedures will be included in the construction 
environmental management plan to manage  oversize vehicle movements to RMS and LCC 
standards. The signalized Martin Road-Elizabeth Drive intersection will have been constructed by 
the time construction of the solar farm commences, and this minor volume of construction vehicles 
will not impact intersection performance. 

15.2.7 Other matters 

VENM truck access is described in Section 3.3.1 and access to the solar farm is described in 
Section 3.4.5. The dedicated VENM haul road entrance off Martin Road will be designed to 
relevant Australian standards. 

No vehicle parking areas will be required for Modification 4. 

15.3 Residual impacts and management measures  

Modelling of potential impacts to the Martin Road-Elizabeth Drive intersection during operation of 
the site with approved project, Modification 3 and Modification 4 light and heavy vehicle volumes 
determined impacts would be satisfactory, with performance of LoS A/B during peak hours. This 
performance would change to LoS C, which is satisfactory, should the Mirvac development be 
approved to the north of the intersection.  

It is acknowledged the intersection will require upgrades during the future widening of Elizabeth 
Drive to accommodate traffic associated with the WSA.  
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16 BUSHFIRE 
Bushfire risks to the solar farm were assessed, as part of the site contains category 1 bushfire 
prone vegetation and its surrounding 100 m buffer, according to the LCC Bushfire Prone Land 
Map (Figure 16.1). Even though the solar farm will not be permanently occupied by people, the 
risks still need to be assessed against the aim and objects of RFS (2006) Planning for Bushfire 
Protection (PBP). 

16.1 Existing environment 

The existing bushfire hazard was evaluated by analysing slope and vegetation.  

The availability and amount of fuel in an area of vegetation affects the intensity of a bushfire. 
Vegetation was determined within 140 m of the proposed structures, which comprises 2 ha of 
alluvial woodland along a flood channel of South Creek to the south-east of the solar farm site. 
There could be a risk of grass fires in paddocks around the proposed structures. However, CSR 
will continue the grazing lease in these areas, which will reduce the amount of fuel and the risk of 
grass fires spreading to the structures.  

Steeper slopes can significantly increase the rate of spread of fires. Each 10 degree increase or 
decrease in slope can double or halve, respectively, the rate of fire spread. The slope under the 
alluvial woodland, paddocks and riparian vegetation corresponds to PBP slope class ‘downslope 
0-5 degrees’. This is a gentle gradient and would not contribute significantly to the rate of spread 
of a fire.  

Fuel distribution and wind direction and speed would be the primary influences of rate of spread 
in the modification site. 

16.2 Impact assessment 

A development on bushfire prone land (Figure 16.1) must contain bushfire protection measures, 
with the modification assessed against these measures below.  

16.2.1 Defendable space 

PBP requires consideration of a managed hazard separation area around buildings for firefighting 
purposes, referred to as ‘defendable space’. The dimensions of the defendable space must allow 
access around an asset and enable defensive firefighting operations. 

The proposed layout allows access around the solar farm for the manoeuvrability of large vehicles 
used in day-to-day operations of the facility. The defendable spaces will remain cleared of 
vegetation. 
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16.2.2 Building construction 

The National Construction Code does not provide specific bushfire performance requirements for 
the type of development proposed. Therefore, the building and construction requirements of PBP 
and Australian Standard 3959-2009 Construction of buildings in bushfire prone areas do not 
apply.  

Staff will not reside at the site and will be familiar with the access routes should an evacuation be 
necessary. 

The bushfire attack level (BAL) for potential buildings in the solar farm site was determined to 
understand the level and type of bushfire attack future development could experience in a worst-
case scenario should the surrounding paddocks experience a grassfire. 

If there was a grass fire in the paddocks, the BAL for the inverter within 50 m of grassland will be 
BAL-12.5. BAL-12.5 is the lowest level for buildings within 100 m of a hazard and is predominantly 
concerned with protection from ember attack.  

Given the construction type of the buildings and the low threat presented by the surrounding 
lands, there is insufficient risk to warrant the application of specific bushfire construction 
requirements in this case. 

16.2.3 Access 

The modification provides adequate public road access, property access roads and defendable 
space. 

The site is accessed by Martin Road to the north which complies with the public road design and 
construction standards in PBP. Martin Road provides the required level of access for fire-
response and egress for evacuation as it leads away from the bushfire hazard and is flanked by 
cleared and managed lands.  

The existing and proposed property access roads will provide adequate emergency vehicle 
access and will be suitable for defendable space requirements. The modification complies with 
PBP property access road requirements. Additional access provisions are not required to support 
the proposed modification. 

16.2.4 Water supply and utilities 

The modification will require fire hydrants to be installed to comply with Australian Standard 
2419.1-2005 Fire Hydrant Installations – System Design, Installation and Commissioning so that 
all sides of a building envelope are within 70 m of a hydrant by lay of the hose (or 90 m with a 
tanker parked in-line maximum 20 m from the hydrant). 

Where overhead electrical transmission lines are installed, the vegetation clearance distances 
are to comply with ISSC 3 Guideline for Managing Vegetation Near Power Lines. 

Any gas services are to be installed and maintained in accordance with Australian New Zealand 
Standard 1596-2008 The storage and handling of LP gas. 

16.3 Residual impacts and management measures 

The bushfire hazard consists of remnant woodland to the north east of the solar farm. The 
remainder of the surrounding lands consist of the existing brickmaking facility and cleared 
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paddocks. Surrounding vegetation represents a low bushfire risk and the proposed modification 
conforms with the requirements of the aim and objectives of PBP. 

The water supply and utility requirements for the modification will be further investigated and 
established during the detailed design phase. 
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17 OTHER ENVIRONMENTAL CONSIDERATIONS 

17.1 Historic heritage 

A residential dwelling owned by CSR is the only known built structure on CSR owned land outside 
the approved project boundary. This dwelling and the land owned by CSR located outside the 
approved project boundary is not heritage listed. Therefore, the potential to impact on historic 
heritage items is low. 

The proposed construction of the solar farm will take place on grazing land and will not impact on 
any historic heritage values. Further extraction in Pit 1 will be within the existing pit disturbance 
footprint on land previously assessed as part of the approved project 

17.2 Rehabilitation 

As outlined in Section 2.4.7, the original EA included a Rehabilitation Strategy and a RMP was 
prepared in accordance with the Project Approval.  

The approved quarrying approach and final landform is to extract clay from pits 3, 4 and 5, backfill 
Pit 2 with burden from these quarry pits, use Pit 1 as the primary water storage and leave pits 1, 
3, 4 and 5 as open voids at the end of the project life which will slowly fill with water. The RMP 
also includes revegetation of Pit 2 and some of the stockpile areas. 

Rehabilitation within the project site includes fencing, planting and weed control along Badgerys 
Creek and the tributary extending into the lower eastern portion of the site. A 60 m riparian buffer 
was adopted and includes the amalgamation of an ecological (50 m) and aboriginal heritage 
(additional 10 m) setback.  

Under Modification 4, open voids will be dewatered and backfilled with burden and VENM, 
changing the surface water management approach from an inward to an outward draining site. 
The engineered backfill of pits to natural ground level will allow for future development of the site 
as part of the WSA aerotropolis. Until such time as the site is redeveloped, backfilled pits will be 
progressively grassed to provide a stable land form that does not generate dust or sediment from 
erosion. Noise bunds and remaining overburden and clay stockpiles that are no longer needed at 
the end of the project life will be removed, and used to backfill any remaining pit voids or clay may 
be transported for use at other CSR brick making facilities. Previous noise bund and stockpile 
areas will be grassed to prevent dust and sediment. The existing site infrastructure, brick making 
facility, roof products manufacturing facility and solar farm will remain until the future use of the 
site is determined.   

The Rehabilitation Strategy and RMP will be revised to incorporate Modification 4, and any 
additional management strategies to ensure temporary stabilisation of exposed surfaces, 
permanent stabilisation strategies and progressive rehabilitation with groundcover vegetation. 

17.3 Greenhouse gas emissions 

The proposed modification will not increase the extraction volume of the approved quarry and will 
therefore not result in a change in greenhouse gas emissions from quarry operations.  

An opportunity exists to reduce greenhouse gas emissions associated with consumption of coal 
derived power from the grid, by replacing or at least supplementing the power demands of the 
brick and roof products manufacturing facilities with electricity produced by the proposed 4.5MW 
solar farm.  
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VENM importation to backfill Pit 1 and other pits, will generate additional heavy vehicle 
movements and associated greenhouse gas emissions. These additional greenhouse gas 
emissions associated with trucks importing VENM, are likely to be substantially offset by the 
reduction in greenhouse gas emissions from the same VENM needing to be hauled a greater 
distance outside of the Sydney region or being disposed to landfill taking up valuable air space 
and prolonging the landfill life.  

17.4 Socio-economic 

The potential social impacts of the modification relate largely to impacts on general amenity such 
as noise, air quality (dust), surface water management, traffic generation and visual exposure. 
These potential social impacts have been thoroughly assessed in the EA and a range of mitigation 
measures are recommended to minimise these potential impacts, so they are not perceived as a 
nuisance to neighbouring residents and other sensitive receivers. 

The construction of the solar farm has the potential for increased employment opportunities in the 
local area, during the construction phase. 

17.5 Hazards 

The Applying SEPP 33 Guideline (DoP 2011) states that this EA needs to determine if the 
modification will constitute a ‘potentially hazardous industry’. If the modification is a potentially 
hazardous industry, then the SEPP applies and the guideline states that a preliminary hazard 
analysis (PHA) should be undertaken as part of the EA.  

A ‘hazardous industry’ under SEPP 33 is one which, when all locational, technical, operational 
and organisational safeguards are employed, continues to pose a significant risk. A proposal 
cannot be considered a hazardous industry unless it is first identified as potentially hazardous 
industry and subjected to the assessment requirements of SEPP 33. 

Dewatering and continued extraction of clay in Pit 1, the importation of VENM and construction 
of the solar farm will not result in any additional hazardous activities to those already undertaken 
at the site under the approved project. 

Despite the above, in accordance with the guideline, the site may constitute a ‘potentially offensive 
industry’. This is defined where in the absence of safeguards and controls, the site could ‘emit a 
polluting discharge that could cause a significant level of offence’. Examples of this may include 
depositional dust, or operational noise impacts on adjacent residents or land uses.  

The guideline states that where a development requires pollution licencing from DECCW (now 
OEH/EPA), that the development could be considered as potentially offensive. The guideline 
suggests that if the regulatory authority were to issue a licence for the pollution, then this would 
suggest that the pollution would not be significant and can be controlled via mitigation and 
management measures. As such, the potentially offensive industry would not be proved to be 
defined as ‘offensive industry’.  

As considered in this EA, the site may emit pollutants, which in the absence of safeguards would 
potentially cause offense. However, management measures have been developed as part of this 
EA to control and minimise these emissions or pollutants to a non-significant level. Additionally, 
CSR currently holds an EPL (No. 684), previously issued by the NSW EPA for the operation of 
the site. This EPL would potentially require variation following consultation with the EPA following 
approval of the modification. However, the EPL would continue to be held for the lifespan of the 
modified Project Approval. With this in mind, it is likely that the historical provision of an EPL by 
the NSW EPA is sufficient to suggest that existing levels of emissions and pollutants are 
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acceptable to the regulatory authority, thereby concluding that the approved project, as modified, 
is not deemed an offensive industry. 

Potential additional environmental impacts associated with the modification have been 
considered in this EA. Various emissions and potential sources of pollution associated with the 
Project (including air quality, noise and surface water impacts) have been assessed by technical 
specialists, and these specialists have concluded that providing the implementation of existing 
and recommended management and monitoring measures, that these impacts would not be 
significant to the surrounding environment or community. As such, the approved project, as 
modified, would not be defined as an offensive industry, and the offensive industry assessment 
requirements of the SEPP are not applicable to the modification.  

17.6 Waste 

The proposal to import VENM promotes the efficient reuse of this material and reduces waste 
sent to landfill. CSR will develop and implement the following VENM management protocol with 
the VENM suppliers and the site personnel responsible for receival of VENM and managing the 
backfilling of open voids and/or construction of noise bunds: 

 The VENM supplier will need to provide documentary evidence of the classification of the 
VENM (in accordance with the POEO Act) and a description of what the material looks like 
prior to departing for the site;  

 On arrival CSR personnel will request documentary evidence of the classification of the 
VENM and will visually inspect the load of the truck prior to and during tipping to ascertain 
that it represents the material described in the documentation provided and that there are no 
visible signs of contamination or odours; 

 If on the initial visual inspection, the material does not represent the material in the 
documentation provided an/or there are visible signs of contamination, the load will be 
rejected and will need to be returned to its source or to a suitably licenced recycling or landfill 
facility; 

 If on final visual inspection during tipping, the material does not represent the material in the 
documentation provided and/or there are visible signs of contamination: 

- the truck driver will be instructed to stop tipping immediately and will need to return the 
remainder of the untipped load to its source or to a suitably licence recycling or landfill 
facility; and 

- the tipped material that has potential contamination will be isolated, tested and if 
contaminated, removed and disposed of to an appropriately licenced facility with follow on 
verification testing to demonstrate no contaminated material remains onsite. 

CSR personnel responsible for the receival and management of VENM onsite, will receive 
suitable training on the identification of potential contamination in VENM materials and the 
handling, management and disposal of contaminated VENM if encountered. 

The Waste Management Plan will be updated to reflect the VENM management protocol outlined 
above. 

Limited waste will be generated during the construction of the solar farm and will be managed in 
accordance with the sites Waste Management Plan. The solar farm is unlikely to generate any 
waste during operation, other than minor amounts of waste from routine maintenance. 
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18 CONCLUSION 
CSR is seeking to modify the Badgerys Creek Brick Making Facility Project Approval 
(PA 10_0014) and Concept Plan Approval (CP10_0033) under Section 75W of the EP&A Act to 
provide for: 

 The dewatering of Pit 1. 
 Continued extraction of clay material in Pit 1. 
 The importation of VENM to backfill Pit 1 and other pits, to rehabilitate the site and facilitate 

future development. 
 Construction and operation of a grid connected solar farm.  

The modification is necessary as there is a suitable additional source of clay in Pit 1; there are pit 
voids that can be filled with spoil from Sydney construction projects, which would reduce the 
quantity of waste bound for landfill; and most of the site’s electricity requirements could be 
generated onsite rather than purchasing all electricity from the grid.  

Key environmental issues associated with the modification identified by the project team and 
government and community consultation were assessed by technical specialists. These 
assessments concluded that the modification is unlikely to result in any significant impacts on 
either the biophysical or social environment with the implementation of: 

 environmental management and mitigation measures outlined in: 

- the Project Approval; 
- chapters 6-17 of this document; 

 the environmental management strategy and associated management plans; and 
 requirements of EPL 684.  

The existing environmental management plans will be reviewed by CSR following approval of the 
modification and amended as necessary.  

The modification is therefore considered to be in the public interest, and is recommended for 
approval. 
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20 ABBREVIATIONS  
Abbreviation Definition 
% Percent 
µg/m3 Micro gram per cubic metre 
ACHA Aboriginal Cultural Heritage Assessment 
ACHAR Aboriginal Cultural Heritage Assessment Report 
AEP Annual Exceedance Probability 
AHD Australian Height Datum 
AHIMS Aboriginal Heritage Information Management System 
AHIP Aboriginal Heritage Impact Permit 
Am Ante Meridiem 
ANZECC Australian and New Zealand environment And Conservation Council 
ARI  Average Recurrence Interval 
ASS Acid Sulfate Soils  
AWBM  Australian Water Balance Model 
AWS All Weather Station  
BAL Bushfire Attack Level 
BECA BECA Engineers 
bgs Below Ground Surface 
Boral Boral Bricks Pty Limited  
BP  Before Present 
BSD Background Scoping Document 
oC Degrees Celsius 
CALMET California Meteorological Model 
CALPUFF California Puff Model 
CASA Civil Aviation Safety Authority  
Cl Chlorine 
CSR CSR Building Products Limited 
COA Conditions of Approval 
DA Development Application 
DECC Department of Environment and Climate Change (now OEH) 
DECCW Department of Environment Climate Change and Water (now OEH) 
DoEE Department of Environmental Affairs and Energy 
DOP NSW Department of Planning 
DP&E Department of Planning and Environment 
DPI Department of Primary Industry 
DRE Department of Resources and Energy 
EA Environmental Assessment 
EEC Endangered Ecological Community  
EMP Environmental Management Plan 
EPA Environment Protection Authority 
EP&A Act The NSW Environmental Planning and Assessment Act 1979  
EP&A 
Regulation 

The NSW Environmental Planning and Assessment Regulation 2000 

EPBC Act Commonwealth Environmental Protection and Biodiversity Conservation Act 1999 
EPL Environment Protection Licence 
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ERSED Erosion and Sediment  
g/m²/month Gram per Square metre per month 
GJ/month Gigajoule per month 
GPT Pross Pollutant Trap 
GSC Greater Sydney Commission  
H2SO4 Sulphuric Acid 
ha Hectare 
HF Hydrogen Flouride 
HV High Voltage 
HVAS High Volume Air Sampler 
ICNG Interim Construction Noise Guideline (DECC 2009) 
IEC International Electrotechnical Commission  
IEEE Institute of Electrical and Electronics Engineers 
Kg Kilogram 
KL/day Kilolitre per day  
KL/month Kilolitre per month 
KM/hr Kilometre per hour 
KPa Kilopascal 
Kv Kilovolt  
kVA Kilo-volt Ampere 
KWh Kilo-watt hour 
KWh/month Kilo-watt hour per Month 
KWh/T Kilo-watt hour per tonne 
INP Industrial Noise Policy 
km Kilometre 
L Litre 
L/s Litre per second  
LCC Liverpool City Council 
LEP Local Environmental Plan 
LGA Local Government Area 
LoS Level of Service 
LV Low Voltage 
m Metre 
m2 Square metre 
m3 Cubic metre 
Mg/L Milligram per litre 
ML Mining Lease  
mm Milimetre 
M/s Metre per second 
MNES Matters of National Environmental Significance 
MOP Mine Operations Plan 
MVA Mega Volt Amp 
NATA National Association of testing Authorities Laboratory 
NGER National Greenhouse Energy Reporting Act 
NML Noise Management Level 
NPI Noise Policy for Industry 
NO2 Nitrogen Dioxide 
NSW New South Wales 



 

CSR ADVANCED MANUFACTURING HUB 209 

NWQM National Water Quality Management Strategy 
OB Overburden Removal 
OEH Office of Environment and Heritage 
OLS Obstacle Limitation Surface 
PBP Planning for Bushfire Protection 
PGH PGH Bricks and Pavers 
PHA Preliminary Hazard Assessment  
Pm Post Meridiem 
PM2.5 Particulate matter less than or equal to 2.5 micrometres in aerodynamic diameter 
PM10 Particulate matter less than or equal to 10 micrometres in aerodynamic diameter 
PMF Probable Maximum Flood 
POEO Act Protection of Environment Operations Act 1997 
PSI Preliminary Site Investigation 
RAP Registered Aboriginal Party 
RBL Rating Background Level 
REF Review of Environmental Factors 
RFS Rural Fire Service 
RM Raw Material extraction 
RMS NSW Roads and Maritime Services 
RNP Road Noise Policy 
RPZ Reduced Pressure Zone 
RPZD Reduced Pressure Zone Device 
SEARS Secretary’s Environmental Assessment requirements  
SEED Sharing and Enabling Environmental database 
SFPP Special Fire Protection Purpose 
SEPP State Environmental Planning Policy 
SO2 Sulphur Dioxide 
SS Suspended Solids 
SWL Sound Power Level 
SWMP Soil and Water Management Plan 
T Tonne 
TARP Trigger Action Response Plan 
TN  Total Nitrogen  
TP Total Phosphorous 
TSP Total Suspended Particulates 
UDZ Urban Development Zone 
UFP Unexpected Finds procedure 
UPVC unplasticised polyvinyl chloride 
UST Underground Storage Tank 
UV Ultraviolet 
VENM Virgin Excavated Natural Material  
VIA Visual Impact Assessment 
VP View Point 
VPH Vehicles Per hour 
WM Water Management Act 
WMP Waste Management Plan 
WSA Western Sydney Airport 
WSUD Water Sensitive Urban Design 
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WSP Water Sharing Plan 
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Stakeholder Specialist Field Environmental Requirement Location in Modification 4 EA Report  

Department of 
Planning and 
Environment 

Lauren Evans 

Senior Planning 
officer 

320 Pitt Street, 
Sydney, NSW, 2001 

T: 02 9274 6311 

E: 
lauren.evans@planni
ng.nsw.gov.au  

 Good afternoon 

Thank you for your email dated 21 December 2017, seeking preliminary 
advice regarding Badgerys Creek Quarry Modification 4. The Department 
understands that MOD4 involves: 

 Dewatering Pit1 (which is currently used as a water storage dam) 
and extracting the remaining resource to a depth of 35m below 
ground level; 

 Importing approximately 4million tonnes of VENM to backfill Pit1(and 
potentially other pits); 

 Increasing truck movements to facilitate VENM importation (42 
additional laden trucks on Saturdays and 2 additional laden trucks 
Monday to Friday); and 

 Establishing a 10 or 20-megawatt solar farm on adjoining land. 

At this stage, the Department does not intend to issue formal SEARs for 
MOD4. CSR has committed to prepare detailed assessments in relation 
to surface water (including a flood assessment), groundwater, noise, air 
quality, traffic, Aboriginal Heritage and aquatic biodiversity. The 
Department also requests a cumulative assessment of traffic, noise and 
air quality impacts, which includes the expanded operations proposed as 
part of MOD3. 

With respect to the proposed Solar farm, the EA must include: 

 Details regarding: 
- the size of the solar farm; 
- whether battery energy storage is proposed; and 
- how the solar farm would connect to the grid, and whether there 

is capacity in the grid; 
 detailed discussion regarding the permissibility of the proposed solar 

farm; and an assessment of potential: 
- construction impacts (particularly noise and traffic impacts); 
- visual impacts, including potential glare/reflectivity and 

associated impacts on current and future land uses in the 
locality (i.e. the airport); 

- Erosion impacts (noting that the poles supporting the panels 
may enhance the effect of channel/tunnel erosion); and 

- Hazards and electromagnetic interference. 

You have indicated that while the establishment of the solar farm may 
require some vegetation clearing, a Biodiversity Development 

Solar farm  

Chapter 3.6 

 

Solar farm permissibility 

Section 4.6.2 

 

Surface water management of solar farm  

Chapter 6 

 

Cumulative Impacts of air 

Chapters 12 

 

Cumulative Impacts of noise 

Chapter 13 

 

Cumulative Impacts of traffic 

Chapter 15 

 

Biodiversity assessment of solar farm 

Chapters 9 and 10 

 

Stakeholder engagement 

Chapter 5 

 

Solar Farm hazards 



Stakeholder Specialist Field Environmental Requirement Location in Modification 4 EA Report  

Assessment Report (BDAR) will not be prepared. Before the Department 
can confirm that a BDAR is not required for MOD4, CSR will need to: 

 Confirm the proposed location of the solar farm; 
 Provide supporting information that identifies the areas which have 

been previously certified; and 
 For any clearing not contained within certified land, identify the 

extent and type of vegetation to be disturbed. 

Ideally, the panels should be located so as to avoid the need for clearing. 

The EA should also provide a detailed overview of community 
engagement/consultation. 

As discussed with Allison earlier today, the Department encourages CSR 
to give particular consideration to potential language barriers, and lack of 
internet access, in consulting with nearby residents. 

In this regard, it may be necessary to consult verbally with landowners, 
and provide hard copies of any EA documentation. 

A battery store is not proposed as part of the solar farm 
design, therefore hazardous substances or dangerous goods 
are not expected to be encountered in this component of the 
modification.  

 

Solar Farm electromagnetic interference 

Section 3.6 

Liverpool City Council  

Christopher Guthrie  

Senior Officer 
Business Liaison 

33 Moore Street, 
Liverpool, NSW, 2170 

T: 02 9821 9576  

E: 
GuthrieC@liverpool.n
sw.gov.au  

 Hi Allison,  

It is a little unclear whether the 3MW Solar Farm as proposed below is 
permissible with consent under our existing planning controls or not. It’s 
suggested it could be included under the current overall modification for 
the site that you have under consideration with the Department of 
Planning. Due to proximity to the Western Sydney Airport it’s likely that 
any assessment would require a Glare Reflectivity Assessment Report 
though. 

Solar farm permissibility 

Section 4.6.2 
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DEFINITIONS 
 

Aboriginal object or place Have the same meaning as the definitions of the terms in section 5 of the NP&W 
Act 

Annual Review The review required by condition 12 of Schedule 5 
BCA Building Code of Australia 
CCC Community Consultative Committee 
Conditions of this approval Conditions contained in Schedules 2 to 5 (inclusive) of this document 
Council Liverpool City Council 
Day  The period from 7 am to 6 pm on Monday to Saturday, and 8 am to 6 pm on Sundays 

and Public Holidays 
Department NSW Department of Planning and Environment 
Demolition The deconstruction and removal of buildings, sheds and other structures on the site 
DRG Division of Resources and Geoscience within the Department 
DoI Water Department of Industry – Crown Lands and Water Division 
EA Environmental Assessment titled Boral Badgerys Creek Continued Operation of 

Quarry and Brick Making Facility (Volumes 1 – 3), prepared by AECOM and dated 
November 2010, and associated Response to Submissions titled Boral Badgerys 
Creek Continued Operation of Quarry and Brick Making Facility – Submissions 
Report, prepared by AECOM and dated June 2011 

EA (Mod 1) Environmental Assessment titled Boral Badgerys Creek Quarry and Brick Making 
Project, Application Number: 10_0014, prepared by Boral Property Group and dated 
5 November 2012 

EA (Mod 2) Environmental Assessment titled Badgerys Creek Brick Making Facility Modification 
2 Environmental Assessment prepared by Element Environment and dated 
November 2017, the associated the Response to Submissions prepared by Element 
Environment and dated February 2018, and additional information provided by 
Element Environment dated 8 March 2018  

EPA NSW Environment Protection Authority 
EP&A Act Environmental Planning and Assessment Act 1979 
EP&A Regulation Environmental Planning and Assessment Regulation 2000 
EPL Environment Protection Licence under the POEO Act 
Evening The period from 6 pm to 10 pm 
Finished Building Products Building products prepared or manufactured off site, as described in EA (Mod 2) 
Incident 
 
 
 

An occurrence or set of circumstances that:  
• causes or threatens to cause material harm to the environment; and/or 
• breaches or exceeds the limits or performance measures/criteria in this 

approval 
Laden trucks Trucks transporting bricks, quarry products or finished building products to or from 

the site 
Land Has the same meaning as the definition of the term in section 4 of the EP&A Act, 

except where the term is used in the noise and air quality conditions in Schedules 3 
and 4 of this approval, where it is defined as the whole of a lot, or contiguous lots 
owned by the same landowner, in a current plan registered at the Land Titles Office 
at the date of this approval 

M Metres 
Material harm  Is unauthorised harm that: 

• involves actual or potential harm to the health or safety of human beings or to 
ecosystems that is not trivial, or 

• results in actual or potential loss or property damage of an amount, or amounts 
in aggregate, exceeding $10,000, (such loss includes the reasonable costs and 
expenses that would be incurred in taking all reasonable and practicable 
measures to prevent, mitigate or make good harm to the environment) 

Minimise Implement all reasonable and feasible mitigation measures to reduce the impacts 
of the project 

Minister Minister for Planning, or delegate 
Mitigation Activities associated with reducing the impacts of the project prior to or during those 

impacts occurring 
Modification 2 The modifications to the project, as described in EA (Mod 2) 
Mod 2 operations The activities described in Section 3.1 of EA (Mod 2) 
Night The period from 10 pm to 7 am on Monday to Saturday, and 10pm to 8am on 

Sundays and Public Holidays 
NP&W Act National Parks and Wildlife Act 1974 
OEH Office of Environment and Heritage 
POEO Act Protection of the Environment Operations Act 1997 
Privately-owned land Land that is not owned by a public agency or a mining, petroleum or extractive 

industry company (or its subsidiary) 
Project The development described in the documents listed in condition 3 of Schedule 2 
Project layout The plan in Appendix 3 of this approval 
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Proponent CSR Building Products Limited (or its successors) or any person carrying out any 
project to which this approval applies 

Public infrastructure Linear and other infrastructure that provides services to the general public, such as 
roads, railways, water supply, drainage, sewerage, gas supply, electricity, 
telephone, telecommunications, etc. 

Quarrying operations 
 
 

The extraction, processing, stockpiling and transportation of extractive materials 
carried out on the site and the associated removal and/or emplacement of 
vegetation, topsoil and overburden 

Quarry products Includes all saleable quarry products, including raw materials, but excludes bricks, 
tailings, other wastes and rehabilitation material for use on the site  

Quarry water Water that accumulates within active quarrying areas, overburden emplacement 
areas and infrastructure areas, synonymous with dirty water 

Raw materials Extractive materials used in making brick, tiles, clay pipes or similar 
Registered Aboriginal Parties As described in the National Parks and Wildlife Regulation 2009 
Rehabilitation The restoration of land disturbed by the project to a good condition, to ensure it is 

safe, stable and non-polluting 
Reasonable  Means applying judgement in arriving at a decision, taking into account: mitigation 

benefits, cost of mitigation versus benefits provided, community views and the 
nature and extent of potential improvements 

RMS NSW Roads and Maritime Services 
Secretary Planning Secretary under the EP&A Act, or nominee 
Site The land defined in Appendix 1 
Shutdown period Period of time when no quarrying or brick making operations are being undertaken 

on site, as detailed in the EA (Mod 1) 
Statement of Commitments The Proponent’s commitments in Appendix 6 
Waste Has the same meaning as defined in the Dictionary to the POEO Act 
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SCHEDULE 2 
ADMINISTRATIVE CONDITIONS 

 
OBLIGATION TO MINIMISE HARM TO THE ENVIRONMENT 

1. In addition to meeting the specific performance measures and criteria established under this approval, 
the Proponent must implement all reasonable and feasible measures to prevent, and if prevention is not 
reasonable and feasible, minimise, any material harm to the environment that may result from the 
construction and operation of the project, and any rehabilitation required under this approval. 

 
TERMS OF APPROVAL 

2. The Proponent, in acting on this approval, must carry out the project: 
(a) in compliance with the conditions of this approval; 
(b) in accordance with all written directions of the Secretary; and 
(c) in accordance with the project layout.  
 

3. The Proponent, in acting on this approval, must carry out the project: 
(a) generally in accordance with the EA; 
(b) generally in accordance with EA (Mod 1);  
(c) generally in accordance with EA (Mod 2); and 
(d) in accordance with the Statement of Commitments. 
 

4. The conditions of this approval and directions of the Secretary prevail to the extent of any inconsistency, 
ambiguity or conflict between them and a document referenced in condition 3 of this Schedule. In the 
event of an inconsistency, ambiguity or conflict between any of the documents referenced in condition 3 
of this Schedule, the most recent document prevails.    
 
Note:  For the purposes of this condition, there will be an inconsistency between documents if it is not possible to 

comply with both documents, or in the case of a condition of approval or direction of the Secretary, and a 
document, if it is not possible to comply with both the condition or direction, and the document. 

 
5. Consistent with the requirements of this approval, the Secretary may make written directions to the 

Proponent in relation to: 
(a) the content of any strategy, study, system, plan, program, review, audit, notification, report or 

correspondence submitted under or otherwise made in relation to this approval, including those 
that are required to be, and have been, approved by the Secretary; and 

(b) the implementation of any actions or measures contained in any such document referred to in (a) 
above.  

 
Note:  For the purposes of this condition, there will be an inconsistency between documents if it is not possible to 

comply with both documents, or in the case of a condition of consent or direction of the Secretary, and a 
document, if it is not possible to comply with both the condition or direction, and the document. 

COMPLIANCE 

6. The Proponent must ensure that all of its employees, contractors (and their sub-contractors) are made 
aware of, and are instructed to comply with, the conditions of this approval relevant to activities they carry 
out in respect of the project. 

 
APPLICABILITY OF GUIDELINES 

7. References in the conditions of this approval to any guideline, protocol, Australian Standard or policy are 
to such guidelines, protocols, standards or policies in the form they are in as at the date of this approval.  
 
However, consistent with the conditions of this approval and without altering any limits or criteria in this 
approval, the Secretary may, when issuing directions under this approval in respect of ongoing 
monitoring and management obligations, require compliance with an updated or revised version of such 
a guideline, protocol, standard or policy, or a replacement of them. 
 

LIMITS OF APPROVAL 

8. The Proponent may carry out quarrying operations and brick making on the site until 27 September 2031. 
 
Note:  Under this approval, the Proponent is required to decommission and rehabilitate the site and carry out 

additional requirements. Consequently, this approval will continue to apply in all respects other than to permit 
the carrying out of quarrying operations, until the rehabilitation of the site and those requirements and 
undertakings have been carried out to the required standard. 

9. The Proponent may receive, store and dispatch finished building products at the site until 4 May 2021. 
 

10. The Proponent must not:  
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(a) extract more than 420,000 tonnes of clay shale from the site in any calendar year;  
(b) produce more than 252,000 tonnes of bricks at the site in any calendar year; 
(c) dispatch more than 275,000 tonnes of raw materials from the site in any calendar year; or 
(d) receive more than 20,000 tonnes of raw materials at the site in any calendar year.  
 

11. The Proponent must not transport bricks or quarry products to or from the site, other than by road. 
 

12. Truck movements at the site (ie either arrival or dispatch), must not exceed: 
(a) 120 per day, Monday to Friday between 6.00 am and 10.00 pm; and 
(b) 40 per day on Saturday between 6.00 am and 10.00 pm. 

 
Note:  Operating hours for arrival and dispatch of trucks are also controlled under condition 1 of Schedule 3. 

STRUCTURAL ADEQUACY 

13. All new buildings and structures, and any alterations or additions to existing buildings and structures, 
that are part of the project, must be constructed in accordance with the BCA. 
 
Notes:  
• Under Part 6 of the EP&A Act, the Proponent is required to obtain construction and occupation certificates for any 

proposed building works; 
• Part 8 of the EP&A Regulation sets out the requirements for the certification of the project. 

 
DEMOLITION 

14. All demolition work must be carried out in accordance with the Australian Standard AS 2601-2001: The 
Demolition of Structures (Standards Australia, 2001). 

 
PROTECTION OF PUBLIC INFRASTRUCTURE 

15. Unless the Proponent and the applicable authority agree otherwise the Proponent must: 
(a) repair, or pay the full costs associated with repairing, any public infrastructure that is damaged by 

the project; and 
(b) relocate, or pay the full costs associated with relocating, any public infrastructure that needs to 

be relocated as a result of the project. 
 

Note:  This condition does not apply to damage to roads caused as a result of general road usage or otherwise 
addressed by contributions required by condition 25 of Schedule 3. 

 
OPERATION OF PLANT AND EQUIPMENT 

16. All plant and equipment used on the site, or to monitor the performance of the project, must be: 
(a) maintained in a proper and efficient condition; and 
(b) operated in a proper and efficient manner. 

 
PRODUCTION DATA 

17. The Proponent must: 
(a) provide calendar year annual quarry production data to DRG using the standard form for that 

purpose; and 
(b) include a copy of this data in the Annual Review. 
 

LIMITS OF EXTRACTION 

Identification of Approved Extraction Limits 
 
18. Within 12 months of the determination of Modification 2, the Proponent must: 

(a) engage a registered surveyor to mark out the boundaries of the approved areas of extraction 
within the site; and  

(b) provide the Secretary with a survey plan of such boundaries. 
 
The boundaries of the approved areas of extraction within the site must be clearly marked in a manner 
that allows them to be easily identified at all times during the carrying out of quarrying operations. 

 
Maximum Extraction Depth 

 
19. The Proponent must not extract any extractive materials or carry out any work in the extraction area 

below 35 m below the pre-existing natural surface of the ground, other than construction of bores 
approved by DoI Water or in-pit sumps approved by the Secretary. 
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SCHEDULE 3 
SPECIFIC ENVIRONMENTAL CONDITIONS 

 
NOISE 

Hours of Operation 

1. The Proponent must comply with the operating hours set out in Table 1. 

Table 1:  Operating hours 

Activity Permissible Hours 

Quarrying operations (excluding 
removal of overburden, truck 
arrival, loading and dispatch) 

7.00 am to 6.00 pm Monday to Saturday 

At no time on Sundays or public holidays 

Removal of overburden (Mod 2 
operations only) 

7.00 am to 6.00 pm Monday to Saturday 

At no time on Sundays or public holidays 

Removal of overburden 
(following the conclusion of Mod 
2 operations) and acoustic bund 
construction 

7.00 am to 6.00 pm Monday to Friday 

8.00 am to 1.00 pm Saturday 

At no time on Sundays or public holidays 

Brick making and storage yard 
activities 24 hours per day, 7 days per week 

Truck arrival and dispatch 
(excluding finished building 
products) 

6.00 am to 10.00 pm Monday to Friday 

6.00 am to 6.00 pm Saturday 

At no time on Sundays or public holidays 

Truck arrival and dispatch 
(finished building products only) 

7.00 am to 10.00 pm Monday to Saturday 

At no time on Sundays or public holidays 

Maintenance 
At any time, provided that these activities are not audible at any 
privately-owned residence outside of permissible hours for 
quarrying operations 

2. The following activities may be carried out outside the hours specified in condition 1 of this Schedule: 
(a) activities that are inaudible at residences on privately-owned land; 
(b) the delivery or dispatch of materials as requested by the NSW Police Force or other public 

authorities for safety reasons; or 
(c) emergency work to avoid the loss of life, property or to prevent material harm to the environment.  
 
In such circumstances, the Proponent must notify the Department and affected residents prior to 
undertaking the activities, or as soon as is practical thereafter.  

 
Construction Noise 
 
3. The Proponent must ensure that noise generated during the construction of acoustic bunds does not 

exceed the criteria in Table 2.  
 

Table 2: Construction Noise Criteria dB(A) 

Construction 
Activity Location Day 

LAeq (15 min) 
Bund 3C Residence 9 

55 Bund 4A Residences 27 and 31 
Bund 4B Residence 28 
Bund 4A Residences 26, 28 and 42 60 
Bund 4A Residences 5 and 25 65 
Bund 4A Residence 9 68 
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Construction 
Activity Location Day 

LAeq (15 min) 
Bunds 3C, 4A 

and 4B All other residences 50 
 

The Proponent must ensure that the noise generated by bund construction work is managed in 
accordance with the requirements outlined in the Interim Construction Noise Guideline (DECC, 2009). 
 
Note:  To identify the locations referred to in Table 2, see the figure and associated table in Appendix 2. 

 
4. The Proponent must prepare an Acoustic Bund Construction Management Plan to the satisfaction of the 

Secretary. The plan must: 
(a) be approved by the Secretary prior to commencing quarrying operations in Pits 4 or 5 (see 

Appendix 3), unless otherwise agreed by the Secretary; 
(b) include a schedule for the construction of the acoustic bunds described in Section 5.4 of the Noise 

Assessment Report Addendum Report in the EA; 
(c) include detailed procedures to: 

• keep surrounding residents informed of the proposed timing and duration of bund 
construction;  

• minimise and mitigate the noise impacts generated by the works; and 
• receive, handle and respond to complaints relating to the works; and 

(d) include a protocol to notify the Department, in writing: 
• prior to commencing the construction of each acoustic bund; and 
• following the completion of each acoustic bund. 

 
The Proponent must implement the Acoustic Bund Construction Management Plan as approved by the 
Secretary. 
 
Note:  The construction schedule for the acoustic bunds may be amended with the written agreement of the 

Secretary. 
 

Operational Noise Criteria 
 
5. The Proponent must ensure that operational noise generated by the project (excluding acoustic bund 

construction) does not exceed the criteria in Table 3 at any residence on privately-owned land. 
 
Table 3: Operational noise criteria dB(A) 

Activity Location 
Day 

LAeq (15 min) 
Evening  

LAeq (15 min) 
Night 

LAeq (15 min) LA1 (1 min) 

Quarrying operations 
All residential 

premises 

44 NA NA NA 

Brick making and 
storage yard activities 44 38 35 45 

 
Noise generated by the project is to be measured in accordance with the relevant requirements and 
exemptions (including certain meteorological conditions) of the NSW Industrial Noise Policy. Appendix 8 
sets out the meteorological conditions under which these criteria apply and the requirements for 
evaluating compliance with these criteria. 
 
However, the noise criteria in Table 3 do not apply if the Proponent has an agreement with the relevant 
landowner to exceed the noise criteria, and the Proponent has advised the Department in writing of the 
terms of this agreement. 
 
Note:  Should an agreement with a landowner be terminated for any reason, the Proponent must comply with the 

noise criteria in Table 3. 
 

Road Traffic Noise Criteria 

6. The Proponent must ensure that the traffic noise generated by the project does not exceed the criteria 
in Table 4. 

 
Table 4:  Road traffic noise criteria dB(A)  

Road Day / Evening 
LAeq (1 hour) 

Night 
LAeq (1 hour) 

Martin Road 55 50 
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Note:  Traffic noise generated by the project is to be measured in accordance with the relevant procedures in the 

NSW Road Noise Policy (Department of Environment, Climate Change and Water NSW).  
 

Noise Operating Conditions 

7. The Proponent must: 
(a) take all reasonable steps to minimise the construction, operational, low frequency and road 

transportation noise of the project; 
(b) take all reasonable steps to minimise the noise impacts of the project during meteorological 

conditions when the noise criteria in this approval do not apply (see Appendix 8);  
(c) operate a noise management system to guide the day to day planning of quarrying operations 

and the implementation of noise mitigation measures to ensure compliance with the relevant 
conditions of this approval; 

(d) carry out regular noise monitoring in accordance with Appendix 8 to determine whether the project 
is complying with the relevant conditions of this approval; and 

(e) modify or stop operations on the site to comply with the relevant conditions of this approval. 

Note: Monitoring under this approval is not required at all residences and the use of representative monitoring 
locations can be used to demonstrate compliance with criteria, if agreed to by the Secretary. 

Noise Management Plan 

8. The Proponent must prepare a Noise Management Plan for the project to the satisfaction of the 
Secretary. This plan must: 
(a) be prepared in consultation with the EPA; 
(b) be submitted to the Secretary for approval prior to commencing quarrying operations under 

Modification 2, unless otherwise agreed by the Secretary; 
(c) describe the measures to be implemented to ensure: 

• compliance with the noise criteria and operating conditions of this approval;  
• best practice management is being employed; and 
• the noise impacts of the project are minimised during meteorological conditions under which 

the noise criteria in this approval do not apply (see Appendix 8);  
(d) describe measures to ensure that all the commitments in the EA in relation to noise are 

implemented; 
(e) include a consultation plan detailing: 

• procedures for notifying and consulting nearby residents prior to the commencement of the 
construction of the noise bunds and during quarrying and brick making operations;  

• details of a telephone complaints line (all hours) and relevant site persons responsible for 
following up complaints; 

• procedures for handling and monitoring all complaints received; and 
• contingency measures that would be implemented where complaints are received; 

(f) describe the proposed noise management system; and 
(g) include a noise monitoring program that: 

• is capable of evaluating the performance of the project; 
• includes a protocol for determining any exceedances of the relevant conditions of this 

approval; and 
• effectively supports the noise management system. 

 
The Proponent must implement the Noise Management Plan as approved by the Secretary. 
 

AIR QUALITY 

Air Quality Impact Assessment Criteria 

9. The Proponent must ensure that particulate matter emissions generated by the project do not cause 
exceedances of the criteria in Table 5 at any residence on privately-owned land. 

Table 5: Air quality criteria 

Pollutant Averaging 
Period Criterion 

Particulate matter < 10 µm (PM10) Annual a,d 30 µg/m3 

Particulate matter < 10 µm (PM10) 24 hour b 50 µg/m3 

Total suspended particulates (TSP) Annual a,d 90 µg/m3 

c Deposited dust Annual b 2 g/m2/month a,d 4 g/m2/month 
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Notes to Table 5: 
a Cumulative impact (ie increase in concentrations due to the project plus background concentrations due to all other 
sources). 
b Incremental impact (ie increase in concentrations due to the project alone, with zero allowable exceedances of the 
criteria over the life of the project. 
c Deposited dust is to be assessed as insoluble solids as defined by Standards Australia, AS/NZS 3580.10.1:2003: 
Methods for Sampling and Analysis of Ambient Air - Determination of Particulate Matter - Deposited Matter - 
Gravimetric Method. 
d Excludes extraordinary events such as bushfires, prescribed burning, dust storms, sea fog, fire incidents or any 
other activity agreed by the Secretary. 

 
Operating Conditions 

10. The Proponent must: 
(a) implement best practice management to minimise the dust emissions of the project; 
(b) implement all air quality management and mitigation measures that were committed to in the EA; 
(c) implement real-time monitoring of 24-hour average PM10 and meteorological conditions; 
(d) regularly assess meteorological and air quality monitoring data and relocate, modify and/or stop 

operations on site to ensure compliance with the air quality criteria in this approval; 
(e) minimise the air quality impacts of the project during adverse meteorological conditions and 

extraordinary events (see note d under Table 5);   
(f) monitor and report on compliance with the relevant air quality conditions in this approval; and  
(g) minimise the area of surface disturbance and undertake progressive rehabilitation of the site, 
to the satisfaction of the Secretary. 
 

11. The Proponent must ensure compliance with stack emission limits and gaseous pollutant load limits 
included in any EPL applicable to the site. 
 

12. Prior to commencing quarrying operations in Pit 5, the Proponent must undertake an Air Quality Audit to 
the satisfaction of the Secretary. The audit must:  
(a) be undertaken in consultation with EPA by suitably qualified and experienced persons whose 

appointment has been approved by the Secretary;  
(b) review the effectiveness of existing air quality management and control measures; and 
(c) describe any additional air quality control measures, including operational controls, required to 

ensure continuing compliance with air quality criteria during the quarrying activities associated 
with Pit 5.  

 
Air Quality Management Plan 

13. The Proponent must prepare an Air Quality Management Plan for the project to the satisfaction of the 
Secretary. This plan must: 
(a) be prepared in consultation with the EPA; 
(b) be submitted to the Secretary for approval prior to commencing quarrying operations under 

Modification 2, unless otherwise agreed by the Secretary; 
(c) describe the proposed air quality management system; 
(d) describe the measures to be implemented to ensure: 

• compliance with the air quality criteria and operating conditions of this approval;  
• best practice management is being employed; and 
• the air quality impacts of the project are minimised during adverse meteorological conditions 

and extraordinary events; 
(e) describe measures to ensure that all the commitments in the EA in relation to air quality are 

implemented;  
(d) include a program to ensure surface disturbance associated with quarrying operations is 

minimised; 
(e) include an air quality monitoring program that: 

• uses a combination of real-time monitors, high volume samplers and dust deposition gauges, 
to evaluate the performance of the project at potential receivers and on-site; 

• is capable of evaluating the performance of the project and informing day to day operational 
decisions; 

• includes a protocol for determining any exceedances of the relevant conditions of this 
approval; and 

• effectively supports the air quality management system; and 
(f) include a program to: 

• notify affected landowners of the potential health-related impacts associated with dust; and 
• respond effectively to enquiries or complaints. 

 
The Proponent must implement the Air Quality Management Plan as approved by the Secretary. 
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Meteorological Monitoring 

14. For the life of the project, the Proponent must ensure that there is a suitable meteorological station 
operating in the vicinity of the site that complies with the requirements in the Approved Methods for 
Sampling and Analysis of Air Pollutants in New South Wales guideline. 
 
Note: Meteorological monitoring is not required during the shutdown period. 
 

Odour 
 
15. The Proponent must ensure that no offensive odours, as defined by the POEO Act, are emitted from the 

site.  
 
Greenhouse Gas Emissions 
 
16. The Proponent must implement all reasonable and feasible measures to minimise the release of 

greenhouse gas emissions from the site. 
 
SOIL AND WATER 

 
Note:  Under the Water Act 1912 and/or the Water Management Act 2000, the Proponent is required to obtain all 

necessary approvals and/or water licences for the project. 
 
Water Supply 

 
17. The Proponent must ensure that it has sufficient water for all stages of the project, and if necessary, 

adjust the scale of operations under the approval to match its available water supply, to the satisfaction 
of the Secretary. 
 

Water Discharges 

18. The Proponent must ensure that all quarry water from the site is contained wholly within the site. 

19. The Proponent must ensure that all surface water discharges from the site comply with the limits (both 
volume and quality) set in any EPL applicable to the site. 

Riparian Buffer Distance 

20. The Proponent must maintain a minimum setback width of 60 metres (measured from the top of bank) 
between extraction areas and both Badgerys Creek and Badgerys Creek tributary.  

Note:  This condition does not prohibit overburden emplacement or rehabilitation works in accordance with the 
Project Layout Plan. 

 
Alluvial Aquifers 

21. The Proponent must ensure that the project has no impact on alluvial aquifers associated with South 
Creek, Badgerys Creek or their tributaries.   
 

22. The Proponent must prepare and implement an Alluvial Aquifer Assessment for the project to the 
satisfaction of the Secretary. This plan must: 
(a) be prepared in consultation with DoI Water by suitably qualified and experienced persons whose 

appointment has been approved by the Secretary; 
(b) be submitted to the Secretary for approval within 12 months of commencing quarrying operations 

under Modification 2; and 
(c) include: 

• a program to monitor groundwater from boreholes to be constructed in the alluvial sediments 
adjacent to Badgerys and South Creeks and their tributaries, and in the Bringelly Shale 
bedrock aquifer; 

• alluvial mapping to delineate the presence and extent of alluvial sediments and alluvial 
aquifers between Badgerys Creek and the proposed Pit 5 extraction area (see Appendix 3); 

• mitigation and management measures to ensure alluvial sediments and alluvial aquifers are 
not impacted by the project, including: 
- appropriate buffer setback distances between the alluvial sediments and the Pit 5 

extraction area; and 
- any resulting adjustments to the Pit 5 extraction area. 

 
Soil and Water Management Plan 
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23. The Proponent must prepare a Soil and Water Management Plan for the project to the satisfaction of the 
Secretary. This plan must: 
(a) be prepared by a suitably qualified and experienced person/s approved by the Secretary; 
(b) be prepared in consultation with the EPA and DoI Water; 
(c) be submitted to the Secretary for approval prior to commencing quarrying operations under 

Modification 2, unless otherwise agreed by the Secretary; and 
(d) include a: 

(i) Site Water Balance that includes: 
• details of: 

o sources and security of water supply; 
o water use and management on site; 
o adequacy of water storage facilities to contain all surface water runoff; 
o any off-site water transfers; and 
o reporting procedures; and 

• measures to be implemented to minimise clean water use on site; 
(ii) Surface Water Management Plan, that includes: 

• a program for obtaining detailed baseline data on surface water flows and quality in water 
bodies that could potentially be affected by the project;  

• a detailed description of the surface water management system on site including the: 
o clean water diversion system; 
o erosion and sediment controls;  
o dirty water management system; and 
o water storages, including the area, depth and capacity of any in-pit sumps;  

• detailed plans, including design objectives and performance criteria, for: 
o reinstatement of drainage lines on the rehabilitated areas of the site; and 
o control of any potential water pollution from rehabilitated areas of the site; 

• performance criteria for the following, including trigger levels for investigating any 
potentially adverse impacts on: 
o the water management system; 
o surface water quality in creeks and other water bodies that could potentially affected 

by the project (including Badgerys Creek and Badgerys Creek tributary); and 
o the stream health, vegetation health and channel stability of water bodies that could 

potentially affected by the project;  
• a program to monitor and report on:  

o any surface water discharges; 
o the effectiveness of the water management system; 
o the quality of water discharged from the site to the environment;  
o surface water flows and quality in local watercourses; and 
o the stream health, riparian vegetation health and channel stability of creeks and other 

water bodies that could potentially be affected by the project; and 
• a plan to respond to any exceedances of the performance criteria, and mitigate and/or 

offset any adverse surface water impacts of the project; and 
(iii)  Groundwater Management Plan that includes: 

• measures to ensure that the maximum extraction depth is not exceeded (see condition 19 
of Schedule 2); 

• a protocol to obtain appropriate water licence(s) to cover the volume of any unforeseen 
groundwater inflows into the quarry from the quarry face or floor;  

• groundwater assessment criteria, including trigger levels for investigating any potentially 
adverse groundwater impacts; and 

• a monitoring program to manage potential impacts, if any, on any alluvium and associated 
surface water source near the proposed extraction area that includes: 
o monitoring of groundwater inflows into the quarry from the quarry face or floor, or into 

any in-pit sumps; 
o monitoring the impacts of the project on baseflows to Badgerys and South Creeks 

and their tributaries; 
o identification of a methodology for determining exceedances of the assessment 

criteria; 
o a plan to respond to any exceedances of the performance criteria; and  
o a program to regularly report on monitoring.  

 
The Proponent must implement the Soil and Water Management Plan as approved by the Secretary. 

 
TRANSPORT 

Road Haulage 
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24. Prior to commencing Mod 2 operations, the Proponent must: 
(a) erect signage on Elizabeth Drive advising of “trucks turning”; 
(b) install a wheel wash on the quarry access road to prevent material being deposited in Martins 

Road; and 
(c) ensure the access driveway from Martin Road is capable of catering for all heavy vehicles 

associated with the project in accordance with AS2890.2, 
to the satisfaction of Council.  

Road Upgrade and Maintenance Contribution 

25. The Proponent must: 
(a) repair Martin Road to the satisfaction of Council by 30 June 2013 and in accordance with the 

agreement dated 9 April 2013 attached as Appendix 7; and 
(b) prior to commencing Mod 2 operations, enter into a formal agreement with Council for the: 

• upgrade and widening of Martin Road from the site entrance to the entrance of Australian 
Native Landscapes;  

• widening of Martin Road in the reverse curves; and 
• annual road maintenance contributions to be paid to Council, based on the weight of all laden 

truck movements to and from the site, for the life of the project, 
to the satisfaction of the Secretary.  

The Proponent must implement the agreement to the satisfaction of the Secretary. If there is any dispute 
between the Proponent and Council, then either of the parties may refer the matter to the Secretary for 
resolution.  
 

Monitoring of Product Transport 

26. The Proponent must keep accurate records of: 
(a) all laden truck movements to and from the site (including time of arrival and dispatch);  
(b) the weight of all bricks and quarry products transported to and from the site; and 
(c) publish a summary of these records on its website every 6 months. 
 

Operating Conditions  

27. The Proponent must:  
(a) ensure that all trucks carrying quarry products have their loads covered when arriving at or leaving 

the site; 
(b) ensure that all laden trucks are cleaned of material that may fall from vehicles, before leaving the 

site; and 
(c) use its best endeavours to ensure that appropriate signage is displayed on trucks used to 

transport products or raw materials to or from the project so they can be easily identified by road 
users.  
 

Traffic Management Plan 

28. The Proponent must prepare a Traffic Management Plan for the project to the satisfaction of the 
Secretary. This plan must: 
(a) be prepared in consultation with RMS and Council;  
(b) be submitted to the Secretary for approval prior to commencing Mod 2 operations, unless 

otherwise agreed by the Secretary; 
(c) describe the processes in place to control the arrival and dispatch of trucks; 
(d) include a Drivers’ Code of Conduct that details the safe and quiet driving practices that must be 

used by drivers travelling to and from the site;  
(e) describe the measures to be put in place to ensure compliance with the Drivers’ Code of Conduct; 

and 
(f) propose measures to minimise the transmission of dust and tracking of material onto the surface 

of the public road from vehicles leaving the quarry. 
 

The Proponent must implement the Traffic Management Plan as approved by the Secretary. 
 

ABORIGINAL HERITAGE 

29. The Proponent must ensure that: 
(a) archaeological salvage of site BC-01-09 is undertaken in accordance with Recommendation 1, 

Section 6.0 of the Aboriginal Heritage Assessment – Addendum in the EA; and 
(b) regeneration works in the area of the archaeological deposit identified adjacent to Badgerys Creek 

(see Appendix 5) are either avoided, or else undertaken in a manner that will minimise harm to 
Aboriginal objects, to the satisfaction of the Secretary.  
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30. The Applicant must prepare an Aboriginal Heritage Management Plan for the project to the satisfaction 

of the Secretary. The plan must: 
(a) be prepared by suitably qualified and experienced persons;  
(b) be prepared in consultation with Registered Aboriginal Parties; 
(c) be submitted to the Secretary for approval within 6 months of the determination of Modification 2, 

unless otherwise agreed by the Secretary;  
(d) include a description of the measures that would be implemented to: 

(i) protect, monitor and manage identified Aboriginal objects and Aboriginal places on the site 
(including any proposed archaeological investigations and salvage measures), including 
specific measures to ensure that the archaeological deposit adjacent to Badgerys Creek (see 
Appendix 5) is not impacted during regeneration operations; 

(ii) manage the discovery of previously unidentified Aboriginal objects or Aboriginal places on the 
site; and 

(iii) facilitate ongoing consultation and involvement of Registered Aboriginal Parties in the 
conservation and management of Aboriginal cultural heritage on the site; and 

(e) include a protocol to be implemented in the event that skeletal remains are discovered during the 
project. 

 
The Proponent must implement the Aboriginal Heritage Management Plan as approved by the Secretary. 

31. If human remains are discovered on the site, then all work in the area surrounding the discovery must 
cease, and the area must be secured. The Proponent must immediately notify NSW Police Force and 
OEH, and work must not recommence in the area until authorised by NSW Police Force and OEH.  

32. If any potential Aboriginal object or Aboriginal place is identified on the site, or suspected to be on the 
site: 
(a) all work in the immediate vicinity of the object or place must cease immediately; 
(b) a 10 m buffer area around the object or place must be cordoned off; and  
(c) OEH must be contacted immediately. 

33. Work in the immediate vicinity may only recommence if: 
(a) the object or place is confirmed by OEH upon consultation with the Registered Aboriginal Parties 

not to be an Aboriginal object or Aboriginal Place; 
(b) the Aboriginal Cultural Heritage Management Plan is revised to include the object or place and 

appropriate measures in respect of it; or 
(c) the Secretary is satisfied with the measures to be implemented in respect of the object or place 

and makes a written direction in that regard. 
 

REHABILITATION 

Rehabilitation Objectives 

34. The Proponent must rehabilitate the site to the satisfaction of the Secretary. This rehabilitation must be 
generally consistent with the proposed rehabilitation strategy described in the EA and shown in Appendix 
4, and must comply with the objectives in Table 6. 

Table 6: Rehabilitation Objectives 
Feature Objective 
All areas of the site 
affected by the 
project 

• Safe 
• Hydraulically and geotechnically stable 
• Non-polluting 
• Fit for the intended final land use(s) 
• Final landform integrated with surrounding natural landforms as far as is 

reasonable and feasible, and minimising visual impacts when viewed from 
surrounding land 

Surface infrastructure • Decommissioned and removed, unless otherwise agreed by the Secretary 

Quarry benches  • Landscaped and vegetated using native tree and understorey species 
Acoustic bunds • Hydraulically and geotechnically stable 

• Vegetated 
Final void • Return Pit 2 to natural ground level and revegetate 

• Minimise the size, depth and slope of the batters of the remaining final 
voids 

• Minimise the drainage catchment of the final voids 
 
Progressive Rehabilitation 
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35. The Proponent must rehabilitate the site progressively, that is, as soon as reasonably practicable 
following disturbance. All reasonable measures must be taken to minimise the total area exposed for 
dust generation at any time. Interim stabilisation measures must be implemented where reasonable and 
feasible to control dust emissions in disturbed areas that are not active and which are not ready for final 
rehabilitation.  
 
Note:  It is accepted that parts of the site that are progressively rehabilitated may be subject to future re-disturbance. 
 

Rehabilitation Management Plan 

36. The Proponent must prepare a Rehabilitation Management Plan for the project to the satisfaction of 
DRG.  This plan must: 
(a) be prepared by a suitably qualified and experienced person/s whose appointment has been 

endorsed by the Secretary; 
(b) be prepared in consultation with the Department, DoI Water, OEH and Council; 
(c) be submitted to DRG within 12 months of the determination of Modification 2; 
(d) be prepared in accordance with any relevant DRG Guideline; 
(e) build upon the Rehabilitation Objectives in Table 6 and the proposed rehabilitation strategy 

described in the EA and shown in Appendix 4;  
(f) investigate options for the future use of disturbed areas (including voids) following the completion 

of quarrying operations; 
(g) describe and justify the proposed rehabilitation strategy for the site, including post-operations 

landform and use;  
(h) describe and justify the proposed rehabilitation strategy for the site in the event that quarrying and 

brick making operations do not recommence following the shutdown period; 
(i) describe how the rehabilitation of the site would achieve the objectives identified in Table 6; 
(j) include detailed performance and completion criteria for evaluating the performance of the 

rehabilitation of the site, and for triggering remedial action (if necessary); 
(k) describe the measures to be implemented to ensure compliance with the relevant conditions of 

this approval, and address all aspects of rehabilitation including mine closure, final landform 
(including final voids) and final land use/s;  

(l) include procedures for the use of interim stabilisation and temporary vegetation strategies, where 
reasonable to minimise the area exposed for dust generation; 

(m) include a program to monitor, independently audit and report on the effectiveness of the measures 
in paragraph (k) above, and progress against the detailed performance and completion criteria in 
paragraph (j) above;  

(n) to the maximum extent practicable, build on and integrate with the other management plans 
required under this consent; and 

(o) include detailed scheduling for progressive rehabilitation to be initiated, undertaken and/or 
completed over the next three years (see condition 35 of this Schedule). 

 
The Proponent must implement the Rehabilitation Management Plan as approved by DRG. 
 

VISUAL  

37. The Proponent must implement all reasonable and feasible measures to minimise the visual and off-site 
lighting impacts of the project to the satisfaction of the Secretary.  

WASTE 

38. The Proponent must: 
(a) manage on-site sewage treatment and disposal in accordance with the requirements of its EPL, 

and to the satisfaction of the EPA and Council; 
(b) minimise the waste generated by the project; 
(c) ensure that the waste generated by the project is appropriately stored, handled, and disposed of; 

and 
(d) report on waste management and minimisation in the Annual Review, 
to the satisfaction of the Secretary. 

 
39. Except as expressly permitted in an EPL and/or the conditions of this approval, the Proponent must not 

receive waste on the site for storage, treatment, processing, reprocessing or disposal. 

LIQUID STORAGE 

40. The Proponent must ensure that all tanks and similar storage facilities (other than for water) are protected 
by appropriate bunding or other containment, in accordance with the relevant Australian Standards.  
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DANGEROUS GOODS 

41. The Proponent must ensure that the storage, handling, and transport of dangerous goods is done in 
accordance with the relevant Australian Standards, particularly AS1940 and AS1596, and the Dangerous 
Goods Code. 

FIRE SAFETY 

42. The Proponent must:  
(a) ensure that the project is suitably equipped to respond to any fires on site; and 
(b) assist the emergency services to the extent practicable if there is a fire in the vicinity of the site. 
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SCHEDULE 4 

ADDITIONAL PROCEDURES 
 

NOTIFICATION OF LANDOWNERS 

1. As soon as practicable, and no longer than 7 days, after obtaining monitoring results showing: 
(a) an exceedance of any criteria in Schedule 3, the Proponent must notify the affected landowners 

in writing of the exceedance, and provide regular monitoring results, at least every 3 months, to 
each affected landowner until the project is again complying with the relevant criteria; and 

(b) an exceedance of any air quality criteria in Schedule 3, the Proponent must send a copy of the 
NSW Health fact sheet entitled “Mine Dust and You” (as may be updated from time to time) to the 
affected landowners and current tenants of the land (including the tenants of land which is not 
privately-owned). 

 
INDEPENDENT REVIEW 

2. If a landowner considers the project to be exceeding the relevant criteria in Schedule 3, they may ask 
the Secretary in writing for an independent review of the impacts of the project on their land. 
 
If the Secretary is not satisfied that an independent review is warranted, the Secretary will notify the 
landowner in writing of that decision, and the reasons for that decision, within 21 days of the request for 
a review.  
 
If the Secretary is satisfied that an independent review is warranted, within 3 months, or as otherwise 
agreed by the Secretary and the landowner, of the Secretary’s decision, the Proponent must: 
(a) commission a suitably qualified, experienced and independent person, whose appointment has 

been approved by the Secretary, to: 
• consult with the landowner to determine his/her concerns; 
• conduct monitoring to determine whether the project is complying with the relevant criteria in 

Schedule 3; and 
• if the project is not complying with these criteria, then identify measures that could be 

implemented to ensure compliance with the relevant criteria;  
(b) give the Secretary and landowner a copy of the independent review; and 
(c) comply with any written requests made by the Secretary to implement any findings of the review.  
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SCHEDULE 5 
ENVIRONMENTAL MANAGEMENT, REPORTING AND AUDITING 

ENVIRONMENTAL MANAGEMENT 

Environmental Management Strategy 

1. The Proponent must prepare an Environmental Management Strategy for the project to the satisfaction 
of the Secretary.  This strategy must: 
(a) be submitted to the Secretary for approval within 6 months of the determination of Modification 2, 

unless otherwise agreed by the Secretary; 
(b) provide the strategic framework for environmental management of the project; 
(c) identify the statutory approvals that apply to the project; 
(d) describe the role, responsibility, authority and accountability of all key personnel involved in the 

environmental management of the project;  
(e) describe the procedures to be implemented to: 

• keep the local community and relevant agencies informed about the operation and 
environmental performance of the project; 

• receive, record, handle and respond to complaints; 
• resolve any disputes that may arise during the course of the project; 
• respond to any non-compliance; and 
• respond to emergencies; and 

(f) include: 
• references to any strategies, plans and programs approved under the conditions of this 

approval; and 
• a clear plan depicting all the monitoring to be carried out under the conditions of this approval. 

 
The Proponent must implement any Environmental Management Strategy as approved by the Secretary.  

 
Evidence of Consultation 

2. Where the conditions of this approval require consultation with an identified party, the Proponent must: 
(a) consult with the relevant party prior to submitting the subject document to the Secretary for 

approval; and 
(b) provide details of the consultation undertaken, including: 

• the outcome of that consultation, matters resolved and unresolved; and  
• details of any disagreement remaining between the party consulted and the Proponent and 

how the Proponent has addressed any unresolved matters.  

However, if the Secretary agrees, a strategy, plan or program may be prepared without consultation 
being undertaken with an identified party required under a condition of this approval. 

 
Management Plan Requirements 
 
3. The Proponent must ensure that the management plans required under this approval are prepared in 

accordance with any relevant guidelines, and include: 
(a) a summary of relevant background or baseline data; 
(b) a description of: 

• the relevant statutory requirements (including any relevant approval, licence or lease 
conditions); 

• any relevant limits or performance measures/criteria; and 
• the specific performance indicators that are proposed to be used to judge the performance of, 

or guide the implementation of, the development or any management measures; 
(c) a description of the measures to be implemented to comply with the relevant statutory 

requirements, limits, or performance measures/criteria; 
(d) a program to monitor and report on the: 

• impacts and environmental performance of the development; and 
• effectiveness of any management measures (see (c) above); 

(e) a contingency plan to manage any unpredicted impacts and their consequences and to ensure 
that ongoing impacts reduce to levels below relevant impact assessment criteria as quickly as 
possible; 

(f) a program to investigate and implement ways to improve the environmental performance of the 
project over time; 

(g) a protocol for managing and reporting any: 
• incidents; 
• complaints; and 
• non-compliances with statutory requirements;  
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(h) a protocol for periodic review of the plan; and 
(i) a document control table that includes version numbers, dates when the management plan was 

prepared and reviewed, names and positions of the person/s who prepared and reviewed the 
management plan, a description of any revisions made and the date of the Secretary’s approval. 
 

Note: The Secretary may waive some of these requirements if they are unnecessary or unwarranted for particular 
management plans. 

 
Application of Existing Strategies, Plans and Programs 

4. The Proponent must continue to apply existing management plans, strategies or monitoring programs 
approved prior to the approval of Modification 2, until the approval of a similar plan, strategy or program 
following the approval of Modification 2. 
 

Revision of Strategies, Plans & Programs 

5. Within 3 months of: 
(a) the submission of an incident report under condition 10 below;  
(b) the submission of an Annual Review under condition 12 below; 
(c) the submission of an Independent Environmental Audit report under condition 14 below; and 
(d) the approval any modifications to this approval, 
the Proponent must review the suitability of all strategies, plans and programs required under this 
approval, to the satisfaction of the Secretary. Where this review leads to revisions in any such document, 
then within 6 weeks of the review the revised document must be submitted for the approval of the 
Secretary.  

 
Notes:  
• The purpose of this condition is to ensure that strategies, plans and programs are regularly updated to incorporate 

any measures recommended to improve environmental performance of the project. 
• In the event of an inconsistency between condition 5(d) above and any condition in Schedule 3 of this approval, 

the latter prevails. 
 
Updating and Staging of Strategies, Plans or Programs 

6. With the approval of the Secretary, the Proponent may: 
(a) prepare and submit any strategy, plan or program required by this approval on a staged basis (if 

a clear description is provided as to the specific stage and scope of the project to which the 
strategy, plan or program applies, the relationship of the stage to any future stages and the trigger 
for updating the strategy, plan or program); 

(b) combine any strategy, plan or program required by this approval (if a clear relationship is 
demonstrated between the strategies, plans or programs that are proposed to be combined); and 

(c) update any strategy, plan or program required by this approval (to ensure the strategies, plans 
and programs required under this approval are updated on a regular basis and incorporate 
additional measures or amendments to improve the environmental performance of the project).  
 

Adaptive Management 

7. The Proponent must assess and manage project-related risks to ensure that there are no exceedances 
of the criteria and/or performance measures in Schedule 3. Any exceedance of these criteria and/or 
performance measures constitutes a breach of this approval and may be subject to penalty or offence 
provisions under the EP&A Act or EP&A Regulation. 
 
Where any exceedance of these criteria and/or performance measures has occurred, the Proponent 
must as soon as becoming aware of any exceedance: 
(a) take all reasonable and feasible steps to ensure that the exceedance ceases and does not 

reoccur;  
(b) consider all reasonable and feasible options for remediation (where relevant); 
(c) within 14 days of the exceedance occurring, submit a report to the Secretary describing these 

remediation options and any preferred remediation measures or other course of action; and 
(d) implement remediation measures as directed by the Secretary; 
to the satisfaction of the Secretary. 

 
COMMUNITY CONSULTATIVE COMMITTEE 

8. The Proponent must establish and operate a Community Consultative Committee (CCC) for the project 
to the satisfaction of the Secretary. The CCC must be established prior to recommencing quarrying 
operations and be operated in general accordance with the Department’s Community Consultative 
Committee Guidelines, November 2016 (or later version). 

 
Notes: 
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• The CCC is an advisory committee. The Department and other relevant agencies are responsible for ensuring 
that the Proponent complies with this approval. 

• In accordance with the guidelines, the Committee should comprise an independent chair and appropriate 
representation from the Proponent, Council and the local community. 

• The Proponent may, with the approval of the Secretary, combine the function of this CCC with the functions of 
other CCCs in the area. 

REPORTING 

Incident Reporting 

9. The Proponent must immediately notify the Secretary (using the contact name, email address and phone 
number provided by the Department from time to time) and any other relevant agencies of any incident.   

 
10. Within 7 days of the date of the incident, the Proponent must provide the Secretary and any relevant 

agencies with a detailed report on the incident, and such further reports as may be requested. This report 
must include the time and date of the incident, details of the incident, measures implemented to prevent 
re-occurrence and must identify any non-compliance with this approval. 

 
Regular Reporting 

11. The Proponent must provide regular reporting on the environmental performance of the project on its 
website, in accordance with the reporting arrangements in any plans or programs approved under the 
conditions of this approval. 

 
Annual Review 

12. Prior to recommencing quarrying operations, and annually thereafter, the Proponent must submit a 
review to the Department reviewing the environmental performance of the project to the satisfaction of 
the Secretary. This review must: 
(a) describe the project (including any progressive rehabilitation) that was carried out in the previous 

calendar year, and the project that is proposed to be carried out over the current calendar year; 
(b) include a comprehensive review of the monitoring results and complaints records of the project 

over the previous calendar year, which includes a comparison of these results against the: 
• relevant statutory requirements, limits or performance measures/criteria; 
• requirements of any plan or program required under this approval; 
• monitoring results of previous years; and 
• relevant predictions in the documents listed in condition 3 of Schedule 2; 

(c) evaluate and report on: 
• the effectiveness of the air quality and noise management systems; and 
• compliance with the performance measures, criteria and operating conditions in this approval. 

(d) identify any non-compliance over the past calendar year, and describe what actions were (or are 
being) taken to ensure compliance; 

(e) identify any trends in the monitoring data over the life of the project; 
(f) identify any discrepancies between the predicted and actual impacts of the project, and analyse 

the potential cause of any significant discrepancies; and  
(g) describe what measures will be implemented over the current calendar year to improve the 

environmental performance of the project. 
 

The Proponent must ensure that copies of the Annual Review are submitted to Council and are available 
to the Community Consultative Committee (see condition 8 of Schedule 5) and any interested person 
upon request.  
 

INDEPENDENT ENVIRONMENTAL AUDIT 

13. Within 12 months of recommencing quarrying operations, and every 3 years thereafter, unless the 
Secretary directs otherwise, the Proponent must commission, commence and pay the full cost of an 
Independent Environmental Audit of the project. This audit must: 
(a) be led and conducted by a suitably qualified, experienced and independent team of experts whose 

appointment has been endorsed by the Secretary; 
(b) include consultation with the relevant agencies and the CCC; 
(c) assess the environmental performance of the project and whether it is complying with the relevant 

requirements in this approval and any relevant EPL or necessary water licences for the project 
(including any assessment, strategy, plan or program required under these approvals); 

(d) review the adequacy of strategies, plans or programs required under the abovementioned 
approvals;  

(e) recommend appropriate measures or actions to improve the environmental performance of the 
project, and/or any assessment, strategy, plan or program required under the abovementioned 
approvals; and 
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(f) be conducted and reported to the satisfaction of the Secretary.  
 
14. Within 12 weeks of commencing this audit, or as otherwise agreed by the Secretary, the Proponent must 

submit a copy of the audit report to the Secretary and any other NSW agency that requests it, together 
with its response to any recommendations contained in the audit report, and a timetable for the 
implementation of these recommendations as required. The Proponent must implement these 
recommendations, to the satisfaction of the Secretary. 
 

ACCESS TO INFORMATION 

15. Within 3 months of the determination of Modification 2, until the completion of all works, including 
rehabilitation and remediation the Proponent must: 
(a) make the following information publicly available on its website: 

• the documents listed in condition 3 of Schedule 2; 
• current statutory approvals for the project; 
• all approved strategies, plans and programs required under the conditions of this approval; 
• regular reporting on the environmental performance of the development in accordance with 

the reporting arrangements in any plans or programs approved under the conditions of this 
approval; 

• a comprehensive summary of the monitoring results of the project, reported in accordance 
with the specifications in any conditions of this approval, or any approved plans and programs; 

• summary of the current stage and progress of the project; 
• contact details to enquire about the project or to make a complaint;  
• a complaints register, updated at least monthly; 
• the Annual Reviews of the project; 
• any Independent Environmental Audit as described in condition 13 above, and the 

Proponent’s response to the recommendations in any audit; and 
• any other matter required by the Secretary; and 

(b) keep this information up-to-date, 
to the satisfaction of the Secretary. 
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APPENDIX 1 
SCHEDULE OF LAND 
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APPENDIX 2 
LAND OWNERSHIP SURROUNDING THE PROJECT 
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APPENDIX 3 
PROJECT LAYOUT PLAN 
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APPENDIX 4 
REHABILITATION PLAN 
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APPENDIX 5 

ARCHAEOLOGICAL DEPOSIT AVOIDANCE ZONE 
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APPENDIX 6 
STATEMENT OF COMMITMENTS 

Issue Commitment 
General 

General 1) The Proponent will implement all practicable measures to prevent or minimise harm 
to the environment that may result from the construction, operation or rehabilitation 
of the Project.  

Air Quality 2) The Proponent will prepare an Air Quality and Green House Gas Management Plan 
(AQGHGMP) for the project to the satisfaction of the Director-General.  The 
AQGHGMP will outline the purpose, methodology and expected outcomes of the 
dust monitoring, and will include the following content: 

- Dust fraction to be measured, i.e. TSP, PM10, PM2.5 etc.; 
- Equipment to be used to measure selected dust fraction; 
- Frequency of the monitoring, i.e. sample collection schedule; 
- Duration of the monitoring program; 
- Location of the monitoring station/s; 
- Standards/guidelines that are to be followed for location/construction of the 

monitoring station, equipment calibration, collection of samples and analysis of 
samples;  

- Calibration methodology and schedule; 
- Reporting procedure;  
- Regulatory guidelines and compliance criteria; 
- Action levels and contingency measures in the event that pollutant concentrations 

approach or are likely to exceed the relevant compliance criteria; and 
- A consultation program that involves nearby agricultural producers and residents, in 

order to determine if the dust mitigation measures are being affective. 
3) The AQGHGMP will detail measures to control dust and emissions from the Project 

Site including the following measures: 
- Haul roads to be watered at a rate equal to or greater than 2 L/m2/hr; 
- Unloading of trucks containing raw or unusable extracted material to be controlled 

using water sprays; 
- Dust from the raw material stockpile to be controlled using water sprays; 
- Dust from existing stockpiles of unusable material and open pits to be controlled 

using water sprays with chemical additives (surfactants);  
- Completed pits to be revegetated as soon as practicable after completion of 

quarrying activities; 
- Disturbed soil surfaces to be revegetated in accordance with the RP for the Project 

Site;  
- Operational practices to be reviewed to ensure ‘best practice’ techniques are being 

employed and that operational equipment is working efficiently; 
4) A reactive dust management program will be implemented during quarrying 

activities. The reactive program will form part of the AQGHGMP. A reactive 
management program involves the combination of instantaneous dust monitors and 
an on-site meteorological station. The dust monitors will be located on the boundary 
of the site between the dust emitting activities and the most affected receptors, and 
alert the operators when dust levels approach or exceed criteria levels.  If the dust 
levels reach a pre-determined warning or critical concentration and the winds are 
shown to be blowing from the Site towards the monitor (i.e. the site is likely to be 
contributing to the elevated dust levels and potentially affecting receptors), pre-
arranged actions will be taken to minimise the Site’s dust emissions. Once the dust 
concentrations return below the warning level, the additional mitigation measures 
can cease and quarrying operations return to normal. The warning or critical 
concentration levels will be chosen in consultation with OEH and represent levels 
that provide the Site enough time to implement mitigation measures and/or inform 
personnel to cease works. 
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Issue Commitment 
General 

Noise 5) The Proponent will implement all practicable measures to undertake the project in a 
way that minimises the noise generated. The Proponent has made the following 
commitments in relation to operation noise management: 

6) The Proponent will conduct quarrying activities at the Project Site only between the 
following hours: 
• 7.00 am to 6.00 pm Monday to Saturday  

7) The Proponent will operate the Brick making facility and conduct activities within the 
storage yard at the Project Site 24 hours a day, Monday to Sunday. 

8) Deleted 
9) The Proponent will apply 5 dB(A) of noise reduction treatment to all dozers and 

excavators used in the quarrying operations, except for the duration of Mod 2 
operations. 

10) The Proponent will apply 5 dB(A) of attenuation treatment to the front end loader 
operating as part of the brick works. 

11) The Proponent will construct an earth bund of a minimum height of 10 m along the 
northern and part of the western Project site boundaries, and 7m along the eastern 
Project Site boundary and part of the southern Project Site boundaries as shown in 
Figure 6 and Appendix B of the Noise Assessment Addendum Report. Bund 
construction is not required for Mod 2 operations.  

12) The Proponent will remove overburden material using excavators only in pits where 
the use of a dozer exceeds the noise criteria. 

13) The Proponent will use smaller dozers during raw material removal stages where the 
predicted noise levels from larger dozers exceed the noise criteria. 

14) Construction works associated with the earth bund will be limited to 7am to 6pm 
Monday to Friday and 8am to 1pm on Saturdays. 

15) The Proponent will adopt best practicable means of controlling noise during the 
construction of the noise berm and will include noise mitigation measures in a 
construction noise and vibration management plan which will form part of the 
construction management plan to minimise the noise impact at sensitive receivers.  
This may include the work practices described below as detailed in Section 8 of the 
Noise Assessment Addendum Report: 

16) The Proponent will apply 5 dB(A) of attenuation treatment to dozers operating as part 
of the noise berm construction activities. 

17) All construction activities associated with the construction of the noise berm will be 
subject to the standard noise and vibration mitigation measures described in Section 
8.2 of the Noise Assessment Addendum Report. 

18) Unforeseen noisy activities will be subject to additional mitigation measures 
depending on the extent of predicted or measured impacts.  

19) In the case that high impact noise activities, such as those likely to generate noise 
levels above LAeq 75 dB(A) or activities likely to generate noise with intermittent, 
impulsive, tonal or low-frequency characteristics are required during the construction 
of the noise berm, adjacent sensitive receivers will be appropriately notified prior to 
works commencing and respite periods will be implemented.   

20) The mitigation measures described in Section 8.5 of the Noise Assessment 
Addendum Report will be implemented in order to minimise the impact of noise 
exceedances from heavy vehicles (i.e. trucks and dump trucks) moving around the 
site.  

21) The Proponent and/or its appointed contractors will select and maintain bulk 
earthwork machinery as specified in Section 8.6 of the Noise Assessment 
Addendum Report, except where varied by EA (Mod 2). 

22) Broadband reversing alarms or other non-tonal vehicle movement and warning 
alarms will be fitted to all machinery on site (quarrying, brick making and storage 
yard machinery). The potential noise impact associated with reversing alarms will be 
managed and minimised via a combination of proactive driver/operator training and 
operational procedures as detailed in Section 8.6 of the Noise Assessment 
Addendum Report. 
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Issue Commitment 
General 

 23) The Proponent will implement a noise monitoring programme which would involve 
attended noise monitoring at a number of nearby identified receiver locations.   

24) The Proponent will undertake consultation with identified nearby residential receivers 
(as detailed in Section 8.9 of the Noise Assessment Addendum Report) that are 
predicted to exceed the recommended noise criteria to inform them of the timing and 
duration of the work. 

25) The Proponent will maintain a noise complaint register.  
Surface Water 26) The Proponent will manage surface water on the Project Site in accordance with the 

SWMP prepared for the Project Site (ERM, 2002), including Addendum dated April 
2010 (AECOM, 2010) and included as Appendix C to the EA. 

27) If during the operational phase of the quarry or on completion of the quarry 
operations, the proponent wishes to make use of the water from the pits/dams in the 
brick making process or for reuse at other premises offsite etc, a licence will be 
obtained from the NOW.  

Groundwater 28) The Proponent will prepare and implement a Groundwater Monitoring Program for 
the Project Site generally in accordance with the methodology provided in Chapter 
11 of the EA, subject to consultation with the NOW and the satisfaction of the 
Director-General of the DP&I.  The program will commence within 12 months of the 
project proposal approval. 

29) The Proponent will report the results of the Groundwater Monitoring Program to the 
Director-General of the DP&I and the NOW on an annual basis. 

30) The Proponent will implement appropriate management measures in relation to 
groundwater as indicated by the Monitoring Program and agreed with the Director-
General. 

31) A licence to authorise any groundwater monitoring installation, required as part of 
this project, will be obtained from the NOW prior to any drilling commencing.  

32) The proponent will implement an alluvial aquifer mapping and assessment program 
to inform: 

- The definition of the boundaries of the alluvial system; 
- Adjustment to the extent of proposed pits to avoid impacts to the alluvial aquifer; and 
- The establishment of further mitigation measures (if required) to minimise potential 

impacts upon the alluvial aquifer.  
- This program will commence within 12 months recommencing quarrying operations 

and the results will be reported to the NOW and the Director-General of the DP&I. 
Rehabilitation 33) The Proponent will carry out rehabilitation works at the Project Site in accordance 

with the RP prepared for the Project Site and included as Appendix D to the EA. 
34) The Proponent will prepare a Final Landform Rehabilitation Plan in consultation with 

the OEH and DP&I two years prior to the completion of all approved quarrying 
activities. 

Traffic and 
Transport 

35) The Proponent will manage traffic movements to and from the Project Site generally 
in accordance with the following: 

- Personnel operating trucks and vehicles to and from the Project Site would be 
required to undertake a site-specific health and safety induction, specifying operating 
hours, avoidance of the AM and PM peak periods and vehicle speed limits on Martin 
Road. 

- A heavy vehicle protocol would be developed for the Project Site and distributed to 
relevant staff and contractors during induction procedures. The protocol would deal 
with such issues as timing of vehicle movements, idling of vehicles, speed limits and 
parking. 

- Unnecessary vehicle movements would be minimised where possible. 
• Deliveries would be scheduled on larger capacity ‘Truck and Trailer’ vehicles 

rather than ‘Truck Only’ vehicles where possible to minimise truck movements. 
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Issue Commitment 
General 

Cultural 
Heritage 

36) The Proponent will adopt the following measures in relation to the management of 
cultural heritage on the Project Site: 

- Isolated find BC-01-09 would be collected prior to works commencing in Pit 5. 
- The location of quarry pit 5 and the noise attenuation berm would be modified so as 

to not encroach within 60m of Badgerys Creek. 
- Salvaged heritage material would be returned to the location they originated from as 

per the Code of Practice for Archaeological Investigation of Aboriginal Objects in 
NSW and the procedure outlined in the Aboriginal Heritage Assessment Addendum. 

- Should relics be uncovered during the course of the approved works, works will 
cease. In cases where historical items have been uncovered, the NSW DP&I’s 
Heritage Branch will be advised or should indigenous items be uncovered the 
National Parks and Wildlife Service will be advised; 

- Workers/contractors will be informed of their obligations under the NPW Act 1974, 
namely that it is illegal to disturb, damage or destroy a relic without the prior approval 
of the Director General of the OEH; and 

- Should human remains be found in, on, or under the land during construction, the 
responsible party will: 
• Contact the local police; 
• Not disturb or excavate the remains; 
• Immediately cease all work at the particular location; 
• Notify the OEH office as soon as practicable and provide any available details 

of the remains and their location; and  
• Not recommence any work at the particular location until authorised in writing 

by the OEH. 

Ecology 37) The Proponent will adopt the following measures in relation to the removal of any 
trees on the Project Site: 

- The canopy of the trees to be visually inspected prior to clearing to assess for the 
presence of fauna. Where bird species are detected the tree is to be nudged prior to 
felling to encourage the fauna to vacate the tree prior to felling. Trees to be left in situ 
until the birds leave the canopy; 

- Felled trees are to be left in-situ for at least 24 hours to allow fauna species to 
relocate. Qualified personnel are to be on hand to check for wildlife and relocate 
them; 

- Felled wood is to be relocated to the remnant woodland (and not placed in piles) or 
chipped and used in rehabilitation areas;  

- Should any wildlife be inadvertently injured during the proposed works, WIRES or an 
accredited veterinarian will be contacted; 

- A 60m buffer area will be provided along Badgerys Creek and the Badgerys Creek 
tributary. Rehabilitation works are to be undertaken in this area in accordance with 
the RP prepared as part of this EA; and  

- Five native trees will be planted for each mature native tree that is removed. The 
plantings will be located adjacent to the riparian vegetation along Badgerys Creek 
and its tributary. 

Waste 38) The Proponent will manage waste in relation to the Project in accordance with the 
existing WMP for the Project Site, included as Appendix M to the EA. 

Mineral 
Resources 

39) The proponent will provide annual production data to the Mineral Resources Branch 
of NSW Industry and Investment, as and when requested. 

Environmental 
Management 

40) The Proponent will prepare an EMP for the Project Site to provide environmental 
management practices and procedures to be followed during the operation of the 
Project. The EMP will include, but not necessarily be limited to: 

- identification of statutory and other obligations that the Proponent is required to fulfil 
in relation to operation of the Project; 

- a description of the roles and responsibilities for all key personnel involved in 
environmental management of the Project; 

- the environmental policies and principles to be applied to the operation of the 
Project; and 

- describe in general terms how the environmental performance of the Project would 
be monitored and managed. 
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APPENDIX 7 
REPAIR WORKS FOR MARTIN ROAD 
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APPENDIX 8 
NOISE COMPLIANCE ASSESSMENT 

 
Applicable Meteorological Conditions 
 
1. The noise criteria in Table 3 are to apply under all meteorological conditions except the following: 

(a) wind speeds greater than 3 m/s at 10 m above ground level; or 
(b) temperature inversion conditions between 1.5°C and 3°C/100 m and wind speed greater than 2 m/s at 10 m 

above ground level; or 
(c) temperature inversion conditions greater than 3°C/100 m. 

 
Determination of Meteorological Conditions 
 
2. Except for wind speed at microphone height, the data to be used for determining meteorological conditions must 

be that recorded by the meteorological station required under condition 14 of Schedule 3. 
 
Compliance Monitoring 
 
3. A noise compliance assessment must be undertaken within six months of commencing Mod 2 operations. The 

assessment must be conducted by a suitably qualified and experienced acoustical practitioner and must assess 
compliance with the noise criteria in Table 3. A report must be provided to the Secretary and EPA within 1 month 
of the assessment.  

 
4. Unless the Secretary agrees otherwise, this monitoring is to be carried out in accordance with the relevant 

requirements for reviewing performance set out in the NSW Industrial Noise Policy (as amended from time to time), 
in particular the requirements relating to: 
(a) monitoring locations for the collection of representative noise data; 
(b) equipment used to collect noise data, and conformity with Australian Standards relevant to such equipment;  
(c) modifications to noise data collected, including for the exclusion of extraneous noise and/or penalties for 

modifying factors apart from adjustments for duration; and 
(d) the use of an appropriate modifying factor for low frequency noise to be applied during compliance testing at 

any individual residence if low frequency noise is present (in accordance with the NSW Industrial Noise 
Policy) and before comparison with the specified noise levels in the approval.  
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Sched Condition Condition Text Where covered Compliance Status Corrective action and timing
2

1 1

OBLIGATION TO MINIMISE HARM TO THE ENVIRONMENT
In addition to meeting the specific performance measures and criteria 
established under this approval, the Proponent must implement all reasonable 
and feasible measures to prevent, and if prevention is not reasonable and 
feasible, minimise, any material harm to the environment that may result from 
the construction and operation of the project, and any rehabilitation required 
under this approval.

EMS Section 6 Compliant No Action required

2 2 TERMS OF APPROVAL
The Proponent, in acting on this approval, must carry out the project:
(a) in compliance with the conditions of this approval;
(b) in accordance with all written directions of the Secretary; and
(c) in accordance with the project layout.
The Proponent, in acting on this approval, must carry out the project:
(a) generally in accordance with the EA;
(b) generally in accordance with EA (Mod 1);
(c) generally in accordance with EA (Mod 2); and
(d) in accordance with the Statement of Commitments.

2 4

The conditions of this approval and directions of the Secretary prevail to the 
extent of any inconsistency, ambiguity or conflict between them and a 
document referenced in condition 3 of this Schedule. In the event of an 
inconsistency, ambiguity or conflict between any of the documents referenced in 
condition 3 of this Schedule, the most recent document prevails.

Badgerys Creek Compliance Tracker Compliant No Action required

Consistent with the requirements of this approval, the Secretary may make 
written directions to the Proponent in relation to:
(a) the content of any strategy, study, system, plan, program, review, audit, 
notification, report or correspondence submitted under or otherwise made in 
relation to this approval, including those that are required to be, and have 
been, approved by the Secretary; and
(b) the implementation of any actions or measures contained in any such 
document referred to in (a) above.
COMPLIANCE
The Proponent must ensure that all of its employees, contractors (and their sub‐
contractors) are made aware of, and are instructed to comply with, the 
conditions of this approval relevant to activities they carry out in respect of the 
project.
APPLICABILITY OF GUIDELINES
References in the conditions of this approval to any guideline, protocol, 
Australian Standard or policy are to such guidelines, protocols, standards or 
policies in the form they are in as at the date of this approval.

However, consistent with the conditions of this approval and without altering 
any limits or criteria in this approval, the Secretary may, when issuing directions 
under this approval in respect of ongoing monitoring and management 
obligations, require compliance with an updated or revised version of such a 
guideline, protocol, standard or policy, or a replacement of them.

2 LIMITS OF APPROVAL
The Proponent may carry out quarrying operations and brick making on the site 
until 27 September 2031.

Note: Under this approval, the Proponent is required to decommission and 
rehabilitate the site and carry out additional requirements. Consequently, this 
approval will continue to apply in all respects other than to permit the carrying 
out of quarrying operations, until the rehabilitation of the site and those 
requirements and undertakings have been carried out to the required standard.

2 9
The Proponent may receive, store and dispatch finished building products at the 
site until 4 May 2021

EMS 3.1 Condition not triggered Awaiting Approval

The Proponent must not: (a) extract more than 420,000 tonnes of clay shale 
from the site in any calendar year;

(b) produce more than 252,000 tonnes of bricks at the site in any calendar year;

(c) dispatch more than 275,000 tonnes of raw materials from the site in any 
calendar year; or
(d) receive more than 20,000 tonnes of raw materials at the site in any calendar 
year.

2 11
The Proponent must not transport bricks or quarry products to or from the site, 
other than by road.

Traffic Management Plan (TMP) Compliant Awaiting Submission

Truck movements at the site (i.e. either arrival or dispatch), must not exceed:
(a) 120 per day, Monday to Friday between 6.00 am and 10.00 pm; and
(b) 40 per day on Saturday between 6.00 am and 10.00 pm.

ADMINISTRATIVE CONDITIONS 

2 2 EMS Section 6

2 6 EMS 5.2

2 7 Badgerys Creek Compliance Tracker

2 3 Badgerys Creek Compliance Tracker

2 5 Adress all written direction

2 12 Traffic Management Plan (TMP)

2 8 EMS 3.1

2 10 EMS 3.1

Compliant

Compliant

Compliant

Compliant

Compliant

Condition not triggered

Condition not triggered

Compliant

No Action required

Track all relevant requirements in compliance tracker

No Action required

Awaiting Approval

No Action required

Awaiting Approval

Awaiting Approval

Awaiting Submission



Note:    Operating hours for arrival and dispatch of trucks are also controlled 
under condition 1 of Schedule 3.

2 STRUCTURAL ADEQUACY
All new buildings and structures, and any alterations or additions to existing 
buildings and structures, that are part of the project, must be constructed in 
accordance with the BCA.
Notes:
• Under Part 6 of the EP&A Act, the Proponent is required to obtain construction 
and occupation certificates for any proposed building works;
• Part 8 of the EP&A Regulation sets out the requirements for the certification of 
the project.

2 DEMOLITION

2 14
All demolition work must be carried out in accordance with the Australian 
Standard AS 2601‐2001: The Demolition of Structures (Standards Australia, 
2001).

EMS 6.2 Compliant Awaiting Approval

2 PROTECTION OF PUBLIC INFRASTRUCTURE
Unless the Proponent and the applicable authority agree otherwise the 
Proponent must:
(a) repair, or pay the full costs associated with repairing, any public 
infrastructure that is damaged by the project; and
(b) relocate, or pay the full costs associated with relocating, any public 
infrastructure that needs to be relocated as a result of the project.
Note:    This condition does not apply to damage to roads caused as a result of 
general road usage or otherwise addressed by contributions required by condition 
25 of Schedule 3.

2 OPERATION OF PLANT AND EQUIPMENT
All plant and equipment used on the site, or to monitor the performance of the 
project, must be:
(a) maintained in a proper and efficient condition; and
(b) operated in a proper and efficient manner.

2 PRODUCTION DATA
The Proponent must:
(a) provide calendar year annual quarry production data to DRG using the 
standard form for that purpose; and
(b) include a copy of this data in the Annual Review.

2 LIMITS OF EXTRACTION
2 Identification of Approved Extraction Limits

Within 12 months of the determination of Modification 2, the Proponent must:

(a) engage a registered surveyor to mark out the boundaries of the approved 
areas of extraction within the site; and
(b) provide the Secretary with a survey plan of such boundaries.
The boundaries of the approved areas of extraction within the site must be 
clearly marked in a manner that allows them to be easily identified at all times 
during the carrying out of quarrying operations.

2 Maximum Extraction Depth

2 19

The Proponent must not extract any extractive materials or carry out any work 
in the extraction area below 35 m below the pre‐existing natural surface of the 
ground, other than construction of bores approved by DoI Water or in‐pit sumps 
approved by the Secretary.

EMS 6.3.1 /MOP Compliant Awaiting Approval

3 SPECIFIC ENVIRONMENTAL CONDITIONS 
3 NOISE
3 Hours of Operation
3 1 The Proponent must comply with the operating hours set out in Table 1.

The following activities may be carried out outside the hours specified in 
condition 1 of this Schedule:
(a) activities that are inaudible at residences on privately‐owned land;
(b) the delivery or dispatch of materials as requested by the NSW Police Force or 
other public authorities for safety reasons; or
(c) emergency work to avoid the loss of life, property or to prevent material 
harm to the environment.

In such circumstances, the Proponent must notify the Department and affected 
residents prior to undertaking the activities, or as soon as is practical thereafter.

3 Construction Noise

The Proponent must ensure that noise generated during the construction of 
acoustic bunds does not exceed the criteria in Table 2.  The Proponent must 
ensure that the noise generated by bund construction work is managed in 
accordance with the requirements outlined in the Interim Construction Noise 
Guideline (DECC, 2009).

Note:    To identify the locations referred to in Table 2, see the figure and 
associated table in Appendix 2.

2 13 EMS 6.2

2 17 EMS 9

2 18

2 15 Traffic Management Plan (TMP)
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3 2 EMS 9.5.1 / NMP

3 3 Acoustic Bund Management Plan (ABMP)
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Compliant

Compliant
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Awaiting Approval

Awaiting Approval

Awaiting Submission

Compliant Awaiting Submission
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Noise Management Plan (NMP)
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The Proponent must prepare an Acoustic Bund Construction Management Plan 
to the satisfaction of the Secretary. The plan must:
(a) be approved by the Secretary prior to commencing quarrying operations in 
Pits 4 or 5 (see Appendix 3), unless otherwise agreed by the Secretary;
(b) include a schedule for the construction of the acoustic bunds described in 
Section 5.4 of the Noise Assessment Report Addendum Report in the EA;
(c) include detailed procedures to:
• keep surrounding residents informed of the proposed timing and duration of 
bund construction;
• minimise and mitigate the noise impacts generated by the works; and
• receive, handle and respond to complaints relating to the works; and
(d) include a protocol to notify the Department, in writing:
• prior to commencing the construction of each acoustic bund; and
• following the completion of each acoustic bund.

3 Operational Noise Criteria

The Proponent must ensure that operational noise generated by the project 
(excluding acoustic bund construction) does not exceed the criteria in Table 3 at 
any residence on privately‐owned land. Noise generated by the project is to be 
measured in accordance with the relevant requirements and exemptions 
(including certain meteorological conditions) of the NSW Industrial Noise Policy. 
Appendix 8 sets out the meteorological conditions under which these criteria 
apply and the requirements for evaluating compliance with these criteria.

However, the noise criteria in Table 3 do not apply if the Proponent has an 
agreement with the relevant landowner to exceed the noise criteria, and the 
Proponent has advised the Department in writing of the terms of this 
agreement.

3 Road Traffic Noise Criteria

3 6

The Proponent must ensure that the traffic noise generated by the project does 
not exceed the criteria in Table 4.  Note:  Traffic noise generated by the project is 
to be measured in accordance with the relevant procedures in the NSW Road 
Noise Policy (Department of Environment, Climate Change and Water NSW).

Noise Management Plan (NMP) Compliant Awaiting Submission

3 Noise Operating Conditions
The Proponent must:
(a) take all reasonable steps to minimise the construction, operational, low 
frequency and road transportation noise of the project;
(b) take all reasonable steps to minimise the noise impacts of the project during 
meteorological conditions when the noise criteria in this approval do not apply 
(see Appendix 8);
(c) operate a noise management system to guide the day to day planning of 
quarrying operations and the implementation of noise mitigation measures to 
ensure compliance with the relevant conditions of this approval;
(d) carry out regular noise monitoring in accordance with Appendix 8 to 
determine whether the project is complying with the relevant conditions of this 
approval; and
(e) modify or stop operations on the site to comply with the relevant conditions 
of this approval.
Note:    Monitoring under this approval is not required at all residences and the 
use of representative monitoring locations can be used to demonstrate 
compliance with criteria, if agreed to by the Secretary.

3 Noise Management Plan
The Proponent must prepare a Noise Management Plan for the project to the 
satisfaction of the Secretary. This plan must:
(a) be prepared in consultation with the EPA;

(b) be submitted to the Secretary for approval prior to commencing quarrying 
operations under Modification 2, unless otherwise agreed by the Secretary;

(c) describe the measures to be implemented to ensure:

• compliance with the noise criteria and operating conditions of this approval;

• best practice management is being employed; and
• the noise impacts of the project are minimised during meteorological 
conditions under which the noise criteria in this approval do not apply (see 
Appendix 8);
(d) describe measures to ensure that all the commitments in the EA in relation 
to noise are implemented;
(e) include a consultation plan detailing:
• procedures for notifying and consulting nearby residents prior to the 
commencement of the construction of the noise bunds and during quarrying 
and brick making operations;

3 4 Acoustic Bund Management Plan (ABMP)

3 5 Noise Management Plan (NMP)

3 7 Noise Management Plan (NMP)

3 8 Noise Management Plan (NMP)

Compliant

Compliant

Compliant

Compliant
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Awaiting Submission

Awaiting Submission

Awaiting Submission



• details of a telephone complaints line (all hours) and relevant site persons 
responsible for following up complaints;
• procedures for handling and monitoring all complaints received; and
• contingency measures that would be implemented where complaints are 
received;
(f) describe the proposed noise management system; and
(g) include a noise monitoring program that:
• is capable of evaluating the performance of the project;
• includes a protocol for determining any exceedances of the relevant 
conditions of this approval; and
• effectively supports the noise management system.

3 AIR QUALITY
3 Air Quality Impact Assessment Criteria

3 9
The Proponent must ensure that particulate matter emissions generated by the 
project do not cause exceedances of the criteria in Table 5 at any residence on 
privately‐owned land.

Air Quality and Greenhouse Gas Management Plan (AQGHGMP) Condition not triggered Condition not triggered

3 Operating Conditions
The Proponent must:
(a) implement best practice management to minimise the dust emissions of the 
project;
(b) implement all air quality management and mitigation measures that were 
committed to in the EA;
(c) implement real‐time monitoring of 24‐hour average PM10 and meteorological 
conditions;
(d) regularly assess meteorological and air quality monitoring data and relocate, 
modify and/or stop operations on site to ensure compliance with the air quality 
criteria in this approval;

(e) minimise the air quality impacts of the project during adverse meteorological 
conditions and extraordinary events (see note d under Table 5);

(f) monitor and report on compliance with the relevant air quality conditions in 
this approval; and
(g) minimise the area of surface disturbance and undertake progressive 
rehabilitation of the site, to the satisfaction of the Secretary.

3 11
The Proponent must ensure compliance with stack emission limits and gaseous 
pollutant load limits included in any EPL applicable to the site.

Air Quality and Greenhouse Gas Management Plan (AQGHGMP)

Prior to commencing quarrying operations in Pit 5, the Proponent must 
undertake an Air Quality Audit to the satisfaction of the Secretary. The audit 
must:

(a) be undertaken in consultation with EPA by suitably qualified and 
experienced persons whose appointment has been approved by the Secretary;

(b) review the effectiveness of existing air quality management and control 
measures; and
(c) describe any additional air quality control measures, including operational 
controls, required to ensure continuing compliance with air quality criteria 
during the quarrying activities associated with Pit 5.

3 Air Quality Management Plan
The Proponent must prepare an Air Quality Management Plan for the project to 
the satisfaction of the Secretary. This plan must:
(a) be prepared in consultation with the EPA;

(b) be submitted to the Secretary for approval prior to commencing quarrying 
operations under Modification 2, unless otherwise agreed by the Secretary;

(c) describe the proposed air quality management system;
(d) describe the measures to be implemented to ensure:
• compliance with the air quality criteria and operating conditions of this 
approval;
• best practice management is being employed; and
• the air quality impacts of the project are minimised during adverse 
meteorological conditions and extraordinary events;
(e) describe measures to ensure that all the commitments in the EA in relation 
to air quality are implemented;
(d) include  a  program  to  ensure  surface  disturbance  associated  with  
quarrying  operations  is minimised;
(e) include an air quality monitoring program that:
• uses a combination of real‐time monitors, high volume samplers and dust 
deposition gauges, to evaluate the performance of the project at potential 
receivers and on‐site;
• is capable of evaluating the performance of the project and informing day to 
day operational decisions;

3 8 Noise Management Plan (NMP)

3 10 Air Quality and Greenhouse Gas Management Plan (AQGHGMP)

3 Air Quality and Greenhouse Gas Management Plan (AQGHGMP)
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3 13 Air Quality and Greenhouse Gas Management Plan (AQGHGMP)
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• includes a protocol for determining any exceedances of the relevant 
conditions of this approval; and
• effectively supports the air quality management system; and
(f) include a program to:
• notify affected landowners of the potential health‐related impacts associated 
with dust; and
• respond effectively to enquiries or complaints.

3 Meteorological Monitoring
For the life of the project, the Proponent must ensure that there is a suitable 
meteorological station operating in the vicinity of the site that complies with the 
requirements in the Approved Methods for Sampling and Analysis of Air 
Pollutants in New South Wales guideline.

Note: Meteorological monitoring is not required during the shutdown period.

3 Odour

3 15
The Proponent must ensure that no offensive odours, as defined by the POEO 
Act, are emitted from the site.

Air Quality and Greenhouse Gas Management Plan (AQGHGMP) Compliant Awaiting Submission

3 Greenhouse Gas Emissions

3 16
The Proponent must implement all reasonable and feasible measures to 
minimise the release of greenhouse gas emissions from the site.

Air Quality and Greenhouse Gas Management Plan (AQGHGMP) Compliant Awaiting Submission

3 SOIL AND WATER
3 Water Supply

3 17
The Proponent must ensure that it has sufficient water for all stages of the 
project, and if necessary, adjust the scale of operations under the approval to 
match its available water supply, to the satisfaction of the Secretary.

Soil and Water Management Plan (SWMP) Condition not triggered Awaiting Submission

3 Water Discharges

3 18
The Proponent must ensure that all quarry water from the site is contained 
wholly within the site.

Soil and Water Management Plan (SWMP) Compliant Awaiting Submission

3 19
The Proponent must ensure that all surface water discharges from the site 
comply with the limits (both volume and quality) set in any EPL applicable to the 
site

Soil and Water Management Plan (SWMP) Compliant Awaiting Submission

3 Riparian Buffer Distance
The Proponent must maintain a minimum setback width of 60 metres (measured 
from the top of bank) between extraction areas and both Badgerys Creek and 
Badgerys Creek tributary.
Note:    This condition does not prohibit overburden emplacement or 
rehabilitation works in accordance with the Project Layout Plan.

3 Alluvial Aquifers

3 21
The Proponent must ensure that the project has no impact on alluvial aquifers 
associated with South Creek, Badgerys Creek or their tributaries.

Soil and Water Management Plan (SWMP), Alluvial Aquifer Assessment 
(AAA)

Compliant Awaiting Submission

The Proponent must prepare and implement an Alluvial Aquifer Assessment for 
the project to the satisfaction of the Secretary. This plan must:

(a) be prepared in consultation with DoI Water by suitably qualified and 
experienced persons whose appointment has been approved by the Secretary;

(b) be submitted to the Secretary for approval within 12 months of commencing 
quarrying operations under Modification 2; and
(c) include:
• a program to monitor groundwater from boreholes to be constructed in the 
alluvial sediments adjacent to Badgerys and South Creeks and their tributaries, 
and in the Bringelly Shale bedrock aquifer;
• alluvial mapping to delineate the presence and extent of alluvial sediments 
and alluvial aquifers between Badgerys Creek and the proposed Pit 5 extraction 
area (see Appendix 3);
• mitigation and management measures to ensure alluvial sediments and 
alluvial aquifers are not impacted by the project, including:
‐ appropriate  buffer  setback  distances  between  the  alluvial  sediments  and  
the  Pit  5 extraction area; and
‐ any resulting adjustments to the Pit 5 extraction area.

3 Soil and Water Management Plan
The Proponent must prepare a Soil and Water Management Plan for the project 
to the satisfaction of the Secretary. This plan must:
(a) be prepared by a suitably qualified and experienced person/s approved by 
the Secretary;
(b) be prepared in consultation with the EPA and DoI Water;

(c) be submitted to the Secretary for approval prior to commencing quarrying 
operations under Modification 2, unless otherwise agreed by the Secretary; and

(d) include a:
(i) Site Water Balance that includes:
• details of:
  o sources and security of water supply;

3 14 Air Quality and Greenhouse Gas Management Plan (AQGHGMP)

3 Alluvial Aquifer Assessment (AAA)

3 23 Soil and Water Management Plan (SWMP)

3 20 Soil and Water Management Plan (SWMP)

3 22 Alluvial Aquifer Assessment (AAA)

Compliant

Compliant

Compliant

Compliant

Compliant

Awaiting Submission

Awaiting Submission

Awaiting Submission

Awaiting Submission of plan and purchase monitoring 
equiptment

Awaiting Submission



  o water use and management on site;
  o adequacy of water storage facilities to contain all surface water runoff;
  o any off‐site water transfers; and
  o reporting procedures; and
• measures to be implemented to minimise clean water use on site;
(ii) Surface Water Management Plan, that includes:
• a program for obtaining detailed baseline data on surface water flows and 
quality in water bodies that could potentially be affected by the project;
• a detailed description of the surface water management system on site 
including the:
  o clean water diversion system;
  o erosion and sediment controls;
  o dirty water management system; and
  o water storages, including the area, depth and capacity of any in‐pit sumps;
• detailed plans, including design objectives and performance criteria, for:
  o reinstatement of drainage lines on the rehabilitated areas of the site; and

  o control of any potential water pollution from rehabilitated areas of the site;

• performance  criteria  for  the  following,  including  trigger  levels  for  
investigating  any potentially adverse impacts on:
  o the water management system;
  o surface water quality in creeks and other water bodies that could potentially 
affected by the project (including Badgerys Creek and Badgerys Creek tributary); 
and
  o the stream health, vegetation health and channel stability of water bodies 
that could potentially affected by the project;
• a program to monitor and report on:
  o any surface water discharges;
  o the effectiveness of the water management system;
  o the quality of water discharged from the site to the environment;
  o surface water flows and quality in local watercourses; and

  o the stream health, riparian vegetation health and channel stability of creeks 
and other water bodies that could potentially be affected by the project; and

3
• a plan to respond to any exceedances of the performance criteria, and 
mitigate and/or offset any adverse surface water impacts of the project; and

Soil and Water Management Plan (SWMP) Compliant Awaiting Submission

(iii) Groundwater Management Plan that includes:
• measures to ensure that the maximum extraction depth is not exceeded (see 
condition 19 of Schedule 2);

• a protocol to obtain appropriate water licence(s) to cover the volume of any 
unforeseen groundwater inflows into the quarry from the quarry face or floor;

• groundwater assessment criteria, including trigger levels for investigating any 
potentially adverse groundwater impacts; and
• a monitoring program to manage potential impacts, if any, on any alluvium 
and associated surface water source near the proposed extraction area that 
includes:
  o monitoring of groundwater inflows into the quarry from the quarry face or 
floor, or into any in‐pit sumps;
  o monitoring the impacts of the project on baseflows to Badgerys and South 
Creeks and their tributaries;
  o identification  of  a  methodology  for  determining  exceedances  of  the  
assessment criteria;
  o a plan to respond to any exceedances of the performance criteria; and
  o a program to regularly report on monitoring.

3 TRANSPORT
3 Road Haulage

Prior to commencing Mod 2 operations, the Proponent must:
(a) erect signage on Elizabeth Drive advising of “trucks turning”;
(b) install a wheel wash on the quarry access road to prevent material being 
deposited in Martins Road; and
(c) ensure the access driveway from Martin Road is capable of catering for all 
heavy vehicles associated with the project in accordance with AS2890.2,
to the satisfaction of Council.

3 Road Upgrade and Maintenance Contribution
The Proponent must:

(a) repair Martin Road to the satisfaction of Council by 30 June 2013 and in 
accordance with the agreement dated 9 April 2013 attached as Appendix 7; and

(b) prior to commencing Mod 2 operations, enter into a formal agreement with 
Council for the:

3 Soil and Water Management Plan (SWMP)

3 Soil and Water Management Plan (SWMP)

3 Soil and Water Management Plan (SWMP)

3 Soil and Water Management Plan (SWMP)

3 Soil and Water Management Plan (SWMP)

3 Soil and Water Management Plan (SWMP)

3 Soil and Water Management Plan (SWMP)

3 Soil and Water Management Plan (SWMP)

3 24 Traffic Management Plan (TMP)

Compliant

Compliant

Compliant

Compliant

Compliant

Compliant

Compliant

Compliant

Compliant

Awaiting Submission

Awaiting Submission

Awaiting Submission

Awaiting Submission

Awaiting Submission
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Awaiting Submission

Awaiting Submission
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• upgrade and widening of Martin Road from the site entrance to the entrance 
of Australian Native Landscapes;
• widening of Martin Road in the reverse curves; and
• annual road maintenance contributions to be paid to Council, based on the 
weight of all laden truck movements to and from the site, for the life of the 
project,
to the satisfaction of the Secretary.
The Proponent must implement the agreement to the satisfaction of the 
Secretary. If there is any dispute between the Proponent and Council, then 
either of the parties may refer the matter to the Secretary for resolution.

3 Monitoring of Product Transport
The Proponent must keep accurate records of:
(a) all laden truck movements to and from the site (including time of arrival and 
dispatch);
(b) the weight of all bricks and quarry products transported to and from the site; 
and
(c) publish a summary of these records on its website every 6 months.

3 Operating Conditions
The Proponent must:
(a) ensure that all trucks carrying quarry products have their loads covered when 
arriving at or leaving the site;
(b) ensure that all laden trucks are cleaned of material that may fall from 
vehicles, before leaving the site; and
(c) use its best endeavours to ensure that appropriate signage is displayed on 
trucks used to transport products or raw materials to or from the project so they 
can be easily identified by road users.

3 Traffic Management Plan
The Proponent must prepare a Traffic Management Plan for the project to the 
satisfaction of the Secretary. This plan must:
(a) be prepared in consultation with RMS and Council;
(b) be submitted to the Secretary for approval prior to commencing Mod 2 
operations, unless otherwise agreed by the Secretary;

(c) describe the processes in place to control the arrival and dispatch of trucks;

(d) include a Drivers’ Code of Conduct that details the safe and quiet driving 
practices that must be used by drivers travelling to and from the site;
(e) describe the measures to be put in place to ensure compliance with the 
Drivers’ Code of Conduct; and
(f) propose measures to minimise the transmission of dust and tracking of 
material onto the surface of the public road from vehicles leaving the quarry.

3 ABORIGINAL HERITAGE
The Proponent must ensure that:
(a) archaeological salvage of site BC‐01‐09 is undertaken in accordance with 
Recommendation 1,

Section 6.0 of the Aboriginal Heritage Assessment – Addendum in the EA; and

(b) regeneration works in the area of the archaeological deposit identified 
adjacent to Badgerys Creek (see Appendix 5) are either avoided, or else 
undertaken in a manner that will minimise harm to Aboriginal objects, to the 
satisfaction of the Secretary.
The Applicant must prepare an Aboriginal Heritage Management Plan for the 
project to the satisfaction of the Secretary. The plan must:
(a) be prepared by suitably qualified and experienced persons;
(b) be prepared in consultation with Registered Aboriginal Parties;
(c) be submitted to the Secretary for approval within 6 months of the 
determination of Modification 2, unless otherwise agreed by the Secretary;
(d) include a description of the measures that would be implemented to:

(i) protect, monitor and manage identified Aboriginal objects and Aboriginal 
places on the site (including any proposed archaeological investigations and 
salvage measures), including specific measures to ensure that the archaeological 
deposit adjacent to Badgerys Creek (see Appendix 5) is not impacted during 
regeneration operations;

(ii) manage the discovery of previously unidentified Aboriginal objects or 
Aboriginal places on the site; and
(iii) facilitate ongoing consultation and involvement of Registered Aboriginal 
Parties in the conservation and management of Aboriginal cultural heritage on 
the site; and
(e) include a protocol to be implemented in the event that skeletal remains are 
discovered during the project.

3 26 Traffic Management Plan (TMP)

3 27 Traffic Management Plan (TMP)

3 25 Traffic Management Plan (TMP)

3 30 Aboriginal Heritage Management Plan (AHMP)

3 28 Traffic Management Plan (TMP)

3 29 Aboriginal Heritage Management Plan (AHMP)
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3 31

If human remains are discovered on the site, then all work in the area 
surrounding the discovery must cease, and the area must be secured. The 
Proponent must immediately notify NSW Police Force and OEH, and work must 
not recommence in the area until authorised by NSW Police Force and OEH.

Aboriginal Heritage Management Plan (AHMP) Compliant Awaiting Submission

If any potential Aboriginal object or Aboriginal place is identified on the site, or 
suspected to be on the site:
(a) all work in the immediate vicinity of the object or place must cease 
immediately;
(b) a 10 m buffer area around the object or place must be cordoned off; and
(c) OEH must be contacted immediately.
Work in the immediate vicinity may only recommence if:

(a) the object or place is confirmed by OEH upon consultation with the 
Registered Aboriginal Parties not to be an Aboriginal object or Aboriginal Place;

(b) the Aboriginal Cultural Heritage Management Plan is revised to include the 
object or place and appropriate measures in respect of it; or
(c) the Secretary is satisfied with the measures to be implemented in respect of 
the object or place and makes a written direction in that regard.

3 REHABILITATION
3 Rehabilitation Objectives

3 34

The Proponent must rehabilitate the site to the satisfaction of the Secretary. 
This rehabilitation must be generally consistent with the proposed 
rehabilitation strategy described in the EA and shown in Appendix 4, and must 
comply with the objectives in Table 6.

Rehabilitation Management Plan (RMP) Compliant Awaiting Submission

3 Progressive Rehabilitation

3 35

The Proponent must rehabilitate the site progressively, that is, as soon as 
reasonably practicable following disturbance. All reasonable measures must be 
taken to minimise the total area exposed for dust generation at any time. 
Interim stabilisation measures must be implemented where reasonable and 
feasible to control dust emissions in disturbed areas that are not active and 
which are not ready for final rehabilitation.

Rehabilitation Management Plan (RMP) Compliant Awaiting Submission

3 Rehabilitation Management Plan
The Proponent must prepare a Rehabilitation Management Plan for the project 
to the satisfaction of DRG.  This plan must:
(a) be prepared by a suitably qualified and experienced person/s whose 
appointment has been endorsed by the Secretary;
(b) be prepared in consultation with the Department, DoI Water, OEH and 
Council;
(c) be submitted to DRG within 12 months of the determination of Modification 
2;
(d) be prepared in accordance with any relevant DRG Guideline;
(e) build upon the Rehabilitation Objectives in Table 6 and the proposed 
rehabilitation strategy described in the EA and shown in Appendix 4;
(f) investigate options for the future use of disturbed areas (including voids) 
following the completion of quarrying operations;
(g) describe and justify the proposed rehabilitation strategy for the site, 
including post‐operations landform and use;
(h) describe and justify the proposed rehabilitation strategy for the site in the 
event that quarrying and brick making operations do not recommence following 
the shutdown period;
(i) describe how the rehabilitation of the site would achieve the objectives 
identified in Table 6;
(j) include detailed performance and completion criteria for evaluating the 
performance of the rehabilitation of the site, and for triggering remedial action 
(if necessary);

(k) describe the measures to be implemented to ensure compliance with the 
relevant conditions of this approval, and address all aspects of rehabilitation 
including mine closure, final landform (including final voids) and final land use/s;

3
(l) include procedures for the use of interim stabilisation and temporary 
vegetation strategies, where reasonable to minimise the area exposed for dust 
generation;

Rehabilitation Management Plan (RMP) Compliant Awaiting Submission

(m) include a program to monitor, independently audit and report on the 
effectiveness of the measures in paragraph (k) above, and progress against the 
detailed performance and completion criteria in paragraph (j) above;
(n) to the maximum extent practicable, build on and integrate with the other 
management plans required under this consent; and

3
(o) include detailed scheduling for progressive rehabilitation to be initiated, 
undertaken and/or completed over the next three years (see condition 35 of this 
Schedule).

Rehabilitation Management Plan (RMP) Compliant Awaiting Submission

3 VISUAL
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3 37
The Proponent must implement all reasonable and feasible measures to 
minimise the visual and off‐site lighting impacts of the project to the satisfaction 
of the Secretary.

6.3.11 Compliant Awaiting Submission

3 WASTE
The Proponent must:
(a) manage on‐site sewage treatment and disposal in accordance with the 
requirements of its EPL, and to the satisfaction of the EPA and Council;
(b) minimise the waste generated by the project;
(c) ensure that the waste generated by the project is appropriately stored, 
handled, and disposed of; and
(d) report on waste management and minimisation in the Annual Review, to the 
satisfaction of the Secretary.

3 39
Except as expressly permitted in an EPL and/or the conditions of this approval, 
the Proponent must not receive waste on the site for storage, treatment, 
processing, reprocessing or disposal.

Waste Management Plan (WMP) Compliant Awaiting Submission

3 LIQUID STORAGE

3 40
The Proponent must ensure that all tanks and similar storage facilities (other 
than for water) are protected by appropriate bunding or other containment, in 
accordance with the relevant Australian Standards.

Section 6.2 Compliant Condition not triggered

3 DANGEROUS GOODS

3 41
The Proponent must ensure that the storage, handling, and transport of 
dangerous goods is done in accordance with the relevant Australian Standards, 
particularly AS1940 and AS1596, and the Dangerous Goods Code.

Section 6.2 Compliant Condition not triggered

3 FIRE SAFETY
The Proponent must:
(a) ensure that the project is suitably equipped to respond to any fires on site; 
and
(b) assist the emergency services to the extent practicable if there is a fire in the 
vicinity of the site.

4
4 NOTIFICATION OF LANDOWNERS

As soon as practicable, and no longer than 7 days, after obtaining monitoring 
results showing:
(a) an exceedance of any criteria in Schedule 3, the Proponent must notify the 
affected landowners in writing of the exceedance, and provide regular 
monitoring results, at least every 3 months, to each affected landowner until the 
project is again complying with the relevant criteria; and

4

(b) an exceedance of any air quality criteria in Schedule 3, the Proponent must 
send a copy of the NSW Health fact sheet entitled “Mine Dust and You” (as may 
be updated from time to time) to the affected landowners and current tenants 
of the land (including the tenants of land which is not privately‐owned).

9.2 Compliant Condition not triggered

4 INDEPENDENT REVIEW
If a landowner considers the project to be exceeding the relevant criteria in 
Schedule 3, they may ask the Secretary in writing for an independent review of 
the impacts of the project on their land.
If the Secretary is not satisfied that an independent review is warranted, the 
Secretary will notify the landowner in writing of that decision, and the reasons 
for that decision, within 21 days of the request for a review.
If the Secretary is satisfied that an independent review is warranted, within 3 
months, or as otherwise agreed by the Secretary and the landowner, of the 
Secretary’s decision, the Proponent must:
(a) commission a suitably qualified, experienced and independent person, 
whose appointment has been approved by the Secretary, to:
• consult with the landowner to determine his/her concerns;
• conduct monitoring to determine whether the project is complying with the 
relevant criteria in Schedule 3; and
• if the project is not complying with these criteria, then identify measures that 
could be implemented to ensure compliance with the relevant criteria;
(b) give the Secretary and landowner a copy of the independent review; and
(c) comply with any written requests made by the Secretary to implement any 
findings of the review.

5
5 ENVIRONMENTAL MANAGEMENT

The Proponent must prepare an Environmental Management Strategy for the 
project to the satisfaction of the Secretary.  This strategy must: Permission obtained to submit prior to 5 th February 2019

(b) provide the strategic framework for environmental management of the 
project;

4

3 42 Emergency Management Response Plan / PIRMP

ADDITIONAL PROCEDURES 

4 1 9.2

3 38 Waste Management Plan (WMP)

4 2 9.3

ENVIRONMENTAL MANAGEMENT, REPORTING AND AUDITING 

5

(a) be submitted to the Secretary for approval within 6 months of the 
determination of Modification 2, unless otherwise agreed by the Secretary;

Compliant

Compliant

Compliant

Compliant

Awaiting Submission

Awaiting Submission

Condition not triggered

Condition not triggered

Compliant Awaiting Approval
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(c) identify the statutory approvals that apply to the project;
(d) describe the role, responsibility, authority and accountability of all key 
personnel involved in the environmental management of the project;
(e) describe the procedures to be implemented to:
• keep the local community and relevant agencies informed about the operation 
and environmental performance of the project;
• receive, record, handle and respond to complaints;
• resolve any disputes that may arise during the course of the project;
• respond to any non‐compliance; and
• respond to emergencies; and
(f) include:
• references to any strategies, plans and programs approved under the 
conditions of this approval; and
• a clear plan depicting all the monitoring to be carried out under the conditions 
of this approval.

5 Evidence of Consultation
Where the conditions of this approval require consultation with an identified 
party, the Proponent must:
(a) consult with the relevant party prior to submitting the subject document to 
the Secretary for approval; and
(b) provide details of the consultation undertaken, including:
• the outcome of that consultation, matters resolved and unresolved; and
• details of any disagreement remaining between the party consulted and the 
Proponent and how the Proponent has addressed any unresolved matters.
However, if the Secretary agrees, a strategy, plan or program may be prepared 
without consultation being undertaken with an identified party required under 
a condition of this approval.

The Proponent must ensure that the management plans required under this 
approval are prepared in accordance with any relevant guidelines, and include:

(a) a summary of relevant background or baseline data;
(b) a description of:
• the relevant statutory requirements (including any relevant approval, licence 
or lease conditions);
• any relevant limits or performance measures/criteria; and
• the specific performance indicators that are proposed to be used to judge the 
performance of, or guide the implementation of, the development or any 
management measures;
(c) a description of the measures to be implemented to comply with the relevant 
statutory requirements, limits, or performance measures/criteria;
(d) a program to monitor and report on the:
• impacts and environmental performance of the development; and
• effectiveness of any management measures (see (c) above);
(e) a contingency plan to manage any unpredicted impacts and their 
consequences and to ensure that ongoing impacts reduce to levels below 
relevant impact assessment criteria as quickly as possible;
(f) a program to investigate and implement ways to improve the environmental 
performance of the project over time;
(g) a protocol for managing and reporting any:
• incidents;
• complaints; and
• non‐compliances with statutory requirements;
(h) a protocol for periodic review of the plan; and
(i) a document control table that includes version numbers, dates when the 
management plan was prepared and reviewed, names and positions of the 
person/s who prepared and reviewed the management plan, a description of 
any revisions made and the date of the Secretary’s approval.

5 Application of Existing Strategies, Plans and Programs

5 4

The Proponent must continue to apply existing management plans, strategies or 
monitoring programs approved prior to the approval of Modification 2, until the 
approval of a similar plan, strategy or program following the approval of 
Modification 2.

6 Compliant Awaiting Submission

5 Revision of Strategies, Plans & Programs
Within 3 months of:
(a) the submission of an incident report under condition 10 below;
(b) the submission of an Annual Review under condition 12 below;
(c) the submission of an Independent Environmental Audit report under 
condition 14 below; and
(d) the approval any modifications to this approval,

5 Community and Stakeholder Consultation Plan (CCP)
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the Proponent must review the suitability of all strategies, plans and programs 
required under this approval, to the satisfaction of the Secretary. Where this 
review leads to revisions in any such document, then within 6 weeks of the 
review the revised document must be submitted for the approval of the 
Secretary.

5 Updating and Staging of Strategies, Plans or Programs
With the approval of the Secretary, the Proponent may:

(a) prepare and submit any strategy, plan or program required by this approval 
on a staged basis (if a clear description is provided as to the specific stage and 
scope of the project to which the strategy, plan or program applies, the 
relationship of the stage to any future stages and the trigger for updating the 
strategy, plan or program);

(b) combine any strategy, plan or program required by this approval (if a clear 
relationship is demonstrated between the strategies, plans or programs that are 
proposed to be combined); and

(c) update any strategy, plan or program required by this approval (to ensure 
the strategies, plans and programs required under this approval are updated on 
a regular basis and incorporate additional measures or amendments to improve 
the environmental performance of the project).

5 Adaptive Management

5

The Proponent must assess and manage project‐related risks to ensure that 
there are no exceedances of the criteria and/or performance measures in 
Schedule 3. Any exceedance of these criteria and/or performance measures 
constitutes a breach of this approval and may be subject to penalty or offence 
provisions under the EP&A Act or EP&A Regulation.

2.5 Compliant Condition not triggered

Where any exceedance of these criteria and/or performance measures has 
occurred, the Proponent must as soon as becoming aware of any exceedance:
(a) take all reasonable and feasible steps to ensure that the exceedance ceases 
and does not reoccur;
(b) consider all reasonable and feasible options for remediation (where 
relevant);
(c) within 14 days of the exceedance occurring, submit a report to the Secretary 
describing these remediation options and any preferred remediation measures 
or other course of action; and
(d) implement remediation measures as directed by the Secretary; to the 
satisfaction of the Secretary.

5 COMMUNITY CONSULTATIVE COMMITTEE

5

The Proponent must establish and operate a Community Consultative 
Committee (CCC) for the project to the satisfaction of the Secretary. The CCC 
must be established prior to recommencing quarrying operations and be 
operated in general accordance with the Department’s Community Consultative 
Committee Guidelines, November 2016 (or later version).

Notes • The CCC is an advisory committee. The Department and other relevant 
agencies are responsible for ensuring that the Proponent complies with this 
approval.
• In accordance with the guidelines, the Committee should comprise an 
independent chair and appropriate representation from the Proponent, Council 
and the local community.
• The Proponent may, with the approval of the Secretary, combine the function of 
this CCC with the functions of other CCCs in the area.

5 REPORTING
5 Incident Reporting

5 9
The Proponent must immediately notify the Secretary (using the contact name, 
email address and phone number provided by the Department from time to 
time) and any other relevant agencies of any incident.

9.2 Compliant Awaiting Approval

5 10

Within 7 days of the date of the incident, the Proponent must provide the 
Secretary and any relevant agencies with a detailed report on the incident, and 
such further reports as may be requested. This report must include the time and 
date of the incident, details of the incident, measures implemented to prevent 
re‐occurrence and must identify any non‐compliance with this approval.

9.2 Compliant Awaiting Approval

5 Regular Reporting

5 11

The Proponent must provide regular reporting on the environmental 
performance of the project on its website, in accordance with the reporting 
arrangements in any plans or programs approved under the conditions of this 
approval.

9.1.4 Compliant Awaiting Approval

5 Annual Review
Prior to recommencing quarrying operations, and annually thereafter, the 
Proponent must submit a review to the Department reviewing the 
environmental performance of the project to the satisfaction of the Secretary. 
This review must:
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(a) describe the project (including any progressive rehabilitation) that was 
carried out in the previous calendar year, and the project that is proposed to be 
carried out over the current calendar year;
(b) include a comprehensive review of the monitoring results and complaints 
records of the project over the previous calendar year, which includes a 
comparison of these results against the:
• relevant statutory requirements, limits or performance measures/criteria;
• requirements of any plan or program required under this approval;
• monitoring results of previous years; and
• relevant predictions in the documents listed in condition 3 of Schedule 2;
(c) evaluate and report on:
• the effectiveness of the air quality and noise management systems; and
• compliance with the performance measures, criteria and operating conditions 
in this approval.
(d) identify any non‐compliance over the past calendar year, and describe what 
actions were (or are being) taken to ensure compliance;
(e) identify any trends in the monitoring data over the life of the project;
(f) identify any discrepancies between the predicted and actual impacts of the 
project, and analyse the potential cause of any significant discrepancies; and
(g) describe what measures will be implemented over the current calendar year 
to improve the environmental performance of the project.

5
The Proponent must ensure that copies of the Annual Review are submitted to 
Council and are available to the Community Consultative Committee (see 
condition 8 of Schedule 5) and any interested person upon request.

8.1 Compliant Awaiting Approval

5 INDEPENDENT ENVIRONMENTAL AUDIT
Within 12 months of recommencing quarrying operations, and every 3 years 
thereafter, unless the Secretary directs otherwise, the Proponent must 
commission, commence and pay the full cost of an Independent Environmental 
Audit of the project. This audit must:

(a) be led and conducted by a suitably qualified, experienced and independent 
team of experts whose appointment has been endorsed by the Secretary;

(b) include consultation with the relevant agencies and the CCC;
(c) assess the environmental performance of the project and whether it is 
complying with the relevant requirements in this approval and any relevant EPL 
or necessary water licences for the project (including any assessment, strategy, 
plan or program required under these approvals);
(d) review the adequacy of strategies, plans or programs required under the 
abovementioned approvals;

5
(e) recommend appropriate measures or actions to improve the environmental 
performance of the project, and/or any assessment, strategy, plan or program 
required under the abovementioned approvals; and

9.4.1 Compliant Condition not triggered

5 (f) be conducted and reported to the satisfaction of the Secretary. 9.4.1 Compliant Condition not triggered

5 14

Within 12 weeks of commencing this audit, or as otherwise agreed by the 
Secretary, the Proponent must submit a copy of the audit report to the 
Secretary and any other NSW agency that requests it, together with its response 
to any recommendations contained in the audit report, and a timetable for the 
implementation of these recommendations as required. The Proponent must 
implement these recommendations, to the satisfaction of the Secretary.

9.4.1 Compliant Condition not triggered

5 ACCESS TO INFORMATION

Within 3 months of the determination of Modification 2, until the completion of 
all works, including rehabilitation and remediation the Proponent must:

(a) make the following information publicly available on its website:
• the documents listed in condition 3 of Schedule 2;
• current statutory approvals for the project;
• all approved strategies, plans and programs required under the conditions of 
this approval;
• regular reporting on the environmental performance of the development in 
accordance with the reporting arrangements in any plans or programs approved 
under the conditions of this approval;
• a comprehensive summary of the monitoring results of the project, reported in 
accordance with the specifications in any conditions of this approval, or any 
approved plans and programs;
• summary of the current stage and progress of the project;
• contact details to enquire about the project or to make a complaint;
• a complaints register, updated at least monthly;
• the Annual Reviews of the project;
• any Independent Environmental Audit as described in condition 13 above, and 
the Proponent’s response to the recommendations in any audit; and
• any other matter required by the Secretary; and
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(b) keep this information up‐to‐date, to the satisfaction of the Secretary.
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1 Introduction 

In October 2016, CSR Building Products Limited (CSR) acquired Boral Bricks Pty Limited (Boral) brick 
business along the eastern seaboard of Australia and with it, the existing Badgerys Creek site which is 
strategically placed in the Western Sydney Priority Growth Area and borders on the proposed Western 
Sydney Airport precinct.   

To realise the full potential of the Badgerys Creek site and to allow the site to meet the strategic needs of 
their brick, roof products and other building product manufacturing businesses, CSR is looking to further 
develop this site, by refurbishing the existing brick making facility and constructing a new roof tiles 
manufacturing facility for the Monier Roof tile business unit. 

As part of this development, CSR is investigating the establishment of a grid connected solar farm to the east 
of the new facility (‘the site’), see Figure 1. The total combined area under investigation for the new Solar 
Farm has a total area of approximately 30 hectares.   

 

Figure 1: Site plan of the Badgerys Creek site, with total area available for a solar farm shown highlighted in green. Note 
this shows the total area under consideration. 

 
Following investigation and consideration of the various constraints on this area, which are further detailed in 
this report, the decision has been made to focus on a solar farm area of approximately 10 Hectares (refer 
figure 2 below). 
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Figure 2: Site plan of the proposed Badgerys Creek Solar Farm, with total area available for a solar farm shown 
highlighted in green, ‘hard’ constraints shown as dark green and final proposed area indicated by the red outline. 
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2 Background 

2.1 Background & Purpose 
The purpose of this report is to provide a concept solar farm design to assist CSR obtain Development 
Approval for the project described in Section 1.  

This report and the design documented herein is for the above purpose only and does not form the basis of a 
complete design. Additional modelling, design, investigation, stakeholder engagement and financial 
consideration is required prior to the construction of the new solar farm.  

2.2 Limits 
This concept design report focuses on the solar farm only. Where relevant for interfacing, this concept design 
considers the electrical services for the two manufacturing facilities on site, however specific requirements 
for both facilities are covered by other concept design documentation.  

2.3 Abbreviations List 
Abbreviation Description 

AC Alternating Current 
DC Direct Current 
EMI Electromagnetic Interference 
HV High Voltage 
LCOE Levelised Cost of Energy  
LGC Large-Scale Generation Certificate 
MW Mega-Watt 
PERC  Passive Emitter Rear Cell 
PMF Probable Maximum Flood 
UC Universal Column 
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3 Concept Design 

3.1 Basis of Design 
CSR aims to achieve the following objectives by developing the new solar farm: 

 Allow energy security through a more diverse energy mix. 
 Initiate a clean renewable energy source on-site. 
 Reduce the greenhouse gas emissions of the facilities. 
 Improve the land utilisation on the eastern side of the Badgerys Creek site. 

 

3.2 Inputs 
Inputs for this report have been obtained from: 

 Discussion with or information received from CSR, PGH and Monier. 
 Beca’s involvement in other aspects of the Badgerys Creek Development Project. 
 Other consultants reports such as ecology, Aboriginal heritage and flood provided by Element 

Environment. 
 A visual inspection carried out during a preliminary site visit on the 10th of October 2018. 
 Information received from the local electricity distributor, Endeavour Energy. 
 Information available in the public domain. 
 
Beca has not undertaken any intrusive inspections or testing. As our inspection was visual and high level in 
nature it is possible there are defects, conditions, engineering issues or risks to CSR that are not covered 
within this report. Beca has based this report on information made available to us or in the public domain at 
the time of writing. The information supplied has not been independently verified by Beca. 
 

3.3 Site Topology & Restrictions 
The total area available for the new solar farm has an area of approximately 30 hectares and has the 
following topological features: 

 The site slopes downhill from west to east, towards South Creek. 
 There is a tree line along the east of the site, bordering the creek. 
 Approximately 50% of the site is situated within the flood zone for a 1 in 100-year flood of South Creek.  
 Approximately 75% of the site is situated within the probable maximum flood (PMF) zone of South Creek. 

The following site restrictions have been identified. Each of these areas are identified in Figure 3. 

1. Area reserved for future expansion of Monier roof tiles manufacturing facility. 
2. Retained trees including ecological buffer zone. 
3. Aboriginal heritage site including setback. 
4. Bio-retention basin including setback. 
5. Significant tree to be retained, including setback for shadow. 
6. A secondary creek located to the south of the Badgerys Creek site, including setback 

These restrictions reduce the total area suitable for the solar farm to approximately 22 hectares.  
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Figure 3: Site plan of the Badgerys Creek site showing total area under consideration (green) and restricted areas (in 
dark green) 
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3.4 Point of HV Supply 
The point of electrical supply to the Badgerys Creek site is a single 11 kV overhead feeder located on Martin 
Road to the north, see Figure 4.  

Based on our discussions with Endeavour Energy, Beca understands the current available capacity on the 
feeder is in the order of 3.5 MW. For further details refer to Section 3.9.  

As discussed in Beca’s Badgerys Creek utilities report1, we estimated the total site maximum demand is in 
the order of 4.5 MW, which will require network upgrade or augmentation by Endeavour Energy.  

Beca notes a second 11 kV overhead feeder is located near the PGH Bricks facility. 

 

Figure 4: Location of 11 kV high voltage feeder on Martin road, with a second feeder located near the PGH Bricks facility. 

  

                                                      

1 Refer to the Beca document 2449285-RPT-3106A-MA-0001 Badgerys Creek Utilities Report 
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3.5 Options Considered 
Two possible solar farm sizes were considered as part of this investigation. The two options have been 
summarised in the following table, with the advantages and disadvantages listed. 

Item Option 1 – Maximum Solar Farm Size Option 2 – Solar Farm Partially  
Outside of Flood Zone 

Total Area Approximately 22 hectares in two sections.  

One section of ~9 hectares is located to the east 
of the Monier roof tiles plant (lots 54, 55 & 56). 

One section of ~13 hectares is located to the 
south of the Moiner roof tiles plant (lots 57, 58 & 
59). 

One section of approximately 10 hectares, 
located to the south of the Monier roof tiles plant 
(lots 57, 58 & 59). 

Site Area 

 

Site area shown in red outline.  

 

Site area shown in red outline 

Theoretical 
Maximum 
Array Size2 

 ~ 10.0 MWAC peak output for a fixed tilt 
racking system. 

 ~ 9.0 MWAC peak output for a single-axis 
tracking system. 

 ~ 4.5 MWAC peak output for a fixed tilt 
racking system. 

 ~ 4.0 MWAC peak output for a single-axis 
tracking system. 

                                                      

2 Based on the National Renewable Energy Laboratory (NREL) report “Land-Use Requirements for Solar 
Power Plants in the United States” a typical solar farm requires the following land areas:  
 45 MWAC/km2 of usable capacity for fixed a tilt racking system. 
 39 MWAC/km2 of usable capacity for a single axis tracking system.  
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Item Option 1 – Maximum Solar Farm Size Option 2 – Solar Farm Partially  
Outside of Flood Zone 

Local HV 
Network 
Restrictions 

Beca notes that the anticipated maximum 
demand of the two facilities will likely require 
modification to the local electricity distributor’s 
network (Endeavour Energy). See Section 3.3. 

Installation of a solar farm of this size would 
likely require more significant upgrades to the 
local electricity distributor’s network, such as the 
installation of a dedicated 11kV high voltage line 
due to the level of power export that would occur 
from the site. 

Refer to Section 3.9 for summary of stakeholder 
engagement with Endeavour Energy. 

Beca notes that the anticipated maximum 
demand of the two facilities will likely require 
modification to the local electricity distributor’s 
network (Endeavour Energy). See Section 3.3. 

Installation of a solar farm of this size would 
likely not require any additional upgrades to the 
local electricity distributor’s network, however 
this will need to be confirmed with Endeavour 
Energy during the generator connection 
application process. This is because it is 
expected that the majority of the generation will 
be consumed on site. 

Refer to Section 3.9 for summary of stakeholder 
engagement with Endeavour Energy. 

Risk of Flood ~50% of the total area for this option is situated 
within the 1 in 100-year flood zone for South 
Creek. 

~75% of the total area for this option is situated 
within the probable maximum flood zone for 
South Creek. 

The addition of these design elements may 
increase the total installed cost for the system3. 

~50% of the total area for this option is situated 
within the probable maximum flood zone for 
South Creek. 

The addition of these design elements may 
increase the total installed cost for the system3. 

                                                      

3 Whilst there is no technical reason for a solar farm to be installed within a flood zone, additional design 
elements may be required to minimise the possibility of equipment damage such as: 

 Extended plinths, support structures or larger footings for solar panel support racks to maintain flood 
clearance and resilience. 

 Earthworks, such as levee banks, to reduce likelihood of flood debris impacting the solar farm. 

The exact increase in cost is dependent on the results of flood modelling, but it is likely that that Option 1 
would result in a higher cost as a higher proportion of the solar farm is within a flood zone.  
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Item Option 1 – Maximum Solar Farm Size Option 2 – Solar Farm Partially  
Outside of Flood Zone 

Shading & 
Future 
Shading by 
Neighbours 

The area to the east of the Monier plant may be 
impacted by future developments. If a facility is 
installed to the north of this area (land which 
CSR does not own) it may cause shading or 
otherwise impact the solar farm. 

Shading from trees along the bank of South 
Creek may also impact part of the solar farm. 

Nil outside of CSR control. 

Total System 
Cost 

 75% of total system will likely require 
additional design elements, which may 
increase the cost per unit of installed 
capacity. 

 Solar system size will likely require 
significant upgrades to local electrical 
infrastructure, which will increase total 
system cost. 

 Likely higher total system cost compared to 
Option 2. 
 

 50% of total system will likely require 
additional design elements, which may 
increase the cost per unit of installed 
capacity. 

 Likely lower higher total system cost 
compared to Option 1. 

 

 

The above options were discussed with Alison Basford from CSR (refer Section 3.6) and Option 2 was 
selected as the preferred option for further concept development.  

For the remainder of this report, the term ‘site’ is deemed to be restricted to the area described by Option 2.  

3.6 Site Layout & Elevation 
The proposed area for the new solar farm is located to the south of the Monier plant with a total area of 
approximately 10 hectares. The proposed site borders the 1 in 100-year flood zone line to the east, the 
border of Lot 57 of DP3050 to the north, the border of Lot 57, 58 and 59 to the west and the border of Lot 59 
to the south. The site dimensions are approximately 200m east-west by 500m north-south with a site azimuth 
of approximately 356°. The site slopes from west to east towards South Creek. 

Access to the solar farm is proposed to be be via the Monier plant to the north. Refer to Figure 5. The access 
road will need to be trafficable in all weather for both maintenance and emergency access. This road is 
approximately 250 metres long. The final access road width, path, construction and location of connection to 
the Monier facility is to be determined during design of the solar farm with input from the relevant 
stakeholders. 
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Figure 5: Indicative path of access road to the solar farm 

Accessways within the solar farm will need to be sized to meet the following typical requirements: 

 Access paths to allow solar panel cleaning; 
 Access paths to allow the grass cover to be maintained to an acceptable level; 
 Access to allow the replacement of any key electrical equipment; 
 Access to the requirements of the local fire authority; 
 Any other requirements identified during the design stage 

Access roads within a solar farm are typically not sealed though often have a gravel finish. Mainly light 
vehicles and small trucks will be using the access roads within the solar farm, however the access roads will 
need to be designed to be suitable for fire truck access and occasional large truck access (for example, to 
install and replace the inverter stations). 

A carpark and turn around area is proposed in the north-west corner of the solar farm area.   

Final civil requirements will be determined at the next design stage. 

 

3.7 Solar Farm Concept 
The following information lists the key pieces of equipment required for the a solar farm. Data sheet and 
vendor information for typical products are provided in Appendix A.  

Note this is not an exhaustive list; additional equipment and ancillary services are required to construct a fully 
operational solar farm.   
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3.7.1 Solar Panel 

Solar panels for commercial installations are typically available in two sizes. 60 cell solar panels, which are 
commonly used in residential installations and 72 cell solar panels, which are slightly longer and more 
common in commercial installations.  

For the purposes of this concept solar farm layout, Beca has selected 72 cell polycrystalline cell solar panels, 
though other sizes and technologies of solar panels are available and should be considered at the next 
design stage.  

The data sheet for a typical 72 polycrystalline cell solar panel has been included in Appendix A. 

3.7.2 Panel Support Structures 

For the purposes of this concept solar farm layout, Beca have selected a single axis tracking system, with 
rows of panels installed on structures which track from east to west. A typical single axis tracking system is 
shown in Figure 6. Beca notes that other types of solar panel support structures are available and should be 
considered in the next design stage. 

 

Figure 6: Typical single-axis tracking system. 

A single axis tracking system is proposed for the following reasons: 

 Single axis tracking systems increase the solar yield per panel. Research indicates that a single axis 
tracking system can have a lower levelised cost of energy (LCOE) compared to fixed tilt systems4. Cost 
modelling will be required to confirm this assumption for the Badgerys Creek site. 

 Single axis tracking systems have native flood clearance, as the mounting structure needs to be of a 
height suitable to allow the panel to rotate on one axis. 

Beca understands that a tracking system will generate some noise as the panels rotate throughout the day. 
The noise impact will require analysis and included in Section 4. 

                                                      

4 Refer to University of Queensland Discussion Paper #4 Levelised Cost of Energy (LCOE) of Three Solar 
PV Technologies Installed at UQ Gatton Campus – Table 3 (Conventional $/MWh LCOE Estimates) 
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We have selected continuous single axis tracking sections of 70 m to comply with the typical requirements of 
an Australian fire authority, with panels installed in a single portrait arrangement. A typical inter-row spacing 
of 4.5 m (between centre lines) has been selected to prevent inter-row shading.  

The final site arrangement, row lengths and row spacing is to be determined in consultation with the local fire 
authority and other stakeholders, considering the inputs of the shading analysis.  

The solar farm layout shown drawing 2449285-DRG-32050-UA-0001 is indicative and for information only. 

The data sheet for a typical single axis tracking system has been included in Appendix A. 

The design of the single axis tracking system footings will be completed during the preliminary design stage. 
However, for the purposes of flood modelling, Beca proposes that 250UC steel poles are installed at 
8000mm centres (as per the spacing in the typical single axis tracking system data sheet, refer Appendix A) 
and driven straight into the ground to a depth of at least 1200mm, with the final depth to be determined by 
the to be determined by the piling contractor, based on site ground conditions and the results of test piles. 

3.7.3 Inverter Stations 

Inverters are power electronic devices which convert the DC electricity generated by the solar panels into AC 
electricity usable by the local electricity network. Large solar farms (with capacity >1 MW) typically use large 
central inverter stations, which combine inverters, oil-filled transformers and high voltage switchgear into a 
single enclosure.  

For the purposes of this concept solar farm layout, Beca has selected a prefabricated inverter station, though 
other types and configurations of inverters are available and should be considered at the next design stage.   

Two 2 MW inverter stations are proposed for this concept design, with each inverter station contained to a 
single 40” shipping container.  The final quantity and configuration of the inverter stations will need to be 
confirmed during preliminary design.  

 

Figure 7: Typical central inverter station combining inverters, a transformer and high voltage switchgear into a single 40” 
shipping container. 

The data sheet for a typical prefabricated inverter station has been included in Appendix A. 
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3.7.4 HV Network Connection, Metering & Protection 

The Badgerys Creek site is connected to the local electrical distribution network at 11 kV. Endeavour Energy 
is the electrical distributor for the local area including the Badgerys Creek site.  

Beca proposes that the solar farm is connected to the new Monier roof tiles facility at 11 kV, as this is located 
the closest to the solar farm and thus the shortest cable length. 

Refer to drawing 2449285-DRG-32050-UA-0002 for a proposed single line diagram for the solar farm. 

To be eligible for government renewable energy incentive programs, such as the Large-scale Generation 
Certificates (LGCs) program, a high voltage power meter needs to be provided to measure the generation 
from the solar farm.  

The most cost-effective option is for this meter to be co-located with the Monier facility’s high voltage 
switchboard. We note this may increase the area required for high voltage switchgear within the Monier 
facility, but provide cost savings as a separate high voltage switchboard is not required within the solar farm.  

To provide automatic disconnection of the solar farm in the event of a fault, protection relays are required 
and will need to be configured to coordinate with Endeavour Energy’s feeder protection settings. The solar 
farm shall not operate in an island, that is, without a connection to the grid. A specialised protection relay will 
be required to provide protection settings, such as anti-islanding. The requirements of this protection relay 
will be specified by Endeavour Energy. 

3.7.5 Trenching & Cabling 

Trenching will be required to install the DC cabling connecting individual panels to the inverter stations and 
for the new high voltage cables. There are two proposed 11 kV high voltage cable sections: 

 One connecting the first inverter station to the Monier HV switchboard 
 One connecting the first inverter station to the second inverter station 

Beca proposes that both cables be direct buried, except where the cable crosses a major accessway where 
the cable will be installed in a conduit.  

3.7.6 Communications 

A multi-core fibre optic cable will be installed between the solar farm and the communications room of the 
Monier facility.  

This fibre optic cable will be installed in the same trench as the high voltage cable. The cable will be direct 
buried, except for where the cable path crosses a major accessway where it will be installed in a dedicated 
conduit. 

The fibre optic cable will terminate within a patch panel located within the first inverter station. Status 
information and remote control functions will be provided by the inverter stations, check meters and the solar 
panel tracking system. A second fibre optic cable will be installed connecting the first inverter station to the 
second. 

3.7.7 Electromagnetic Interference (EMI) Considerations 

Electromagnetic Interference from the solar farm installation has the potential to cause interference to nearby 
electrical, electronic or communication systems through inductive (near-field) and radiative (far-field) 
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mechanisms. This may result in degraded performance of such systems or potential danger to people in 
contact with such equipment or services. In particular, the switching power electronics of the inverters, the 
DC and AC power cabling and the control equipment will produce EMI in the low kHz range that can interfere 
with nearby services and equipment.  

To mitigate and minimise the EMI risk, the conceptual design has taken the location of the likely EMI emitters 
into account and these have been located away from any property boundary. Further mitigation measures 
are to ensure all equipment, specified for the installation, is certified as compliant with the appropriate 
AS/NZS 61000 emission limits.  

Benchmark EMC testing will be carried out prior to commissioning of the solar farm. Post-commissioning 
testing will then be performed to verify that the EMI at the boundary of the site is compliant with the limits 
specified in the Australian Standard. Should non-compliant emissions be identified at particular frequencies, 
a mitigation design will be developed. This may include screening of cables inside EMC cable trays, filtering 
of incoming and outgoing cables at the identified frequencies and/or shielding of equipment inside EMC 
cabinets. 

 

3.8 Assumptions 
The following table lists the assumptions made during the concept design for the solar farm. The validity of 
these assumptions will need to be confirmed prior to further solar farm development. 

Assumption Notes 

Geotechnical investigation of solar farm area As the solar farm is located within flood prone land close 
to South Creek, it is possible that the ground conditions 
are poor and may require additional structural 
reinforcement. This may impact the total cost of the 
system. 

Beca have assumed the ground condition is of a suitable 
condition for installation of the proposed solar panel 
mounting structure and the inverter stations.  

Availability of solar resource A detailed model to estimate the yield of the solar farm, 
including shading and the effects of weather has not been 
completed. This analysis is required to determine the 
financial merit of the installation.  

No other site restrictions  Beca have assumed that there are no other site or 
planning restrictions other than those identified in Section 
3.3. 

Levelised cost of energy Beca have assumed that the results from the referenced 
University of Queensland discussion paper on the LCOE 
of tracking systems is comparable to the installation at 
Badgerys Creek for the purpose of comparing a fixed tilt 
system to a single axis tracking system.  
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Assumption Notes 

The LCOE for the Badgerys Creek solar farm is 
dependent on site parameters such as shading, 
irradiance, annual cloud cover, preventative maintenance 
and construction method.  

Row spacing  Beca have based our site layout on typical row spacing 
for a single axis tracking system. The local fire authority 
may require larger spacing, or larger spacing may be 
required to prevent inter-row shading. 

 

3.9 Summary of Stakeholder Engagement 

Stakeholder Notes 

CSR Limited 15/10/2018 via Teleconference (Allison Basford) 

 Confirmed Option 2 in Section 3.5 is the preferred option. 
 Single axis tracking system preferred. 
 One combined HV connection and metering point preferred. 

Endeavour Energy The following information was provided by PGH Bricks, who had previous discussions with 
Endeavour Energy. The following information was correct as of July 2017 (provided by Rod 
Joyce of Endeavour Energy): 

 The Endeavour Energy feeder supplying the site (KC1262) has approximately 3.5 MW 
of supply available to the Badgerys Creek site. 

Beca submitted a Technical Review Request to Endeavour Energy on the 31st of October, 
2018. A response to the Technical Review Request has not yet been received. The 
following queries were raised. 

 Confirmation of whether the existing Endeavour Energy infrastructure has sufficient 
capacity to provide for the estimated increase in the site maximum demand to 4.5 MW. 

 Details of the extent of any extensions and/or upgrades to the existing Endeavour 
Energy network that may be required to supply the estimated load. 

 Estimated cost associated with supplying the estimated load, including the cost of any 
network extensions and/or upgrades that may be required. 

 Anticipated lead time for provision of the increased capacity. 
 Confirmation that the embedded generator HV circuit breaker can be downstream of 

another CSR owned HV switchboard, that is, the embedded generator HV circuit 
breaker does not need to be connected in parallel with the site at the HV metering point. 

 Confirmation that if both the brick manufacturing plant and roof tiles manufacturing plant 
are offline, the existing Endeavour Energy infrastructure has sufficient capacity for the 
solar farm to export its full capacity. 
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4 Risks, Opportunities & Additional Design 

This section lists high level risks, opportunities or additional design work which may require consideration or 
further design during the preliminary design of the solar farm.  

This is not an exhaustive list and does not cover all aspects of the solar farm. It is a list which, based on 
Beca’s experience, identifies issues which will need further consideration. 

Item Notes 

Site electrical export 
limitations 

We have assumed that the Endeavour Energy 11 kV feeder is of an adequate size to allow 
the solar farm to export 4.0 MW (if both facilities are offline). 

Confirmation of this has been requested from Endeavour Energy. 

Electrical harmonics Power electronics generate harmonics while in operation which can degrade the power 
quality within the local electricity network. The maximum level of harmonic content is 
stipulated by Endeavour Energy. Additional electrical infrastructure may be required to 
reduce the harmonic content of the solar farm to below the level stipulated by Endeavour 
Energy. 

Note that excess harmonic content could be generated by both the solar farm and the 
manufacturing facilities. Careful design and analysis will be required to comply with the 
harmonic quantity limits. 

Effects of flooding As the solar farm is proposed in flood susceptible land, analysis of the effects of flooding 
and the design of any mitigation measures will be required. 

Soil conditions The electrical and thermal resistivity of the soil needs to be determined for the high voltage 
installation. Geotechnical analysis is also required to determine the exact footing type and 
size for the solar panel support structures and inverter stations, with consideration for the 
wind load for the site. 

Noise The inverter stations and solar trackers will generate noise while operating. Analysis on 
noise will be required to determine the installation is within acceptable limits for the site 
neighbours.  

Storm water runoff As the solar farm is proposed on the side of a hill, modelling of storm water runoff will be 
required to ensure the solar panel footings and access paths are not damaged from 
erosion. This may mean drainage is required or a different ground cover is required. 

The environmental impact on South Creek will also need to be investigated. 

Earthworks Solar panel mounting structures can be mounted on a slope if they remain within the 
manufacturer’s specifications. Earthworks will likely be required to provide a smooth slope 
suitable for the access roads and for uniform installation of the solar panel mounting 
structures.  
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Item Notes 

Security Access control, CCTV, external lighting and security fencing may be desired around the 
perimeter of the solar farm. This may require additional auxiliary power supplies, 
communications infrastructure, trenching and cabling. The use of poles for lighting or CCTV 
should be limited to reduce the impact of shading on any adjacent solar panels.  

System ownership 
based on metering 
arrangement 

The proposed system arrangement will combine the solar farm, the electrical supply for the 
Monier plant and the electrical supply for the PGH Bricks plant into a single revenue point.  

This arrangement will likely provide cost savings, through a reduction in electricity bills and 
high voltage capital expenditure. However, this arrangement may lead to complexities 
should CSR Limited desire to sell one of the facilities in the future as there will be a single 
metering point. 

Shading  A detailed shading model and analysis will need to be performed for the new solar farm. 
This is to determine the effect of nearby sources of shading on the adjacent solar panels 
including: 

 Shading to the west due to the inclination of the site and the nearby raised noise bund. 
 Shading from trees along the banks of South Creek. 
 Shading effects from any tall sections of the Monier plant. 

Panel cleaning Due to the frequency of nearby quarrying activities, more frequent panel cleaning may be 
required which needs to be considered as part of the financial analysis of the solar farm.  

Restriction on the 
height of the Monier 
plant expansion and 
nearby land 

An area to the south of the Moiner roof tiles manufacturing facility has been allocated for 
future expansion of this facility. The location of the solar farm places a restriction on the 
height of any structures within this expansion area – that is, tall structures within the future 
expansion area will likely cause shading within the solar farm.  

The installation of tall structures within the Badgerys Creek site, particularly to the north or 
west of the proposed solar farm, will likely also cause shading within the solar farm 

Glare for panels given 
the proximity of the 
nearby future airport 

The future Western Sydney Airport is located nearby and the possbility of glare from the 
solar panels on aircraft operations needs to be discussed with the Civil Aviation Safety 
Authority (CASA). 

Fire services  The local fire authority will need to be consulted and may have specific requirements for the 
solar farm such as: 

 Fire main and fire hydrants within the solar farm. 
 Fire tank(s). 
 A fire break around the perimeter of the solar farm. 
 Requirements on inter-row spacing, larger access paths, passing bays and turning 

circles. 

Site amenities Site amenities (such as a toilet or kitchenette) may be desired on site for operations and 
maintenance personnel. 
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Item Notes 

Existing underground 
services 

A survey needs to be carried out to identify all in service and abandoned infrastructure 
within the solar farm area. 

A high-pressure gas pipeline has been identified to the west of the solar farm area. This will 
need to be considered in the design of the high voltage earthing system. 

Architectural treatment The visual appearance of the solar farm to neighbours will need to be considered for 
development approval. Note the addition of any trees to improve sight lines may cause 
shading of the panels. 

Transformer oil bunding Bunds, or inverter stations with self-contained bunds, will be required to contain any spilled 
transformer oil in the event of a transformer failure.  

Meteorological 
monitoring 

A meteorological monitoring station is often desired as it provides environmental data such 
as solar radiation levels, air temperature and wind speed. This data can be used to confirm 
the solar farm is operating as designed. 

Electromagnetic 
Interference (EMI) 

The effects of the solar farm infrastructure need to be considered to reduce the disruption 
of nearby electronics devices.  

Lightning Protection Analysis of the site isokeraunic level will be required to select, design and install an 
appropriate lightning protection system. 

Condition of existing 
HV infrastructure & 
protection 

The type and condition of any existing high voltage assets within the Badgerys Creek site 
needs to be considered to confirm they are suitable for the proposed solar farm connection 
point. 
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Appendix A 

Vendor Supplied Data Sheets 



KEY FEATURES

MAXPOWER

Excellent module efficiency of 
up to: 18.00 % 

IP68 junction box for long-term 
weather endurance

Heavy snow load up to 5400 Pa,  
wind load up to 3600 Pa*

Canadian Solar‘s modules use the latest innovative 
poly-PERC cell technology, increasing module power 
output and system reliability, ensured by 17 years 
of experience in module manufacturing, well-
engineered module design, stringent BOM quality 
testing, an automated manufacturing process and 
100% EL testing.

CANADIAN SOLAR INC. Canadian Solar MSS (Australia) Pty Ltd., 44 Stephenson St, Cremorne VIC 3121, Australia 
support@canadiansolar.com, www.canadiansolar.com/au

HIGH EFFICIENCY POLY MODULE 

MANAGEMENT SYSTEM CERTIFICATES*

PRODUCT CERTIFICATES*
IEC 61215 / IEC 61730: VDE / CE / MCS / INMETRO / CEC AU

UL 1703 / IEC 61215 performance: CEC listed (US) / FSEC (US Florida)

UL 1703: CSA / IEC 61701 ED2: VDE / IEC 62716: VDE

UNI 9177 Reaction to Fire: Class 1 / IEC 60068-2-68: SGS

Take-e-way

ISO 9001:2015 / Quality management system

ISO 14001:2015 / Standards for environmental management system

OHSAS 18001:2007 / International standards for occupational health & safety

linear power output warranty

product warranty on materials 
and workmanship

CS6U-340|345|350P (IEC1000V)
CS6U-340|345|350P (IEC1500V)

High PTC rating of up to: 92.86 %High

*For detail information, please refer to Installation Manual.

CANADIAN SOLAR INC. is committed to providing high 
quality solar products, solar system solutions and services 
to customers around the world. No. 1 module supplier for 
quality and performance/price ratio in IHS Module Customer 
Insight Survey. As a leading PV project developer and 
manufacturer of solar modules with over 30 GW deployed 
around the world since 2001.

* We can provide this product with special BOM specifically certified with salt mist, 
ammonia and sand blowing tests. Please talk to our local technical sales representatives 
to get your customized solutions.

IP68



ELECTRICAL DATA | STC*
CS6U 340P             345P             350P 
Nominal Max. Power (Pmax)  340 W           345 W           350 W 
Opt. Operating Voltage (Vmp) 37.6 V           37.8 V           38.1 V 
Opt. Operating Current (Imp) 9.05 A           9.13 A           9.21 A
Open Circuit Voltage (Voc) 45.9 V           46.0 V           46.2 V
Short Circuit Current (Isc) 9.62 A           9.69 A           9.79 A 
Module Efficiency 17.49%           17.74%           18.00%
Operating Temperature -40°C ~ +85°C
Max. System Voltage  1000 V (IEC/UL) or 1500 V (IEC/UL)
Module Fire Performance TYPE 1 (UL 1703) or   
  CLASS C (IEC 61730)
Max. Series Fuse Rating 15 A
Application Classification Class A
Power Tolerance 0 ~ + 5 W

* Under Standard Test Conditions (STC) of irradiance of 1000 W/m2, spectrum AM 1.5 and 
cell temperature of 25°C. Measurement uncertainty: ±3 % (Pmax).

ELECTRICAL DATA | NMOT*
CS6U 340P             345P             350P 
Nominal Max. Power (Pmax)      251 W           254 W          258 W
Opt. Operating Voltage (Vmp) 34.6 V            34.8 V          35.1 V 
Opt. Operating Current (Imp) 7.25 A            7.32 A          7.36 A
Open Circuit Voltage (Voc) 42.9 V            43.0 V           43.2 V
Short Circuit Current (Isc) 7.76 A            7.82 A           7.90 A
* Under Nominal Module Operating Temperature (NMOT), irradiance of 800 W/m2,                  
    spectrum AM 1.5, ambient temperature 20°C, wind speed 1 m/s.

MECHANICAL DATA 
Specification	 Data
Cell Type  Poly-crystalline, 6 inch
Cell Arrangement  72 (6 ˣ 12)
Dimensions  1960 x  992 x  35 mm  
 (77.2 x  39.1 x  1.38 in)
Weight 22.4 kg (49.4 lbs)
Front Cover 3.2 mm tempered glass
Frame Material Anodized aluminium alloy
J-Box IP68, 3 diodes 
Cable                4.0 mm2 (IEC), 12 AWG (UL),  
   1160 mm (45.7 in)
Connector T4 series (MC4 series is available)                                                                                    
Per Pallet  30 pieces
Per Container (40‘ HQ)  720 pieces

TEMPERATURE CHARACTERISTICS
Specification	 Data
Temperature Coefficient (Pmax)  -0.39 % / °C
Temperature Coefficient (Voc) -0.29 % / °C 
Temperature Coefficient (Isc) 0.05 % / °C
Nominal Module Operating Temperature (NMOT) 43 ± 3 °C

PARTNER SECTION

PERFORMANCE AT LOW IRRADIANCE
Outstanding performance at low irradiance, with an 
average relative efficiency of 96.0 % for irradiances 
between 200 W/m2 and 1000 W/m2 (AM 1.5, 25°C).

* The specifications and key features contained in this datasheet may deviate slightly 
from our actual products due to the on-going innovation and product enhancement. 
Canadian Solar Inc. reserves the right to make necessary adjustment to the 
information described herein at any time without further notice.

CANADIAN SOLAR INC.                                                                             
Canadian Solar MSS (Australia) Pty Ltd., 44 Stephenson St, Cremorne VIC 3121, Australia 
support@canadiansolar.com, www.canadiansolar.com/au

Nov. 2018. All rights reserved, PV Module Product Datasheet V5.581_AU

Manufacture in China, Thailand and Vietnam.
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NX Horizon Self-Powered Tracker

Our most amazing tracker yet. 
In our mission to make solar a mainstream energy source, NEXTracker has engineered the most intelligent 
and flexible tracking technology yet.  Using sustainable design methods with outcomes that benefit 
people and the planet, we bring you: NX Horizon™. 

NX Horizon (formerly referred to as the Self-Powered Tracker or SPT), brings self-contained motor power 
to each row, eliminating power wiring and trenching.  Our advanced horizontal tracker ihas the widest 
rotational range available, lowest O&M costs, and requires far less power to operate than other trackers. 
By offering more powerful systems at a greater value, NEXTracker enables greater deployment of 
renewable energy worldwide. 

on the array, protecting the PV modules in harsh 
environments. NX Horizon solar trackers also have 
a mechanically balanced row design that align PV 
panels with the tracker’s axis of rotation – which 
greatly reduces row torque, using less energy from 
the motor to track throughout the day. 

– Self-grounded system with theft-proof fasteners: 
NX Horizon is the world’s first horizontal tracker with 
an entirely self-grounded design. This means no 
separate bonding hardware is required.   You save 
on material and associated costs by eliminating 
grounding washers, braided straps, bare copper 
wire, and grounding rods.  What’s more, we’ve 
designed our own fasteners that can only be 
removed with special tools – deterring PV theft. 

NX Horizon key features and benefits include:

– Self-powered system with smart performance
communications: Self-contained units on each
row include a dedicated PV panel toprovide 
power to the controller which drives themotor 
and hosts intelligent control electronics to posi-
tion each tracker. With smart communications
built in, NX Horizon systems can be accessed
remotely, providing customers with a granular
view to optimize tracker performance, operations
and maintenance.

– Independent balanced rows with 120 degree
rotational range: Each NX Horizon row has its
own controlled motor with rotational range that
delivers up to 2% more energy than typical linked
row trackers.  These agile, independent rows stow
in less than 90 seconds to reduce wind forces



6200 Paseo Padre Parkway
Fremont, CA 94555 USA

+1 510 270 2500
nextracker.com

NX Horizon Specifications
Tracking Technology Horizontal single-axis balanced-mass tracker with independently-driven rows

Tracking Range Up to 120° (± 60°) 

Control System 1 Self-Powered Controller (SPC) per tracker; 1 Network Control Unit (NCU) per 100 SPCs 

Communications Wireless ZigBee® mesh network/SCADA; no communication wiring required

Drive System One slew gear, 24 VDC motor and self-powered controller w/dedicated solar panel per row

DC Capacity 23-35kWp per tracker row, depending on panel type. Row length up to 90 panels.

System Voltage 1,500 volt or 1,500 volt

Power Consumption No grid power required

Ground Coverage Ratio Fully configurable by customer; typical range 33%-50%

Installation Method Rapid field assembly, no welding required

Foundation Types Compatible with all major foundation types (driven pier, concrete foundation, ground screw) 

Standard Wind Design 100 mph/161 kph, 3 second gust per ASCE7-10; configurable for higher wind speeds

Safety Stowing Automated wind and snow stowing with self-contained backup power;  no external power required

Torsional Limiter Included at each foundation/bearing for additional wind and snow load protection

Principal Materials Galvanized and stainless steel

Grounding Method Self-grounding structure; separate materials and labor not required

Compliance Grounding/bonding: UL2703; structural design: ASCE7-10

Other Available Options Snow and flood sensors

Warranty 10 years on structural components; 5 years on drive and control systems

Typical Dimensions Height 2.1 m/6.8 ft (@ 60°), Width 2.0 m/6.4 ft, Length 85 m/283 ft

Typical 72-cell c-Si configuration: 85 m row with 80 panels mounted in portrait: 

6.4 ft
[1.96 m]

60˚

6.8 ft
[2.08 m]

4.0 ft
[1.22 m]

3.3 ft
[1.00 m]

1.2 ft
[.36 m]
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40-feet MV turnkey solution,
customised up to 5400 kVA



SUN PowerStation CON 40 Indoor inverters

The complete turnkey solution, customized up to 5.4 MW, 40 ft. container with innovative forced air or air 
conditioned cooling systems for adverse environmental conditions

From 830 to 5400 kVA 

Thanks to its CSC approval for overseas 
shipment, The INGECON® SUN Power-
Station CON 40 can be marketed and 
installed everywhere in the world. It is a 
fully equipped container with three sep-
arate compartments and different cool-
ing systems (up to 3,600 kVA) or two 
separate compartments with different 
cooling systems and outdoor mounted 
LV / MV transformer (up to 5,400 kVA).

Robust and long-lasting design
The INGECON® SUN PowerStation 
CON40 is a standard solution specifi-
cally designed for dusty areas with in-
novative cooling systems to ensure the 
nominal output power up to 60 °C. 
Moreover, this solution avoid any pro-
blem regarding the corrosion genera-
ted from sandstorms. To ensure the 
maximum protection against weather 
conditions, external sides are coated 
with a galvanized layer and painted 
with polyurethane lacquer. The load-
bearing structure is single-block made 
of welded steel, to ensure top resis-
tance and durability over time. Roof-
top and walls are coated with insulated 
sandwich panels. The sandwich panels  
are made of galvanized painted steel, 
filled with a 50 mm layer of rigid fire-
proof polyurethane foam, ensuring 
perfect waterproofness over time and 
efficient thermal insulation.

Equipped with everything necessary 
High efficiency inverters, auxiliary ser-
vices switchgear, Medium Voltage cubi-
cle and LV / MV transformer. Available 
with High-speed Ethernet / Fiber Optic 
communication infrastructure for Plug 
& Play connection to PV Plant Contro-
ller, monitoring and SCADA systems.

Complete accessibility 
Thanks to its innovative design, all de-
vices are readily accessible, thereby 
making it easier to inspect, maintain 
and repair the INGECON® SUN Power-
Station CON 40. The transformer com-
partment door is equipped with AREL 
safety lock with a blocking code on the 
cabling box.

Ideal for adverse environments
The INGECON® SUN PowerStation 
CON40 is a standard solution able 
to withstand adverse environmental 
conditions without any loss of perfor-
mance. Thanks to its recirculation air 
conditioning system, the “RC” version 
can provide its rated power up to 60 °C 
(ambient temperature) without derating 
and IP65 protection degree.

Innovative cooling systems
FA type: the internal temperature of in-
verters compartment is controlled by 
high efficiency hot air extraction ple-
nums and centrifugal fan systems. 

A number of internal and external 
probes guarantee a constant ambient 
temperature. The incoming air is fil-
tered through special sand trap grids 
mounted on the bottom of the walls.

AC type: the container is equipped with 
an internal cooling system featuring a 
Free Cooling function for inverters com-
partment. The air conditioning units, 
sized for each of the inverters, feature 
the following operating modes:

Pure Free Cooling: Compressor in 
OFF mode. The outdoor air tempera-
ture is low and the conditioner ope-
rates like a ventilation system, with an 
air inflow and outflow.

Assisted Free Cooling: Compres-
sor operates in ON-OFF mode. The 
outdoor air temperature is relatively 
low to allow operation in Free Cooling 
mode. However, it is not low enough 
to maintain the desired interior tem-
perature.

Cooling Compressor in ON mode: 
The system operates like a normal air 
conditioner.

RC type: the container is equipped with 
an internal Recirculation Air Conditio-
ning system for inverters compartment, 
to maintain the correct internal tempe-
rature over the entire operating tempe-
rature range.



SUN

(1) Refer to Technical Characteristics tables for further details.

MAIN FEATURES

Output power up to 5,400 kVA.

Available up to 36 kV output voltage.

Available with embedded cast resin or oil 
immersed hermetically sealed LV / MV 
transformer (up to 3,600 kVA).

Available with outdoor mounted hermetically 
sealed LV / MV transformer (up to 5,400 kVA).

Up to IP65 protection degree for  
inverter compartment. (1)

Rated power up 60 °C ambient temperature. (1)

Protected against solar and sand corrosion.

CSC certification for container shipping.

Plug & Play solution.

Maximum reliability, higher safety and reduced 
maintenance thanks to solid aluminium and 
flexible copper busbars for Low Voltage power 
distribution.

Different cooling systems for inverter compartment (1):

Type FA: Forced Air ventilation, operating 
temperature range from -20 °C to +55 °C.

Type AC: Free Cooling Air Conditioning  
system, operating temperature range from  
-20 °C to +55 °C without derating.

Type RC: Recirculation Air Conditioning  
system, operating temperature range from  
-20 °C to +60 °C without derating.

Relative Humidity (non-condensing): 0-100%.

Installation Altitude: 3000 m above sea level.(1)

Fully equipped auxiliary services panel.

Internal and emergency lighting systems.

LV / MV transformer with reduced  
power losses.

Fire detection system with automatic 
disconnection (both DC and AC sides).

Safety interlocks for MV transformer 
compartment door on the cabling box.

Fire safety kit.

Medium Voltage safety kit.

First aid kit and safety signals.

STANDARD EQUIPMENT

CON 40 FA / NA / FA CON 40 FA / FA / FA

CON 40 AC-RC / NA / FA CON 40 AC-RC / FA / FA

ELECTRICAL PROTECTIONS

Reverse polarity.

Output short-circuits and overloads.

DC fuses.

DC switch with door control.

AC circuit breaker with door control.

DC and AC overvoltage suppressors.

Anti-islanding monitoring system with 
automatic disconnection.

Insulation monitoring system.

Automatic disconnection system in case of  
LV / MV transformer overheat.

Emergency disconnection button, accessible 
from outside.

DGPT2 relay included in the transformer.

MV protection with fuses or circuit breaker.

In addition to the standard equipment, the 
INGECON® SUN PowerStation can  
be supplied with the following options:

LV / LV transformer for the power supply to  
the auxiliary services panel.

LV / MV transformer with reduced power losses 
according to EU 548/2014.

UPS for auxiliary services.

INGECON® SUN StringControl 16 / 24 / 32 channels 
intelligent or passive string combiner boxes.

Meteo station.

High-speed Ethernet / Fiber Optic communication  
infrastructure for Plug & Play connection to PV 
Plant Controller and SCADA systems.

INGECON® SUN SCADA supervision, control 
and data acquisition system.

INGECON® SUN EMS Plant Controller compliant 
with the most widely international Grid Codes.

Gateway for monitoring and control of the  
PV Plant by the Grid Operator using standard 
protocols (like IEC 61850, IEC 60870-5-101/104,  
DNP 3.0, etc.).

HV surge arresters.

Anti-rodent system.

Human intrusion detection system.

External lighting system.

Oil retention tank (separately supplied).

Energy meter for auxiliary services and/or 
energy production.

Reactive power regulation with no PV array power.

OPTIONAL EQUIPMENT

PowerStation CON 40 Indoor inverters



SUN PowerStation CON 40 Indoor inverters

Solution up to 3600 kVA (2 PV inverters)

 IP55 
Forced Air  
ventilation  

MV Cubicle  
compartment

 IP21  
high efficiency  

Natural Air ventilation  
MV Transformer compartment

 IP54
Inverter compartment

Easily adaptable to  
different ground surfaces Ease of maintenance

MV transformer compartment  
with protective metal grids

Air intake sand-trap grids

Anti-corrosion treatment for maximum durability

INGECON® SUN  
PowerMax inverters  
up to 3600 kVA

High efficiency air 
extraction plenums 
for the inverters 

Solid aluminium and 
flexible copper busbars 
for LV power  
distribution

Oil immersed  
hermetically sealed  
MV Transformer  
up to 36 kV

* Illustrative image. It might not correspond with the basic configuration.



SUN PowerStation CON 40 Indoor inverters

Length Width Height

Size (mm)  

Body dimensions 12,192 2,438 2,896

Overall dimensions with all doors open 14,400 3,700 2,896

Foundation dimensions 14,142 5,000 300

Notes: (1) Including inverters, instrumentation, auxiliary services switchgear, monitoring systems  (2) Pure Free Cooling function / Cooling function  (3) Equipped with oil immersed hermetically  
sealed LV / MV transformers  (4) For INGECON® SUN PowerMax, “M” and “X” series: rated output power indicated in the Technical Characteristics tables is guaranteed up to 45 °C  
operating temperature. Derating above 45 °C of 1.8% for each °C of increase until 60 °C operating temperature  (4) For INGECON® SUN PowerMax, “B” series: rated output power indicated 
in the Technical Characteristics tables is guaranteed up to 50 °C operating temperature. Derating above 50 °C of 1.8% for each °C of increase until 60 °C operating temperature  (5) -30 °C 
with optional kit  (6) Please contact Ingeteam for altitudes higher than 1,000 m.
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CON 40 FA / xx / FA CON 40 AC / xx / FA CON 40 RC / xx / FA

General Information

Inverter Compartment (1)

Cooling system Forced air ventilation
Air conditioning with  
Free Cooling function

Recirculation air conditioning

Air extraction / Air intake
Overpressure Dampers with anti-

rain covers / Filtered sand trap grids
Overpressure Dampers / Filtered grids with anti-rain covers

Max. power consumption 420 W 5,400 / 18,000 W(2) 18,000 W

Protection degree IP54 IP54 IP65

Max. power  
@ 1,000 Vdc

2,550 kVA @ 35 ºC  
2,346 kVA @ 50 ºC

Max. power  
@ 1,500 Vdc

3,586 kVA @ 30 ºC 
3,226 kVA @ 50 ºC

LV / MV Transformer compartment

CON 40 FA or AC or RC/FA/FA

Cooling system Forced air with temperature control

Air extraction / Air intake Overpressure dampers with anti-rain covers / Filtered sand trap grids

Max. power consumption 2,720 W

Protection degree IP54 

LV / MV Transformer compartment(3)

CON 40 FA or AC or RC/NA/FA

Cooling system Natural air ventilation

Air extraction / Air intake Protective metal grids

Max. power consumption 0 W

Protection degree IP21

MV Cubicle compartment

Cooling system Forced air with temperature control

Air extraction / Air intake Filtered anti-rain grids

Max. power consumption 65 W

Protection degree IP55

Operating temperature range (5) from -20 °C to +55 °C(4) from -20 °C to +55 °C from -20 °C to +60 °C

Relative humidity (non-condensing) 0-100%

Installation altitude (6)
3,000 m above sea level

Equipment
Inverter version B series

BT-AUX switchgear Standard version (Full version and high-speed communication infrastructure optional)

LV / MV Transformer Dry type cast resin or Oil immersed hermetically sealed

MV Switchgear 0L1P, 1L1P or 2L1P cells with either fuses or circuit breaker protection

Mechanical Information
Structure Material Steel

Insulation Sandwich panels containing a 50 mm rigid fire-proof polyurethane foam filling

CON 40



SUN

Ease of maintenance

 Outdoor mounted  
oil immersed hermetically sealed  
LV / MV Transformer up to 36 kV

 Protective perimeter metal fence

Anti-corrosion treatment  
for maximum durability

INGECON® SUN  
PowerMax inverters  
up to 5400 kVA

High efficiency air 
extraction plenums 
for the inverters

Air intake sand trap grids

Solid aluminium and 
flexible copper busbars for 
LV power distribution

IP55 
Forced Air ventilation  

MV Cubicle compartment

* Illustrative image. It might not correspond with the basic configuration.

IP54  
Inverter compartment

Solution up to 5400 kVA (3 PV inverters)

PowerStation CON 40 Indoor inverters



SUNSUN

CON 40 FA / OD / FA CON 40 AC / OD / FA CON 40 RC / OD / FA

General Information

Inverter Compartment(1)

Cooling system Forced air ventilation
Air conditioning with  
Free Cooling function

Recirculation air conditioning

Air extraction / Air intake
Overpressure dampers with anti-rain 

covers / Filtered sand trap grids
Overpressure Dampers / Filtered 

grids with anti-rain covers
Overpressure Dampers / Standard 

grids with anti-rain covers

Max. power consumption 630 W 7,200 / 24,000 W(2) 24,000 W

Protection degree IP54 IP54 IP65

Max. power  
@ 1,000 Vdc

3,825 kVA @ 35 ºC 
3,519 kVA @ 50 ºC

Max. power  
@ 1,500 Vdc

5,379 kVA @ 30 ºC 
4,839 kVA @ 50 ºC

MV Cubicle compartment

Cooling system Forced air with temperature control

Air extraction / Air intake Filtered anti-rain grids

Max. power consumption 65 W

Protection degree IP55 

LV / MV Transformer
Mounting type Outdoor mounting with protective perimeter metal fence

Cooling system Natural air ventilation

Operating temperature range(3) from -20 °C to +55 °C(3) from -20 °C to +55 °C from -20 °C to +60 °C

Relative humidity (non-condensing) 0-100%

Installation altitude(4) 3,000 m above sea level

Equipment
Inverter version B series

BT-AUX switchgear Standard version (Full version and high-speed communication infrastructure optional)

LV / MV Transformer Oil immersed hermetically sealed

MV Switchgear 0L1A, 1L1A or 2L1A cells with circuit breaker protection

Mechanical Information
Structure Material Steel

Insulation Sandwich panels containing a 50 mm rigid fire-proof polyurethane foam filling

Notes: (1) Including inverters, instrumentation, auxiliary services switchgear, monitoring systems  (2) Pure Free Cooling function / Cooling function  (3) -30 °C with optional kit  (4) Please contact 
Ingeteam for altitudes higher than 1,000 m.

Length Width Height

Size (mm)  

CON 40 dimensions 12,192 2,438 2,896

CON 40 overall dimensions with doors open 14,400 3,700 2,896

LV / MV transformer indicative dimensions 2,600 1,400 2,700

Foundation dimensions 14,142 7,500 300
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CON 40

PowerStation CON 40 Indoor inverters



Ingeteam Power Technology, S.A.

www.ingeteam.com

Ingeteam Power Technology, S.A.
Avda. Ciudad de la Innovación, 13

31621 SARRIGUREN (Navarra) - Spain
Tel.: +34 948 288 000 / Fax: +34 948 288 001

e-mail: solar.energy@ingeteam.com 

Ingeteam S.r.l.
Via Emilia Ponente, 232

48014 CASTEL BOLOGNESE (RA) - Italy
Tel.: +39 0546 651 490 / Fax: +39 054 665 5391

e-mail: italia.energy@ingeteam.com  

Ingeteam SAS
La Naurouze B - 140 rue Carmin

31670 Labège - France
Tel: +33 (0)5 61 25 00 00 / Fax: +33 (0)5 61 25 00 11

e-mail: france@ingeteam.com

Ingeteam INC.
3550 W. Canal St.

MILWAUKEE, WI 53208 - USA
Tel.: +1 (414) 934 4100 / +1 (855) 821 7190 / Fax: +1 (414) 342 0736

e-mail: solar.us@ingeteam.com

Ingeteam, a.s.
Technologická 371/1

70800 OSTRAVA - PUSTKOVEC
Czech Republic

Tel.: +420 59 732 6800 / Fax: +420 59 732 6899
e-mail: czech@ingeteam.com

Ingeteam Shanghai, Co. Ltd.
Shanghai Trade Square, 1105

188 Si Ping Road
200086 SHANGHAI - P.R. China

Tel.. +86 21 65 07 76 36 / Fax: +86 21 65 07 76 38
e-mail: shanghai@ingeteam.com

Ingeteam, S.A. de C.V.
Ave. Revolución, nº 643, Local 9

Colonia Jardín Español - MONTERREY
64820 - NUEVO LEÓN - México

Tel.: +52 81 8311 4858  / Fax: +52 81 8311 4859
e-mail: northamerica@ingeteam.com

Ingeteam Ltda.
Rua Estácio de Sá, 560

Jd. Santa Genebra
13080-010 Campinas/SP - Brazil

Tel.: +55 19 3037 3773
e-mail: brazil@ingeteam.com

Ingeteam Pty Ltd.
 Unit 2 Alphen Square South

16th Road, Randjiespark
Midrand 1682 - South Africa

Tel.: +2711 314 3190 / Fax: +2711 314 2420
e-mail: southafrica@ingeteam.com

Ingeteam SpA
Los militares 5890, Torre A, oficina 401

7560742 - Las Condes
Santiago de Chile - Chile

Tel.: +56 2 29574531
e-mail: chile@ingeteam.com

Ingeteam Power Technology India Pvt. Ltd.
2nd Floor, 431

Udyog Vihar, Phase III
122016 Gurgaon (Haryana) - India

Tel.: +91 124 420 6491-5 / Fax: +91 124 420 6493
e-mail: india@ingeteam.com

Ingeteam Sp. z o.o.
Ul. Koszykowa 60/62 m 39
00-673 Warszawa - Poland

Tel.: +48 22 821 9930 / Fax: +48 22 821 9931
e-mail: polska@ingeteam.com

Ingeteam Australia Pty Ltd.
iAccelerate Centre, Building 239
Innovation Campus, Squires Way

North Wollongong, NSW 2500 - Australia
Tel.: +61 499 988 022

e-mail: australia@ingeteam.com

Ingeteam Panama S.A.
Calle Manuel Espinosa Batista, Ed. Torre Internacional
Business Center, Apto./Local 407 Urb.C45 Bella Vista

Bella Vista - Panama
Tel.: +50 761 329 467

Ingeteam Service S.R.L.
Bucuresti, Sector 2, Bulevardul Dimitrie Pompeiu Nr 5-7
Cladirea Hermes Business Campus 1, Birou 236, Etaj 2

Romania
Tel.: +40 728 993 202

Ingeteam Philippines Inc.
Office 2, Unit 330, Milelong Bldg.

Amorsolo corner Rufin St.
1230 Makati

Gran Manila - Philippines
Tel.: +63 0917 677 6039
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CONCEPT DESIGN BASIS INFO:
LATITUDE: 33° 53' 44" S
LONGITUDE: 150° 45' 50" E
AZIMUTH:  351°
INVERTER TYPE: 2,000 kVA CENTRAL
No. INVERTERS: 2
TRACKER TYPE: SINGLE AXIS
INTER-ROW SPACING: 4500mm POST-TO-POST
PV MODULE TYPE: 72 CELL 345 W
PV MODULE COUNT: 15,776
TOTAL PV POWER: 5,442 kVA (@STC)
TOTAL INVERTER CAPACITY: 4,000 kVA
DC/AC RATIO: 1.36

NOTES:
1. THIS SKETCH SHOWS A CONCEPT SOLAR FARM LAYOUT
FOR THE BADGERYS CREEK DEVELOPMENT PROJECT. THIS LAYOUT
IS PROVIDED FOR INFORMATION ONLY AND FOR THE PURPOSE OF
PROVIDING INPUT TO OTHER CONSULTANTS WHO ARE MODELLING
THE EFFECTS OF THE SOLAR FARM (NOISE, STORM WATER, FLOOD,
ETC.). THIS LAYOUT DOES NOT FORM THE BASIS OF A COMPETE
DESIGN. ADDITIONAL MODELLING, DESIGN, INVESTIGATION,
STAKEHOLDER ENGAGEMENT AND FINANCIAL CONSIDERATION IS
REQUIRED.

2. SINGLE AXIS TRACKERS HAVE BEEN SELECTED FOR THIS
CONCEPT DESIGN, THOUGH OTHER SOLAR PANEL SUPPORT
SYSTEMS ARE AVAILABLE AND COULD BE USED. DESIGN
PARAMETERS SUCH AS INTER-ROW SPACING IS DEPENDENT ON
THE SHADING ANALYSIS AND THE SELECTION OF THE
PROPRIETARY TRACKING & SUPPORT STRUCTURE. A TYPICAL
TRACKING SUPPORT STRUCTURE IS INCLUDED IN APPENDIX A OF
THE CONCEPT DESIGN REPORT, 2449285-RPT-32050-UA-0001 REV A.

6. 11 kV HIGH VOLTAGE CABLE DIRECT BURIED BETWEEN
INVERTER STATION No.1 AND THE MONIER ROOF TILES
MANUFACTURING FACILITY. A FIBRE OPTIC CABLE WILL BE
INSTALLED IN PARALLEL WITH THIS HIGH VOLTAGE CABLE,
TERMINATING IN THE COMMUNICATIONS ROOM WITHIN THE MONIER
ROOF TILES MANUFACTURING FACILITY.

7. ACCESS ROAD CONNECTS TO MONIER ROOF TILE
MANUFACTURING FACILITY. WIDTH AND PATH OF ACCESS ROAD IS
INDICATIVE ONLY. FINAL ACCESS ROAD WIDTH, PATH AND
CONSTRUCTION TYPE TO BE DETERMINED WITH INPUT FROM
RELEVANT STAKEHOLDERS.

8.  ALL DIMENSIONS ARE IN METERS AND INDICATIVE ONLY.
DIMENSIONS TO BE VALIDATED THROUGH DETAILED DESIGN.

3. INSTALLATION ARRANGEMENT BASED ON  TWO INVERTER
STATIONS IN PREFABRICATED ENCLOSURES, CONTAINING ONE OR
MORE CENTRAL INVERTERS, A HIGH VOLTAGE STEP-UP
TRANSFORMER AND ASSOCIATED HIGH VOLTAGE SWITCHGEAR
WITHIN A 40" SHIPPING CONTAINER. A SETBACK AREA FROM THE
INVERTER STATION HAS BEEN ADDED TO ALLOW FOR
REPLACEMENT OF THE INVERTER STATION AND TO MINIMISE THE
EFFECT OF SHADING ON NEARBY SOLAR PANELS. INFORMATION ON
A TYPICAL INVERTER STATION IS INCLUDED IN APPENDIX A OF THE
CONCEPT DESIGN REPORT, 2449285-RPT-32050-UA-0001 REV A.

4. NOTE SOLAR CABLING AND LOW VOLTAGE AUXILIARY CABLE
ROUTES THROUGH THE SOLAR FARM ARE NOT SHOWN.

5. NOTE THE AREA SELECTED FOR THE SOLAR SYSTEM WAS
DEVELOPED THROUGH A LIMITED STAKEHOLDER ENGAGEMENT
AND OPTIONEERING PROCESS. REFER TO THE CONCEPT DESIGN
REPORT, 2449285-RPT-32050-UA-0001 REV A.

LEGEND

JEMENA GAS MAIN

FIBRE OPTICAL &
HV CABLE

TRUCK ACCESS
ROUTE

SOLAR AREA

SOLAR PANEL &
SUPPORT STRUCTURE
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1. Introduction 

1.1 Background 

This Dewatering Strategy has been prepared by Advisian on behalf of Element Environment Pty Ltd 

(Element) and CSR Building Products Limited (CSR) to accompany an application for modification of 

the Badgerys Creek Brick Making Facility (the Project) in accordance with Section 75W of the New 

South Wales (NSW) Environmental Planning and Assessment Act, 1979 (EP&A Act). 

The Badgerys Creek Brick Making Facility is located at 235 Martin Road, Badgerys Creek, NSW and 

lies within the Liverpool Local Government Area (LGA).  Badgerys Creek is approximately 41 km south 

west of Sydney and 17 km west of Liverpool.  The project location is shown on Figure 1.1.  The site is 

approximately 200 ha in size.   

In October 2016, CSR Building Products Limited (CSR) acquired Boral Bricks Pty Limited (Boral) brick 

making business along the eastern seaboard of Australia and with it, the Badgerys Creek Brick 

Making Facility (‘the site’), which is strategically placed in the Western Sydney Priority Growth Area 

and borders on the proposed Western Sydney Airport Precinct.   

In order to realise the full potential of the Badgerys Creek site and to allow the site to meet the 

strategic needs of its brick, roof products and other building product manufacturing businesses, CSR 

requires modifications to the existing Project Approval (PA10_0014).  Accordingly, CSR is proposing 

two separate modifications to the Project Approval, namely Modification 3 and Modification 4.  

This dewatering strategy report covers the initial and ongoing dewatering that is required for the 

Modification 4 Project (herein referred to as Mod 4). 

1.2 Approved Project 

On 27th September 2011, project approval was issued under Section 75J of the EP&A Act for the 

ongoing production of bricks and the expansion of the existing quarrying operations at the Badgerys 

Creek site (Project Approval 10_0014). 

The approved quarrying and brick making activities outlined in the Project Approval are to: 

▪ extract 420,000 tonnes of clay per calendar year; 

▪ produce 252,000 tonnes of bricks per calendar year;  

▪ extract any clay shale or carry out any work in the extraction area no deeper than 35 metres below 

the pre-existing natural surface of the ground;  

▪ receive 20,000 tonnes of raw material for brick making per calendar year; and, 

▪ dispatch more than 275,000 tonnes of raw materials from the site in any calendar year. 

Product from the quarry and brick making facility is approved for transport entirely by road.  The 

Project Approval limits the number of truckloads/heavy vehicle movements that can exit the site per 

day to:  

▪ a maximum of 60 laden brick trucks (i.e. 120 movements) between Monday and Friday; and, 

▪ a maximum of 20 laden brick trucks (i.e. 40 movements) on Saturdays. 
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The approved project is shown in Figure 1.2. 

1.3 Proposed Modification (Mod 3) 

Under Mod 3, CSR is seeking to modify Project Approval (10_0014) to allow the additional 

development and changes detailed below.  Refer to the Modification 3 Surface Water Assessment 

Report (Advisian, 2019) for an assessment of the proposed Mod 3 changes in relation to the already 

approved project.   

Advanced Manufacturing - Brick Production  

▪ Removal of most of the existing brick manufacturing equipment (Commons Plant) and 

replacement with new brick manufacturing equipment (High Grade Face Plant) in the existing 

brick making facility;  

▪ Increase in the building footprint of the existing brick making facility;  

▪ Increase in the building footprint of the existing administration building;  

▪ A NATA (National Association of Testing Authorities) Accredited Advanced Testing Laboratory; 

▪ Extension to the existing visitor carpark;  

▪ An innovation centre; 

▪ A weighbridge;   

▪ Factory staff parking; 

▪ A new access road to the factory staff parking area and for bulk material deliveries and dispatch; 

and 

▪ New rainwater tanks. 

Advanced Manufacturing - Roof Products Manufacturing  

▪ Construction and operation of a roof products manufacturing plant on CSR owned land, outside 

the approved project boundary, immediately east of Pit 4;  

▪ Modification to the approved project boundary to include the proposed roof products 

manufacturing plant, located on the adjacent property; and, 

▪ The processing of sandstone (overburden material not used in brick production) for use in the 

manufacture of roof products on-site. 

General  

▪ Re-commence operations at the site as approved in the Project Approval (PA10_0014), and expel 

the current mothballed status of the site; 

▪ Amendment to the extent of Pit 5 to include a 200 m buffer zone to neighbouring residential 

properties required under the Mining Act 1992; 

▪ An increase in the importation of raw materials from off-site for use in both the brick making and 

roof products manufacturing facilities; and, 

▪ Modifications to the approved noise bunds. 

 



 

rp301015-03926ajd_wjh190228-Badgerys Creek Mod 4 Dewatering.docx page 3 Mod 4 Dewatering Strategy 

1.4 Proposed Modification (Mod 4) 

Under Mod 4, CSR is seeking to modify the Project Approval (10_0014) to allow the additional 

development and changes detailed in Sections 1.4.1 to 1.4.3.  The general arrangement for the 

proposed changes covered by Mod 4 is shown in Figure 1.3.   

1.4.1 Solar Power Generation Facility  

▪ Development of a solar farm on the eastern portion of the site, to the south of the proposed roof 

products manufacturing plant.   

▪ Modification to the approved project boundary to include the proposed solar facility, located on 

the adjacent property; and, 

▪ Further details are provided in the report by BECA Engineering (2018). 

1.4.2 General  

▪ Undertake initial dewatering of Pits 1, 2 and 3 over a period of about 1 year; 

▪ Progressively extract, then fill (with VENM) and rehabilitate each pit from Pit 2 to Pit 1 to Pit 5 

over a period of 30 years, thereby converting the site to an outwardly draining site, reflecting as 

much as possible the pre-quarrying conditions and catchments at the site; and, 

▪ Provide ongoing dewatering of pits during extraction/filling when water inputs exceed on-site 

demand. 

A copy of the quarry staging plans for Mod 4 are provided in Appendix A. 

1.4.3 Implications for Surface Water Management 

From a surface water perspective, the proposed Mod 4 would involve: 

▪ Construction and operation of a solar power generation facility outside the existing approved 

project boundary, which will require management of runoff; and, 

▪ Dewatering of the pits during materials extraction, filling and rehabilitation, potentially requiring 

discharge of excess pit water to adjacent watercourses. 
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Figure 1.1 Project Location 

Source:  CSR Advanced Manufacturing Hub – Modification 4 – Environmental Assessment (Element Environment, 2019) 
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Figure 1.2 Project General Arrangement – Approved Project 

Source:  CSR Advanced Manufacturing Hub – Modification 4 – Environmental Assessment (Element Environment, 2019) 
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Figure 1.3  Project General Arrangement – Proposed Project (Mod 3 and Mod 4) 

Source:  CSR Advanced Manufacturing Hub – Modification 4 – Environmental Assessment (Element Environment, 2019) 
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1.5 Scope of this Report 

This dewatering strategy provides an assessment of the potential dewatering options for the Mod 

4 project and thereby proposes a recommended dewatering strategy that meets the practical 

constraints of the site and aims to minimise the potential impact on adjacent watercourses. 

Specifically, this report: 

▪ Identifies legislation, policy and guidelines relevant to the Project (refer Section 2); 

▪ Documents the existing environmental conditions (refer Section 3); 

▪ Describes the existing (refer Section 4) water management approach for the project site; 

▪ Outlines the required dewatering that is proposed as part of Mod 4 (refer Section 5); 

▪ Assesses a range of options for initial (and ongoing) dewatering from the extraction pits at the 

site (refer Section 6); 

▪ Presents the recommended strategy for dewatering activities and identifies monitoring and 

licensing requirements or other approvals that relate to water use, management and discharge 

(refer Section 7);  

▪ Outlines how stormwater is to be managed across the site (refer Section 8); 

Note that a separate Flood Impact Assessment report has been prepared by Advisian for the Solar 

Farm proposed as part of the Mod 4 project.  A copy of the report is included in Appendix B. 
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2. Relevant Legislation, Policy and Guidelines 

2.1 Legislation 

2.1.1 Water Management Act 2000 

The aim of the Water Management Act (WMA) 2000 is to provide for the sustainable and 

integrated management of the water sources of NSW for the benefit of both present and future 

generations.  The WMA contains provisions for the licensing of water capture and use.  If any dams 

or storages are proposed as part of The Project water management system, consideration must be 

given to whether the dams need to be licensed. 

Harvestable Rights 

Harvestable rights orders made by the Minister under section 54 of the WMA give a landholder the 

right to capture 10% of the average regional rainwater runoff on the land by means of a dam or 

dams having not more than the total capacity calculated in accordance with Schedule 1 of the 

orders, providing such structures are located on minor streams only (i.e. first and second order 

streams).  This water can, in most cases, be used for any purpose. 

The maximum capacity of a harvestable right dam(s) for a landholding is calculated by multiplying 

the area of the land holding by a location specific multiplier value.  This is available by using the 

online calculator provided on the WaterNSW website (http://www.water.nsw.gov.au/water-

licensing/basic-water-rights/harvesting-runoff/calculator). 

The landholding owned by CSR that is attributable to the Project for purposes of harvestable rights 

is approximately 200 hectares (ha) (refer Figure 1.2).  Accordingly, the maximum harvestable right 

capacity based on application of the online calculator is 16 megalitres (ML). 

The Water Management (General) Regulation 2011 (Schedule 1) excludes certain types of water 

storage structures, as follows: 

1. Dams solely for the control or prevention of soil erosion: 

a. from which no water is reticulated (unless, if the dam is fenced off for erosion control 

purposes, to a stock drinking trough in an adjoining paddock) or pumped; 

b. the structural size of which is the minimum necessary to fulfil the erosion control function; 

and, 

c. that are located on a minor stream. 

3.  Dams solely for the capture, containment and recirculation of drainage and/or effluent, 

consistent with best management practice or required by a public authority (other than 

Landcom or the Superannuation Administration Corporation or any of their subsidiaries) to 

prevent the contamination of a water source, that are located on a minor stream. 

5. Dams without a catchment, including turkey nest dams which operate to store water only.  

The DPI Water Guideline “Dams in NSW - Do you need a licence” (2015) indicates that the following 

dams do not require a licence: 

▪ dams that capture water under a harvestable right; 

http://www.water.nsw.gov.au/water-licensing/basic-water-rights/harvesting-runoff/calculator
http://www.water.nsw.gov.au/water-licensing/basic-water-rights/harvesting-runoff/calculator
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▪ dams built before 1999; and, 

▪ dams up to 1 ML on small properties. 

The Guideline indicates that landholders may construct and use a dam to store different kinds of 

water taken under different rights and licences in addition to their harvestable right, providing the 

landholder holds:  

▪ a licence for the volume of water that exceeds the maximum harvestable right dam 

capacity (MHRDC), unless the water is taken under a domestic and stock right or native title 

right; 

▪ a water supply work approval for a dam which exceeds the MHRDC. 

The Guideline also provides a list of special dams which are not included in harvestable right 

calculations:  

▪ dams for the control or prevention of soil erosion (gully control structures);  

▪ dams for flood detention and mitigation; 

▪ dams for the capture, containment and recirculation of drainage and/or effluent that confirm 

to best management practice or are required by regulation to prevent the contamination of a 

water source;  

▪ dams endorsed by the Minister for specific environmental management purposes; 

▪ dams without a catchment; and 

▪ dams licensed under the Water Act 1912 before 1 January 1999. 

Further information on how harvestable rights relates to the existing and proposed water storages 

at the site is provided in Section 4 and Section 7. 

2.1.2 Protection of the Environment Operations Act 1997 

The NSW Protection of the Environment Operations Act 1997 (PoEO Act) and the NSW Protection of 

the Environment Operations (General) Regulation 2009 set out the general obligations for 

environmental protection.  The PoEO Act is relevant to the Project as it contains requirements 

relating to the prevention of the pollution of waters. 

The site is classified as a mine under the Mining Act 1992 because the structural clay is classified as 

a mineral.  Mining activities are considered to be Scheduled activities under the PoEO Act and 

require an Environment Protection Licence (EPL).  The Project currently has an EPL (EPL 684) dated 

4 May 2015.  The EPL does not provide for any discharge of water from the site.   

2.1.3 Dam Safety Act, 2015    

The Dam Safety Act 2015 establishes the role of Dams Safety NSW (replacing NSW Dams Safety 

Committee that was established under the Dam Safety Act 1978) to achieve objectives relating to 

the safety of dams, including ensuring that any risks that may arise in relation to dams (such as any 

risks to public safety and to environmental and economic assets) are of a level that is acceptable to 

the community.  Dams Safety NSW can declare a dam or proposed dam to be a ‘declared dam’ 

under the Dams Safety Act 2015.   

One of the functions of Dams Safety NSW is to make recommendations on the development, 

implementation and modification of the dam safety standards, to keep owners of declared dams 

informed about the dam safety standards, and to regulate compliance with those standards.  
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Determination of whether a dam is a declared dam is based on an assessment of its consequence 

category, which considers potential downstream impacts of dam failure.   

Under the Dam Safety Act 2015, a ‘notification area’ can be declared covering an area around the 

dam structure and the impoundment.  Any proposal to undertake extraction activities within the 

notification area requires consultation with Dam Safety NSW.   

The Project is not located within the notification area of any of the dams shown on the map 

‘Prescribed Dams in NSW, July 2018’.  None of the water storage and sediment basins/dams on site 

are considered to be ‘prescribed dams’ under the Act and are therefore, not deemed to be 

required to be reviewed against the criteria published by Dams Safety NSW or referred to the Dam 

Safety Committee.  The proposed sediment/stormwater basins for Mod 3 will not need to be 

prescribed or reviewed by the Dams Safety Committee. 

2.2 Policies and Plans 

The following sections outline existing policies and plans relevant to the Project. 

2.2.1 SEPP (Sydney Drinking Water Catchment) 2011 

The State Environmental Planning Policy (SEPP) (Sydney Drinking Water Catchment) 2011 aims to 

provide for healthy water catchments, delivering high quality water while permitting development 

that is compatible with that goal.  The SEPP also aims to support the maintenance or achievement 

of the water quality objectives for the Sydney drinking water catchment and requires 

developments to demonstrate a neutral or beneficial effect (NorBE) on water quality. 

The Project is not located within the Sydney Drinking Water Catchment.   

2.2.2 National Water Quality Management Strategy 

The National Water Quality Management Strategy (NWQMS) is a joint national approach to 

improving water quality in Australian and New Zealand waterways.   

The NWQMS aims to protect the nation's water resources by improving water quality while 

supporting the businesses, industry, environment and communities that depend on water for their 

continued development.  The main mechanism for promoting this aim has been the publication of 

a number of water quality guidelines, including the Australian and New Zealand Guidelines for 

Fresh and Marine Water Quality (Australian and New Zealand Environment and Conservation 

Council [ANZECC], 2000) (commonly referred to as the ANZECC 2000 Guidelines).  These guidelines 

are reflected in the following NSW guidelines: 

▪ Using the ANZECC Guidelines and Water Quality Objectives in NSW (NSW Department of 

Environment and Conservation [DEC], 2006); and 

▪ NSW Water Quality and River Flow Objectives (WQOs) (http://www.environment.nsw.gov.au/ieo). 

These guidelines are discussed in Sections 2.2.3 and 2.3.2 below. 
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2.2.3 NSW Water Quality and River Flow Objectives 

WQOs were established by the NSW Government in September 1999 for the majority of NSW 

catchments.  The WQOs are the agreed environmental values and long-term goals for NSW's 

surface waters and set out:  

▪ the community's values and uses for rivers, creeks, estuaries and lakes (i.e. healthy aquatic life, 

water suitable for recreational activities like swimming and boating, and drinking water); and, 

▪ a range of water quality indicators to help assess whether the current condition of waterways 

supports those values and uses. 

The WQOs are consistent with the agreed national framework set out in the ANZECC 2000 

Guidelines to assess water quality in terms of whether the water is suitable for a range of 

environmental values, including human uses.  The WQOs provide environmental values for NSW 

waters and the ANZECC 2000 Guidelines provide the technical guidance to assess the water quality 

needed to protect those values.  

WQOs have been developed for NSW rivers and estuaries to provide guideline levels to assist 

water quality planning and management.  The streams located within and reporting to the Project 

site are classified as “Uncontrolled Streams”, which have the following WQOs relevant to the 

Project: 

▪ aquatic ecosystems (maintaining or improving the ecological condition of water bodies and 

their riparian zones over the long term); and,  

▪ livestock water supply (protecting water quality to maximise the protection of healthy 

livestock). 

The aquatic ecosystem objective is consistent with the ANZECC 2000 Guidelines default trigger 

values for slightly disturbed ecosystems in south-east Australia.  Further discussion of the ANZECC 

trigger values that could be adopted for the Project is provided in Section 7.6.2. 

2.2.4 State Water Management Outcomes Plan 

The Water Management Act 2000 provides for the establishment of the State Water Management 

Outcomes Plan (SWMOP) to set out the over-arching policy context, targets and strategic 

outcomes for the development, conservation, management and control of the State’s water 

sources. 

This SWMOP promotes the objects of the Water Management Act 2000 and its water management 

principles and seeks to give effect to the NSW Government’s salinity strategies.  The SWMOP 

provides for the protection and enhancement of the environmental services provided by aquatic 

ecosystems while delivering a framework for the use of water to meet human needs, including 

more secure access licences.  It details the Government’s commitment to manage the linkages 

between environment, human health, communities and industries. 

The Project is consistent with the objectives of the SWMOP, both within the Project area and on 

downstream users, as the site is designed to protect the creek system from potential impacts from 

the Project. 

2.2.5 Water Sharing Plan 

The Project falls within the Water Sharing Plan for the Greater Metropolitan Region Unregulated 

River Water Sources 2011 (NSW Government 2011).  The Greater Metropolitan Region water 

sources cover an area of 87 management zones grouped into six water sources.  The project site is 
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located in the Hawkesbury and Lower Nepean Rivers catchment.  The WSP for the Greater 

Metropolitan Region Groundwater Sources covers 13 groundwater sources.  The Project site is 

situated within the Sydney Basin Central Porous Rock groundwater source area.   

The WSP is a legal document made under the Water Management Act 2000 and is implemented by 

DPI Water.  The WSP provisions provide water for the river’s environmental needs, its ecological 

processes and direct how water available for extraction is to be shared.  The WSP also sets rules for 

the management of access licences, water allocation accounts, the trading of or dealings in 

licences and water allocations, the extraction of water, the operation of dams and water flow 

management. 

The WSP provides for domestic and stock rights and native title rights – both forms of basic 

landholder rights which allow some extraction of water from the river without an access licence.  

All other water extraction, other than for basic landholder rights, must be authorised by an access 

licence.  Each access licence specifies a share component.  The share components of specific 

purpose licences such as local water utility and domestic and stock are expressed as a number of 

ML/year.  The share components of licences such as high security, general security and 

supplementary WALs are expressed as a number of unit shares. 

CSR holds one existing Water Access Licence (WAL) that would be available for the Project, namely 

WAL 24346 (total 25 shares) to take water under the WSP for the Sydney Basin Central 

Groundwater Source Aquifer.  Refer to the Groundwater Assessment report by GES (2019) for 

further information. 

2.2.6 Hawkesbury Nepean Catchment Action Plan 2007 - 2016  

The Hawkesbury Nepean Catchment Action Plan 2007 - 2016 (Catchment Action Plan) (Hawkesbury 

-Nepean Catchment Management Authority, 2008) has been developed to provide the strategic 

framework for natural resource management in the Hawkesbury-Nepean Catchment.   

The Catchment Action Plan utilises a new ‘resilience thinking’ method of catchment planning, 

whereby thresholds capable of changing the state of social-ecological systems are identified and 

targets to avoid reaching those thresholds are established.  Various actions for implementation are 

also listed to assist in achieving each target.  The Catchment Action Plan focuses on four primary 

social-ecological systems: community; river health; biodiversity; and soil and land.  The Catchment 

Action Plan identifies various detailed targets with respect to river health.   

2.2.7 NSW State Rivers and Estuaries Policy 

The NSW State Rivers and Estuaries Policy contains state-wide objectives for the protection and 

enhancement of watercourses. The proposed surface water management should be consistent with 

the State Rivers and Estuaries Policy objectives.  The key aspect of this would be to demonstrate 

that there is no degradation of Badgerys Creek or South Creek as a result of project activities. 

2.2.8 NSW Farm Dams Policy 

The NSW Farm Dams Policy was introduced in 1999.  Under this policy it is not necessary to obtain 

a licence or other consent from DPI Water for a farm dam provided: 

▪ they are not collecting flow from a major stream; and, 

▪ the combined capacity does not exceed the MHRDC for the property. 
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2.3 Technical and Policy Guidelines 

2.3.1 General  

The following guidelines identified by the NSW Department of Planning & Environment (DP&E) 

that should generally be considered for the preparation of a Surface Water Assessment.  Where 

appropriate these guidelines have been referred to.  In particular the following have been used: 

▪ Managing Urban Stormwater: Soils & Construction – Volume 1 (Landcom, 2004) taken into 

account in the design of the sediment basins; 

▪ Managing Urban Stormwater: Soils & Construction – Volume 2E: Mines and Quarries (NSW 

Department of Environment and Climate Change [DECC], 2008) taken into account in the 

design of the sediment basins; 

▪ Australian Guidelines for Fresh and Marine Water Quality (ANZECC, 2000) to determine water 

quality ‘trigger’ values;  

▪ ANZECC Guidelines and Water Quality Objectives in NSW (DEC, 2006) to determine water 

quality ‘trigger’ values. 

In NSW, the most relevant and comprehensive guidelines for the design of stormwater controls 

relating to mines and quarries is contained in Managing Urban Stormwater: Soils and Construction 

Vol 2E – Mines and Quarries (DECC, 2008) in conjunction with the references to Volume 1 

(Landcom, 2004).  The principles of surface water control, including the design of erosion and 

sediment control structures, have been adopted where applicable in this Surface Water 

Assessment. 

In accordance with Division 2 of the Water Management (General) Regulation 2011, a controlled 

activity approval under the Water Management Act 2000 is typically not required for surface mining 

activities approved as State Significant Development under Division 4.1 of the EP&A Act.  However, 

the general standards used by DPI Water in implementing the Water Management Act 2000 still 

need to be adhered to.  Consideration of the following Department of Primary Industry (DPI) Water 

guidelines (formerly NSW Office of Water [NOW], 2012) has been included in this Surface Water 

Assessment. 

Guidelines for Controlled Activities on Waterfront Land, which include the: 

▪ Guidelines for Instream Works on Waterfront Land; 

▪ Guidelines for Laying Pipes and Cables in Watercourses on Waterfront Land; 

▪ Guidelines for Outlet Structures on Waterfront Land; 

▪ Guidelines for Riparian Corridors on Waterfront Land; 

▪ Guidelines for vegetation Management Plans on Waterfront Land; and 

▪ Guidelines for Watercourse Crossings on Waterfront Land. 

2.3.2 ANZECC Guidelines for Fresh and Marine Water Quality 2000  

The ANZECC 2000 Guidelines set out a range of water quality criteria for assessment of the 

suitability of water for protection of ecosystem health, recreational amenity, drinking water, 

irrigation and stock water use, and potential toxic effects on aquatic fauna. 
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The main aspects of the ANZECC 2000 Guidelines that relate to matters covered in this report 

concern the default trigger values for which there is minimal risk of ecosystem harm based on 20 th 

and 80th percentile data derived for appropriate reference systems (as set out in Tables 3.3.2 and 

3.3.3 of the Guidelines).  It is important to note that the default trigger concentrations are 

frequently misinterpreted as water quality targets.  As noted in Section 3.3.2.3 of the ANZECC 2000 

Guidelines: 

‘The guideline trigger values are the concentrations (or loads) of the key performance indicators, 

below which there is a low risk that adverse biological effects will occur.  The physical and 

chemical trigger values are not designed to be used as ‘magic numbers’ or threshold values at 

which an environmental problem is inferred if they are exceeded.’ 

The guideline ‘Using the ANZECC Guidelines and Water Quality Objectives in NSW’ (DEC, 2006) 

specifically notes that trigger values are not ‘pass/fail’ compliance criteria. 

The ANZECC 2000 Guidelines recognise that the water quality values quoted in Tables 3.3.2 and 

3.3.3 for south-eastern Australia are default values to be used in the absence of local data for a 

particular watercourse, and provide the following advice (Section 3.3.2.4 of the guidelines) in 

relation to the derivation of locally specific data: 

‘For naturally occurring stressors, use data for appropriate reference systems to determine the 

low-risk trigger value for each key indicator.  For these Guidelines, data collected after two years 

of monthly sampling are regarded as sufficient to indicate ecosystem variability and can be used 

to derive trigger values’.   

Further discussion relating to the water quality data in the watercourses in the vicinity of the 

Project is contained in Section 6.3.3. 

A further aspect of the ANZECC 2000 Guidelines relates to the use of trigger values for regulatory 

purposes.  Section 2.2.1.9 of the ANZECC 2000 Guidelines provides the following advice in relation 

to the use of the trigger values for regulatory purposes: 

‘The Guidelines have not been designed for direct application in activities such as discharge 

consents, recycled water quality or stormwater quality, nor should they be used in this way. (The 

exception to this may be water quality in stormwater systems that are regarded as having some 

conservation value.)  They have been derived to apply to the ambient waters that receive 

effluent or stormwater discharges, and protect the environmental values they support.’ 

This advice is reflected in the guideline ‘Using the ANZECC Guidelines and Water Quality 

Objectives in NSW’ (DEC, 2006), which notes: 

‘The NSW WQOs [Water Quality Objectives] are the environmental values and long-term goals 

for consideration when assessing and managing the likely impact of activities on waterways.  

They are not intended to be applied directly as regulatory criteria, limits or conditions but are 

one factor to be considered by industry, the community, planning authorities or regulators when 

making decisions affecting the future of a waterway.’ 
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3. Existing Environment 

3.1 Topography 

The existing site topography is relatively flat with grades of less than 3% over much of the site.  

The site slopes naturally away from the centre of the site to the east towards South Creek, and to 

the west and north-west towards Badgerys Creek. 

Historical quarrying activities on the site have substantially altered the natural landform with 

various voids and elevated stockpiles present in the western and southern part of the site.  The 

most prominent of these landforms is a rehabilitated stockpile in the far west of the site, known as 

the ‘Western Stockpile’ which has been revegetated with native grasses and trees.  Other 

significant landforms on the site include the raw material stockpile in the centre of the site, as well 

as stockpiles in the south and centre of the site. 

3.2 Land Use 

The site is located in the suburb of Badgerys Creek which is currently a small community 

comprising rural residences and agricultural, quarrying and industrial activities.  The locality 

supports a number of small rural residential holdings and a limited number of larger agricultural 

properties, agricultural enterprises (chicken farms, nurseries), composting and resource recovery 

facilities and some market gardens.   

The region falls within the Western Sydney Priority Growth Area under the new Sydney 

Metropolitan Strategy A Plan for Growing Sydney (December 2014).  Figure 1.1 shows that the site 

is bounded by: 

▪ Badgerys Creek to the west, with the proposed Western Sydney Airport precinct being sited 

beyond the site boundary on the western side of Badgerys Creek; 

▪ lnghams Chickens to the south; 

▪ South Creek to the east; and, 

▪ Australian Native Landscapes and rural residential properties to the north.   

The site and surrounding land use is further illustrated in the aerial photo provided as Figure 3.1.   

The site and surrounds are zoned RU1 - Primary Production zone under the Liverpool Local 

Environmental Plan (LEP) 2008.  
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Figure 3.1 Aerial Photo of the Project Site and Surrounding Landuse 

3.3 Soils 

The geology of the site comprises the Wianamatta Group, with Bringelly Shale having been 

previously quarried at the site.  Due to past quarrying activities, the majority of the site and site 

soils have been disturbed.    

Reference to the Soil Landscapes of the Penrith 1:100,000 Sheet (Hazelton, 1990) shows that the soil 

landscape grouping for the majority of the site is: 

▪ Blacktown (bt) – gently undulating rises on Wianamatta Group shales.  Local relief to 30 m, 

slopes usually < 5%.  Shallow to moderately deep (< 100 cm) hard setting mottled texture 

contrast soils, red and brown podzolic soils on crests grading to yellow podzolic soils on lower 

slopes and in drainage lines.   

The soil landscape grouping directly adjacent to Badgerys Creek and South Creek is: 

▪ South Creek (sc) – floodplains, valley flats and drainage depressions of the channels on the 

Cumberland Plain.  Usually flat with incised channels, mainly cleared.  Soils are very deep 

layered sediments over bedrock or relic soils.  Where pedogenesis has occurred there are 

structured plastic clays or structured loams in and immediately adjacent to drainage lines.  Red 

and yellow podzolic soils are most common on terraces with small areas of minimal 

krasnozems, leached clays and yellow solodic soils.   
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3.4 Hydrology 

3.4.1 Regional Hydrology 

The Project is located within the South Creek and Badgerys Creek catchments which are part of the 

greater Hawkesbury Nepean catchment area.   

Badgerys Creek is an ephemeral water course with a length of approximately 16 km.  The creek 

rises about 2.4 km south of the project site near Bringelly and flows generally in a north/north-

easterly direction before reaching its confluence with South Creek, approximately  

6 km north of the project site in the suburb of Badgerys Creek.   

South Creek is a perennial water course with a length of approximately 70 km.  South Creek starts 

in the suburb of Narellan and flows in a generally north direction joined by 17 tributaries, including 

Badgerys Creek, before it reaches its confluence with the Hawkesbury River near Windsor.   

3.4.2 Local Hydrology 

The eastern property boundary of the project site adjoins South Creek and the western property 

boundary adjoins Badgerys Creek (refer Figure 1.2).  A small ephemeral tributary of Badgerys 

Creek is located in the south-western portion of the site between the Western Stockpile and Pit 2. 

Stream ordering of watercourses is established using the Strahler stream classification system 

where streams are given an ‘order’ according to the number of additional tributaries associated 

with each water course.   

Reference to Appendix L1 of the Western Sydney Airport EIS (GHD, 2016) shows that Badgerys 

Creek is a fourth order stream.  Reference to topographic mapping (1:25,000 sheets for Liverpool, 

Warragamba and Campbelltown) shows that South Creek is a fifth order stream.  

There are several first order ephemeral drainage lines on the site including small drainage lines 

from:  

▪ Sediment Basin 1 to Sediment Basin 2; 

▪ Sediment Basin 2 to Badgerys Creek; and, 

▪ The south-east corner of the site to South Creek. 

Refer to Section 4 for further information about the existing sediment basins. 

3.4.3 Watercourse Characteristics 

A site inspection of Badgerys Creek and South Creek along the project boundaries was undertaken 

by engineers from Advisian on 6th April 2018.  Site photos and watercourse characteristics were 

documented and are summarised in the following sections.  

Tributary to Badgerys Creek 

A small tributary of Badgerys Creek is located in the south-western portion of the site between the 

Western Stockpile and Pit 2 (refer Figure 1.2).  The tributary is non-uniform and exhibits significant 

erosion in some places (refer Figure 3.2).  No flow was observed in the tributary at the time of the 

site inspection.  
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Figure 3.2 Tributary to Badgerys Creek 

Left - looking upstream 

Right - looking downstream toward Badgerys Creek 

Badgerys Creek 

Badgerys Creek is a non-uniform channel that is reasonably well vegetated in most areas (refer 

Figure 3.3).  At the time of the inspection there was no flow in the creek and some of the creek 

bed was dry (refer Figure 3.3).  Some small pools and larger elongated pools were observed along 

some sections of the creek adjacent to the Project Site (refer   Figure 4.4).  These pools are typical 

along various sections of the creek as shown in aerial photography taken in July 2017 (refer Figure 

4.4 (right)).   

River bank heights vary from 6 to 10 m and channel widths vary from around 6 to 20 m.  The 

channel bed is formed in the natural surface soils and has a sandy base with some small rocks 

(refer Figure 3.3).  Some clay horizons are exposed through the mid and upper creek banks.   

In some sections of the creek there are significant pieces of debris including tree branches as is 

shown in Figure 3.3.  Some parts of the channel are well incised with no apparent floodplain, 

however towards the downstream end of the Project boundary the channel becomes less defined 

and evolves into a flat channel with a broad floodplain and reeds / phragmites lining the channel 

are abundant (refer Figure 3.5).   

The channel is considered to be relatively stable with some areas of erosion. 
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Figure 3.3 Badgerys Creek, approximately 100 m downstream from the confluence with the 

Badgerys Creek Tributary:  

Left: Looking upstream 

Right: Looking downstream 
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Figure 3.4 Elongated Pools of Water in Badgerys Creek: 

Top: Photograph 

Bottom: Aerial Photograph 



 

rp301015-03926ajd_wjh190228-Badgerys Creek Mod 4 Dewatering.docx page 21 Mod 4 Dewatering Strategy 

 

Figure 3.5 Badgerys Creek, near the downstream Project boundary where the channel 

widens and phragmites can be observed 

South Creek 

South Creek is a reasonably broad and uniform channel that is well vegetated (refer Figure 3.6).  

At the time of the inspection there was water observed in the channel (estimated to be 

approximately 1 to 2 m deep) but no flow was observed.   

Creek bank heights vary from 1 to 5 m with channel widths up to approximately 10 to 15 m.  Duck-

weed was observed in some sections of the channel (refer Figure 3.6 (right)).  The channel is 

considered to be stable with minimal erosion observed. 
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Figure 3.6 South Creek, towards the upstream end of the Project boundary: 

Left: looking across the channel 

Right: looking downstream 

3.4.4 Flow Regime 

Flow gauge 212320 is located on South Creek at Elizabeth Drive, approximately 4.7 km 

downstream of the site and has been collecting data since 1970.  This gauge is owned and 

operated by the Department of Primary Industries (DPI Water).   

The flow duration graph for gauge 212320 for the period from June 1970 to May 2018 is presented 

in Figure 3.7.  Note, the graph indicates that for about 40% of the time there is no measurable 

flow in the creek.  This is interpreted to mean that the creek is not actively flowing, even though 

there may be pools of still water along the creek bed. 
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Figure 3.7 Flow Duration Curve for South Creek Gauge 212320 (1970 - 2018) 

3.4.5 Water Quality 

Currently there is limited site water quality data available for the receiving waters upstream and 

downstream of the site in Badgerys Creek and South Creek.  A summary of the sampling data 

available to date is provided in the sections that follow.  

VGT Sampling 

VGT Environmental Compliance Solutions Pty Ltd (VGT) collected water samples from Badgerys 

Creek at two locations upstream and downstream of the project site on 2 December 2015 and 

6 March 2017.  These samples were collected for CSR for quality testing purposes.  Details of the 

collection locations are summarised below. 

▪ Badgerys Creek upstream - samples collected at Badgerys Creek Road, approximately 800 m 

upstream of the site; and 

▪ Badgerys Creek downstream - samples collected at Pitt Street, approximately 1 km 

downstream of the site). 

In Section 6.3.3 the results are denoted by the red solid markers in the figures. 

Western Sydney Airport Sampling 

Water quality monitoring data results for Badgerys Creek are also available from the Western 

Sydney Airport (WSA) EIS (GHD, 2016).  The WSA water quality sampling locations are shown in 

Figure 3.8.  The results from the monitoring are denoted by blue straight, dashed and dotted lines 

in the figures in Section 6.3.3. 
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CSR Routine Creek Water Quality Sampling 

A monthly water quality sampling program of Badgerys Creek and South Creek is being 

undertaken by CSR and commenced in September 2018.   

The CSR water quality sampling locations are shown in Figure 3.8, labelled as Badgerys Creek DA 

Sampling Locations. 

The results from the sampling along Badgerys Creek and South Creek that was carried out in 

September 2018 are identified by the yellow markers in the figures in Section 6.3.3. 

Discussion about Sampling 

The VGT and CSR data sets for Badgerys Creek are limited as collections were made from two and 

four locations, respectively, on two and one date only, respectively.  In comparison the WSA data 

has been collected monthly over a period of three years for D/S Basin 1 and 3, and over a period of 

two years for D/S Basin 2 (sampling no longer occurs at D/S Basin 2).  Therefore, the conclusions 

drawn from the WSA data are likely to be more reliable. 

For South Creek, a single sample at four different sampling locations (i.e., SC1, SC2 SC3 and SC4) 

on a single date (in September 2018) has been collected.  The data set is therefore limited.   

It is important to note that the assessments and recommendations in this report are based on the 

current available data.  In some instances the data available is limited and therefore, the 

conclusions that can be drawn are minimal. 
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Figure 3.8  Water Quality Sampling Locations  (Source: Element Environment)   
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3.5 Rainfall / Climate 

3.5.1 Rainfall 

Water Balance Modelling 

Daily rainfall records for Badgerys Creek All Weather Station (AWS) (Station 67108), were obtained 

from the Scientific Information for Landowners (SILO) climate database and used to assist with the 

water balance modelling for the site.  The Badgerys Creek AWS is the closest rainfall recording 

gauge to the Project site.   

SILO is an online database of historic daily climate records for Australia.  It was developed by the 

Bureau of Meteorology (BoM) and the Queensland Government, and was launched in 1997.  The 

SILO database is currently hosted by the Queensland Science Delivery Division of the Department 

of Science, Information Technology and Innovation (DSITI) and contains Australian climate data 

from 1889 to present day.   

Datasets are constructed from climate data collected by the BoM with interpolation where there 

are data gaps as follows: 

▪ ‘Patched Point’ datasets are observed data with missing or suspect values ‘patched’ with 

interpolated data; and,  

▪ ‘Data Drill’ datasets access grids of data interpolated from point observations by the BoM.  The 

data in the Data Drill are all synthetic. 

The patched data record for Badgerys Creek AWS for the period 1 January 1889 to 31 December 

2017 was obtained from SILO for the analysis of runoff from natural catchments in the immediate 

vicinity of the Project and for the site water balance assessment.  The record comprised 16% 

historic station data.  The station was commissioned in 1994 and therefore data prior to this year 

was infilled with interpolated daily observations from a nearby station.  

The monthly and annual rainfall statistics for the data drill record for Badgerys Creek AWS are 

listed in Table 3.1.  Based on these statistics, the highest mean rainfall in the area occurs in the 

months from January to March, inclusive.  The lowest monthly average rainfall occurs in 

September.   

The average annual rainfall at Badgerys Creek is 771 mm. 

Stormwater Quality Modelling 

In accordance with Liverpool City Council’s WSUD Technical Guidelines dated January 2016 for the 

stormwater quality modelling, 6-minute rainfall data from the Liverpool (Whitlam Centre) (Station 

067035) was used.  
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Table 3.1  Rainfall Statistics (mm) for Badgerys Creek AWS (Station 67108) 

Month Mean Minimum 
10th 

Percentile 
(dry) 

Median 
90th 

Percentile 
(wet) 

Maximum 

January 87 4 21 69 171 362 

February 87 0 13 61 215 436 

March 88 2 19 66 198 354 

April 65 2 13 51 142 374 

May 58 0 6 32 156 334 

June 64 0 5 34 154 420 

July 47 0 3 28 105 321 

August 43 0 4 25 128 292 

September 41 0 6 34 88 155 

October 55 0 9 46 124 327 

November 68 0 9 54 140 376 

December 68 0 12 50 148 250 

Annual 771 328 481 730 1,045 1,714 

3.5.2 Evaporation 

Water Balance Modelling 

SILO patched evaporation data for the Badgerys Creek AWS (Station 67108) for the period 

1 January 1889 to 31 December 2017 were obtained for the analysis of runoff from natural 

catchments in the immediate vicinity of the Project and for the site water balance assessment.  The 

data comprised long term average monthly data from 1889 to the end of 1969 and daily data from 

1970 to present day.  The data record comprised 63% interpolated long term average data and 

37% interpolated daily observations. 

Statistics for the patched pan evaporation data for Badgerys Creek AWS from 1970 to 2017 are 

listed in Table 3.2.   
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Table 3.2 Pan Evaporation Statistics (mm) for Badgerys Creek AWS (Station 67108)  

Month Mean Minimum 
10th 

Percentile 
Median 

90th 
Percentile 

Maximum 

January 188 142 152 188 223 234 

February 148 112 118 146 178 192 

March 133 100 115 130 159 172 

April 96 74 78 97 116 132 

May 68 54 58 67 82 89 

June 53 40 43 54 64 72 

July 62 45 52 61 75 88 

August 88 64 72 87 102 124 

September 118 88 99 116 140 181 

October 150 108 119 148 181 227 

November 164 121 136 165 188 216 

December 195 128 161 188 239 276 

Annual 1,462 1,244 1,312 1,460 1,602 1,760 

For the purposes of modelling catchment runoff, Boughton (2010) recommends the use of areal 

potential evapotranspiration data.  Areal potential evapotranspiration is the evapotranspiration 

that would take place, if there was an unlimited water supply, from an area so large that the effects 

of any upwind boundary transitions are negligible and local variations are integrated to an areal 

average.   

Monthly potential evapotranspiration specific for the Project area were derived by interpolation of 

the spatial data from the digital version of the Climatic Atlas of Australia: Evapotranspiration 

(Version 1.0, BoM, 2002). 

Stormwater Quality Modelling 

In accordance with Liverpool City Council’s WSUD Technical Guidelines dated January 2016 for the 

stormwater quality modelling daily average potential evapotranspiration (PET) data from 

Parramatta was used.  This data is shown in Table 3.3.  
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Table 3.3 Daily Average Evapotranspiration (mm) for Parramatta  

Month Average Evapotranspiration (mm) 

January 5.57 

February 4.58 

March 3.74 

April 2.52 

May 1.62 

June 1.28 

July 1.24 

August 1.79 

September 2.5 

October 3.87 

November 4.85 

December 4.97 

3.6 Vegetation 

A Flora and Fauna Assessment Report, including riparian vegetation, has been prepared as part of 

the Environmental Assessment for the Project by EcoPlanning (2019).  The report provides detail on 

the condition of riparian vegetation along the drainage lines within the Project area and surrounds.   

3.7 Aquatic Ecology  

An Aquatic Ecology Assessment Report has been prepared as part of the EA for the Project by 

CTENVIRONMETNAL for EcoPlanning (2019).  The report provides further detail on the condition of 

the drainage lines within the Project area and surrounds.   
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4. Existing Water Management at the Site 

4.1 Background 

The current Project approval and the associated Surface Water Management Plan have evolved and 

been refined progressively, as follows: 

▪ Badgerys Creek Brick Works Soil and Water Management Plan (ERM, October 2002); 

▪ Addendum to Badgerys Creek Brick Works Soil and Water Management Plan (AECOM, 

November 2010) (Appendix C to the Environmental Assessment for Continued Operations of 

Quarry and Brickmaking Facility); and, 

▪ Boral Badgerys Creek Water Management Plan (Hyder Consulting, April 2013). 

There are a number of storages at the site that form part of the water management system.  These 

are referred to as Pits, Sediment Basins and Small Farm Dams.  Each of these storages are 

described further in Section 4.2.   

Commentary relating to the eastern part of the site (refer Section 4.2.4) and discharges from the 

site (refer Section 4.4) also follow. 

The direction of surface flows in the approved water management strategy for the site is shown in 

Figure 4.1. 

4.2 Water Storages 

4.2.1 Extraction Pits 

There are three existing voids on the site that have formed as a result of previous site extraction 

activities.  These are referred to as extraction pits and are shown in Figure 1.2.  These pits now 

form part of the water management strategy for the site.  The current status and future plans for 

each of the pits is summarised below.   

▪ Pit 1 

This pit is located in the west of the site and is the largest of the pits (refer Figure 4.2 (left)).  

Extraction from Pit 1 has been exhausted and it is used as the main water storage for the site.  

Pit 1 collects runoff from the raw materials stockpile and part of the central stockpile.   

▪ Pit 2  

This pit is adjacent to Pit 1 and is located towards the south-west corner of the site (refer  

Figure 4.2 (right)).  Pit 2 is also exhausted and will be backfilled and rehabilitated.  Pit 2 

collects runoff from its own quarry pit area.   

▪ Pit 3  

Pit 3 is located east of Pit 1 and Pit 2 (Figure 4.3).  It was an active pit and was the focus of 

extraction campaigns prior to the site being mothballed.  Pit 3 collects runoff from its own 

quarry pit area.   
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Figure 4.1 Surface Flow Directions for Approved Site Water Management 

Source:  Boral Badgerys Creek:  Water Management Plan (Hyder, 2013) 
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Figure 4.2 Left: Pit 1 (from south-east corner of Pit 1)  

Right: Pit 2 (from south-west corner of Pit 2 

 

Figure 4.3 Pit 3 (from north-west corner of Pit 3) 

ELA Sampling 

In August 2017, Ecological Australia (ELA) undertook a baseline water quality sampling 

investigation of Pits 1, 2 and 3 (Water Quality Sampling Report – Quarry Pits, ELA, August 2017).  

The objectives of the sampling were to: 

▪ obtain an initial understanding of the water quality within the pits and collect water samples 

from a one-off sampling event; and, 

▪ characterise the vertical profiles within the pit water to determine whether stratification has 

occurred and obtain in-situ physio-chemical parameters. 
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To obtain a vertical profile of the water body within the pits, ELA conducted pit profiling using a 

calibrated YSI water quality meter lowered from a canoe at several locations within the pits.  

Physio-chemical parameters (temperature, dissolved oxygen (DO), electrical conductivity (EC), pH, 

redox potential (ORP) and turbidity (NTU) were then recorded at 1 m intervals through the vertical 

profile.  Water quality samples were collected at discrete intervals using a peristaltic pump with a 

weighted drop tube to allow sample collection at target depths, then sent to ALS Laboratories for 

analysis.   

The following analytical suite was adopted for the sampling event. 

▪ Major Ions (Ca, Mg, Na, K, Cl-, SO4-2, alkalinity, F, Si); 

▪ Total and dissolved metals (As, B, Ba, Be, Cd, Co, Cr, Cu, Hg, Mn, Ni, Pb, Se, V, Zn); 

▪ Nutrients (Ammonia, nitrate, nitrite, phosphorus); 

▪ Organochlorine pesticides (OCs); 

▪ Phenolic Compounds; 

▪ Polycyclic aromatic hydrocarbon (PAHs); 

▪ Total petroleum hydrocarbons, total recoverable hydrocarbons (TPH/TRH); and, 

▪ Benzene, toluene, ethylbenzene, xylenes, naphthalene (BTEXN). 

The results are denoted by the green solid markers in the figures in Section 6.3.3.  The ELA Report 

found that: 

▪ All three pits were homogeneous water bodies with no stratification at depth and were all 

slightly alkaline and slightly brackish in quality with very low turbidity 

▪ No analytes exceeded the ANZECC (2000) 95% freshwater species protection guideline values 

▪ The concentration of copper in Pit 3 (0.001 mg/L) is close to the ANZECC trigger concentration 

of 0.0014 mg/L 

▪ Total metals concentrations within each of the pits were similar to dissolved concentrations, 

indicating metals occur in solution with minimal adsorbed metals or chelated metals 

▪ No organochlorine pesticides, phenolic compounds or hydrocarbons (PAH, BTEX, TPH/TRH) 

were reported in any of the samples 

VGT Sampling 

VGT Environmental Compliance Solutions Pty Ltd (VGT) collected water samples from Pits 1, 2 and 

3 on 2 December 2015, 1 December 2016 and 6 March 2017.  It is understood that samples were 

collected from the edge of each of the pits using a grab sampler at a depth of 15 cm beneath the 

top water surface in the pit.  The results are denoted by the green hollow markers in the figures in 

Section 6.3.3. 

Discussion 

A comparison between the ELA and VGT investigations was undertaken as part of the data analysis.  

Conclusions drawn from that comparison are outlined in the following. 

▪ There are notable differences between some of the reported parameters.  For example, an 

average electrical conductivity of 2,204 µS/cm is reported as part of the ELA sampling 

program, whereas the concentrations reported as part of the VGT program range from 

2,890 µS/cm to 3,170 µS/cm (average of 3,056 µS/cm).   
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▪ The reason for the differences could be due to a number of factors.  These include rainfall, 

evaporation, runoff, site activities, water level in the pits and even sampling approaches.  It is 

difficult to pinpoint a single reason for the differences without undertaking a comprehensive 

investigation into each of the factors.   

▪ Overall the ELA data is more comprehensive than the VGT data, as samples were collected at 

various depths within the pits.  Whereas the VGT samples were collected from near the surface 

at the pit edge. 

▪ Only one set of sample data was collected as part of the ELA sampling, whereas the VGT 

samples were collected on three different dates.  However, neither sampling program obtained 

enough data to enable any seasonal influences to be identified.   

▪ The VGT data is older (December 2015 to March 2016) than the ELA data (August 2017). 

It is important to note that the assessments and recommendations in this report are based on the 

current available data and, as noted above, in some instances the data available are limited. 

4.2.2 Sediment Basins 

Three large sediment basins are located in the northern and eastern parts of the site (refer Figure 

1.2).  These basins are not classic sediment basins as per the type of basin needed to meet erosion 

and sediment control requirements.  The basins are more correctly described as being similar to 

farm dams.  Nonetheless, the term “sediment basin” has not been adjusted as the term sediment 

basin has been used by others in previous investigations and therefore to ensure there is no 

confusion the name has been used for consistency.   

An overview of each of these basins is presented below. 

▪ Sediment Basin 1  

This sediment basin is located north of the PGH brick making facility.  Runoff from the brick 

product storage area, brick making facility, gate house and adjacent paddocks makes its way 

to Sediment Basin 1.  A photograph of Sediment Basin 1 is included in Figure 4.4. 

▪ Sediment Basin 2 

Sediment Basin 2 is located adjacent to and north-west of Sediment Basin 1.  In an overflow 

event, Sediment Basin 1 spills to Sediment Basin 2, which in turn spills into Badgerys Creek via 

an ephemeral drainage line. 

▪ Sediment Basin 3 

This basin is located to the east of the brick making facility and collects overland runoff from 

the south and west of the basin, as well as some runoff from the brick making facility.  

Overflow from Sediment Basin 3 enters South Creek via an ephemeral drainage line.   
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Figure 4.4 View looking north-west from Site Administration Office toward Sediment Basin 1 

4.2.3 Small Farm Dams 

There are two smaller dams (referred to as “farm dams”) located in the vicinity of the sediment 

basins.  These are: 

▪ Small Farm Dam 1 

This dam is to the north-east of Sediment Basin 1.  Runoff from a small undisturbed catchment 

collects in this dam. 

▪ Small Farm Dam 2 

This dam is to the north of Sediment Basin 3.  As is the case for Small Farm Dam 1, runoff from 

a small undisturbed catchment also collects in Small Farm Dam 2.  

Aerial photographs sometimes show two additional small basins in the south-east corner of the 

Pit 3 area.  However, they appear to be empty under typical conditions, revealing a shallow base, as 

shown in aerial photographs taken at other times. 

4.2.4 Harvestable Rights 

All existing extraction pits, sediment basins and farm dams were constructed prior to 1 January 

1999 and therefore, do not need to be licenced according to DPI Water under the Water 

Management Act 2000.  This is confirmed through inspection of aerial photography from 1986. 
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The approximate water storage capacity in the existing pits, basins and farm dams is provided in 

Table 4.1.  

It is also considered that the existing water storages within the extraction pits have been created as 

a by-product of the material extraction process.  These pits only collect stormwater falling within 

the pits or on nearby stockpiles, thereby preventing contamination of nearby watercourses.  

Accordingly, the volume of these storages need not be included in the harvestable rights 

calculation. 

Table 4.1 Existing Water Storages within the Project Site 

Water Storage Exempt from Harvestable 
Rights Calculations 

Water Storage Capacity 
(ML) 

Pit 1 Exempt 1590 

Pit 2 Exempt 476 

Pit 3 Exempt 236 

Sediment basin 1 No 16.8 

Sediment basin 2 No 14.7 

Sediment basin 3 No 19.7 

Small farm dam 1 (NE of Sediment Basin 1) No ~4 

Small farm dam 2 (N of Sediment Basin 3) No ~5 

The storages provided by Sediment Basins 1, 2 and 3, and in the small farm dams, are not likely to 

fall within the category of dams for capture or containment of drainage.  They do perform this 

function to some degree, but it appears that they were constructed primarily for the purpose of 

storing water, like most farm dams.  Accordingly, these dams have not been excluded from the 

harvestable rights calculation. 

The sum total of water stored in these five dams is approximately 60 ML.  This exceeds the 

maximum harvestable rights dam capacity for the site, which means that no additional dams are 

permitted purely for water storage purposes or otherwise they need to be licensed by DPI Water. 

4.3 Runoff from Eastern Section of Site 

The eastern section of the site refers to the land that lies between the approved Project boundary 

(situated east of Pit 3 and Pit 4) and the eastern site boundary along South Creek.  This part of the 

site is currently undeveloped and drains in an easterly direction towards South Creek.  The eastern 

section is considered to be quite separate from the rest of the Project site as it drains away from all 

current disturbed areas.  

4.4 Site Discharge 

There are no existing discharge points from the site according to the most recent site Environment 

Protection Licence (EPL) 684 dated 4 May 2015. 
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5. Required Dewatering  

According to the quarry staging information provided by CSR, the proposed pit dewatering 

activities for Mod 4 will involve the following: 

▪ Initial dewatering of Pits 1, 2 and 3 prior to commencement of material extraction works and 

backfilling with burden and VENM; and, 

▪ Ongoing dewatering over the longer-term, required as part of water management throughout 

the life of the quarry and during the progressive filling and rehabilitation of pit areas. 

5.1.1 Initial Dewatering Activities 

According to the provided quarry staging information, the initial dewatering activities will involve 

the following. 

▪ Removal of 916 ML from Pit 1 over the course of 12 months at a rate of 100,000 L/hr.  

▪ Removal of 109 ML from Pit 2 over a period of about 2 months at a rate of 100,000 L/hr.  

▪ Removal of 55 ML from Pit 3 over a period of 1 month at a rate of 100,000 L/hr. 

A pump rate of 100,000 L/hr equates to 876 ML/year or 2.4 ML/day or 0.03 m3/s.   

During the first month of dewatering operations it is expected there will be a period where all 

three pumps are operating, meaning a need to manage flows totalling to 300,000 L/hr or about 

0.1 m3/s.   

5.1.2 Ongoing Dewatering Requirement 

The Mod 3 Project involves the progressive extraction at Pits 1 to 5 throughout the quarry life, 

essentially retaining an inwardly draining site, similar to the approved project. 

The Mod 4 Project also involves the extraction of materials at Pits 1 to 5, but each pit will then be 

progressively backfilled with VENM and rehabilitated over a period of 30 years, thereby converting 

the site to an outwardly draining site, reflecting as much as possible the pre-quarrying conditions 

and catchments at the site.  Ongoing dewatering will be required for local runoff collected within 

each pit during the extraction and filling process.   

Detailed water balance modelling to assess water management during the progressive extraction, 

filling and rehabilitation of the pits at the site has not been completed specifically for the Mod 4 

project. 

However, water balance modelling has previously been completed for the Mod 3 post-closure 

conditions at the site.  This modelling assumed that Pit 2 has been completely backfilled, Pits 4 and 

5 are partially backfilled and the surrounding catchments are diverted away from the remnant 

voids.  This scenario represents similar conditions to Mod 4, where runoff to pit voids from 

surrounding catchments is minimised and there is limited capacity to store water at the site. 



 

rp301015-03926ajd_wjh190228-Badgerys Creek Mod 4 Dewatering.docx page 38 Mod 4 Dewatering Strategy 

According to this modelling, it is estimated that the average dewatering rate to keep the pits dry 

while they are being backfilled and rehabilitated would be between 100 and 200 ML/year (up to a 

maximum of 750 ML/year in the wettest periods), decreasing through to Year 29 when the 

backfilling is completed. 

The dewatering rate is expected to fluctuate according to the timing and quantity of rainfall, and 

hence the pumps from the pits would be activated from time to time rather than running 

constantly throughout subsequent years.  The instantaneous rate would not exceed that required 

as part of the initial dewatering (i.e., 100,000 L/hr). 
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6. Assessment of Pit Dewatering Options 

Three options have been investigated for the dewatering of the extraction pits at part of the Mod 4 

works at the site.  These are: 

▪ reuse of water onsite; 

▪ transfer of water to a nearby site(s); and, 

▪ discharge of water to adjacent watercourses. 

Further details, including an assessment of the potential impacts of the options, are presented in 

the sections that follow.  

The focus of the assessment presented in this section is to assess the impact of the initial 

dewatering activities as this represents the worst-case scenario compared to the ongoing 

dewatering rates.  The impact of ongoing dewatering is briefly addressed in the following and is 

discussed further in Section 7 as part of the proposed dewatering strategy. 

6.1 Option 1 - Reuse of Water Onsite 

6.1.1 Dust Suppression  

The on-site water demand for dust suppression at haul roads and hardstand areas will be the same 

as that adopted for the water balance modelling previously completed for Mod 3 (Advisian, 2019).  

This water requirement has been estimated based on the method developed by Thompson & 

Visser (2002).   

The water balance modelling for Mod 3 also took into account the water application requirements 

for greater than 80% dust control efficiency, as adopted for the dust emissions analysis for the 

Project. 

The dust suppression demand is estimated to be in the order of 30 ML/year. 

6.1.2 Onsite Irrigation  

Irrigation Area 

Pit water can potentially be used to irrigate the following areas within the site: 

▪ The existing grassed areas at the proposed Pit 4 and Pit 5 which amount to a total area of 

about 40 hectares.   Irrigation could occur during initial dewatering of Pits 1, 2 and 3.  

However, the Pit 4 extraction activities are planned to be started in Year 8. Therefore, for 

ongoing dewatering activities, the total area to be irrigated would be reduced to about 20 

hectares.  Pit 4 filling and rehabilitation activities are planned to commence at the start of Pit 5 

extraction. 

▪ The proposed solar farm area, particularly during rehabilitation/establishment of grasses 

beneath the solar panel arrays following installation; i.e., during the first 1 to 3 years of the 

project life.  The associated area is about 10 hectares. 

▪ The rehabilitated areas of the site, following the completion of extraction and filling activities, 

such as at the extraction pits.  This would occur progressively during the life of the quarry, 
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beginning with Pit 2 after about Year 3, then moving to Pit 3, followed by Pits 1, 4 and 5.  It is 

estimated that 10 hectares of rehabilitation would be occurring at any one time during the life 

of the project, which is approximately the size of the proposed Pit 3 area. 

Accordingly, the total on-site area to be irrigated at any one time would vary throughout the 

project life from 50 hectares during the initial dewatering activities to at least 30 hectares during 

ongoing dewatering.  

Suitability of Pit Water for Irrigation 

The primary constraints for the use of pit water for on-site irrigation are the salinity and pH of the 

water; factors which can impact on grass growth and potentially have a longer-term impact on the 

underlying soil. 

Salinity 

▪ NSW DPI indicate that several pasture grass species can tolerate a salinity (EC) of up to 

2,500 µS/cm (or more) without any reduction in growth yield, which is assuming moderate-to-

slow draining soils and is based on the ANZECC guidelines and other research (DPI, 2016).  

Such species include wheat grass, Couch grass, Rhodes grass, perennial ryegrass, Phalaris and 

Fescue.  Legume species such as clover and lucerne have a reduced tolerance and will suffer 

some reduction in yield if the EC is greater than 1,000 µS/cm.   

▪ The ANZECC guidelines indicate that a number of factors should be considered in determining 

the suitability of irrigation water salinity, including the root zone leaching fraction of the soil.  

This allows the average root zone salinity to be calculated and avoids reliance on the salinity of 

the irrigation water.   

▪ The typical EC of samples taken from Pit 1 and Pit 3 are between 1,300 and 2,200 µS/cm.  

Samples analysed by ELA from a range of depths indicate typical EC values of 1450 µS/cm for 

Pit 1 and 1330 µS/cm for Pit 3. 

▪ The water from Pits 1 and 3 is likely to be acceptable for Moderately Tolerant Crops according 

to the ANZECC guidelines.  For pasture grasses this includes the same species listed by DPI 

Water as being tolerant to elevated salinity levels, including wheatgrass, Rhodes grass, Couch, 

Phalaris and Fescue. 

▪ The EC of Pit 2 samples ranged between 2,200 and 3,200 µS/cm, with samples analysed by ELA 

showing about 2,200 µS/cm at a range of depths.  According to the ANZECC guidelines, the 

Pit 2 water would only be suitable for Tolerant Crops.  

pH, Carbonates and Sodium Permeability Hazard 

▪ According to NSW DPI guidance (DPI, 2014), most natural waters are between pH 5 and 8.  The 

generally acceptable range of pH for irrigation water is between 5.5 and 8.5, but DPI note that 

some problems can still occur within this range.  

▪ According to the pit sampling completed by ELA the pH is as follows: 

➢ Pit 1 = 8.3  

➢ Pit 2 = 8.1  

➢ Pit 3 = typically 8.8  
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▪ According to the pit sampling completed by VGT the pH is as follows: 

➢ Pit 1 = 8.8  

➢ Pit 2 = 8.7  

➢ Pit 3 = 9.3 

▪ Alkaline water may contain high concentrations of bicarbonate (generally in water of pH 8 and 

above) or bicarbonates which can cause calcium to precipitate from the soil (i.e., come out of 

solution as a solid).  They can also react with magnesium. 

▪ This reaction reduces the amount of free calcium and magnesium in soil, allowing sodium to 

compete for and occupy negatively-charged exchange sites on clay particles. Excess sodium in 

clay results in the destruction of soil structure and reduced water percolation though the soil 

profile.  This effect is referred to as the sodium permeability hazard (PSUCAS, 2016). 

▪ In extreme cases the loss of calcium and magnesium will affect plant growth.  The precipitation 

of calcium carbonate from water can also cause equipment blockages. 

▪ Residual sodium carbonate (RSC) is a common means of assessing the sodium permeability 

hazard, and takes into account the bicarbonate/carbonate compared against the 

calcium/magnesium concentrations in irrigation water.  If there is significant free calcium and 

magnesium available, then the risk of sodium permeability hazard is reduced. 

▪ Typically, water with a RSC value of 1.25 meq/L or lower is safe for irrigating turf (PSUCAS, 

2016). RSC values between 1.25 and 2.5 meq/L are marginal, and above 2.5 meq/L is 

considered excessive. 

▪ According to the bicarbonate, carbonate, calcium and magnesium concentrations contained in 

the pit samples taken by ELA in August 2017 and assessed in the laboratory, it was determined 

that the RSC for Pit 1 water ranges from 0.15 to 0.42.  The VGT sampling included limited data 

for carbonate, calcium and magnesium, which estimates an RSC of 0.31 for Pit 1 water. 

▪ The RSC for Pit 2 water using both the ELA and VGT data was calculated to be less than zero. 

Accordingly, the water from Pits 1 and 2 would be classified as safe in terms of the sodium 

permeability hazard for grass irrigation. 

▪ The RSC for Pit 3 water using the ELA data was calculated to be 4.6 and using the VGT data 

was about 5.5, which both exceed the recommended safe or marginal range. 

Risk of Soil Structure Degradation 

▪ The ANZECC guidelines provide a methodology for using the Sodium Adsorption Ratio (SAR) 

combined with the Electrical Conductivity (EC) to predict the potential impact that irrigation 

water may have on soil structure stability.  SAR represents relative concentration of sodium to 

calcium and magnesium. 

▪ The SAR for the water samples taken in each pit was determined as follows (covering both ELA 

and VGT sampling): 

➢ Pit 1 is between 10 and 11 

➢ Pit 2 is between 11 and 13 

➢ Pit 3 is about 14   

▪ When assessed against EC using Figure 4.2.2 in the ANZECC guidelines none of the pit samples 

would be classified as likely to induce degradation of the soil structure.  However, the samples 
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would lie in the intermediate zone, which ANZECC recommends treating with caution, and the 

potential for degradation of the soil structure will depend on the soil properties and rainfall.  

Sandy soils are not as susceptible to structure and permeability problems and can tolerate 

higher SAR values. 

In light of the above analysis, it is concluded that the water from Pit 1 would offer little to no 

impact when using the water to irrigate the pastureland on the site, in terms of salinity, pH, RSC 

and SAR values.  Whereas the water in Pit 2 is expected to exceed the recommended salinity levels 

for typical pasture grass and is only suitable for Tolerant Crops as per the ANZECC Guidelines.  The 

water in Pit 3 exceeded the recommended safe or marginal range of Residual Sodium Carbonate 

(RSC) for turf irrigation.   

It is recommended that future rehabilitation works at the site following filling of the pits should 

involve the placement of a decent layer of sandy topsoil to minimise the potential for any soil 

structure problems in the long term.  According to available borehole information, the existing 

topsoil across most of the site, ranging from 0.5 to 1m deep, is expected to be clayey.  However, 

some pockets of sandy topsoil may be available within the Pit 5 and Pit 3 areas.   

It is also recommended that an irrigation specialist be engaged to further confirm the suitability of 

any pit water for irrigation purposes. 

Irrigation Demand 

The WSUD technical guidelines from Liverpool City Council do not contain any specific information 

on typical irrigation demand rates for large grassed areas.  Nearby Blacktown City Council specify 

an allowance of 0.3 kL/m2/year for irrigation of general landscaped areas for commercial and 

industrial development within their guidelines WSUD (BCC, 2013). 

According to such a reuse rate, it is expected that the annual demand to irrigate between 30 and 

50 ha of grassland would range between 90 and 150 ML/year. 

6.1.3 Total On-site Demand 

The total onsite water demand for dust suppression and irrigation would range from 180 ML/year 

at the start of the project to about 120 ML/year following the initial dewatering of Pits 1, 2 and 3. 

The initial onsite water demand represents about 20% of the volume to be dewatered from Pit 1 in 

the first 12 months.  This is a significant portion, but the option to further reduce the potential 

discharges from the site by way of transfer to other sites also needs to be investigated, as outlined 

in the following section. 

The ongoing dust suppression and site irrigation demand of 120 ML/year is likely to have a 

considerable impact in reducing excess water while the pits are being backfilled and rehabilitated, 

and when the dewatering activities are focused on Pits 4 and 5, in which case the total dewatering 

rate would typically be between 100 and 200 ML/year.  However, during the wettest periods the 

reuse would represent only about 16% of the excess water that needs to be managed. 

6.2 Option 2 – Transfer of Water to Nearby Sites  

Additional to the reuse of the pit water onsite, the option to transfer the pit water to other sites 

was also investigated as a secondary priority. 
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6.2.1 Potential Water Users 

Western Sydney Airport 

The Western Sydney Airport (WSA) project has been identified as a potential user of the pit water.  

The concept plan for the airport is provided in Figure 6.1, which shows Badgerys Creek and the 

CSR site in the background.  The airport will be located on the western side of Badgerys Creek. 

 

Figure 6.1 Western Sydney Airport Concept Plan, Looking East (source: WSA Portal) 

At this stage consultation has begun between CSR and the WSA contractor to determine if transfer 

of pit water to the airport is a viable option.   

The tender for the next phase of WSA earthworks (Stage 1A) will be awarded in August 2019 and 

will be a design and construct contract over 2 years.  The anticipated water demand will be 6 to 

10 ML/day, with an average usage of about 5 ML/day. 

The preferred method of water transfer across Badgerys Creek would be to under-bore the pipe 

beneath the creek or to construct a pipe bridge.  The water would likely be pumped to a stand 

pipe, where water trucks and carts will be fed on demand.  It is unlikely that a dam would need to 

be constructed on the WSA side of the creek for temporary storage of the water. 

Stage 2 of the WSA earthworks has not been planned in detail as yet, but it is estimated that it 

would involve approximately 11 million cubic metres of earth. 

Although the pump rates and design of the water transfer system are not yet confirmed, it is 

recognised that the WSA project has the potential to use a significant portion of the pit water from 

the CSR site.   

Such transfers would be most helpful to both parties during the initial dewatering of Pits 1, 2 and 3 

(i.e., during the first 12 months), in which case there will be a steady and consistent supply of water 

for the WSA site.  Following this period, it is estimated the rate of ongoing dewatering would 

reduce to between 100 and 200 ML/year on average, which will be subject to rainfall and the 
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timing of pit extraction and filling works.  Wetter years may provide additional volume to be 

dewatered.   

Hence, the reliability and consistency of the water supply to WSA would reduce following the initial 

12 months of dewatering activities, in which case WSA may need to source alternative sources to 

supplement the supply from CSR.  In this case it may be that WSA no longer wants to take any pit 

water at all.  Hence it would be difficult to rely on this dewatering option (transfer to the WSA site) 

over the longer-term Mod 4 operations. 

Other Water Users 

It is unlikely that any nearby agricultural enterprises would require additional water given that 

aerial photographs show that most farms have their own farm dams from where to draw irrigation 

water, or otherwise may extract from South Creek (and to a lesser extent Badgerys Creek). 

The Australian Native Landscapes (ANL) property to the north-east of the site may be able to 

accommodate some water for use in processing of materials or dust suppression.  However, the 

rate of demand is likely to be considerably less than the initial dewatering rate of 100,000 L/hr 

given the size of the site.   

It may be worthwhile to investigate supply of water to ANL during the ongoing pit water 

management, but the practicality of such transfer would need to be considered, including the 

length of piping required and associated cost. 

6.2.2 Approvals and Licensing 

It is likely that any proposed water transfer system across Badgerys Creek will involve works within 

(or beneath) the riparian corridor of the creek.  It is understood that a Controlled Activity Approval 

is not required because the project is being assessed under Part 3A of the EP&A Act 1979 . 

Advisian note that the Statement of Commitments (SOC) contained in Appendix 6 of the Notice of 

Modification for the project dated 5 May 2018 (relating to Mod 2), refers to NOW licencing 

requirements for surface waters as follows:  

If during the operational phase of the quarry or on completion of the quarry operations, the 

proponent wishes to make use of the water from the pits/dams in the brick making process or 

for reuse at other premises offsite etc, a licence will be obtained from the NOW. 

The wording of this clause appears to have been incorrectly transferred from the original NOW 

recommendations made in the EA Submissions report regarding water licencing requirements 

(refer Section 2.2.5 of EA Submissions report, AECOM 2011).  The original wording stated that: 

Once the quarry operations are completed, the applicant needs to be advised that if the water in 

the pits/dams is to be used in the brick making process or for reuse at other premises offsite etc, 

the NOW would require a licence to be obtained for the dams and the use of water.   

CSR do not propose to use any pit water in the brick or tile manufacturing process.  However, the 

interpretation of the original NOW recommendation in the Statement of Commitments has the 

potential to impact on the option to transfer the pit water to the WSA site or other sites.   

The original NOW recommendation and Statement of Commitments were prepared to reflect the 

current project proposal at the time (i.e., Modification 2), which involves retaining the open pits on 
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the site following completion of quarrying operations.  The general objective of such licensing by 

NOW is to control/regulate the volume of catchment water reaching the downstream users, which 

can be affected if water from upstream farm dams is extracted regularly and hence does not 

overtop and flow downstream.   

However, the Mod 4 project would involve filling and rehabilitation of the pits at or prior to 

completion of quarrying operations.  The transfer of pit water to the WSA or other sites would only 

occur during the operational phase of the project, as the primary objective of dewatering the pits 

is to enable filling and rehabilitation of the pits.  It would be a condition of the arrangement that 

water would only be transferred from the quarry pits, rather than from any of the existing farm 

dams on the site.  Transfer of water to WSA would cease once the pits are filled and rehabilitated 

(i.e., on completion of the quarry operations).   

Accordingly, in the context of the original NOW recommendation, the transfer of water to WSA 

would not require a licence.   

Furthermore, the proposed water transfer to WSA or other sites as part of the Mod 4 pit 

dewatering should not be considered as a water extraction activity by DPI Water / NOW, but rather 

as a discharge control measure to limit the potential environmental impact of discharging the pit 

water to the adjacent creeks.  In this case the Statement of Commitment quoted above would not 

apply.  

6.3 Option 3 – Discharge to Adjacent Watercourses 

This option would involve discharging the pit water to Badgerys Creek and/or South Creek, which 

are located on the western and eastern boundaries of the project site, respectively.   

Note that this option would only be employed following exhaustion of other avenues for use of 

the water, as discussed above for the options involving onsite reuse and transfer to other users. 

The location of these creeks can be seen in Figure 1.2 and further details about them are included 

in Section 3.  

To assess whether it is feasible to discharge to these creeks there are a number of factors that 

must be considered, including: 

▪ Flood impacts and potential scour; 

▪ Impacts on the existing base flow regime; 

▪ Water quality impacts; and, 

▪ Impacts on downstream creeks users. 

The potential impacts on discharging to Badgerys Creek and South Creek are discussed in the 

following sections.  In Section 6.3.5 options relating to discharging to the watercourses are 

presented that consider the impacts discussed in the preceding sections. 
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6.3.1 Impact on Flooding and Scour Potential   

To assess the impact on flooding and the potential for scour the initial dewatering worst-case 

scenario peak flow rate of 0.1 m3/s (refer Section 5.1.1), in which all three pits are being pumped 

to the creek at the same time, was input to a series of Manning’s calculations along Badgerys 

Creek and South Creek.   

The analysis was completed using the built-in Manning ‘s calculation tool within Advisian’s in-

house waterRIDE software.  The following inputs were adopted: 

▪ Cross-section geometry taken directly from 1 m resolution LiDAR data. 

▪ Bed slope of 0.4% (m=0.004) for Badgerys Creek and 0.3% (m=0.003) for South Creek.  These 

were estimated by taking long sections of the LiDAR along the centre line of each creek and 

interpolating the average slope in the terrain in the vicinity of the section. 

▪ Manning’s n of 0.05, which is representative of light brush and trees. 

The results of this analysis are shown graphically in Figure 6.2 and Figure 6.3 for Badgerys Creek 

and South Creek respectively.  Two typical sections are shown for each creek.  One section is 

adjacent to the project site (Section 1) and the other is to the north and downstream of the project 

site (Section 2).  

Badgerys Creek 

The results demonstrate that the flow depth associated with the maximum initial dewatering flow 

rate is minimal (less than 200 mm) when compared to the total creek depth.  Note, the flow depth 

is influenced by the channel width and as it has been assumed there are zero flows in the channel 

initially then it represents the expected maximum depth as the channel is narrowest at its base.   

The velocity in the creek during such flow would be 0.17 m/s and 0.32 m/s at Sections 1 and 2, 

respectively.  These velocities are both less than the maximum permissible velocity of 0.5 m/s 

reported within the Queensland Urban Drainage Manual (QUDM) (DEWS, 2013) for a channel with 

a gradient of 1%, that has zero stable vegetal cover and is comprised of easily eroded soils.   

The channel characteristics of Badgerys Creek are different to the standard QUDM channel (e.g., 

shallower grade), which would mean that the maximum permissible velocity in Badgerys Creek 

would be even larger than 0.5 m/s.   

The erosive potential was also checked using the Hjulstrom Diagram (refer Figure 6.4).  With a 

flow velocity of up to 0.32 m/s, there is potential for erosion of sediments to commence if the 

grain size is between 0.03 and 0.7mm.  However, if the discharge to the creek is limited to 

100,000 L/hr from a single pit (i.e., 0.03 m3/s), then the flow velocity calculated via Manning’s 

equation will be a maximum of 0.22 m/s.  This is very close to the 0.2 m/s erosion threshold for 

sediments of any size, according to the Hjulstrom Diagram, and hence the potential for erosion 

would be minimal. 

The WSA Environmental Impact Statement refers to Badgerys Creek as a “fine grained system”, in 

which the channel is generally of low gradient and low energy such that sediment transported is 

predominantly limited to fine grained silts and clays in suspension (GHD, 2016).  Sediments 

classified in this way would have a grain size less than 0.015mm and according to the Hjulstrom 

Diagram, a velocity of 0.5 m/s or higher would be needed in order to trigger any erosion, 

(irrespective of the fact that once in suspension it would be difficult for them to settle). 
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In terms of potential impact during a flood, the maximum discharge rate of 0.1 m3/s represents 

about 0.5% of the peak flow in Badgerys Creek during the 2 year Average Recurrence Interval (ARI) 

flood.  In the 20 and 100 year ARI events, the site discharge would represent 0.15% and 0.11%, 

respectively.  Accordingly, the discharge of water from the project site to Badgerys Creek is 

expected to have a negligible impact on existing flood conditions. 

South Creek 

The results demonstrate that the peak flow depth associated with the initial dewatering flow rate is 

minimal (less than 150 mm) when compared to the total creek depth.  As noted for Badgerys 

Creek, the flow depth is influenced by the channel width and as it has been assumed there are zero 

flows in the channel initially then it represents the expected maximum depth as the channel is 

narrowest at its base.   

The velocity in the creek is 0.24 m/s and 0.16 m/s at Section 1 and 2, respectively.  These velocities 

are both less than the maximum permissible velocity of 0.5 m/s reported within the QUDM (DEWS, 

2013) for a channel with a gradient of 1%, that has zero stable vegetal cover and is comprised of 

easily eroded soils.   

The channel characteristics of South Creek are different to the standard QUDM channel (e.g., 

shallower grade), which would mean that the maximum permissible velocity in South Creek would 

be even larger than 0.5 m/s.   

According to the Hjulstrom Diagram (refer Figure 6.4), the flow velocity up to 0.24 m/s would 

mean there is potential for erosion of sediments to commence if the grain size is around 0.1 to 

0.2mm.  However, if the discharge to the creek is limited to 100,000 L/hr from a single pit (i.e., 0.03 

m3/s), then the flow velocity calculated via Manning’s equation will be a maximum of 0.16 m/s.  

This is less than the 0.2 m/s erosion threshold for sediments of any size, according to the Hjulstrom 

Diagram, and hence the potential for erosion would be minimal. 

In terms of potential impact during a flood, the maximum discharge rate of 0.1 m3/s represents 

about 0.3% of the peak flow in South Creek during the 2 year ARI flood.  In the 20 and 100 year 

ARI events, the site discharge would represent 0.03% and 0.02%, respectively.  Accordingly, the 

discharge of water from the project site to South Creek is expected to have a negligible impact on 

existing flood behaviour. 
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Figure 6.2 Manning’s Hydraulic Calculations – Dewatering Peak Discharge into Badgerys Creek 
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Figure 6.3  Manning’s Hydraulic Calculations – Dewatering Peak Discharge into South Creek 
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Figure 6.4  Hjulstrom’s Diagram  

6.3.2 Impact on Base Flow Regime 

Badgerys Creek 

Badgerys Creek is an ephemeral watercourse and therefore, there is almost no consistent base 

flow.  Flows increase during times of rain and then reduce once the rain ceases and the flows 

move downstream.  The presence of small pools of water and larger elongated pools are 

common along the creek at times of no rain.   

As identified in Section 6.3.1 the flow depth associated with the peak initial dewatering flow rate 

is minimal (less than 200 mm).  If one pump only was operating (100,000 L/hr) then the depth of 

flow is likely to be less than 100 mm.  Overall, relative to the total creek depth a small portion of 

the creek will be impacted by the discharge of continuous flow to Badgerys Creek. 

It is expected that the presence of a constant base flow will improve the quality of water within 

the creek by reducing the presence of stagnant water within the pools along the creek.  These 

stagnant pools were observed during the site visit. 

Research documented in Microbial Communities in an Ephemeral Stream System and the 

Implications of Saline Mine Discharge by Janina Beyer-Robson in 2014 showed the following: 

▪ Microbial community composition and their ecological functions were strongly influenced by 

the physical and chemical conditions; principally the presence and absence of surface water, 

detritus depth and water quality parameters such as pH and ammonia. 

▪ Management of aquatic ecosystems by maintaining and restoring the ecosystem processes 

and ecological functions is vital, but it is complex due to the physical and hydrological links 

between streams, rivers and catchments. 
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▪ The accumulation of detritus during the dry season and deposition and burial of sediments 

during high flow resulted in habitats that varied between sites and seasons (wet and dry).  

This is because microbial activity and abundance is correlated with organic matter content, as 

leaf litter and organic matter can be an important source of nitrogen and carbon.   

▪ The presence or absence of surface water was a major factor in determining microbial 

community composition.  These differences suggest a temporal dynamic with higher 

abundances of spore forming microbes in the dry season compared with habitats with surface 

waters where there were higher abundances of both eukaryote and bacteria groups. 

▪ Even with the variability, the microbial communities could be predicted based on habitat 

types. 

The local ecology within Badgerys Creek downstream from the site is accustomed to the wetting 

and drying conditions that currently exist.  Discharging a continuous flow to Badgerys Creek as 

part of the proposed initial dewatering from the project site will impose permanently wet 

conditions in the bottom portion of the creek.  As a result, there is potential for the current local 

ecology to be impacted.  

As noted above, the portion of the creek that is impacted is very small relative to the total creek 

cross-section and a benefit of the continuous flow is that the number of stagnant pools of water 

will be reduced.   

Notwithstanding, CTENVIRONMENTAL (2019) has identified that a continuous discharge, 

combined with the water quality analyses below, may result in additional creek areas to be 

inundated by, for example, flow with elevated salinity for a period of 12 to 14 months. 

South Creek 

South Creek is a perennial watercourse and therefore there is always water present in the creek.  

The flow duration curve for gauge 212320 on South Creek at Elizabeth Drive for the period June 

1970 to May 2018 is represented by the blue line in Figure 6.5.  Note, the graph indicates that for 

about 40% of the time there is no measurable flow in the creek.  This is interpreted to mean that 

the creek is not actively flowing, even though there may be pools of still water along the creek.   

If the initial dewatering rate of 2.4 ML/day (i.e. one pit only being dewatered) (refer Section 5.1.1) 

is discharged to South Creek the resultant flow duration curve is shown as the orange line.  There 

would therefore be a continuous flow of water along the creek. 
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Figure 6.5 Flow Duration Curve for South Creek at Elizabeth Drive   

Blue: Gauge 212320 (1970 - 2018)      

Orange: Gauge 212320 (1970 - 2018) plus 2.4 ML/day 

As identified in Section 6.3.1 the flow depth associated with the peak initial dewatering flow rate 

is minimal (less than 150 mm).  If one pump only was operating (100,000 L/hr) then the depth of 

flow associated with the initial dewatering is likely to be less than 100 mm.  The depth of water in 

the creek is therefore not anticipated to change significantly if there is a continuous flow of water 

from the project site to South Creek. 

The local ecology within South Creek downstream from the site would be accustomed to the 

primarily wet conditions that currently exist, even though the creek ceases to flow approximately 

40% of the time. 

Although additional base flow would be added to the creek it is not regarded as significant and 

therefore is not anticipated to impact on the current local ecology.  

The flow duration curve further downstream on South Creek at the Great Western Highway is 

shown in Figure 6.6, which is located about 8 km north of the confluence between South Creek 

and Badgerys Creek. 

This plot indicates there is additional baseflow compared to the upstream gauge at Elizabeth 

Drive, which is reflective of the additional catchment area.  For example, the creek is only 

expected to cease flowing for about 3% of the time on average. 
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Figure 6.6 Flow Duration Curve for South Creek at the Great Western Highway 

The plot also indicates that a single pit dewatering pump rate of 2.4 ML/day would be matched 

by the baseflow in the creek for about 60% of the time on average. 

6.3.3 Impact on Water Quality 

Water quality data is currently available for Pits 1, 2 and 3 and the receiving waters upstream and 

downstream of the project site in Badgerys Creek and South Creek.  Commentary relating to this 

data is included in Section 4.2.1 and Section 3.4.5 for the pits and creeks respectively.   

To assist with the assessment of the impact on water quality due to discharging to Badgerys 

Creek  and South Creek, the available creek and pit data have been superimposed on to a graph 

for each parameter and creek (refer Figure 6.7 to Figure 6.49).  For comparison purposes the 

trigger values that are reported in the ANZECC Guidelines (2000) are also presented on the 

graphs.  For the physical parameters these are the trigger values for lowland rivers in slightly to 

moderately disturbed ecosystems in south-east Australia.  For dissolved metals these are the 

trigger values for freshwater, with 95% species protection.  For TN and TP these incorporate 

reduced trigger values to account for east flowing coastal rivers.  A summary of the findings is 

presented in the sections that follow. 

pH 

The pH level of the pit water is slightly alkaline (up to about 8.8 in Pit 1 and 2, and up to 9.3 in Pit 

3).  It is notably larger than the range recommended in the ANZECC Guidelines (pH = 6.5 - 8.0) 

and the levels associated with the existing creek, particularly the VGT samples.  The release of pit 

water to both Badgerys Creek and South Creek may increase the pH of the water in the creeks to 

above the current levels and the levels recommended in the ANZECC Guidelines.    
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Figure 6.7 Badgerys Creek and Pit Sampling Results – pH 

 

 

Figure 6.8 South Creek and Pit Sampling Results – pH 
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Electrical Conductivity 

The electrical conductivity of the samples from Pit 2 were the highest (VGT up to 3,170 µS/cm and 

ELA 2,204 µS/cm), followed by Pit 1 (VGT up to 2,170 µS/cm and ELA 1,454 µS/cm) and then Pit 3 

(VGT up to 2,070 µS/cm and ELA 1,325 µS/cm).   

For Badgerys Creek the electrical conductivity of the VGT creek samples are up to 2,390 µS/cm 

(downstream) and up to 3,460 µS/cm (upstream), whereas the electrical conductivity of the CSR 

creek samples range between 2,873 µS/cm and 11,838 µS/cm.  The electrical conductivity of the 

WSA samples vary significantly.  Overall, the electrical conductivity of the pit samples aligns with 

the lower end of the reported electrical conductivity in Badgerys Creek.   

For South Creek the electrical conductivity of the CSR creek samples range between 2,429 µS/cm 

and 3,309 µS/cm.  The ELA pit samples and the VGT samples from Pit 1 and 3 all had electrical 

conductivity readings that were less than this range.  The VGT Pit 2 samples had concentrations 

that were within the range reported for the CSR creek samples. 

The electrical conductivity recommended in the ANZECC Guidelines is between 125 µS/cm and 

2,200 µS/cm.  The electrical conductivities associated with samples from Pits 1 and 3 are within 

this range, however the samples from Pit 2 have an electrical conductivity that is greater than the 

recommended upper limit.   

The release of water to the creeks from Pits 1 and 3 is not anticipated to impact on the electrical 

conductivity of the water in the creeks, however the release of Pit 2 water may increase the 

electrical conductivity of the water in the creeks to above the concentration recommended in the 

ANZECC Guidelines.  

 

 

Figure 6.9 Badgerys Creek and Pit Sampling Results – Electrical Conductivity 
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Figure 6.10 South Creek and Pit Sampling Results – Electrical Conductivity 

Turbidity 

The recommended range for turbidity in the ANZECC Guidelines is 6 – 50 NTU.   

The VGT pit samples have a turbidity level (up to 8.6 NTU in Pit 1, up to 16 NTU in Pit 2 and up to 

8.8 NTU in Pit 3) that generally aligns with the lower limit of the recommended range in the 

ANZECC Guidelines.  The ELA samples have average turbidity levels (0.7 NTU in Pit 2 and up to 0.2 

NTU in Pit 3) that are notably less than the VGT samples and are less than the lower limit of the 

range recommended.   

The level of turbidity at the majority of the Badgerys Creek sampling locations is not within the 

recommended range presented in the ANZECC Guidelines.  This occurs once as part of the VGT 

sampling and numerous times as part of the WSA sampling.  The turbidity levels of the pit water 

align with the lower end of the reported creek turbidity levels.  The release of pit water to 

Badgerys Creek is therefore not anticipated to impact on the turbidity level of the water in 

Badgerys Creek. 

The turbidity levels of the water in South Creek have not been tested to date.  Based on the levels 

recommended in the ANZECC Guidelines the release of pit water to South Creek is not 

anticipated to impact on the turbidity level of the water in South Creek. 
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Figure 6.11 Badgerys Creek and Pit Sampling Results – Turbidity 

 

 

Figure 6.12 South Creek and Pit Sampling Results – Turbidity 
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Total Suspended Solids 

The VGT pit water samples have a total suspended solids concentration (up to 6 mg/L in Pit 1, up 

to 13 mg/L in Pit 2 and up to 8 mg/L in Pit 3) that aligns with the lower end of the range 

recommended in the ANZECC Guidelines (6 – 50 mg/L).   

For Badgerys Creek the suspended solids concentrations of the samples collected as part of the 

WSA sampling are greater than the trigger value in the ANZECC Guidelines at all three sampling 

locations on a few occasions.  At each sampling location there is an obvious outlier within the 

data set.  The suspended solids concentration of the pit water aligns with the lower end of the 

reported suspended solids concentrations of the creek water.  The release of pit water to 

Badgerys Creek is therefore not anticipated to impact on the total suspended solids 

concentration of the water in Badgerys Creek. 

The suspended solids concentration of the South Creek water has not been tested to date.  Based 

on the acceptable concentrations recommended in the ANZECC Guidelines the release of pit 

water to South Creek is not anticipated to have any significant impact on the water quality in 

South Creek. 

 

 

Figure 6.13 Badgerys Creek and Pit Sampling Results – Total Suspended Solids 
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Figure 6.14 South Creek and Pit Sampling Results – Suspended Solids 

 

Total Dissolved Solids 

The VGT pit water samples have a total dissolved solids concentration up to 1,170 mg/L in Pit 1, 

up to 1,810 mg/L in Pit 2 and up to 1,140 mg/L in Pit 3. 

For Badgerys Creek the pit concentrations align with the creek concentrations from the VGT 

sampling (998 mg/L – 2,290 mg/L) and are notably less than the creek concentrations from the 

CSR sampling (2,170 mg/L – 7,360 mg/L).  The release of pit water to Badgerys Creek is therefore 

not anticipated to impact on the total dissolved solids concentration of the water in Badgerys 

Creek. 

For South Creek the pit concentrations align with the lower end of the creek concentrations 

associated with the CSR sampling (1,243 mg/L – 2,893 mg/L).  The release of pit water to South 

Creek is therefore not anticipated to impact on the total dissolved solids concentration of the 

water in South Creek. 
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Figure 6.15 Badgerys Creek and Pit Sampling Results – Total Dissolved Solids 

 

 

Figure 6.16 South Creek and Pit Sampling Results – Total Dissolved Solids 
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Total Nitrogen 

The total nitrogen ANZECC trigger value (0.35 mg/L) is exceeded at all of the creek sampling 

locations for the majority of the samples collected.  There are some obvious outliers in the WSA 

data sets.   

Both the VGT and ELA samples for Pit 1 had concentrations of 0.4 to 0.5 mg/L.  For both Pits 2 

and 3 the concentrations also exceed the ANZECC Guidelines (up to 3.3 mg/L in Pit 2 and up to 

1.4 mg/L in Pit 3).  Overall, the pit water samples have a total nitrogen concentration that aligns 

with the lower end of the reported total nitrogen concentrations in both creeks.   

The release of water from Pit 1 is not anticipated to impact on the total nitrogen concentration of 

the water in Badgerys Creek and South Creek, however the release of water from any of the pits 

may increase the total nitrogen concentration of the water in the creeks to above the 

concentration recommended in the ANZECC Guidelines.   

 

 

 

Figure 6.17 Badgerys Creek and Pit Sampling Results – Total Nitrogen 
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Figure 6.18 South Creek and Pit Sampling Results – Total Nitrogen 

Total Phosphorus 

The maximum total phosphorus concentration recommended in the ANZECC Guidelines is 

0.025 mg/L.  This value is exceeded at all of the creek sampling locations in the majority of the 

samples collected.   

The VGT and ELA samples from all pits registered total phosphorus as being less than the 

detection limits, which were either 0.01 mg/L or 0.05 mg/L, subject to the laboratory testing 

completed.  Accordingly, all samples from the pits were at least less than 0.05 mg/L (some less 

than 0.01 mg/L), but it is difficult to determine if they were also less than the 0.025 mg/L 

threshold. 

Overall the pit water samples have a total phosphorus concentration that aligns with the lower 

end of the reported total phosphorus concentrations in Badgerys Creek and South Creek.  The 

release of pit water to both creeks is therefore not anticipated to impact on the total phosphorus 

concentration of the water in the creeks. 
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Figure 6.19 Badgerys Creek and Pit Sampling Results – Total Phosphorus 

 

 

Figure 6.20 South Creek and Pit Sampling Results – Total Phosphorus 
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Chloride 

The chloride concentration of the samples from Pit 2 were the highest (VGT 640 mg/L and ELA 

717 mg/L), followed by Pit 1 (VGT 390 mg/L and ELA 455 mg/L) and then Pit 3 (VGT 300 mg/L and 

ELA 341 mg/L).   

For Badgerys Creek the chloride concentrations of the VGT samples are 330 mg/L (downstream) 

and 740 mg/L (upstream), whereas the chloride concentrations of the CSR creek samples are all 

greater than 1,000 mg/L and have a maximum concentration of approximately 4,000 mg/L.  The 

release of pit water to Badgerys Creek is therefore, not anticipated to impact on the chloride 

concentration of the water in Badgerys Creek. 

For South Creek the chloride concentrations of the CSR creek samples range between 596 mg/L 

and 837 mg/L.  The Pit 1 and 3 samples had chloride concentrations lower than the range 

associated with the creek, whereas the Pit 2 samples had chloride concentrations within the range 

associated with the creek.  The release of pit water to South Creek is therefore not anticipated to 

impact on the chloride concentration of the water in South Creek. 

 

 

Figure 6.21 Badgerys Creek and Pit Sampling Results – Chloride 
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Figure 6.22 South Creek and Pit Sampling Results – Chloride 

 

Sulphate 

The sulphate concentration of the samples from Pit 2 were the highest (VGT 130 mg/L and ELA 

138 mg/L), followed by Pit 1 (VGT 84 mg/L and ELA 94 mg/L and 77 mg/L) and then Pit 3 (VGT 43 

mg/L and ELA 46 mg/L).   

For Badgerys Creek the sulphate concentrations of the VGT samples are 92 mg/L (downstream) 

and 130 mg/L (upstream), whereas the sulphate concentrations of the CSR creek samples range 

between 51 mg/L and 84 mg/L.  The sulphate concentrations of the pit samples are generally 

within the range reported for the water within Badgerys Creek and therefore, the release of pit 

water to Badgerys Creek is not anticipated to impact on the sulphate concentrations in the creek. 

For South Creek the sulphate concentrations of the CSR creek samples range between 21 mg/L 

and 76 mg/L.  The sulphate concentrations of the Pit 2 samples are greater than this range.  

Whereas, the concentrations associated with the Pit 1 samples align with the upper end of the 

creek range and the Pit 3 concentrations are within the creek range.  The release of water from 

Pit 1 and Pit 3 is not anticipated to impact on the sulphate concentration of the water in South 

Creek, however the release of water from Pit 2 may increase the sulphate concentration of the 

water in South Creek.   
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Figure 6.23 Badgerys Creek and Pit Sampling Results – Sulphate 

 

 

Figure 6.24 South Creek and Pit Sampling Results – Sulphate 
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Total Alkalinity as CaC03 

The total alkalinity as CaC03 concentration of the samples from Pit 3 were the highest (VGT 410 

mg/L and ELA 356 mg/L), followed by Pit 2 (VGT 250 mg/L and ELA 249 mg/L) and then Pit 1 (VGT 

240 mg/L and ELA 219 mg/L and 217 mg/L).   

For Badgerys Creek the total alkalinity as CaC03 concentration of the VGT samples are 95 mg/L 

(downstream) and 180 mg/L (upstream) whereas the total alkalinity as CaC03 concentration of the 

CSR creek samples range between 227 mg/L and 402 mg/L.  The total alkalinity as CaC03 

concentration of the pit samples are therefore greater than the concentrations associated with 

the VGT creek samples, but are within the range reported for the CSR creek samples.  The Pit 1 

and 2 concentrations are towards the lower end of the creek concentrations according to the 

recent CSR sampling, and are also closer to the creek samples from VGT.  Accordingly, the release 

of Pit 1 and 2 water to Badgerys Creek is not expected to impact on the total alkalinity as CaC03 

concentration of the water in Badgerys Creek.  However, the release of water from Pit 3 may 

increase the total alkalinity as CaC03 concentration of the water in Badgerys Creek.   

For South Creek the total alkalinity as CaC03 concentration of the CSR creek samples range 

between 243 mg/L and 281 mg/L.  The total alkalinity as CaC03 concentration of the Pit 3 samples 

are therefore greater than the concentrations associated with the CSR creek samples and the 

concentration of the Pit 1 and 2 samples are either less than the creek concentrations or align 

with the lower end of the creek range.  The release of water from Pit 1 and Pit 2 is not anticipated 

to impact on the total alkalinity as CaC03 concentration of the water in South Creek, however the 

release of water from Pit 3 may increase the total alkalinity as CaC03 concentration of the water in 

South Creek.   

 

 

Figure 6.25 Badgerys Creek and Pit Sampling Results – Total Alkalinity as CaCO3 
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Figure 6.26 South Creek and Pit Sampling Results – Total Alkalinity as CaCO3 

 

Calcium 

The calcium concentration of the samples from Pit 2 were the highest (VGT 39 mg/L and ELA 38 

mg/L), followed by Pit 1 (VGT 19 mg/L and ELA 17 mg/L and 18 mg/L) and then Pit 3 (VGT 

10 mg/L and ELA 10 mg/L).   

For Badgerys Creek the calcium concentration of the VGT creek samples are 38 mg/L 

(downstream) and 56 mg/L (upstream), whereas the calcium concentration of the CSR creek 

samples range between 74 mg/L and 129 mg/L.  The calcium concentration of the pit samples are 

therefore equal to or less than the calcium concentration associated with the creek samples.  

Therefore, the release of pit water to Badgerys Creek is not anticipated to increase the calcium 

concentration of the water in Badgerys Creek. 

For South Creek the calcium concentration of the CSR creek samples range between 47 mg/L and 

56 mg/L.  The calcium concentration of the pit samples are therefore less than the calcium 

concentration associated with the creek samples and, the release of pit water to South Creek is 

not anticipated to increase the calcium concentration of the water in South Creek. 
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Figure 6.27 Badgerys Creek and Pit Sampling Results – Calcium 

 

 

Figure 6.28 South Creek and Pit Sampling Results – Calcium 
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Magnesium 

The magnesium concentration of the samples from Pit 2 were the highest (VGT 73 mg/L and ELA 

63 mg/L), followed by Pit 1 (VGT 43 mg/L and ELA 38 mg/L and 40 mg/L) and then Pit 3 (VGT 27 

mg/L and ELA 25 mg/L).   

For Badgerys Creek the magnesium concentration of the VGT creek samples are 52 mg/L 

(downstream) and 99 mg/L (upstream), whereas the magnesium concentration of the CSR creek 

samples range between 125 mg/L and 282 mg/L.  The magnesium concentration of the pit 

samples is either less than or within the concentration range reported for the water within 

Badgerys Creek.  The release of pit water to Badgerys Creek is therefore, not anticipated to 

increase the magnesium concentration of the water in Badgerys Creek. 

For South Creek the magnesium concentration of the CSR creek samples range between 52 mg/L 

and 82 mg/L.  The magnesium concentration of the pit samples is either less than or within the 

concentration range reported for the water within South Creek.  The release of pit water to South 

Creek is therefore not anticipated to increase the magnesium concentration of the water in South 

Creek. 

 

 

Figure 6.29 Badgerys Creek and Pit Sampling Results – Magnesium 
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Figure 6.30 South Creek and Pit Sampling Results – Magnesium 

 

Sodium 

The sodium concentration of the samples from Pit 2 were the highest (VGT 570 mg/L and ELA 467 

mg/L), followed by Pit 3 (VGT 360 mg/L and ELA 348 mg/L) and then Pit 1 (VGT 350 mg/L and ELA 

333 mg/L and 331 mg/L).   

For Badgerys Creek the sodium concentration of the VGT creek samples are 220 mg/L 

(downstream) and 520 mg/L (upstream) whereas the sodium concentration of the CSR creek 

samples range between 552 mg/L and 1,840 mg/L.  The sodium concentrations of the pit samples 

are either less than or within the concentration range reported for the water within Badgerys 

Creek.  Therefore, the release of pit water to Badgerys Creek is not anticipated to have a 

significant impact on the sodium concentration of the water in Badgerys Creek. 

For South Creek the sodium concentration of the CSR creek samples range between 308 mg/L 

and 412 mg/L.  The sodium concentrations of the Pit 2 samples are greater than the 

concentration range reported for the water within the creek.  Whereas the concentration 

associated with the Pit 1 and 3 samples are within the range reported for the creek.  Therefore, 

the release of water from Pit 1 and 3 to South Creek is not anticipated to impact on the sodium 

concentration of the water in South Creek, however the release of water from Pit 2 may increase 

the sodium concentration of the water in the creek.  
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Figure 6.31 Badgerys Creek and Pit Sampling Results – Sodium 

 

 

Figure 6.32 South Creek and Pit Sampling Results – Sodium 
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Potassium 

The potassium concentration of the samples from Pit 3 were the highest (VGT 10 mg/L and ELA 8 

mg/L), followed by Pit 2 (VGT 10 mg/L and ELA 7 mg/L) and then Pit 1 (VGT 8 mg/L and ELA 6 

mg/L).   

For Badgerys Creek the potassium concentration of the VGT creek samples are 36 mg/L 

(downstream) and 80 mg/L (upstream) whereas the potassium concentration of the CSR creek 

samples range between 33 mg/L and 44 mg/L.  The potassium concentrations of the pit samples 

are all less than the reported concentrations for the water within Badgerys Creek.  The release of 

pit water to Badgerys Creek is not anticipated to increase the potassium concentration of the 

water in Badgerys Creek. 

For South Creek the potassium concentration of the CSR creek samples range between 19 mg/L 

and 37 mg/L.  The potassium concentrations of the pit samples are all less than the reported 

concentrations for the water within South Creek.  The release of pit water to South Creek is not 

anticipated to increase the potassium concentrations in the creek. 

 

 

Figure 6.33 Badgerys Creek and Pit Sampling Results – Potassium 
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Figure 6.34 South Creek and Pit Sampling Results – Potassium 

 

Arsenic 

The arsenic concentration of the samples from Pits 1 and 2 were all reported to be either less 

than or equal to the detection limit of 0.001 mg/L.  At Pit 3 the VGT samples had arsenic 

concentrations of 0.004 mg/L and 0.006 mg/L and the ELA sample had a concentration of 0.004 

mg/L.  The arsenic concentration of all of the pit samples are less than the recommended 

concentration in the ANZECC Guidelines (0.024 mg/L). 

For Badgerys Creek the arsenic concentration of the VGT creek samples ranged between 0.001 

and 0.006 mg/L.  The CSR samples had arsenic concentrations that were either less than or equal 

to the detection limit of 0.001 mg/L.  The WSA samples had arsenic concentrations typically 

greater than the VGT and CSR creek samples, and on one occasion the ANZECC Guideline trigger 

value was exceeded.  The arsenic concentrations of the pit samples are all within the 

concentration range reported in Badgerys Creek.  The release of pit water to Badgerys Creek is 

therefore not anticipated to impact on the arsenic concentration of the water in Badgerys Creek. 

For South Creek the arsenic concentration of the CSR creek samples ranged between the 

detection limit of 0.001 mg/L and 0.002 mg/L.  The Pit 3 samples had an arsenic concentration 

greater than this range.  Whereas, the concentrations associated with the Pit 1 and 2 samples are 

all within the concentration range reported for the water within South Creek.  The release of water 

to South Creek from Pit 1 and 2 is not anticipated to impact on the arsenic concentration of the 

water in South Creek, however the release of water from Pit 3 may increase the arsenic 

concentration of the water in the creek.   

 



 

rp301015-03926ajd_wjh190228-Badgerys Creek Mod 4 Dewatering.docx page 75 Mod 4 Dewatering Strategy 

 

Figure 6.35 Badgerys Creek and Pit Sampling Results – Arsenic 

 

 

Figure 6.36 South Creek and Pit Sampling Results – Arsenic 
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Cadmium 

All samples from all pits were reported to have a cadmium concentration either less than or equal 

to the detection limit of 0.0001 mg/L.  The cadmium concentration of all of the pit samples are 

less than the recommended concentration in the ANZECC Guidelines (0.0002 mg/L). 

The ANZECC trigger value is exceeded three times as part of the WSA creek sampling.  Overall, 

however the cadmium concentrations of the pit samples align with the lower end of the reported 

cadmium concentrations in Badgerys Creek.  Therefore, the release of pit water to Badgerys Creek 

is not anticipated to impact on the cadmium concentration of the water in Badgerys Creek. 

The cadmium concentration of the creek water has not been tested to date.  Based on the 

concentration recommended in the ANZECC Guidelines the release of pit water to South Creek is 

not anticipated to impact on the cadmium concentration of the water in South Creek. 

 

 

Figure 6.37 Badgerys Creek and Pit Sampling Results – Cadmium 
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Figure 6.38 South Creek and Pit Sampling Results – Cadmium 

 

Chromium 

The chromium concentration of all samples from all pits were reported to be at the detection limit 

of 0.001 mg/L.  The chromium concentration of all of the pit samples are less than the 

recommended concentration in the ANZECC Guidelines (0.001 mg/L). 

The ANZECC trigger value is exceeded numerous times as part of the WSA creek sampling.  

Overall, however the chromium concentrations of the pit samples align with the lower end of the 

reported chromium concentrations in Badgerys Creek.  The release of pit water to Badgerys Creek 

is not anticipated to impact on the chromium concentration of the water in Badgerys Creek. 

For South Creek the CSR samples had a chromium concentration at the detection limit.  Based on 

the concentration recommended in the ANZECC Guidelines, the release of pit water to South 

Creek is not anticipated to impact on the chromium concentration of the water in South Creek. 
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Figure 6.39 Badgerys Creek and Pit Sampling Results – Chromium 

 

 

Figure 6.40 South Creek and Pit Sampling Results – Chromium 
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Copper 

The VGT samples from Pit 1 and 3 were reported to have a copper concentration at the detection 

limit of 0.001 mg/L and the Pit 2 sample was reported to have a copper concentration of up to 

0.002 mg/L.  The ELA samples from Pit 1 and 2 were reported to have a copper concentration less 

than or equal to the detection limit of 0.001 mg/L and the sample from Pit 3 was reported to have 

a concentration of 0.002 mg/L.  The VGT Pit 2 sample and the ELA Pit 3 sample exceed the 

recommended copper concentration in the ANZECC Guidelines (0.0014 mg/L). 

The ANZECC Guideline value has been exceeded numerous times as part of the creek sampling 

programs for Badgerys Creek.  However, the copper concentration of the pit samples align with 

the lower end of the reported copper concentrations in the creek.  The release of water to 

Badgerys Creek from Pit 1 is not anticipated to impact on the copper concentration of the water 

in Badgerys Creek, however the release of water from Pits 2 and 3 may increase the copper 

concentration in Badgerys Creek to above the concentration recommended in the ANZECC 

Guidelines.   

The CSR samples from South Creek were reported to have a copper concentration at the 

detection limit of 0.001 mg/L.  The copper concentrations of the pit samples either align with or 

are greater than the reported copper concentrations in South Creek.  The release of water to 

South Creek from Pit 1 is not anticipated to impact on the copper concentration of the water in 

South Creek, however the release of water from Pits 2 and 3 may increase the copper 

concentration in the creek to above the concentration recommended in the ANZECC Guidelines.   

 

 

Figure 6.41 Badgerys Creek and Pit Sampling Results – Copper 
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Figure 6.42 South Creek and Pit Sampling Results – Copper 

 

Nickel 

For Badgerys Creek the recommended concentration in the ANZECC Guidelines (0.011 mg/L) was 

exceeded on two occasions during the WSA creek sampling program for the creek water.   

All samples from all pits were reported to have a nickel concentration less than or equal to the 

detection limit of 0.001 mg/L and therefore, the pit concentrations are less than the 

recommended concentration in the ANZECC Guidelines.   

The nickel concentrations of the pit samples align with the lower end of the reported nickel 

concentrations in both Badgerys Creek and South Creek.  Therefore, the release of pit water to 

both creeks is not anticipated to impact on the nickel concentration of the water in the creeks. 
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Figure 6.43 Badgerys Creek and Pit Sampling Results – Nickel 

 

 

Figure 6.44 South Creek and Pit Sampling Results – Nickel 
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Lead 

For Badgerys Creek the recommended lead concentration in the ANZECC Guidelines (0.0034 

mg/L) was exceeded on numerous occasions during the WSA creek sampling program for the 

creek water.   

All samples from all pits were reported to have a lead concentration less than or equal to the 

detection limit of 0.001 mg/L.  The lead concentrations of the pit samples therefore align with the 

lower end of the reported lead concentrations in Badgerys Creek and they align with the reported 

lead concentrations in South Creek (less than or equal to 0.001mg/L).  In addition, the lead 

concentration of all of the pit samples are less than the recommended concentration in the 

ANZECC Guidelines (0.0034 mg/L).  The release of pit water to Badgerys Creek and South Creek is 

not anticipated to impact on the lead concentration of the water in the creeks. 

 

 

Figure 6.45 Badgerys Creek and Pit Sampling Results – Lead 
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Figure 6.46 South Creek and Pit Sampling Results – Lead 

 

Zinc 

The recommended zinc concentration in the ANZECC Guidelines is 0.008 mg/L.  This is exceeded 

numerous times during the creek monitoring programs. 

The detection limit of the VGT pit samples changed over the collection period.  The initial samples 

from all pits were reported to have a zinc concentration less than the detection limit of 0.005 

mg/L.  The Pit 1 and 2 samples that were collected as part of the second round of sampling were 

reported to have a zinc concentration of 0.002 mg/L and the Pit 3 samples were reported to have 

a zinc concentration of 0.001 mg/L.  The ELA pit samples were all reported to have a zinc 

concentration at the detection limit of 0.005 mg/L.  The zinc concentration of all of the pit 

samples are less than the recommended concentration in the ANZECC Guidelines. 

The zinc concentrations of the pit samples align with the lower end of the reported zinc 

concentrations in Badgerys Creek.  For South Creek the CSR creek samples were reported to have 

a zinc concentration at the detection limit of 0.005 mg/L.  The release of pit water to the creeks is 

not anticipated to impact on the zinc concentration of the water in the creeks. 
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Figure 6.47 Badgerys Creek and Pit Sampling Results – Zinc 

 

 

Figure 6.48 South Creek and Pit Sampling Results – Zinc 
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Biochemical Oxygen Demand 

The VGT pit samples were reported to have a biochemical oxygen demand (BOD) concentration 

at the detection limit of 2 mg/L.   

The biochemical oxygen demand concentrations of the pit samples align with the lower end of 

the reported biochemical oxygen demand concentrations in Badgerys Creek.  The release of pit 

water to Badgerys Creek is therefore not anticipated to impact on the biochemical oxygen 

demand concentration of the water in Badgerys Creek. 

The biochemical oxygen demand concentration of the water in South Creek has not been tested 

to date.   

 

 

Figure 6.49 Badgerys Creek and Pit Sampling Results – Biochemical Oxygen Demand 

Summary of Creek Water Quality 

The available pit sample results exceed the level or concentration that is recommended in the 

ANZECC Guidelines for the following parameters: 

▪ pH; 

▪ electrical conductivity; 

▪ total nitrogen;  

▪ total phosphorus; and,  

▪ copper.  
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For Badgerys Creek, the pH of the pit water exceeds the current pH of water sampled from the 

creek.  However, for the other parameters listed above, the available pit sampling results align 

with the lower end of the reported concentrations in Badgerys Creek.  The total alkalinity as 

CaCO3 of the water in Pit 3 (if released) has the potential to increase the total alkalinity as CaC03 

concentration of the water in Badgerys Creek. 

For all other parameters the release of pit water to Badgerys Creek is not anticipated to impact on 

concentrations in the creek, as the concentration associated with the available pit samples is 

either less than or within the range of concentrations for water sampled from Badgerys Creek.  

For South Creek, the level or concentration of the following parameters in the available pit 

samples is greater than the level or concentration associated with the available CSR creek 

samples: 

▪ pH; 

▪ sulphate; 

▪ total alkalinity as CaCO3; 

▪ sodium; 

▪ arsenic; and, 

▪ copper.  

An option to reduce the impact on water quality in Badgerys Creek and South Creek is to dilute 

the pit water prior to discharging it to the creeks.  This could be done by combining the pit water 

prior to discharge, as not all of the pits contain water with concentrations that exceed the 

ANZECC recommendations or existing creek water quality.  This option is explored further in 

Section 6.3.5. 

6.3.4 Impact on Downstream Users of Creek Water 

The Water Access Licence Register accessible via the WaterNSW website was used to determine 

the likely users of water from South Creek and Badgerys Creek.   

South Creek and its tributaries form part of the Hawkesbury and Lower Nepean Rivers Water 

Source and the applicable Water Management Zones (WMZ) are the Upper and Lower South Creek 

Management Zones, which are split by the Great Western Highway. 

The project site is located within the Upper South Creek WMZ.  Key findings from review of the 

WaterNSW database are as follows. 

▪ There are 89 water access licences (WALs) in the Upper South Creek WMZ, with a total 

number of shares of 2,730. 

▪ There are 98 WALs in the Lower South Creek WMZ, with total shares of 4,022.  

▪ The shares associated with the Upper and Lower WMZs represent about 5.6% of the total 

shares in the Hawkesbury and Lower Nepean Rivers Water Source. 

▪ In the Upper South Creek WMZ there are only 15 WALs with greater than 50 shares, yet these 

make up 70% of the total shares within the Upper South Creek WMZ. 

▪ For the Lower South Creek WMZ there are 24 WALs with greater than 50 shares and these 

make up 71% of the total shares within the Lower South Creek WMZ. 



 

rp301015-03926ajd_wjh190228-Badgerys Creek Mod 4 Dewatering.docx page 87 Mod 4 Dewatering Strategy 

▪ The majority of these larger WALs (i.e. > 50 shares) are for irrigation, with none assigned as 

‘domestic and stock’ use. 

▪ Further investigation of the largest WAL holders (i.e. > 100 shares) shows that the majority are 

for irrigation.  Less than five of these WALs are noted to be for recreation or industrial uses. 

▪ There are no utilities that extract water from the South Creek catchment. 

Overall, irrigators would be the most significant users of water within the Upper and Lower South 

Creek WMZs.   

An increased baseflow due to pit water discharges to Badgerys Creek or South Creek would result 

in a more consistent supply for irrigators and more water available for extraction in general.  

Based on the discussion in Section 6.1.2, the water from Pit 1 should be suitable for irrigation of 

pastureland adjacent to either creek.   

However, other crops such as vegetables and fruit may be affected by elevated salinity and 

sodium levels in any water discharged from the pits.  The sodium and chloride levels in the pit 

storages would be acceptable for “moderately tolerant” to “tolerant” crops according to the 

ANZECC guidelines. These crops include grains and some vegetables.  However, the levels would 

not be suitable for most vegetables, fruit and nuts classified as “moderately sensitive” or 

“sensitive”.  

Badgerys Creek 

According to land use mapping contained in the Environmental Impact Statement for the 

Western Sydney Airport (Surface Water Quality Report, 2016), the most prevalent land use on 

either side of Badgerys Creek between the site and its confluence with South Creek is rural and 

naturalised pastures.   

The coverage of horticulture and intensive agricultural land uses fronting Badgerys Creek is 

relatively small.  Furthermore, aerial photographs indicate that most of these horticultural 

operations incorporate on-site farm dams, which are likely to be a source for any required 

irrigation water considering that the flow rate in Badgerys Creek would be unreliable at best.   

In this regard, it is likely that the majority of WAL holders within the South Creek Water 

Management Zones are irrigators located on South Creek or otherwise located much further 

downstream in the South Creek catchment, downstream from the confluence with Badgerys 

Creek. 

Accordingly, there is not expected to be a significant impact on potential water users located 

immediately downstream from the site if Pit 1 water is released into Badgerys Creek. 

However, the impact of discharging to Badgerys Creek should also consider the potential impact 

further downstream along South Creek, as discussed below. 

South Creek 

The WSA EIS land use mapping (GHD, 2016) shows there is an increased number and spread of 

horticultural and intensive agriculture land uses along the banks of South Creek compared to 

Badgerys Creek in the reaches immediately downstream from the site.  It is possible that these 

operations may be drawing water from South Creek when there is base flow available, for use in 

irrigating vegetable or fruit crops.  
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Accordingly, the discharge of pit water to South Creek may impact on these crops if the creek 

water is used for irrigation.  The potential for damage to crops in the immediate vicinity of the 

site would outweigh the potential benefit provided by way of the extra water provided by the 

proposed dewatering into South Creek. 

Accordingly, it is preferred that pit water discharges from the site be made into Badgerys Creek 

(i.e., on the west side of the site) rather than into South Creek on the east side. 

The additional base flow in Badgerys Creek would eventually discharge into South Creek and may 

be used by irrigators much further downstream near the St Marys STP (20 km to the north), in 

which case the further dilution by incoming baseflows from the wider catchment would likely 

offset any potential issues associated with pit water salinity or sodium concentrations. 

In this regard, it is reported in the Water Sharing Plan (WSP) for Greater Metropolitan Region 

Unregulated River Water Sources (DPI Water, 2016) that there is a high dependence on South 

Creek for the extraction of water for irrigation (mainly turf, pasture and lucerne) and town and / or 

industrial water supplies.   

This is highlighted by the actions taken following the redirection of flows that were discharged 

from the St Marys sewage treatment plant (STP) to South Creek.  This redirection occurred as part 

of the NSW Government’s Western Sydney Recycled Water Initiative Replacement Flows Project 

(DPI Water, 2016), whereby flows have been redirected to recycled water projects.   

As the downstream irrigators had become reliant on the discharge from the STP into South Creek 

an Operating Protocol within a Memorandum of Understanding between the NSW Office of 

Water and Sydney Water Corporation needed to be developed, whereby releases from the STP 

had to be made to South Creek to meet irrigation demands.   

Environmental Protection Licence (EPL) 1729 permits the discharge of water from the St Marys 

STP to South Creek if the concentration of pollutants in the discharged water does not exceed 

specified concentration limits.  The concentration limits are listed in Table 6.1.   

The minimum and maximum concentrations reported for the pits on the project site are also 

included for comparison.  Some parameters were not tested as part of the pit sampling programs 

and these are denoted with the ‘NT’ meaning not tested.   

Of the parameters that were tested in the pit water the concentrations are well within the EPL 

concentration limits.  Therefore, discharging the pit water to the lower reaches of South Creek (via 

Badgerys Creek) should be acceptable in terms of meeting the same requirements for the 

St Marys STP.  
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Table 6.1 Environmental Protection Licence Discharge for St Marys STP and Pit Concentrations 

Pollutant Unit 

EPL Concentration Limit for St Marys STP Pit Concentration 

Average 50th 
percentile 

90th 
percentile 

100th 
percentile Pit 1 Pit 2 Pit 3 

Aluminium µg/L 120 - 1,100 - NT NT NT 

Chlorine mg/L - - 0.1 - NT NT NT 

Copper µg/L 17.6 - 90 - 1 1 - 2 1 - 2 

Diazinon µg/L 0.6 - 3.7 - NT NT NT 

Hydrogen sulfide 
(un-ionised) µg/L 66 - 180 - NT NT NT 

Iron µg/L 430 - 800 - NT NT NT 

Nickel µg/L 12.3 - 16.9 - 1 1 1 

Nitrogen (ammonia) mg/L - 1 5 - 0.043 – 0.1 0.04 – 0.16 0.02 – 0.21 

Nitrogen (total) mg/L - - - 45 0.4 – 0.5 0.6 – 3.3 0.8 – 1.4 

Phosphorus (total) mg/L - - - 5 0.01 – 0.05 0.01 – 0.05 0.01 – 0.05 

Zinc µg/L 40 - 100 - 2 - 5 2 - 5 1 - 5 

 

6.3.5 Watercourse Discharge Options 

The preceding sections contain commentary on the impacts of discharging to Badgerys Creek 

and South Creek.  These impacts have been considered in the development of the following 

options for discharge to the watercourses. 

The focus of these options is the initial dewatering activities for Pits 1, 2 and 3, but many of the 

assessment factors would also apply in the case of the reduced ongoing dewatering rates. 

A. Pump Pits 2 and 3 into Pit 1 for Discharge to Badgerys Creek 

Option A would involve the following: 

▪ Water from Pit 2 and Pit 3 would be pumped to Pit 1. 

▪ Water stored in Pit 1 would be pumped to Badgerys Creek using a single pump at a 

maximum rate of 100,000 L/hr.  A reduced flow rate would apply for ongoing dewatering 

operations. 

▪ The initial dewatering process for Pit 1 would be extended from the initially planned 

12 months to approximately 14 months given the additional Pit 2 and Pit 3 water that will 

need to be discharged to Badgerys Creek. 
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The advantages and disadvantages of this option are: 

▪ By discharging from one location (i.e. from Pit 1) the management and monitoring of 

discharges from the project site will be more efficient, consistent and reliable.   

▪ There is a more comprehensive set of baseline water quality data available for Badgerys 

Creek compared to South Creek, and therefore there is a higher level of confidence 

regarding the potential impacts of discharges to Badgerys Creek. 

▪ The quality of the water being discharged will be more consistent if it is only discharged 

from Pit 1. 

▪ As discussed above, the levels of particular constituents in the water from Pits 2 and 3 are 

higher than in the water contained in Pit 1 and are beyond acceptable thresholds according 

to ANZECC and for potential downstream users.  Pumping the Pit 2 and 3 water into Pit 1 will 

facilitate dilution of these constituents prior to release into Badgerys Creek. 

▪ Dilution calculations have been undertaken to estimate the quality of the water in Pit 1 

following the completion of transfer of Pits 2 and 3 water.  These calculations have been 

completed for the water quality parameters that were identified as being of concern in 

Section 6.3.3.   

Listed in Table 6.2 is the estimated level or concentration of the various parameters that 

would be discharged to Badgerys Creek from Pit 1.  Due to the variation in the VGT and ELA 

pit water quality data, separate dilution calculations have been undertaken using the VGT 

and ELA data.  For the three VGT pit samples the maximum value associated with each pit 

has been used as the basis of the dilution calculation, which offers a conservative approach.   

For comparison purposes, the recommendations in the ANZECC Guidelines are included in 

the table as well as the current average level / concentration in Badgerys Creek. 
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Table 6.2 Estimated Water Quality Level / Concentration of Discharge Water 

Parameter Unit 
ANZECC 

Guidelines 
Value 

Average Level / 
Concentration in 
Badgerys Creek 

Level / Concentration in Pit 1 
Following Input of Pits 2 and 3 

Water 

Sampling Data Source  VGT ELA 

pH pH Units 6.5 – 8 7.4 8.8 8.3 

Electrical Conductivity µS/cm 125 – 2,200 2,770 2,278 1,532 

Total Nitrogen mg/L 0.35 2.8 0.86 0.53 

Total Phosphorus mg/L 0.025 0.46 < 0.05 < 0.01 

Total Alkalinity as 
CaCO3 mg/L - 329 250 230 

Copper mg/L 0.0014 0.0113 0.0011 0.0012 

Notes:  

- The average level / concentration values in Badgerys Creek are based on the full data set associated 

with D/S Basin 1 from the WSA sampling program (refer Section 3.4.5). 

- The blue highlighted cells indicate when discharge water quality concentrations or levels exceed the 

ANZECC trigger concentrations or levels. 

- The bold underlined numbers indicate when discharge water quality concentrations or levels exceed 

the average level / concentration in Badgerys Creek. 

Findings: 

− pH: There is no material impact on the pH level of the Pit 1 water due to the inflow of Pit 

2 and 3 water.  The Pit 1 water is already at a level of 8.3 or 8.8 (subject to the data set 

adopted), which is higher than what is recommended in the ANZECC Guidelines.  The 

discharge water is likely to have a pH that is greater than the current average pH of the 

water in Badgerys Creek and therefore, the pH of the creek water may increase as a result 

of the discharge.   

The ANZECC Guidelines indicate that the pH should be between 6.5 and 8 in a lowland 

river.  However, the relevant literature indicates that the upper end of this range can be 

extended.  The following extract is taken from a technical memorandum prepared by 

Robertson-Bryan in 2004.  

Alabaster and Lloyd (1980) identified the pH range that is not directly lethal to 

freshwater fish as 5.0-9.0.  With few exceptions, pH values between 6.5 and 9.0 are 

satisfactory, on a long-term basis, for fish and other freshwater aquatic life.  The pH 

of most inland fresh waters containing fish ranges from about 6 to 9 (Ellis 1937), with 

most waters, particularly those with healthy, diverse, and productive fish and 

macroinvertebrate communities having a pH between approximately 6.5 and 8.5 

units (Ellis 1937; McKee and Wolf 1963; NTAC1968; NAS 1972).  In establishing water 

quality criteria for pH, ORVWSC (1955) stated that, although fish had been found at 

pH values from 4-10, the safe range was 5-9 and for maximum productivity the pH 

should be maintained between 6.5 and 8.5.  

Notwithstanding the above, CTENVIRONMENTAL (2019) indicate that changes to the 

existing diurnal fluctuation of pH (such that might occur from 24 hr/day discharges) may 
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lead to an increase in ammonia associated with the pH increase, which has the potential 

to cause degradation to aquatic ecosystems. 

− Electrical Conductivity: If the water from Pits 2 and 3 is transferred to Pit 1, the resulting 

electrical conductivity of the Pit 1 water based on the ELA sampling is within the range 

recommended in the ANZECC Guidelines.  However, an analysis based on the VGT 

sampling indicates that the recommended concentration would be just exceeded (i.e., 

2,278 vs 2,200 µS/cm).  

However, it should be noted that this calculation is based on the maximum values 

recorded by VGT.  Whereas, if the average of the VGT samples is used in the dilution 

calculations, rather than the highest sampled value, then the resultant electrical 

conductivity in Pit 1 would be 2,196 µS/cm, which is below the ANZECC guidelines value. 

It is important to note that the average electrical conductivity in Badgerys Creek exceeds 

the ANZECC Guidelines and therefore, the discharge water is not anticipated to increase 

the electrical conductivity concentration of the creek water. 

Notwithstanding, CTENVIRONMENTAL (2019) indicate that a constant discharge of 

relatively saline water (higher end of the ANZECC guidelines) may impact on aquatic and 

riparian ecosystems, relative to existing conditions of intermittent flow. 

− Total Nitrogen: The dilution effect of combining the water from the three pits results in a 

total nitrogen concentration that exceeds the recommended concentration in the 

ANZECC Guidelines (2000).  However, the average total nitrogen concentration in 

Badgerys Creek exceeds both the sampled pit water (ELA and VGT) and the ANZECC 

Guidelines trigger value.  Therefore, the discharge water is not anticipated to increase the 

total nitrogen concentration of the creek water. 

However, CTENVIRONMENTAL (2019) has identified the potential for aquatic ecosystems 

to be impacted by exposure to a constant source of nutrients over the initial dewatering 

period, as opposed to the existing arrangement of pools in the creek which act as sinks 

for nutrients. 

− Total Phosphorus: It is difficult to undertake a dilution calculation for TP given the 

sampling results showed that TP in the pits was less than the detection limits (either 0.01 

or 0.05 mg/L, subject to testing method).  However, it can be concluded based on the ELA 

sampling that the pit water will be less than the recommended concentration in the 

ANZECC Guidelines (2000).  The same cannot be confirmed for the VGT sampling due to 

the detection limits.  However, the average total phosphorus concentration in Badgerys 

Creek exceeds both the sampled pit water (ELA and VGT) and the ANZECC Guidelines 

trigger value.  Therefore, the discharge water is not anticipated to increase the total 

phosphorus concentration of the creek water. 

− Total Alkalinity as CaCO3: Following dilution of Pit 3 and Pit 2 water into Pit 1, the 

concentration of any discharge will be below the average concentration in Badgerys 

Creek. Therefore, the discharge water is not anticipated to increase the total alkalinity as 

CaCO3 concentration of the creek water.  

− Copper: The dilution calculations show that the discharge to Badgerys Creek will have a 

copper concentration less than the recommended maximum concentration in the 

ANZECC Guidelines (2000).  Whereas, as noted in Section 6.3.3, if water was discharged 

directly from the pits to the creeks (i.e., without dilution) the monitoring undertaken by 
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ELA and VGT indicates that the copper concentration of the discharge water would 

exceed the ANZECC Guideline concentrations in some instances.   

Notwithstanding, the current average copper concentration in Badgerys Creek is greater 

than the ANZECC Guidelines anyway.  Therefore, the discharge water is not anticipated to 

increase the copper concentration of the creek water. 

▪ The flow depth in Badgerys Creek associated with the maximum initial dewatering flow rate is 

minimal (less than 200 mm) when compared to the total creek depth.  With one pump only 

operating (100,000 L/hr) the associated depth of flow is likely to be less than 100 mm.   

▪ The discharge of water to Badgerys Creek is not expected to impact on existing flood levels. 

▪ The rate of discharge to Badgerys Creek is unlikely to cause any significant erosion or scour 

within the creek.  Notwithstanding, CTENVIRONMENTAL (2019) has recommended that the 

bed and bank materials in Badgerys Creek adjacent to the site and in downstream areas be 

characterised, including particle size, to confirm the lack of erosion potential in the context of 

potential impacts on aquatic ecology. 

▪ Discharging a continuous flow to the currently ephemeral creek will impose permanently wet 

conditions in places that may currently be dry (e.g., at riffle sections between permanent 

pools).  There is potential for the ecology within these areas to be impacted by the altered 

hydrologic conditions, even though the portion of the creek that is impacted is very small 

relative to the total creek cross-section. 

▪ The continuous flow to Badgerys Creek will reduce the prevalence of stagnant conditions at 

pools along the creek, which is expected to improve overall water quality conditions. 

▪ There is not expected to be a significant impact on potential water users along Badgerys 

Creek immediately downstream from the site because the majority of land is rural or 

naturalised pastures, as opposed to vegetable or fruit crops in which case there could be an 

impact on using the water for irrigation. 

▪ An increased baseflow due to pit water discharges may contribute to a more consistent water 

supply for irrigators further downstream in the South Creek catchment, in which case the 

natural dilution afforded by flows from downstream catchments would minimise the potential 

impact of any increased salinity, sodium or chloride levels. 

B. Pump Pit 2 to Pit 1 for Discharge to Badgerys Creek and Discharge Pit 3 to South Creek 

Option B would involve the following: 

▪ Water from Pit 2 would be pumped to Pit 1. 

▪ Water stored in Pit 1 would be discharged to Badgerys Creek using a single pump at a 

maximum rate of 100,000 L/hr (2.4 ML/day). 

▪ Water from Pit 3 water would be discharged to South Creek using a single pump at a 

maximum rate of 100,000 L/hr (2.4 ML/day). 

The advantages and disadvantages of this option are: 

▪ Pit 3 is closer to South Creek, so there is less pumping effort required to transfer the water. 

▪ The overall dewatering time is reduced by about 1 month compared to the dewatering time 

for Option A. 
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▪ Discharge to Badgerys Creek: 

− As for Option A (refer above). 

▪ Discharge to South Creek: 

− The flow depth in South Creek associated with the maximum initial dewatering flow rate 

is minimal (less than 150 mm) when compared to the total creek depth.  With one pump 

only operating (100,000 L/hr) then the depth of flow associated with the initial dewatering 

is likely to be less than 100 mm.   

− The discharge of water to South Creek is not expected to impact on existing flood levels.  

− The rate of discharge to South Creek is unlikely to cause any erosion or scour within the 

creek. 

− The local ecology within South Creek downstream from the site would be accustomed to 

the primarily wet conditions that currently exist, even though the creek ceases to flow 

approximately 40% of the time.   

− The vegetable or fruit crops associated with the horticultural and intensive agriculture 

land uses along the banks of South Creek in the reaches immediately downstream from 

the site may be impacted if the pit water is discharged to South Creek and subsequently 

used to irrigate the crops. 

− An increased baseflow due to pit water discharges to Badgerys Creek and South Creek 

would result in a more consistent supply for irrigators and more water available for 

extraction in general. 

▪ The baseline water quality data available for South Creek is very limited compared to the 

data available for Badgerys Creek.  Therefore, the level of confidence associated with the 

potential impacts of discharging flows to South Creek is lower than that for Badgerys Creek. 

▪ Dilution calculations have been undertaken to estimate the quality of the water once 

released from Pit 1 and Pit 3.  These calculations have only been undertaken for the water 

quality parameters that were identified as being of concern in Section 6.3.3.   

Table 6.3 lists the estimated level or concentration of the various parameters that would be 

discharged to Badgerys Creek and South Creek.  Due to the variation in the VGT and ELA pit 

water quality data, separate dilution calculations have been undertaken using the VGT and 

ELA data.  The maximum value associated with each pit has been used as the basis of the 

dilution calculation, which offers a conservative approach.  For comparison purposes the 

recommendations in the ANZECC Guidelines are included in the table as well as the current 

average level / concentration in the creeks. 
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Table 6.3 Estimated Water Quality Level / Concentration of Discharge Water 

Parameter Unit 
ANZECC 

Guidelines 
Value 

Average Level / 
Concentration  Discharge Level / Concentration 

Badgerys 
Creek 

South 
Creek 

To Badgerys 
Creek (from Pit 1) 

To South Creek 
(from Pit 3) 

Sampling Data Source VGT ELA VGT ELA 

pH pH 
Units 6.5 – 8 7.4 8.0 8.8 8.3 9.3 8.8 

Electrical Conductivity µS/cm 125 – 2,200 2,770 2,727 2,290 1,543 2,070 1,325 

Total Nitrogen mg/L 0.35 2.8 2.5 0.83 0.51 1.4 0.8 

Total Phosphorus mg/L 0.025 0.46 0.19 < 0.05 < 0.01 < 0.05 < 0.01 

Sulphate mg/L - 68 44 90 100 43 46 

Sodium mg/L - 883 351 377 350 360 340 
Total Alkalinity as 
CaCO3 mg/L - 329 268 242 223 410 356 

Arsenic mg/L 0.024 0.0028 0.0015 0.001 0.001 0.006 0.004 

Copper mg/L 0.0014 0.0113 0.001 0.0011 0.001 0.001 0.002 

Notes:  

- The highlighted cells indicate when discharge water quality concentrations or levels exceed the 

ANZECC trigger concentrations or levels. 

- For pH, electrical conductivity, total nitrogen, total phosphorus and copper the average level / 

concentration values in Badgerys Creek are based on the data associated with D/S Basin 1 from the 

WSA sampling program (refer Section 3.4.5).  For the remaining parameters for Badgerys Creek and 

all parameters for South Creek the average level / concentration values are based on the data 

associated with the CSR sampling program (refer Section 3.4.5). 

- The bold underlined numbers indicate when discharge water quality concentrations or levels exceed 

the average level / concentration in the respective creeks. 

Findings: 

− pH: There is no material impact on the pH level of the Pit 1 water due to the inflow of 

Pit 2 water.  The Pit 1 water is already at a level of 8.3 or 8.8 (subject to the data set 

adopted), which is higher than what is recommended in the ANZECC Guidelines.  The Pit 1 

and Pit 3 discharge waters are likely to have a pH that is greater than the current average 

pH of the water in Badgerys Creek and South Creek, respectively.  Therefore, the pH of 

the creek waters may increase as a result of the discharge waters.  CTENVIRONMENTAL 

(2019) indicate that changes to the existing diurnal fluctuation of pH (such that might 

occur from 24 hr/day discharges) may lead to an increase in ammonia associated with the 

pH increase, which has the potential to cause degradation to aquatic ecosystems. 

− Electrical Conductivity: If the water from Pit 2 is transferred to Pit 1, the resulting 

concentration of the Pit 1 water based on the ELA sampling is within the range 

recommended in the ANZECC Guidelines, whereas based on the VGT sampling the 

recommended concentration would be just exceeded (i.e., 2,290 vs 2,200 µS/cm).  
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However, note that this calculation is based on the maximum values recorded by VGT.  

Whereas, if the average of the VGT samples is used in the dilution calculations, rather 

than the highest sampled value, then the resultant electrical conductivity concentration in 

Pit 1 would be 2,208 µS/cm, which is above the ANZECC guidelines value but it is not 

significantly above. 

It is important to note that the average electrical conductivity in both Badgerys Creek and 

South Creek exceed the ANZECC Guidelines and the sampled pit water concentrations 

(ELA and VGT) and therefore, the discharge water is not anticipated to increase the 

electrical conductivity concentration of the creek waters. Notwithstanding, 

CTENVIRONMENTAL (2019) indicate that a constant discharge of relatively saline water 

may impact on aquatic and riparian ecosystems, relative to existing conditions of 

intermittent flow. 

− Total Nitrogen: Combining Pit 1 and Pit 2 results in a total nitrogen concentration that 

exceeds the recommended concentration in the ANZECC Guidelines (2000).  The Pit 3 

total nitrogen concentrations are also greater than the recommended concentration in 

the ANZECC Guidelines (2000).  However, the average total nitrogen concentration in 

both Badgerys Creek and South Creek exceed the trigger value in the ANZECC Guidelines 

trigger value and the sampled pit water (ELA and VGT). Therefore, the discharge waters 

are not anticipated to increase the total nitrogen concentration of the creek waters.  

However, CTENVIRONMENTAL (2019) has identified the potential for aquatic ecosystems 

to be impacted by exposure to a constant source of nutrients over the initial dewatering 

period, as opposed to the existing arrangement of pools in the creek which act as sinks 

for nutrients 

− Total Phosphorus: It is difficult to undertake a dilution calculation for TP given the 

sampling results showed that TP in the pits was less than the detection limits (either 0.01 

or 0.05 mg/L, subject to testing method).  However, it can be concluded based on the ELA 

sampling that the pit water will be less than the recommended concentration in the 

ANZECC Guidelines (2000).  The same cannot be confirmed for the VGT sampling due to 

the detection limits.  However, the average total phosphorus concentration in Badgerys 

Creek and South Creek exceeds both the sampled pit water (ELA and VGT) and the 

ANZECC Guidelines trigger value.  Therefore, the discharge water is not anticipated to 

increase the total phosphorus concentration of the creek water. 

− Sulphate: The dilution calculations show that the discharge to Badgerys Creek from Pit 1 

will have a sulphate concentration that is greater than the current average sulphate 

concentration in the creek.  Whereas, the discharge to South Creek from Pit 3 will have a 

sulphate concentration that is comparable to the current creek concentration.  Therefore, 

the discharge to Badgerys Creek may increase the sulphate concentration in the creek, 

which may have an impact on the ecology of the creek corridor.  The discharge to South 

Creek is not anticipated to increase the sulphate concentration of the water in South 

Creek. 

− Sodium: Combining the water from Pit 1 and Pit 2 results in a sodium concentration that 

is less that the current average concentration in Badgerys Creek.  Therefore, the water 

that is discharged to Badgerys Creek is not anticipated to increase the sodium 

concentration of the creek.  The concentration of the discharge water from Pit 3 is 

comparable to the current average concentration in South Creek and therefore, the 

discharge to South Creek is not anticipated to significantly impact on the sodium 

concentration in South Creek. 
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− Total Alkalinity as CaCO3: The discharge water from Pit 1 has a total alkalinity 

concentration that is less than the current average concentration in Badgerys Creek.  

Whereas, the discharge from Pit 3 has a concentration that is greater than the current 

average concentration of total alkalinity in South Creek.  Therefore, the discharge to 

Badgerys Creek is not anticipated to increase the total alkalinity concentration of the 

creek water.  However, the discharge to South Creek is anticipated to increase the 

concentration of total alkalinity in South Creek.   

− Arsenic: The dilution calculations show that the Pit 1 discharge water has a concentration 

that is less than the current average concentration in Badgerys Creek and the 

concentration recommended in the ANZECC Guidelines (2000).  Whereas, even though 

the Pit 3 discharge water has a concentration that is also less than what is recommended 

in the ANZECC Guidelines (2000) the concentration is greater than the current average 

concentration in South Creek.  Therefore, the discharge to Badgerys Creek is not 

anticipated to increase the arsenic concentration of the creek water.  However, the 

discharge to South Creek is anticipated to increase the concentration of arsenic in the 

creek water.   

− Copper: Combining Pit 1 and Pit 2 results in a copper concentration that is less than both 

the concentration recommended in the ANZECC Guidelines (2000) and the current 

average concentration in Badgerys Creek.  When looking at the Pit 3 discharge water the 

concentration associated with the VGT sampling program is less than the concentration 

recommended in the ANZECC Guidelines (2000) and is equal to the current average 

concentration in South Creek.  Whereas, the concentration associated with the ELA 

program exceeds both the concentration recommended in the ANZECC Guidelines (2000) 

and the current average concentration in South Creek.  Therefore, the discharge to 

Badgerys Creek is not anticipated to increase the copper concentration of the creek 

water.  However, the discharge to South Creek may increase the concentration of copper 

in the creek water. 

Preferred Discharge Option 

Option A (discharge to Badgerys Creek only) is preferred over Option B (discharge to both creeks) 

for the following key reasons: 

(i) the available baseline water quality data for South Creek is very limited; 

(ii) based on the available data, there are a greater number of water quality constituents of 

concern with Option B, compared with Option A; and, 

(iii) there is less potential impact on irrigators immediately downstream from the site, because 

there are less vegetable/fruit crops farmed adjacent to Badgerys Creek compared to South 

Creek in this area. 
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7. Proposed Dewatering Strategy 

The following dewatering strategy has been developed according to the findings of the 

assessments documented in Section 6, with a view to minimising any potential impact on the 

existing environment; namely the downstream watercourses and any potential downstream users 

of the water. 

7.1 Overview  

The dewatering strategy would be implemented according to the following prioritisation of 

components of the water management system: 

1. Re-use as much of the pit water on-site as possible, unless the demand from adjacent sites is 

significant (e.g., Western Sydney Airport). 

2. Transfer of water to other sites, such as the Western Sydney Airport, if determined to be 

feasible according to further investigations.   

3. As a last resort, discharge any residual water not able to be taken up by 1 and 2 above, to 

Badgerys Creek. 

7.2 Transfer of Water between Pits 

7.2.1 Transfers during Initial Dewatering 

As outlined above in Section 6.3, the quality of the Pit 1 water is generally equal to or better than 

the water quality in Pits 2 and 3. 

Accordingly, all three components of the water management strategy would benefit from the 

initial transfer of Pit 2 and Pit 3 water into Pit 1, rather than the direct use or discharge of the 

water in Pits 2 and 3, irrespective of whether the water is eventually used on-site, at nearby sites 

or discharged to Badgerys Creek.   

The transfer between pits will mean that the initial dewatering process for Pit 1 would be 

extended from 12 months to approximately 14 months if the same discharge pump rate of 

100,000 L/hr is retained from Pit 1. 

According to the proposed timeframes in the existing quarry staging plans, the Pit 3 water would 

need to be transferred to Pit 1 over the course of 3 weeks at the commencement of pre-

extraction works.  The volume of initial dewatering from Pit 3 is about 55 ML, which represents 

about 6% of the volume to be dewatered from Pit 1. 

The Pit 2 water would need to be transferred to Pit 1 over the subsequent 7 weeks of pre-

extraction works.  The volume of initial dewatering from Pit 2 is about 109 ML, which represents 

about 12% of the volume to be dewatered from Pit 1. 

These water transfers will result in dilution of the water in Pit 2 and Pit 3, thereby minimising the 

potential for the water to impact on: 

▪ the on-site irrigation of pastureland; 

▪ the usability of the water at the Western Sydney Airport construction site, or other nearby 

properties; 
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▪ the water quality and ecology of downstream watercourses; and, 

▪ the operations of users of water drawn from downstream watercourses (e.g., irrigators). 

The dilution calculation results in Table 6.2 indicate that for all water quality parameters except 

pH, the resultant Pit 1 water is not anticipated to increase the concentration of the respective 

parameters in the water in Badgerys Creek.  For the parameters that are of concern if dilution did 

not occur (i.e., electrical conductivity, total nitrogen, total phosphorus and copper) these have been 

brought down to a concentration that is less than or equal to the concentrations in the creek.   

Notwithstanding, the pH of the discharge water is still above the recommended pH in the 

ANZECC Guidelines (2000) and the current average pH of the water in Badgerys Creek.  As noted 

in Section 6.3.5, the results of research available in the literature has determined that the upper 

end of the recommended range reported in the ANZECC Guidelines can be extended.  

Notwithstanding, CTENVIRONMENTAL (2019) indicate that any changes to the existing diurnal 

fluctuation of pH (such that might occur from 24 hr/day discharges) may lead to an increase in 

ammonia associated with the pH increase, which has the potential to cause degradation to 

aquatic ecosystems. 

Accordingly, it is recommended that a biological monitoring program be implemented in 

Badgerys Creek concurrently with any water quality monitoring program (see below) prior to and 

during any discharge of Pit 1 water to assess if there is any impact on existing species/ 

communities.  

7.2.2 Transfers during Ongoing Dewatering 

In consideration of the proposed quarry staging, the following transfer of water between pits and 

treatment will be required: 

▪ Pit 2 and Pit 3 will be dewatered into Pit 1 for the first 2 years of extraction.  As the water 

volume is depleted in Pit 1, the quality of water may deteriorate in terms of turbidity/TSS, 

therefore it may require transfer to Sediment Basin 4 at Pit 2 (proposed as part of the Mod 3 

Project, refer Mod 3 Surface Water Assessment by Advisian, 2019) for treatment prior to reuse, 

transfer to WSA or discharge.  In the Mod 4 scenario Sediment Basin 4 may need to be 

constructed earlier than planned for Mod 3.  If the treated water is not used for onsite 

irrigation or dust suppression, or is not transferred to WSA, and therefore needs to be 

discharged from the site to reinstate the capacity of Sediment Basin 4, it is proposed to 

discharge the water at the nominated discharge point from Pit 1 outlined below in 

Section 7.5.   

▪ During Years 3 to 7, subject to water quality testing, the runoff collected in Pit 1, Pit 2 and 

Pit 3 may be reused or discharged directly from the pits.  If treatment is required, these pits 

will be dewatered into a new perched treatment basin located in the western corner of Pit 1 

prior to reuse or discharge.  This basin is referred to as the Pit 1 Treatment Basin.  Flocculation 

may be required to address turbidity.  The details of this basin can be determined at the 

detailed design stage.  Similar to Sediment Basin 4 outlined above, if the treated water in this 

basin needs to be discharged from the site, the discharge point would coincide with the 

nominated discharge point from Pit 1.  It is proposed to retain the Pit 1 Treatment Basin until 

the completion of all quarrying activities on site. 
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▪ During Years 8 to 18, subject to water quality testing, the runoff collected in Pit 1, Pit 3 and 

Pit 4 may be reused or discharged directly from the pits.  If treatment is required, these pits 

will be dewatered into the Pit 1 Treatment Basin prior to reuse or discharge.   

▪ During Years 19 to 30, subject to water quality testing, the runoff collected in Pit 4 and Pit 5 

may be reused or discharged directly from the pits.  If treatment is required, these pits will be 

dewatered into the Pit 1 Treatment Basin prior to reuse or discharge.   

7.3 Water Reuse Onsite 

As discussed in Section 6.1, the water from Pit 1 is likely to be suitable for irrigation of 

pastureland on the site, with no significant longer-term impacts associated with salinity, pH and 

sodium concentrations.  The mixing of the Pit 2 and 3 water into Pit 1 is not expected to affect the 

usability of the Pit 1 water for on-site irrigation or dust suppression. 

Notwithstanding, it is recommended that future rehabilitation works at the site following filling of 

the pits should involve the placement of a 0.2 m thick layer of sandy topsoil to minimise the 

potential for any soil structure problems in the long term.  It is also recommended that an 

irrigation specialist be engaged to further confirm the suitability of the pit water for irrigation 

purposes with reference to the salinity concentrations determined from the latest samples, when 

collected. 

The on-site demand for dust suppression and pasture irrigation is estimated to account for up to 

20% of the initial volume to be dewatered from the pits in the first 12 to 14 months.  This would 

reduce the proposed discharge rate for water from Pit 1 from 100,000 L/hr to 80,000 L/hr 

(1.9 ML/day), which would be directed to either the Western Sydney Airport or to Badgerys Creek. 

Following the initial dewatering activities, the on-site demand for dust suppression and irrigation 

is likely to increase to between 60% and 100% of the volume to be dewatered on an ongoing 

basis, meaning that the residual discharge rate would be reduced to between 0.22 ML/day and 

zero.  In other words, the pumps may need to be started and stopped as required.  

The ongoing dewatering is subject to weather conditions and during wetter periods in the future 

the on-site demand may represent less than 20% of the volume to be dewatered at the time, in 

which case the residual discharge rate from Pit 1 may peak at about 1.7 ML/day (~70,000 L/hr). 

7.4 Transfer of Pit Water to Western Sydney Airport 

As discussed in Section 6.2, consultation between CSR and Western Sydney Airport (WSA) has 

commenced to determine if transfer of pit water to WSA would be feasible and meet the needs of 

the airport construction. 

Stage 1A of the airport earthworks will be awarded in August 2019 and will be completed over 

2 years, which would coincide with the initial dewatering of Pit 1.  The WSA demand is expected 

to be about 5 ML/day (208,000 L/hr) on average, which would exceed the proposed Pit 1 

dewatering rate of 100,000 L/hr (without CSR on-site reuse) or 80,000 L/hr (with on-site reuse).  In 

this case there would be no need to make any discharges to Badgerys Creek during the initial 

dewatering phase. 

The preferred water transfer method would be to underbore the pipe beneath the creek or to 

construct a pipe bridge.  The water would likely be pumped to a stand pipe, where water trucks 
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and carts will be fed on demand.  It is not proposed to construct any dam on the WSA side of the 

creek for temporary storage of the water. 

Further investigation and consultation is required with WSA to confirm the suitability of a water 

transfer arrangement.  It is noted that Stage 2 of the airport earthworks is likely to be substantial 

but has not been planned or contracted at this stage.   

Following the initial Pit 1 dewatering the rate of dewatering into the future will be reduced and 

also subject to weather conditions, in which case it is possible that WSA may no longer be able to 

take the water (i.e., due to inconsistent supply).  Hence, it would be difficult to rely on the transfer 

of water to WSA over the longer-term Mod 4 operations. 

It would be worthwhile to investigate supply of water to nearby sites like Australian Native 

Landscapes during the ongoing pit water management, given that their demand may be less than 

WSA.  The practicality of such transfer would need to be investigated, including the length of 

piping required and the associated cost. 

7.5 Discharge of Pit 1 Water to Badgerys Creek 

As discussed, the transfer of Pit 1 water to the Western Sydney Airport site, either in conjunction 

with or without water reuse on-site for dust suppression and pasture irrigation, could result in no 

residual discharges needing to be made from Pit 1 to the nearby creeks as part of the initial 

dewatering activities. 

However, in the event that the WSA transfer option is abandoned completely (i.e., the worst-case 

scenario), the residual discharge from Pit 1 would be as follows: 

▪ For the initial dewatering the rate would be about 80,000 L/hr (1.9 ML/day or 700 ML/year). 

▪ For the ongoing dewatering the rate of discharge is expected to fluctuate between zero and 

0.22 ML/day, subject to weather conditions.   

▪ In the wettest periods the peak rate of ongoing dewatering may increase temporarily to 

1.7 ML/day (~70,000 L/hr). 

▪ Alternatively, the WSA may only require a reduced rate of supply, meaning the initial 

dewatering discharge rate would be somewhere between zero and 80,000 L/hr.  

As discussed in Section 6.3, the discharge of Pit 1 water to Badgerys Creek is preferred over the 

discharge of the water to South Creek primarily for the following reasons.    

▪ The available Badgerys Creek water quality data set is more substantial than the data 

collected for South Creek, and hence increased confidence can be placed in the assessment 

of potential impacts. 

▪ Based on the available water quality sampling data for both creeks and the pits, the discharge 

of site water to South Creek would potentially present issues for a greater number of water 

quality constituents than for Badgerys Creek, most notably sulphate, total alkalinity as CaCO3, 

sodium and arsenic. 

▪ According to all available sampling data, only the pH of the Pit 1 water (following addition of 

Pit 2 and Pit 3 water in Pit 1) exceeds the pH level recorded in Badgerys Creek and is above 

the recommended pH in the ANZECC Guidelines (2000).  For all other parameters the 

discharge concentration is such that the respective concentrations in the creek water are not 

anticipated to increase as a result of discharging from Pit 1 to Badgerys Creek. 
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▪ There is less potential impact on irrigators immediately downstream from the site, because 

there are less vegetable/fruit crops farmed adjacent to Badgerys Creek compared to South 

Creek in this area. 

The additional benefit of discharging from one location (i.e. from Pit 1) is that the management 

and monitoring of discharges from the project site will be more efficient, consistent and reliable.  

The location of the proposed discharge point from Pit 1 is shown in Figure 7.1, which coincides 

with a pre-existing flow path on the site and is lined with vegetation, thereby providing some 

natural resistance to potential scour and damping the flows prior to them reaching the main 

channel of Badgerys Creek channel.  

 

Figure 7.1 Indicative Location of Pit 1 Discharges to Badgerys Creek 

  

Discharge Point 

Pit 1 
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7.6 Monitoring  

Prior to commencement of the Mod 4 dewatering, the site Water Management Plan (WMP) 

would be updated for the Project.  The WMP would include a full description of monitoring and 

management measures, which are summarised below. 

7.6.1 Monitoring of Pit Water and Discharges 

It is recommended that the onsite water quality monitoring comprise sampling of the discharge 

stream that will link Pit 1 to Badgerys Creek (i.e., in the pipeline) and the water in Pit 1.   

Monitoring of the discharge stream and/or pit water may also be required by WSA in the event 

that transfer to the WSA site is successfully arranged, to confirm that the water complies with any 

site environmental plan requirements. 

The following constituents were identified earlier as being of potential concern and therefore, 

should be monitored in the discharge stream to Badgerys Creek: 

▪ Electrical Conductivity 

▪ pH 

▪ Total Nitrogen 

▪ Total Suspended Solids 

▪ Turbidity 

▪ Copper 

The proposed frequency of sampling for the above constituents is as follows: 

▪ Daily for the first month of continuous discharge 

▪ Weekly following the first month, and only if the first month readings are within the proposed 

concentration limits (refer Section 7.7) 

▪ If any exceedances or unusual readings are taken in subsequent weeks, then revert back to a 

daily frequency until the cause for such readings has been resolved or levels/concentrations 

are reduced to the limits 

▪ If monitoring activities for the Pit 1 water identify any previously unrecorded exceedances, 

then this would also trigger a return to daily sampling of the discharge stream. 

As the current available pit data is limited, the following constituents, in addition to those noted 

above, should be sampled from the discharge stream on a weekly basis for the first two months:   

▪ Total Dissolved Solids 

▪ Total Phosphorus 

▪ Arsenic 

▪ Cadmium 

▪ Chromium 

▪ Lead 
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▪ Nickel 

▪ Zinc 

▪ Mercury 

Following the first two months, and assuming there is nothing of concern noted, the sampling of 

the above items can be reduced to a monthly frequency. 

Refer to Section 7.7 for the suggested Concentration Limits to be attached to the Environment 

Protection Licence (EPL). It is also recommended that CSR keep detailed records of the pumping 

operations from Pit 1 to Badgerys Creek, including the timing and scale of any changes in the 

pump rate and the time and date when the pump is turned off/on. 

The water monitoring for Pit 1 should involve sampling at no less than two locations and at no 

less than three different depths ranging from the surface to a depth of 6 metres.  The sampling 

locations should be nearer to the off-take for discharge rather than the inflow points from Pits 2 

and 3.   

Sampling of the Pit 1 water should be undertaken weekly for no less than three weeks prior to 

any water being discharged and then it should continue monthly.  The entire set of constituents 

recorded previously in the pits by ELA and VGT should be monitored. 

Such monitoring would not only apply during the initial dewatering of Pit 1, but also in future 

quarry stages for other pits (e.g., Pits 4 and 5), or any treatment basins, if discharge is required to 

Badgerys Creek.   

7.6.2 Ambient Surface Water Quality Monitoring 

The site Water Management Plan would include trigger levels for investigating any potentially 

adverse impacts associated with the Project, including downstream surface water and 

groundwater quality. 

As part of the proposed EPL it is recommended that routine water quality sampling of the 

downstream creeks be completed in order to demonstrate the lack of any impact on the receiving 

water environment under typical weather conditions. 

Ambient surface water quality monitoring should continue to be undertaken monthly at the 

following sites being monitored in the immediate vicinity of the Project, as shown in Figure 3.8: 

▪ BC1, BC2, BC3 and BC4, as currently being sampled by CSR. 

▪ SC1, SC2, SC3 and SC4, as currently being sampled by CSR. 

Trigger levels are to be adopted to assess the quality of the creeks to ensure they are not being 

adversely impacted.  The following approaches are recommended in the ANZECC (2000) 

Guidelines to derive the trigger levels: 

▪ Physical and chemical stressors - The 80th percentile of recorded data over the past 24 

months, if the data is available, or otherwise the ANZECC guidelines for Lowland Rivers. 

▪ Toxicants (i.e. heavy metals) - The higher of either the 80th percentile of recorded data over 

the past 24 months (minimum of 10 monthly samples required) or the ANZECC guidelines for 

Freshwater (95% level of species protection). 
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▪ Microbiological - The 50th percentile of samples should not exceed 1,000 faecal coliform 

organisms/100mL. 

Currently, there is only one month of data available for the BC and SC sampling locations.  It was 

identified in Section 6.3 that for most parameters the ANZECC guidelines (2000) are too onerous 

for the existing water quality conditions.  It is proposed that until 24 months of data are available 

from the BC locations, the data associated with D/S Basin 1 be used to define the trigger levels 

associated with further sampling at BC4.  The data associated with D/S Basin 1 was selected rather 

than D/S Basin 2, which is closer to the project site, because monitoring at D/S Basin 2 ceased in 

October 2017 and the sampling undertaken prior was not completed on a regular monthly basis.   

It is also proposed that the data associated with D/S Basin 3 be used for comparison purposes to 

confirm that a change in pollutant levels at BC4 is not due to a change upstream of the Project 

site, rather than at the site itself or other properties in the vicinity.   

The samples would be assessed against the following criteria: 

▪ Badgerys Creek: water quality thresholds derived from the 80th percentile of the last 24 

months of water quality data collected by Western Sydney Airport (WSA) at D/S Basin 1 will 

be used for the physical and chemical stressors, until such time that 24 months of continuous 

data have been collected by CSR from BC4, BC3, BC2 and BC1.  For toxicants the higher of the 

80th percentile of the WSA data for D/S Basin 1 over the past 24 months (minimum of 10 

monthly samples required) (until sufficient data is collected for BC4, BC3, BC2 and BC1) and 

the ANZECC guidelines for Freshwater (95% level of species protection) will be used.  The 

microbiological assessment will be undertaken using the ANZECC guidelines (recreational 

users – secondary contact). 

▪ South Creek: ANZECC guidelines for Lowland Rivers and Freshwater (95% level of species 

protection will be used for the physical and chemical stressors, and toxicants respectively, 

until such time that 24 months of continuous data has been collected by CSR.  The 

microbiological assessment will be undertaken using the ANZECC guidelines (recreational 

users – secondary contact). 

The current proposed trigger values for Badgerys Creek and South Creek are presented in Table 

7.1 and Table 7.2, respectively.  The comparison values included in Table 7.1 are to be used to 

confirm whether a change in the pollutant values at BC1 are due to a change upstream of the 

Project site instead of the Project site.  

It is recommended that if WSA stops collecting samples from D/S Basin 3 that a new sampling 

location, upstream of the Project site, be included in the sampling program. 
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Table 7.1 Trigger Values for Action and Comparison Values – Badgerys Creek 

Description Unit Trigger Values for BC4 Samples* Values for Upstream of Project Site  
(for comparison purposes)** 

pH pH Units 6.5 – 7.61 7.85 

Electrical Conductivity µS/cm 125 – 3,987 35,153 

Turbidity NTU 6 – 87 52 

Faecal Coliforms ^ CFU/100mL 1,000 1,000 

Suspended Solids mg/L 18.8 31.2 

Total Dissolved Solids ^^ mg/L 1,000 ---- 

Total Nitrogen mg/L 2.58 4.34 

Nitrogen (Oxidised) mg/L 0.67 1.05 

Total Phosphorus mg/L 0.36 0.95 

Chlorophyll-a  mg/m³ 19.8 18 

Arsenic mg/L 0.024 0.024 

Cadmium mg/L 0.002 0.002 

Chromium mg/L 0.001 0.001 

Copper mg/L 0.006 0.014 

Lead mg/L 0.0034 0.0034 

Nickel mg/L 0.011 0.011 

Zinc mg/L 0.0094 0.0158 

Mercury mg/L 0.0006 0.0006 

*  Trigger values derived using the sampling results obtained to date from the WSA D/S Basin 1.  In the case of pH, EC 

and Turbidity, minimum values have also been set according to ANZECC guidelines – outside this range would trigger 

action. 

**  Comparison values derived using the sampling results obtained to date from the WSA D/S Basin 3. 

^  Faecal coliforms trigger based on ANZECC guidelines and applies to 50th percentile of sampled data. 

^^ No data is currently available for TDS, trigger value based on ANZECC guidelines for Recreational Waters. 
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Table 7.2 Trigger Values for Action – South Creek 

Description Unit Trigger Value 

pH pH Units 6.5 – 8 

Electrical Conductivity µS/cm 125 – 2,200 

Turbidity NTU 6 – 50 

Faecal Coliforms CFU/100mL 1,000 

Total Suspended Solids mg/L 50 

Total Dissolved Solids mg/L 1,000 

Total Nitrogen mg/L 0.35 

Nitrogen (Oxidised) mg/L 0.04 

Total Phosphorus mg/L 0.025 

Chlorophyll-a  mg/m³ 3 

Arsenic mg/L 0.024 

Cadmium mg/L 0.002 

Chromium mg/L 0.001 

Copper mg/L 0.0014 

Lead mg/L 0.0034 

Nickel mg/L 0.011 

Zinc mg/L 0.008 

Mercury mg/L 0.0006 

The monitoring locations, monitoring parameters and monitoring frequency would be confirmed 

and described in detail in the Water Management Plan for the Project.  Monitoring data would be 

reviewed periodically.  The review should be able to identify if the project is impacting water 

quality in the receiving environment.  The reviews should also include a review of the 

recommended parameter list for the monitoring and adjustments be made if required. 

7.6.3 Climate Monitoring 

From a surface water management perspective, the key factors to be monitored are rainfall and 

evaporation. 

A meteorological monitoring station has recently been installed at the Project site to undertake 

ongoing meteorological monitoring.  Parameters measured at the station include temperature, 

barometric pressure, wind speed and direction, rainfall (depth and rate), insoluble solids 

(combustible matter and ash), dust, stack emissions and noise.  
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7.7 Licensing and Approvals 

From a surface water perspective, the need for the following licensing has been assessed for the 

Mod 4 project: 

▪ Environmental Protection Licence (EPL) from the EPA for discharges from Pit 1 as part of 

dewatering the extraction pits. 

▪ A licence from DPI Water to reuse pit water for onsite irrigation and/or to transfer the pit 

water to the Western Sydney Airport site. 

These assessments are outlined below. 

Refer to the Utilities Report prepared by BECA (2019) for further information on licensing for 

waste water systems at the site. 

7.7.1 Environmental Protection Licence 

It is understood that an EPL will be required for the proposed dewatering activities, both initial 

and ongoing. 

It is suggested that the proposed initial discharge rate of up to 80,000 L/hr (1.9 ML/day), 

accounting for onsite water reuse but excluding the WSA transfer, would be an appropriate 

Volume and Mass Limit for the EPL.   

As discussed in Section 6.3, discharges of this order are not expected to impact on flood 

conditions or lead to scour/erosion of the creek.  Notwithstanding, CTENVIRONMENTAL (2019) 

has recommended that the bed and bank materials in Badgerys Creek adjacent the site and in 

downstream areas be characterised, including particle size, to confirm the lack of erosion 

potential in the context of potential impacts on aquatic ecology.  

Refer to Section 7.6.1 for recommendations on the proposed frequency of water quality 

monitoring of the discharges to Badgerys Creek.   

The suggested Concentration Limits for the discharge are provided in Table 7.3, which are based 

on the trigger values for BC4 in Table 7.1.  These have been derived using the approaches 

recommended in the ANZECC (2000) Guidelines whereby the limit for the: 

▪ Physical and chemical stressors is equal to the 80th percentile of the recorded data from 

Badgerys Creek over the past 24 months; and,  

▪ Toxicants (i.e. heavy metals) is the higher of either the 80th percentile of recorded data from 

Badgerys Creek over the past 24 months (minimum of 10 monthly samples required) or the 

ANZECC guidelines for Freshwater (95% level of species protection). 

Further consultation is required with EPA to confirm suitable discharge limits. 

Note that the suggested pH limit of 8.6 is 1 pH unit higher than the 80th percentile value for the 

last 24 months of Badgerys Creek data.  In light of the potential for the discharges to increase the 

pH of the creek water, CTENVIRONMENTAL (2019) has recommended that a biological 

monitoring program be implemented in Badgerys Creek along-side the proposed water quality 

monitoring program prior to and during any discharges of Pit 1 water, to assess if there is any 

impact on existing species/communities. 
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Such monitoring would also help to identify any ecological impact of a continuous flow regime 

with relatively saline water (higher end of the ANZECC guidelines) and to a lesser extent, the 

impact of any nitrogen accumulation. 

Table 7.3 Suggested Concentration Limits for Discharge Stream to Badgerys Creek 

Description Unit 100th Percentile * 

pH pH Units 6.5 – 8.6 ^ 

Electrical Conductivity µS/cm 3,987 

Turbidity NTU 87 

Suspended Solids mg/L 18.8 

Total Dissolved Solids ^^ mg/L 1,000 

Total Nitrogen mg/L 2.58 

Total Phosphorus mg/L 0.36 

Arsenic mg/L 0.024 

Cadmium mg/L 0.002 

Chromium mg/L 0.001 

Copper mg/L 0.006 

Lead mg/L 0.0034 

Nickel mg/L 0.011 

Zinc mg/L 0.0094 

Mercury mg/L 0.0006 

*  Limits derived using the sampling results obtained to date from the WSA D/S Basin 1.  Values determined using the 

methodology described in Section 7.6.2 for trigger values. In the case of pH a minimum value has also been set 

according to ANZECC guidelines. 

^  pH limit is 1 unit higher than the 80th percentile value from the past 24 months of data (WSA D/S Basin 1). 

^^ No data is currently available for TDS, trigger value based on ANZECC guidelines for Recreational Waters. 

7.7.2 DPI Water 

Any sediment basins that are required during the Mod 4 project for the capture, containment and 

recirculation of stormwater on the site are not included in the harvestable right calculation for the 

property, nor do they require a licence from DPI Water under the Water Management Act 2000.  

The proposed extraction pits to be created at Pit 4 and Pit 5 form part of the existing project 

approval.  They will naturally collect and store runoff from areas within the pit and adjacent 

stockpiles and will effectively minimise any potential for contamination of nearby watercourses 

due to stormwater discharges.  Accordingly, they do not need to be licensed under the Water 

Management Act 2000.   

As discussed above in Section 6.2, it is expected that the option to transfer pit water to the 

Western Sydney Airport or other nearby sites during operation of the quarry would not require a 

licence by NOW / DPI Water.  It is considered that the function of any water re-use or transfer will 
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be primarily to prevent potential contamination of the watercourses that would otherwise receive 

the pit water, as opposed to the objective of water extraction for commercial use, and therefore a 

license should not be required according to the intention of the DPI Water guidelines.  However, 

it is recommended that DPI Water be consulted further to confirm this is the case. 

It is likely that any proposed water transfer system across Badgerys Creek will involve works 

within (or beneath) the riparian corridor of the creek.  It is understood that a Controlled Activity 

Approval is not required because the project is being assessed under Part 3A of the EP&A Act 

1979.  
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8. Stormwater Management 

8.1 General 

Stormwater management for project components associated with Modification 3 are covered in a 

separate report by Advisian titled, ‘CSR Advanced Manufacturing Hub – Modification 3; Surface 

Water Assessment (2019)’.  The report covers the following stormwater management measures: 

▪ The proposed sediment basins at various locations for sediment control downstream of the 

proposed modifications to the brick manufacturing plant and hardstand area, in addition to 

at Pit 2.  Similar basins are likely to be required for the Mod 4 project, at least at the 

commencement of the project, although the timing of their implementation and eventual 

decommissioning may be modified. 

▪ The proposed stormwater detention/ bioretention basin for the roof products manufacturing 

plant at the eastern part of the site, including DRAINS and MUSIC stormwater modelling, 

which is common to both Mod 3 and Mod 4 scenarios. 

Accordingly, please refer to the Modification 3 Surface Water Assessment report for 

documentation of these stormwater management measures. 

Outlined in the following is the proposed approach to stormwater management for aspects 

specifically related to Mod 4 only, such as the proposed solar power facility, the progressive filling 

and rehabilitation of the pits and the proposed VENM haul road. 

8.2 Proposed Solar Power Facility 

The proposed solar power facility will include solar panel arrays and an access road.  Aside from 

these components of the development, the proposed impervious areas will be minimal, 

comprising two inverter stations, an area reserved for fire-fighting tanks and future services, and 

access tracks.  The proposed impervious areas (excluding the solar panels) represent less than 2% 

of the total solar facility area.  

The solar panels themselves will not have a significant impact on the infiltration of rainfall at the 

site.  Existing grasses across the site will be maintained/reinstated beneath the solar panel arrays, 

which will catch stormwater running off the panels and thereby lead to the infiltration of a large 

portion of stormwater as per existing conditions.  A typical inter-row spacing of 4.5 metres 

between the centrelines of the solar trackers has been adopted to prevent inter-row shading and 

will provide about 2.5 metres of open space between the solar panels when in the horizontal 

position.   

Accordingly, the proposed rate of runoff and overall runoff volume from the site will not be 

significantly impacted by construction of the solar facility.  No significant earthworks are 

proposed as part of the solar facility and hence, the location of stormwater discharge into South 

Creek will not be impacted.  If there are any small existing channels through the site, then these 

will be maintained in post-development conditions. 

In terms of stormwater quality, appropriate erosion and sediment control measures are to be 

implemented during construction of the solar arrays and during the subsequent site 

establishment period.  The extensive grassed areas downstream from all access roads will provide 

a natural buffer to collect any potential pollutants off the roads. 
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The proposed solar panels will have minimal to no impact on stormwater quality.  The solar panel 

trackers are completely closed units, which will minimise the potential for oils or lubricants to be 

washed-off onto the ground during rainfall.  The panels will also tilt sufficiently to be cleaned by 

rain.  If required, a non-abrasive implement (i.e., a sponge) can be used to scrub the panels with 

water.  No chemicals will be required for cleaning the panels.  

Oil containment systems will be implemented at electrical transformers / kiosks to minimise the 

risk of oils being washed into the stormwater runoff.  

Accordingly, the proposed solar power facility is not expected to have any significant impact on 

the water quality of existing runoff flowing to South Creek. 

8.3 Stormwater Management During Quarrying Operations 

At the Project site the extraction pit areas are inwardly draining and will remain as such in the 

Mod 4 scenario prior to filling and rehabilitation of the pits.  Accordingly, there will be no 

uncontrolled runoff from the pits towards Badgerys Creek or South Creek.   

As outlined in Section 3, there are existing catchments from the site that drain to both Badgerys 

Creek and South Creek.  An overview of the management of stormwater from these areas is as 

follows: 

▪ Badgerys Creek Catchments 

− The runoff catchments that drain to existing Sediment Basins 1 and 2 are examples of the 

catchments that drain to Badgerys Creek. 

− Except for the PGH brick plant extension and revised hardstand areas (proposed under 

Mod 3), these catchment areas will be unchanged for Mod 4 until Pit 5 extraction is 

commenced.   

− Runoff from the reactivated PGH brick plant will be addressed by a proposed sediment 

basin (refer to Sediment Basin 5 within the Modification 3 Surface Water Assessment).   

 

▪ South Creek Catchments 

− The existing runoff catchments to South Creek are to the east of the PGH brick plant. 

− There are some existing catchments draining between Pits 3 and 4 towards the east.  A 

new sediment basin is required to capture runoff from the PGH brick facility (refer to 

Sediment Basin 6 within the Modification 3 Surface Water Assessment).  This basin will be 

located upstream from the existing dam called Sediment Basin 3 and is required because 

stormwater collected in Sediment Basin 3 can potentially overflow towards South Creek. 

− The overflow towards South Creek is expected to pass along existing small drainage 

flowpaths located between the proposed Monier roof products manufacturing facility and 

the solar farm, or along existing flowpaths through the solar farm itself.  The solar farm is 

not going to involve any major earthworks that would impact on these flowpaths.   

− Sediment Basin 3 will be subsumed in the future when extracting Pits 3 and 4, which 

means that this part of the site will become inwardly draining at that stage. 
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8.4 Progressive Filling and Rehabilitation of Extraction Pits 

As part of the Mod 4 Project the site will be progressively converted to an outwardly draining site 

upon completion of filling and rehabilitation activities at each extraction pit. 

The pre-extraction catchment divide that separates the catchments draining to Badgerys Creek 

from those draining to South Creek will be reinstated as part of this process as much as 

practicable.   

The proposed filling will be undertaken using VENM (virgin excavated natural material) from 

nearby sites and burden from the on-site pits and therefore, will not contain any pollutants or 

contaminants.  Combined with revegetation of the final filled landform with grasses, the 

stormwater runoff characteristics are expected to revert to the pre-extraction conditions, both in 

terms of quality and quantity.   

Appropriate erosion and sediment control (ESC) measures will be required as soon as the filled pit 

areas commence to drain towards Badgerys Creek or South Creek, or if there are any other areas 

of exposed earth that might drain towards the creeks.  Such measures will need to be retained 

until such time that the surface conditions are fully stabilised.  In cases where the final landform is 

relatively steep the erosion and sediment control measures may need to be retained permanently, 

such as rock check dams and rock lining along drainage flowpaths. 

ESC measures will also be required for the unsealed VENM haul road, which is proposed to be 

constructed during Years 5 to 7 of the project life and will be retained in its entirety during filling 

of Pits 1, 3 and 4, but then shortened when filling activities are reduced to Pit 5 only (Years 21 and 

beyond).  The alignment of the haul road is shown in Figure 5 (FIVE) of the Mods 3 and 4 Stage 

Plans in Appendix A.  The ESC measures would need to direct any sediment laden runoff from 

the roads towards the extraction pits or local sediment traps.   



 

rp301015-03926ajd_wjh190228-Badgerys Creek Mod 4 Dewatering.docx page 114 Mod 4 Dewatering Strategy 

9. Conclusions 

The Modification 4 Project will involve the progressive dewatering, extraction, filling and 

rehabilitation of extraction pits throughout the quarry life.  It will involve initial dewatering of Pits 

1, 2 and 3 in the pre-extraction phase of the project.  Ongoing dewatering from extraction pits 

will also be required throughout the quarry life, but will typically involve reduced volumes and 

reduced discharge rates. 

The following options have been considered for implementation to minimise the potential 

environmental impact of dewatering activities: 

▪ the on-site reuse of pit water; 

▪ transfer of the water to nearby sites, and, 

▪ the discharge of the residual water to adjacent watercourses. 

Prior to any on-site reuse, transfer or discharge, it is recommended that the initial dewatering 

involve the transfer of water from Pits 2 and 3 into Pit 1 to facilitate the dilution of water quality 

constituents and to create a single water source with consistent water quality. 

Note that detailed water balance modelling has not been completed specifically for the Mod 4 

Project.  However, water balance modelling has previously been completed for the Mod 3 post-

closure conditions at the site, in which case it is assumed that Pit 2 would have been completely 

backfilled, Pits 4 and 5 partially backfilled, and surrounding catchments diverted away from the 

remnant voids.  This scenario represents similar conditions to Mod 4, where runoff to pit voids 

from surrounding catchments is minimised and there is limited capacity to store water at the site. 

The initial on-site water demand, in the form of dust suppression and pastureland irrigation, will 

represent up to 20% of the volume to be dewatered in the first 12 months of pre-extraction 

works.  The ongoing demand of 120 ML/year is likely to have a considerable impact in reducing 

the excess water while the pits are being backfilled and rehabilitated, and when the dewatering 

activities are focused on Pits 4 and 5.  In this case the total dewatering rate would represent as 

much as 60% to 100% of the excess water (subject to weather conditions).  During the wettest 

periods the reuse would represent only about 16% of the excess water that needs to be managed. 

Transfer of water to the Western Sydney Airport (WSA) is a potential option that is currently being 

investigated by CSR through consultation with the WSA contractor.  The demand is not yet 

confirmed and hence has not been relied upon as part of this strategy.  However, it should be 

noted that this option could potentially take up all of any excess water and hence avoid the need 

to discharge any water to the adjacent watercourses. 

The option to discharge residual pit water to Badgerys Creek and South Creek has also been 

investigated.  The discharge of pit water to Badgerys Creek is preferred over discharge of the 

water to South Creek in light of the potential impacts (or lack thereof) on downstream water 

quality, ecology and other water users (e.g., irrigators).  Specifically: 

▪ Based on the available water quality sampling data for both creeks and the pits, the discharge 

of site water to South Creek would potentially present issues for a greater number of water 

quality constituents than for Badgerys Creek, most notably sulphate, total alkalinity as CaCO3, 

sodium and arsenic. 

▪ According to all available sampling data, only the pH of the Pit 1 water (following addition of 

Pit 2 and Pit 3 water in Pit 1) exceeds the pH level recorded in Badgerys Creek and is above 



 

rp301015-03926ajd_wjh190228-Badgerys Creek Mod 4 Dewatering.docx page 115 Mod 4 Dewatering Strategy 

the recommended pH in the ANZECC Guidelines (2000).  For all other parameters the 

discharge concentration is such that the respective concentrations in the creek water are not 

anticipated to rise in the creek water as a result of discharging from Pit 1 to Badgerys Creek. 

▪ There is less potential impact on irrigators immediately downstream from the site, because 

there are less vegetable/fruit crops farmed adjacent to Badgerys Creek compared to South 

Creek in this area.  

▪ The available Badgerys Creek water quality data set is more substantial than the data 

collected for South Creek, and hence increased confidence can be placed in the assessment 

of potential impacts. 

The additional benefit of discharging from one location (i.e., from Pit 1) is that the management 

and monitoring of discharges from the project site will be more efficient, consistent and reliable. 

Assessments undertaken for this report have also shown that discharge of pit water to Badgerys 

Creek is not expected to have any significant impact on flood conditions or the potential for scour 

or erosion of the creek bed and banks.  Notwithstanding, CTENVIRONMENTAL (2019) has 

recommended that the bed and bank materials in Badgerys Creek adjacent the site and in 

downstream areas be characterised, including particle size, to confirm the lack of erosion 

potential in the context of potential impacts on aquatic ecology.  

The continuous flow to Badgerys Creek will reduce the prevalence of stagnant conditions at pools 

along the creek, which may improve overall water quality conditions.  However, discharging a 

continuous baseflow to the currently ephemeral Badgerys Creek will impose permanently wet 

conditions in places that may currently be more commonly dry (e.g., at riffle sections between 

permanent pools).  Even though the depth of flow is expected to be less than 100 mm, there is 

potential for the existing ecology within these areas to be impacted by the continuous flow 

(CTENVIRONMENTAL, 2019).   

The resultant Dewatering Strategy for Mod 4 is outlined in Section 7 of this report.  In addition to 

details of the proposed on-site reuse, the strategy includes recommendations for updating the 

Site Water Management Plan to account for the monitoring of pit water and site discharges.  It 

also contains suggestions for volume and concentration limits that should be attached to the 

Environment Protection License (EPL) for the site, subject to consultation with EPA.   

The discharge of pit water with a pH higher than the ambient Badgerys Creek conditions has the 

potential to impact on aquatic ecology and therefore, it is recommended that a biological 

monitoring program be implemented in Badgerys Creek along-side the proposed water quality 

monitoring program prior to and during any discharges of Pit 1 water to assess if there is any 

impact on existing species/communities (CTENVIRONMENTAL, 2019). 

In terms of stormwater management for Mod 4: 

▪ The proposed components which overlap with the Mod 3 works are addressed in the 

separate Surface Water Assessment Report for Mod 3 (Advisian, 2019). 

▪ The proposed solar facility in the eastern portion of the site is not expected to have any 

impact on the rate or quality of runoff flowing to South Creek. 

▪ The progressive conversion to an outwardly draining site via filling and rehabilitation activities 

at each extraction pit is expected to reinstate, as much as is practicable, the natural pre-

extraction catchment divide that separates the catchments draining to Badgerys Creek from 

those draining to South Creek. 
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▪ The proposed filling will be undertaken using VENM (virgin excavated natural material) from 

nearby sites and burden from the on-site pits and therefore, will not contain any pollutants or 

contaminants.  Combined with revegetation of the final filled landform with grasses, the 

stormwater runoff characteristics are expected to revert to the pre-extraction conditions, both 

in terms of quality and quantity. 

▪ Appropriate Erosion and Sediment Control measures will be required to manage any areas of 

exposed earth during the filling and rehabilitation which drain to the creeks or adjacent 

properties, including the proposed VENM haul road. 
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Appendix A  

Modification 4 Stage Plans for Badgerys Creek 
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Flood Impact Assessment   i  

Disclaimer 

This report has been prepared on behalf of and for the exclusive use of Element Environment Pty 

Ltd, and is subject to and issued in accordance with the agreement between Element Environment 

Pty Ltd and Advisian (trading as WorleyParsons Services Pty Ltd).   

Advisian accepts no liability or responsibility whatsoever for it in respect of any use of or reliance 

upon this report by any third party. 

Copying this report without the permission of Element Environment Pty Ltd and Advisian is not 

permitted. 
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1 Introduction 

Element Environment (Element), on behalf of CSR Building Products Limited (CSR), proposes to lodge 

an application to modify the existing Project Approval for the Badgerys Creek Brick Making Facility.  

As part of the Mod 4 modification application, a 4 to 5 MW solar farm is to be constructed on CSR-

owned land outside the approved project boundary.  The proposed location for the solar farm will be 

partially located within areas designated as flood prone land and within the Flood Planning Area 

under Liverpool City Council’s LEP (2008).  

Accordingly, Element has engaged Advisian to undertake a flood impact assessment to satisfy the 

requirements of Council’s Development Control Plan (2008).  This report addresses the relevant 

flood-related sections of the DCP as well as providing an assessment of the potential impacts of the 

proposed solar farm.  

1.1 Existing Site  

Badgerys Creek Brick Making Facility is located at the southern end of Martin Road in the suburb of 

Badgerys Creek within the Liverpool Council LGA.  Ongoing quarrying activity at the site has resulted 

in substantial alterations to the natural landform, with various pits and stockpiles scattered 

throughout the site.  A plan of the approved brick making facility is included in Appendix A.  

The site for the proposed solar farm comprises approximately 10 hectares of land and is immediately 

east of the approved project boundary.  The site is bounded by Pit 3 and Pit 4 of the quarry 

associated with the brickmaking facility to the west and the floodplain of South Creek to the east.  

The land is currently undeveloped grassed floodplain leased for livestock grazing.  It is characterised 

by gentle slopes of between 1% and 5% grading down towards South Creek.  At its closest point the 

proposed solar farm would be 70 metres from the western bank of South Creek.  A plan of the site 

and local topography is shown in Figure 1 and Figure 2, respectively.  

1.2 Proposed Works 

The project comprises the development of solar photovoltaic (PV) panels which will cover the 

majority of the site.  The solar panels are proposed to be installed on steel piles driven into the 

ground.  The solar panel array is proposed to be mounted 250UC steel members installed at a 

centre-to-centre spacing of 8 metres (refer solar farm report in Appendix B).  It is intended that the 

existing grass cover will be retained as much as possible for the proposed development and 

therefore, care will be taken to minimise disturbance during construction.  No earthworks are 

proposed for the installation of these solar panels.  

 

Additionally, two central inverter stations and / or high voltage kiosk substations are proposed to be 

constructed in the solar field.  The inverter stations are each proposed to be housed within a 

standard 40-foot shipping container (which measures approximately 2.5 metres by 12.2 metres).  Any 

earthworks associated with the construction of the inverter stations have been ignored as the size of 

these stations are non-consequential when compared with the overall solar farm area.  

 

A plan of the proposed development is also included in Appendix A.  
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2 Statutory Requirements 

2.1 Liverpool City Council Planning Instruments 

Plate 1 below presents Liverpool City Council’s online flood mapping in the vicinity of the solar farm 

site.  It includes the site boundary superimposed upon the Council-adopted flood risk precincts and 

the flood planning area extent (hatched area).  

 

Plate 1 - Liverpool City Council Flood Mapping 

Plate 1 shows that a significant portion of the site is designated as ‘Low Flood Risk’ (defined as the 

extent of the Probable Maximum Flood in Council’s DCP).  The eastern edge of the site is aligned 

with the adopted Medium flood risk precinct, which is defined in Council’s DCP as land below the 1% 

Annual Exceedance Probability (AEP) flood level that is not subject to high hydraulic hazard and 

where there are no significant evacuation difficulties.  The site is also partially within the Flood 

Planning Area (defined as land below the 1% AEP flood level plus 500mm freeboard as per Council’s 

planning instruments).  Accordingly, flood-related development controls apply to the proposed solar 

farm development as per Section 9 of Council’s DCP.  

The DCP indicates that the land use which is applicable for the solar farm would be ‘Industrial’.  

Considering the location of the site, the proposed land use and the Low flood risk present on site, 

Table 2 of the DCP indicates that planning controls for floor level, building components, structural 

soundness, car parking and driveway access, evacuation, management / design and flood effects 

would apply to the site.  The relevant controls applicable for the proposed site are summarised in 

Table 1 below.  

It is noted that floor level controls are not applicable for the development as there are no habitable 

buildings that will be constructed as part of the solar farm.  

Table 1 – Relevant Development Controls for the Solar Farm 
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Control Type 
DCP Ref 

No. 
Control Description 

Flood Effects 

2 

The flood impact of the development to be considered to 

ensure that the development will not increase flood effects 

elsewhere, having regard to: (i) loss of flood storage; (ii) 

changes in flood levels and velocities caused by alterations to 

the flood conveyance; and (iii) the cumulative impact of multiple 

potential developments in the floodplain.  An engineer's report 

may be required.  

4 

A floodway or boundary of significant flow may have been 

identified in this catchment.  This area is the major conveyance 

area for floodwaters through the floodplain and any structures 

placed within it are likely to have a significant impact on flood 

behaviour.  Within this area no structures other than 

concessional development, open type structures or small non-

habitable structures (not more than 30sqm) to support 

agricultural uses will normally be permitted.  Development 

outside the Boundary of Significant flow may still increase flood 

effects elsewhere and therefore be unacceptable.  

5 

Any filling within the 1% AEP flood will normally be considered 

unacceptable unless compensatory excavation is provided to 

ensure that there is no net loss of floodplain storage volume 

below the 1% AEP flood.  

Building 

Components 
3 

All structures to have flood compatible building components 

below the 1% AEP flood level plus 500mm freeboard or a PMF if 

required to satisfy evacuation criteria. 

Structural 

Soundness 
3 

Applicant to demonstrate that the structure can withstand the 

forces of floodwater, debris and buoyancy up to and including a 

1% AEP flood plus 500mm freeboard. 

Car Parking and 

Driveway Access 

2 

The minimum surface level of a car parking space, which is not 

enclosed (e.g. open car parking space or carport) shall be as 

high as practical, but no lower than the 5% AEP flood level or 

the level of the crest of the road at the highest point were the 

site can be accessed.  In the case of garages, the minimum 

surface level shall be as high as practical, but no lower than the 

5% AEP flood.  

3 

Garages capable of accommodating more than 3 vehicles on 

land zoned for urban purposes, or basement car parking, must 

be protected from inundation by floods equal to or greater than 

the 1% AEP flood plus 0.1m freeboard.  
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Control Type 
DCP Ref 

No. 
Control Description 

Car Parking and 

Driveway Access 

6 

The level of the driveway providing access between the road 

and car parking space shall be no lower than 0.3m below the 

1% AEP flood or such that depth of inundation during a 1% AEP 

flood is not greater than either the depth at the road or the 

depth at the car parking space.  A lesser standard may be 

accepted for single detached dwelling houses where it can be 

demonstrated that risk to human life would not be 

compromised.  

7 

Basement car parking or car parking areas accommodating 

more than 3 vehicles (other than on Rural zoned land) with a 

floor level below the 5% AEP flood or more than 0.8m below the 

1% AEP flood level; shall have adequate warning systems, 

signage and exits.  

8 
Barriers to be provided to prevent floating vehicles leaving a 

site during a 1% AEP flood.  

Evacuation 

1 Reliable access for pedestrians required during a 1% AEP flood. 

6 
The development is to be consistent with any relevant flood 

evacuation strategy or similar plan. 

Management 

and Design 

2 

Site Flood Emergency Response Plan required where floor levels 

are below the design floor level (except for single dwelling-

houses).  

3 
Applicant to demonstrate that area is available to store goods 

above the 1% AEP flood level plus 500mm freeboard.  

5 
No storage of materials below the design floor level which may 

cause pollution or be potentially hazardous during any flood 

2.2 Flood Mapping Discrepancies 

Advisian is currently in the final stages of reporting for the South Creek Flood Risk Management 

Study, conducted on behalf of Penrith City Council.  Prior to this, Advisian completed the ‘Updated 

South Creek Flood Study’ (2015) for Penrith City Council in association with other councils including 

Liverpool City Council.  The Flood Study, completed in early 2015, simulated flood behaviour along 

South Creek using a two-dimensional RMA-2 hydrodynamic model for the 5%, 1% and 0.5% AEP 

events as well as the Probable Maximum Flood (PMF).  The study area extended from Bringelly Road 

as the upstream extent to Richmond Road as the downstream model extent.  Importantly, the flood 

study results captured flood behaviour in the vicinity of the proposed solar farm site.  
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Liverpool City Council has yet to adopt the latest Advisian flood modelling results into its online 

mapping.  It is understood that the flood extents presented in Council’s online mapping are the flood 

extents as determined by the ‘South Creek Floodplain Risk Management Study and Plan’ (Bewsher 

Consulting, 2004).  This study simulated flood behaviour using a one-dimensional MIKE-11 model 

which was first created in the mid-1990s and last updated in 2004.  

There are minor discrepancies in flood levels and extents between the 2015 ‘Updated South Creek 

Flood Study’ and the 2004 ‘South Creek Floodplain Risk Management Study and Plan’, which forms the 

basis for Council’s currently adopted online mapping.  A comparison of the current Council flood 

maps and the 2015 flood study results is shown in Figure 3.  

Council was consulted and was accepting of the 2015 Flood Study modelling as a basis for defining 

existing flood conditions at the solar farm site.  

It is noted that the extent of the Flood Planning Area is very similar between the two sets of maps in 

the vicinity of the site, with both sets of flood results designating the eastern parts of the site as flood 

prone and within the Flood Planning Area.  Accordingly, the requirements of the DCP regarding 

industrial development on flood prone land still need to be addressed.   
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3 Flood Impact Assessment 

A flood impact assessment has been undertaken to quantify the impacts of the proposed solar farm 

development on flood behaviour in the vicinity of the site.  

The majority of Council’s planning controls (listed in Table 1 above) refer to the 1% AEP flood, or the 

1% AEP flood with 500 mm freeboard.  However, it is noted that the DCP is unclear as to the exact 

flood events to be considered for an impact assessment; i.e., the flood impact assessment is not 

limited to the 1% AEP event.   

The proposed site lies entirely outside of the 1% AEP flood extents (refer Figure 3).  Therefore, the 

following impact assessment has focused on the 0.5% AEP flood and the Probable Maximum Flood 

(PMF).  The requirements of Council’s ‘flood effects’ planning controls will be satisfied by 

demonstrating the lack of impact of the development in these events.  

3.1 Hydraulic Modelling 

The two-dimensional RMA-2 hydrodynamic model developed as part of the ‘Updated South Creek 

Flood Study’ (2015) was used to define flood characteristics at the development site.  RMA is a finite 

element modelling software that employs a variable grid geometry in which elements with irregular 

and curved boundaries can be modified as required without the need for regeneration of the entire 

grid.  Therefore, any proposed development on the floodplain can be incorporated into the existing 

model and the associated impacts can be quantified by comparing model results from simulations of 

pre-development and post-development scenarios. 

In order to assess flooding on a local scale (i.e., in the vicinity of the solar farm site), the RMA-2 model 

that was developed for the 2015 flood study was modified and refined to incorporate additional 

network detail in the vicinity of the site.  This involved modifying the network to incorporate 

additional elements and nodes to better represent the local topography.  

3.2 Existing Flooding Behaviour 

The refined RMA-2 hydrodynamic model was used to simulate the 0.5% AEP flood and the PMF for 

existing conditions.  It is noted that existing flow information from the 2015 Flood Study was derived 

using Australian Rainfall and Runoff 1987.  The results of the modelling are presented in the 

following sections.  

3.2.1 Peak Flood Levels 

The results of the hydrodynamic modelling for existing conditions in the 0.5% AEP flood are 

presented in Figure 4, indicating that the site is not expected to be inundated in an event of this 

magnitude.  The flood levels in the vicinity of the site range from 48.2 mAHD at the northern end of 

the site to 49.4 mAHD at the southern end of the site. 

The site is expected to be partially inundated in the PMF, as shown in Figure 5. A peak flood level of 

49.3 mAHD is predicted in the north-east corner of the site, increasing to 50.3 mAHD in the south-

east corner of the site.  



  
 

 

 

                                             
 

 

CSR Badgerys Creek Solar Farm 
Flood Impact Assessment    7
  

3.2.2 Peak Flood Depths and Flow Velocities 

During the PMF, peak flood depths are greatest towards the eastern boundary of the site, typically 

ranging from 0.70 to 0.95 metres along the length of the eastern boundary.  A maximum flood depth 

of 1.0 metre is predicted near the midway point of the eastern boundary (refer Figure 6).  The peak 

flow velocities during the PMF are shown in Figure 7, with a peak velocity of 1.10 m/s predicted near 

the south-east corner of the site.  Typical flow velocities across the site range from 0.3-0.9 m/s.  

Peak flood depths and flow velocities for the 0.5% AEP flood have not been included as the site is not 

expected to be inundated in this event. 

3.3 Impacts of Proposed Development on Flood Behaviour 

3.3.1 Post-Development Hydraulic Model 

The solar farm development was incorporated into the post-development hydraulic model in the 

form of increased floodplain roughness.  The steel piles of the solar panels provide obstruction to the 

passage of floodwaters and an increased potential for debris to be caught between the piles.  It is 

noted that the two inverter stations were not included in the post-development model as they lie 

outside the PMF extent.  

The floodplain roughness (Manning’s n) was increased from 0.050 to 0.065 to represent the 

obstruction of the steel piles.  This increase of 0.015 is in line with the modified Cowan’s method for 

estimating floodplain roughness, corresponding to obstructions occupying up to 15% of the flow 

area.  This is considered an appropriate estimate given the expected blockage due to the solar panel 

piles is less than 5%. No other modifications are proposed in the site.  

The modified model was then used to simulate the PMF event in order to assess whether the 

development will have any impacts on peak flood levels, extents and velocities.  To quantify any off-

site impacts of development, flood level difference mapping was prepared.  Difference maps are 

created by comparing peak flood levels and velocities at each node in the hydrodynamic model from 

simulations undertaken for both existing and post-development scenarios.  This effectively creates a 

contour map of predicted changes in peak flood levels and flow velocities and allows visual 

assessment of the impact of the development on existing flood behaviour.   

It is noted that the post-development results and accompanying difference mapping for the 

0.5% AEP flood event have not been included as the site is not expected to be inundated during this 

flood.  

3.3.2 Impact on Peak Flood Levels 

Flood level difference mapping was developed for the PMF and is presented in Figure 8. The 

proposed works are only predicted to affect the flood behaviour in the immediate vicinity of the site. 

A maximum flood level increase of 20 mm is predicted for a limited area outside the south-eastern 

corner of the site boundary.  This is considered a negligible impact in the context of the PMF and will 

not affect any existing structures or neighbouring properties.  

Flood levels impacts are predicted to be less than 10 mm throughout the remainder of the 

floodplain.  Downstream impacts are predicted to be negligible, while the flood extents are also 

largely unchanged.  
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3.3.3 Impact on Peak Flow Velocity 

Flow velocity difference mapping was also developed for the PMF event (refer Figure 9).  The 

mapping shows that the proposed solar farm will generally act to lower existing flow velocities by up 

to 0.21 m/s within the site and by 0.06 m/s outside of the site. Flow velocities are predicted to 

increase in two small areas, and only by up to 0.04 m/s, which is considered to be negligible.  

3.4 Application of Council’s Flood Effects Controls 

The results of the flood impact mapping have shown that the development of the solar farm will 

cause minor increases to PMF levels and flow velocities in localised areas only. Additionally, there is 

not expected to be any impact on flooding up to and including the 0.5% AEP event.  Accordingly, the 

development is considered to be compliant with the requirements of Council’s flood effects controls.  

3.4.1 Cumulative Impact of Developments 

In the same way, any similar developments in future that do not involve filling or bulk earthworks, 

and are positioned outside the 1% AEP flood extent are not expected to cause any significant impact 

to flood behaviour in the South Creek floodplain.  Accordingly, the potential for cumulative impacts 

is minimal. 

3.4.2 Impact on Flood Storage and Flood Conveyance 

As outlined above, the proposed solar farm development does not involve any filling on site. 

Accordingly, the existing flood storage in the vicinity of the site is expected to be preserved.   

The ‘Updated South Creek Flood Study’ (2015) also involved the definition of hydraulic categories 

along South Creek for the 1% AEP event.  Notwithstanding the fact that the site lies outside of the 

1% AEP flood extent, the floodway has been shown in the vicinity of the site in Figure 10 as a 

reference. At its closest point, the boundary of the solar farm will be located 55 metres from the edge 

of the floodway.  Accordingly, the proposed development is not expected to cause any alterations to 

the existing flood conveyance during the 1% AEP flood.  

The development is also not expected to cause any major alterations to the flood conveyance for 

floods up to and including the PMF.  The flood impact mapping shown in Figure 8 and Figure 9 has 

demonstrated an overall lack of impact on existing flood levels and flow velocities, indicating that the 

flood conveyance is largely preserved.  
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4 Other Flood Considerations 

The following section provides further commentary to address the remaining flood-related planning 

controls in Council’s DCP, namely controls related to building components, structural soundness, car 

parking and driveway access, evacuation and management and design.  

4.1.1 Building Components 

The DCP specifies that all structures must be constructed from flood compatible building 

components if it is located below the 1% AEP flood level plus 500mm freeboard (the Flood Planning 

Area), or within the PMF extent.  It is expected that some of the solar panels will be located within the 

PMF extent and the Flood Planning Area and as such will need to be constructed from flood 

compatible materials.  

It is expected that the steel pile foundations of the solar panels will be constructed of stainless steel 

or galvanised steel, both of which are not likely to be prone to water damage.  The solar farm 

concept design report (Beca, 2019) is included as Appendix B.  

The flood results presented in Figure 6 show that floodwaters can reach a maximum depth of about 

1.0 metre in the PMF.  A typical solar panel profile is presented in Plate 2 below, showing that a 

minimum gap of 0.36 metres can be expected between the solar panel and the ground when the 

panel is fully tilted.  The gap increases to 1.22 metres when the solar panels are horizontal, which 

means there may be some inundation of the edge of the panels in the PMF unless the panels are 

near to horizontal.  The base of the tracking motors will be 1 metre above the ground, which means 

they will not be affected in flooding up to and including the PMF.  
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Plate 2 - Typical Solar Panel Schematic 

These development controls are not applicable to the inverter stations as they are proposed to be 

located outside of the PMF extent.  

4.1.2 Structural Soundness 

All structures are to be designed to withstand the forces of floodwaters, debris and buoyancy if it is 

located within the 1% AEP plus 500mm freeboard flood extent (i.e. if it is located within the flood 

planning area).  

An assessment of the capacity of PMF floodwaters to damage the solar panels has been undertaken 

based on the predicted maximum flood depth and flow velocity discussed in Section 3.2.  The 

Floodplain Development Manual (2005) describes that no damage to light structures is expected for 

velocity-depth products of up to 1 m2/s (refer Plate 3 below).  
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Plate 3 - Floodplain Development Manual Velocity-Depth Relationship 

The velocity-depth product for post-development conditions during the PMF is shown in Figure 11.  

The maximum velocity-depth product on site is predicted to be 0.86 m2/s.  Accordingly, it is unlikely 

that the solar trackers will be damaged during the PMF, although it is noted that some damage may 

occur to individual solar panels if they happen to be at maximum tilt during the PMF.  

Additionally, the velocity-depth relationship presented in Australian Rainfall and Runoff 2016 (refer 

Plate 4) was checked against the expected PMF depths and flow velocities.  While the PMF 

conditions are unsafe for vehicles, children and the elderly, they are not expected to cause any 

structural damage to the solar farm.  

The site is located on the fringes of the South Creek floodplain and the flow velocities expected on 

site are predicted to be relatively low for the PMF.  As such, it is unlikely that large debris such as tree 

trunks or cars will be carried into the solar farm with significant velocity.  Any impact from floating 

debris is expected to be minimal and will not result in excessive lateral forces upon the piles.  
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Plate 4 – ARR 2016 Velocity-Depth Relationship 

4.1.3 Car Parking and Driveway Access 

The BECA proposed site plan in Appendix A indicates that no allowance has been made for the 

inclusion of any car parking spaces on site.  The access route to the solar farm is located in the north-

west corner of the site, which is well out of the PMF extent.  Accordingly, the controls for car parking 

and driveway access described in Table 1 are not applicable.  

4.1.4 Evacuation 

The DCP requires the site to provide pedestrians with an evacuation route during the 1% AEP flood.  

Notwithstanding the fact that the site is not inundated in the 1% AEP flood (refer Figure 3), 

pedestrians are also provided with a reliable egress route in the PMF.  Ground above the PMF in the 

western portion of the site is easily accessible on foot from anywhere in the solar farm.  Furthermore, 

if required, any workers on site will also have flood-free access to the brick making facility buildings 

to the west of the site for temporary shelter. 

It is also noted that there will be a lack of flood warning provided, as there are no suitable upstream 

river gauges as a reference point.  This is not expected to be a major concern due to the readily 

available access to and close proximity of high ground in the central part of the site.   

Should people wish to leave the site, there is flood-free access from the site in a northerly direction 

to Elizabeth Drive during the PMF.  However, Elizabeth Drive is susceptible to inundation in the 

5% AEP flood event and larger floods.  The duration of inundation is not predicted to be longer than 

six hours, and as such a dedicated emergency response effort from NSW State Emergency Services, 
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such as rescue or resupply by air or boat, will not be required.  Accordingly, the proposed 

development is not expected to increase the burden on the SES. 

The Liverpool City Flood Emergency Sub Plan (2015) was reviewed as part of investigations completed 

for this development.  The sub plan outlines the preparedness measures and the conduct of response 

and recovery operations from flooding within the Liverpool Council LGA.  Given that the majority of 

the site is located outside the PMF extent, evacuation is not a primary concern.  While there are no 

specific instructions for the site and its surrounds, the development is expected to be consistent with 

the requirements of the sub plan as no intervention from the SES is required.   

The confluence of South Creek and the Hawkesbury River is located some 30 kilometres downstream 

(north) of the Project site.  Regional flooding of the Hawkesbury Nepean system is not expected to 

have any impact on flood conditions in the vicinity of the site. 

4.1.5 Management and Design 

As described in previous sections, there are no buildings which are proposed to be constructed as 

part of the solar farm.  The solar farm development is to consist only of solar panels mounted on 

steel piles and two inverter stations.  As such, floor level constraints do not apply and a Site Flood 

Emergency Response Plan is not required.  

Materials and goods, including those which may be hazardous and / or cause pollution, are able to 

be stored at high ground above the PMF extent.  There is ample space on the western half of the site 

for storage of such items.  A potential storage area has been designated in the north-west corner of 

the site, which is also above the predicted PMF level.  
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5 Conclusions 

A ten hectare site is planned to be developed for solar power generation as part of the proposed 

Mod 4 modification to the Badgerys Creek Brick Making Facility.  The proposed solar farm is located 

on the western floodplain of South Creek and consists of solar panels mounted on steel piles and 

two inverter stations.  The solar panels are to be constructed at existing terrain levels without any 

earthwork filling.  

According to Liverpool City Council’s online flood maps and results from the 2015 Updated South 

Creek Flood Study, the proposed site is partially located on flood prone land and within the flood 

planning area.  Consequently, the flood-related planning controls of Council’s Development Control 

Plan apply to the site.  

A flood impact assessment has been completed to demonstrate that the development will not have a 

material impact on flooding elsewhere in the South Creek floodplain.  The proposed solar farm will 

have no impact on flooding in events up to and including the 0.5% AEP flood.  The increases in PMF 

levels and flow velocities as a result of the solar farm are expected to be minor and localised, and will 

not impact on any buildings on neighbouring properties.  This is compliant with the requirements of 

Council’s planning controls outlined in the DCP. 

The development is also considered to be compliant with Council’s requirements with respect to 

building components, structural soundness, car parking, driveway access, evacuation, management 

and design.   
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Source: Liverpool City Council online flood mapping. Adopted from 2004 Floodplain Risk 

Management Study (Bewsher Consulting, 2004) 

Source: Liverpool City Council online flood mapping. Adopted from 2004 Floodplain Risk 

Management Study (Bewsher Consulting, 2004) 

Source: 2015 Updated South Creek Flood Study (Advisian, 2015) 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

  

 

 
 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

CSR BADGERYS CREEK SOLAR FARM 
COMPARISON BETWEEN LCC ADOPTED FLOOD RISK PRECINCTS 

AND 2015 SOUTH CREEK FLOOD STUDY RESULTS  301015-03926 – Badgerys Creek Solar Farm Flood Advice 
fg301015-03926lt181217_Fig 3 - Flood Results Comparisons.docx 

FIGURE 3 
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CSR BADGERYS CREEK SOLAR FARM 
PEAK FLOOD LEVELS DURING THE 0.5% AEP EVENT 

FOR EXISTING CONDITIONS 

FIGURE 4 
 

Flood level = 48.2 mAHD 
 

Flood level = 49.4 mAHD 
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CSR BADGERYS CREEK SOLAR FARM 
PEAK FLOOD LEVELS DURING THE PMF 

FOR EXISTING CONDITIONS 

FIGURE 5 
 

Flood level = 49.3 mAHD 
 

Flood level = 50.3 mAHD 
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CSR BADGERYS CREEK SOLAR FARM 
PEAK FLOOD DEPTHS DURING THE PMF  

FOR EXISTING CONDITIONS 

FIGURE 6 
 

Maximum flood depth on 
site = 1.00 metres. 
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CSR BADGERYS CREEK SOLAR FARM 
PEAK FLOW VELOCITIES DURING THE PMF 

FOR EXISTING CONDITIONS 

FIGURE 7 
 

Maximum flow velocity 
on site = 1.10 m/s.  
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Maximum increase in 
flood level outside of the 
site = 20 mm. 
 

 

CSR BADGERYS CREEK SOLAR FARM 
IMPACT OF THE PROPOSED WORKS    

ON PMF FLOOD LEVELS 
 

FIGURE 8 
 

Flood level impacts of less 
than 10 mm are predicted 
elsewhere 
 

 Newly  
Flooded 
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CSR BADGERYS CREEK SOLAR FARM 
IMPACT OF THE PROPOSED WORKS    

ON PMF FLOW VELOCITIES  
 

FIGURE 9 
 

Flow velocity decrease of 
up to 0.21 m/s expected 
inside the site. 
 

Flow velocity decrease of 
up to 0.06 m/s outside the 
site.  
 

Maximum flow velocity 
increase outside the 
site = 0.04 m/s.  
 

 Newly  
Flooded 



301015-03926 – Badgerys Creek Solar Farm Flood Advice 
fg301015-03926lt181217_Fig 10 - 1% AEP Floodway.docx 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

CSR BADGERYS CREEK SOLAR FARM 
1% AEP FLOODWAY  

IN THE VICINITY OF THE SITE 

FIGURE 10 
 

1% AEP Floodway as 
modelled in the 2015 
South Creek Flood Study 
 

Site boundary is 55 m 
away from the floodway 
at the closest point 
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CSR BADGERYS CREEK SOLAR FARM 
PEAK VELOCITY-DEPTH PRODUCTS DURING THE PMF 

FOR POST-DEVELOPMENT CONDITIONS 

FIGURE 11 
 

Maximum velocity-depth 
product within site 
boundary = 0.86 m2/s 
 

 VxD  
 > 1 m2/s 
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Appendix A 

Site Layout Plans 

 
Source: Element Environment 
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Figure 2.1
Local context
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Solar farm layout plan
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Figure 3.11
Solar farm elevations

ENVIRONMENTAL ASSESSMENT
CSR ADVANCED MANUFACTURING HUB - MODIFICATION 4

Self powered single axis tracking system
with solar panels installed on structures
which track from east to west.
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Appendix B 

Solar Farm Concept Report 

 
Source: BECA 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

Please refer to Appendix D of the Modification 4 Environmental Assessment Report 
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Surface Water Quality Data – Extraction Pits (ELA) 
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Appendix A Field Results 
Table 4: Pit 1 Field Results 

Location:  Pit 1 RP1 Surface     

Depth Temp 
(°C) 

DO 
(mg/L) 

EC 
(µS/cm) pH ORP 

(mv) NTU 

Surface 14.8 10.5 1624 8.48 175 1.8 

Location  
Pit 1 
RP1       

Depth Temp 
(°C) 

DO 
(mg/L) 

EC 
(µS/cm) pH ORP 

(mv) NTU 

1 12.5 8.35 1453 8.28 67.2 - 
2 12.5 8.34 1453 8.28 67.6 - 
3 12.5 8.36 1451 8.31 66.4 - 
4 12.4 8.36 1451 8.32 66.1 - 
5 12.4 8.33 1450 8.32 66.6 - 
6 12.4 8.33 1450 8.31 66.5 - 
7 12.4 8.26 1449 8.31 67 - 

Location  
Pit 1 
RP2      

Depth Temp 
(°C) 

DO 
(mg/L) 

EC 
(µS/cm) pH ORP 

(mv) NTU 

1 12.5 8.4 1453 8.37 72.6 - 
2 12.5 8.37 1452 8.35 72.8 - 
3 12.5 8.37 1451 8.34 72.9 - 
4 12.4 8.37 1450 8.33 73.2 - 
5 12.4 8.37 1450 8.33 73.4 - 
6 12.4 8.36 1450 8.33 73.7 - 
7 12.4 8.33 1449 8.33 73.8 - 
8 12.4 8.31 1449 8.22 74 - 
9 12.4 8.27 1449 8.22 74.2 - 

Location  
Pit 1 
RP3      

Depth Temp 
(°C) 

DO 
(mg/L) 

EC 
(µS/cm) pH ORP 

(mv) NTU 

1 - - 1453 8.34 76 - 
2 12.5 8.37 1453 8.33 76.2 - 
3 12.4 8.36 1450 8.32 76.4 - 
4 12.4 8.36 1450 8.32 76.7 - 
5 12.4 8.35 1450 8.32 76.8 - 
6 12.4 8.35 1449 8.32 77 - 
7 12.4 8.34 1449 8.31 77.3 - 
8 12.4 8.35 1449 8.31 77.5 - 
9 12.4 8.34 1449 8.31 77.7 - 

10 12.4 8.29 1448 8.31 78.1 - 

Location  
Pit 1 
RP4      

Depth Temp 
(°C) 

DO 
(mg/L) 

EC 
(µS/cm) pH ORP 

(mv) NTU 

1 12.5 8.39 1454 8.34 79.2 - 
2 12.5 8.37 1453 8.33 79.3 - 
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3 12.5 8.36 1451 8.33 79.4 - 
4 12.4 8.35 1450 8.33 79.5 - 
5 12.4 8.35 1450 8.32 79.8 - 
6 12.4 8.34 1450 8.32 80 - 
7 12.4 8.32 1449 8.31 80.2 - 
8 12.4 8.29 1448 8.31 80.3 - 
9 12.4 8.26 1448 8.31 80.7 - 

10 12.4 8.24 1448 8.31 80.9 - 

Location  
Pit 1 
RP5      

Depth Temp 
(°C) 

DO 
(mg/L) 

EC 
(µS/cm) pH ORP 

(mv) NTU 

1 12.6 8.39 1455 8.33 82 - 
2 12.5 8.39 1453 8.32 82.2 - 
3 12.5 8.39 1452 8.32 82.3 - 
4 12.5 8.38 1451 8.32 82.5 - 
5 12.4 8.38 1449 8.32 82.6 - 
6 12.4 8.38 1450 8.32 82.9 - 
7 12.4 8.36 1449 8.31 83.1 - 
8 12.4 8.31 1449 8.31 83.5 - 
9 12.4 8.26 1449 8.3 83.8 - 

10 12.4 8.25 1449 8.3 83.8 - 
 

Table 5: Pit 2 Field Results 

Location  
Pit 2 
RP1       

Depth Temp 
(°C) 

DO 
(mg/L) 

EC 
(µS/cm) pH ORP 

(mv) NTU 

1 11.9 9.8 2216 8.15 192.4 0.7 
2 11.8 9.95 2202 8.13 192.4 0.7 
3 11.7 9.91 2197 8.12 191 0.7 

Location  
Pit 2 
RP2      

Depth Temp 
(°C) 

DO 
(mg/L) 

EC 
(µS/cm) pH ORP 

(mv) NTU 

1 12.3 10.1 2233 8.13 200 0.6 
2 12.1 10.3 2207 8.12 200 0.6 
3 11.7 9.96 2200 8.09 200 0.6 
4 11.6 9.94 2198 8.09 197 0.7 
5 11.6 9.89 2196 8.09 197 0.7 
6 11.6 9.83 2198 8.09 192 1.8 

Location  
Pit 2 
RP3      

Depth Temp 
(°C) 

DO 
(mg/L) 

EC 
(µS/cm) pH ORP 

(mv) NTU 

1 12.3 10.17 2233 8.13 193 0.3 
2 12 10.03 2208 8.12 192 0.4 
3 11.7 9.96 2202 8.12 192 0.5 
4 11.6 9.91 2197 8.11 192 0.7 
5 11.6 9.89 2196 8.11 192 0.5 
6 11.6 9.87 2195 8.1 192 0.7 
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7 11.6 9.85 2195 8.1 192 0.7 
8 11.6 9.75 2196 8.09 192 0.6 

Location  
Pit 2 
RP4      

Depth Temp 
(°C) 

DO 
(mg/L) 

EC 
(µS/cm) pH ORP 

(mv) NTU 

1 12.5 10.1 2248 8.11 190 0.5 
2 12 9.98 2206 8.11 189 0.6 
3 11.7 9.93 2200 8.11 189 0.7 
4 11.6 9.93 2198 8.1 189 0.9 

Location  
Pit 2 
RP5      

Depth Temp 
(°C) 

DO 
(mg/L) 

EC 
(µS/cm) pH ORP 

(mv) NTU 

1 12.3 9.97 2230 8.1 187 0.6 
2 12.2 9.95 2215 8.11 187 0.7 
3 11.7 9.94 2199 8.1 187 0.7 
4 11.6 9.98 2194 8.11 187 0.7 
5 11.6 9.94 2193 8.11 187 0.6 
6 11.6 9.87 2192 8.1 187 0.7 
7 11.6 9.85 2192 8.1 187 0.7 
8 11.5 9.82 2193 8.1 187 0.7 
9 11.5 9.73 2194 8.1 187 0.8 

10 11.5 9.71 2194 8.09 186 - 

Location  
Pit 2 
RP6      

Depth Temp 
(°C) 

DO 
(mg/L) 

EC 
(µS/cm) pH ORP 

(mv) NTU 

1 12 10 2220 8.11 181 0.8 
2 12 9.97 2210 8.11 181 0.7 
3 11.8 10 2205 8.11 181 0.9 
4 11.6 9.97 2198 8.11 181 1 
5 11.6 9.79 2200 8.1 181 0.9 
6 11.6 9.73 2198 8.09 181 1.1 
7 11.6 9.65 2198 8.09 181 1 

Location  
Pit 2 
RP7      

Depth Temp 
(°C) 

DO 
(mg/L) 

EC 
(µS/cm) pH ORP 

(mv) NTU 

1 12.4 10.05 2226 8.1 179 0.6 
 

Table 6: Pit 3 Field Results 

Location  
Pit 3 
RP1       

Depth Temp 
(°C) 

DO 
(mg/L) 

EC 
(µS/cm) pH ORP 

(mv) NTU 

1 11.9 12.1 1315 8.33 158 0.1 
2 11.7 12.74 1320 8.58 150 0.2 
3 11.6 13.2 1320 8.68 146 - 

Location  
Pit 3 
RP2      



W a t er  Q u a l i t y  S am p l i n g  R e p or t  –  Q u ar r y P i t s  

 

©  E CO  LO G ICA L  A U S T R A L IA  P T Y  LT D  12 

 

Depth Temp 
(°C) 

DO 
(mg/L) 

EC 
(µS/cm) pH ORP 

(mv) NTU 

1 11.8 11.8 1330 8.8 143.6 0.2 
2 11.7 12.5 1325 8.8 142.8 0.2 
3 11.7 12.65 1325 8.82 140.8 0.3 

Location  
Pit 3 
RP3      

Depth Temp 
(°C) 

DO 
(mg/L) 

EC 
(µS/cm) pH ORP 

(mv) NTU 

1 11.6 11.9 1330 8.86 143.3 0.2 
2 11.7 12.28 1327 8.83 143.4 0.2 
3 11.7 12.7 1325 8.84 141.4 0.3 

Location  
Pit 3 
RP4      

Depth Temp 
(°C) 

DO 
(mg/L) 

EC 
(µS/cm) pH ORP 

(mv) NTU 

1 11.7 12.4 1328 8.86 143.6 0.3 
2 11.7 12.55 1324 8.83 144 0.3 
3 11.6 12.5 1323 8.86 140.8 0.2 
4 11.6 12.49 1323 8.87 139.9 0.3 
5 11.6 12.51 1323 8.88 137.6 0.2 
6 11.6 12.55 1323 8.84 138.8 0.2 

Location  
Pit 3 
RP5      

Depth Temp 
(°C) 

DO 
(mg/L) 

EC 
(µS/cm) pH ORP 

(mv) NTU 

1 11.8 12.39 1330 8.88 139 0.1 
2 11.8 12.48 1329 8.87 138.7 0.1 
3 11.8 12.5 1327 8.86 138.7 0.3 
4 11.8 12.53 1326 8.85 137.9 0.4 
5 11.8 12.56 1323 8.85 138 0.4 

Location  
Pit 3 
RP6      

Depth Temp 
(°C) 

DO 
(mg/L) 

EC 
(µS/cm) pH ORP 

(mv) NTU 

1 11.8 11.8 1334 8.89 146.1 0.5 
2 11.8 12.33 1329 8.86 145 0.2 
3 11.8 12.46 1329 8.85 144.4 0.2 
4 11.7 12.54 1325 8.85 144.7 0.2 
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1 INTRODUCTION 
 
1.1 Background 
 
The CSR Advanced Manufacturing Hub is in the suburb of Badgerys Creek within the 
Liverpool Local Government Area (LGA). Badgerys Creek is approximately 15 km south east 
of Penrith and 20 km north of Campbelltown.  
 
The Project Site covers an area of approximately 230 ha and has previously been used for 
quarrying of the local claystone for brick production which ceased in March 2012. Existing 
features of the Project Site include two completed quarry pits (known as Pits 1 and 2), an 
active quarry pit (known as Pit 3), three large sediment basins in the eastern and northern 
portions of the Project Site, two smaller dams in the eastern and northern parts of the Project 
Site, a brick making facility, various administration buildings, a bricks finished goods storage 
yard, car parks and internal road network. The majority of the Project Site is currently being 
used for stock agistment and grazing. The Project location is shown in Figure 1-1. 
 
In October 2016, CSR Building Products Limited (CSR) acquired Boral Bricks Pty Limited 
(Boral) brick business along the eastern seaboard of Australia and with it, the Badgerys Creek 
site. To realise the full potential of the Badgerys Creek site and to allow the site to meet the 
strategic needs of their brick, roof products and other building product manufacturing 
businesses, CSR requires modifications to the existing Project Approval (PA10_0014).  
 
This document provides supporting information to address both the groundwater related 
conditions of the existing Project Approval and to assess potential groundwater impacts from 
changes to the approved extraction activities. 
 
1.2 Project Approval and Proposed Modifications 
 
CSR intends to recommence quarrying operations at the site in the near future and can do so 
under the current Project Approval. CSR currently has approval to extract up to 420,000 
tonnes of clay per annum for brick production. After extraction of clay from each of the 
approved quarry pits, the pits are left as open voids and would gradually accumulate water 
over time.  
 
Within 12 months of recommencing quarry operations at the site, CSR need to meet the 
requirements of Schedule 3, Condition 20 of the Project Approval. Condition 20 is reproduced 
below with a reference to the section in this report where each requirement under this condition 
have been addressed. 
 
20. The Proponent shall prepare and implement an Alluvial Aquifer Assessment for the project 
to the satisfaction of the Director-General. This plan must:  
(a) be prepared in consultation with NOW by suitably qualified and experienced persons 
whose appointment has been approved by the Director-General;  
(b) be submitted to the Director-General for approval within 12 months of recommencing 
quarrying operations; and  
(c) include: 

 a program to monitor groundwater from boreholes to be constructed in the alluvial 
sediments adjacent to Badgerys and South Creeks and in the Bringelly Shale bedrock 
aquifer; - Addressed in Section 3.3 

 alluvial mapping to delineate the presence and extent of alluvial sediments and alluvial 
aquifers between Badgerys Creek and the proposed Pit 5 extraction area (refer to 
Appendix 3); - Addressed in Section 3.8 

 mitigation and management measures to ensure alluvial sediments and alluvial 
aquifers are not impacted by the project, including: - appropriate buffer setback 
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distances between the alluvial sediments and the Pit 5 extraction area; and - any 
resulting adjustments to the Pit 5 extraction area. - Addressed in Section 3.8 

 
CSR are also proposing two separate modifications to their Project Approval as outlined in 
detail in the Modification 3 and Modification 4 Environmental Assessments (Element 
Environment, 2019). 
 

 
Figure 1-1: Location Diagram 
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In summary, Modification 3 (MOD3) involves various changes to the brick making facility 
buildings and infrastructure, construction of a roof products manufacturing facility, an increase 
in importation of raw material, changes to the approved noise bunds, amendment to the extent 
of Pit 5 to include a 200m buffer zone to the neighbouring residential properties required under 
the Mining Act 1992 and a minor change to the northern extent of Pit 4 to accommodate the 
entrance driveway to the roof products manufacturing facility. Further groundwater 
assessment is not required for the MOD3 application as: 

 none of the proposed upgrades to the existing brick making facility or the proposed 
roof products manufacturing facility will impact on groundwater resources any more 
than the Approved Project; and 

 changes to the approved quarry pits 4 and 5 result in a reduction in the lateral extent 
(overall footprint) of these pits with no change proposed to the depth of the pits which 
is approved to 35m below natural ground level.  

 
Modification 4 (MOD4) involves dewatering of Pit 1, continued extraction of clay material in Pit 
1 to a depth of 35m below natural ground, importation of Virgin Excavated Natural Material 
(VENM) to backfill Pit 1 and the other pit voids after clay extraction is complete and the 
establishment of a grid connected solar farm. 
 
The key aspects of MOD4 that have the potential to result in different impacts to groundwater 
that have not already been assessed under the Approved Project is, continued extraction of 
clay material in Pit 1 to a depth of 35m below natural ground and the backfilling of Pit 1 and 
the other pit voids with VENM after clay extraction is complete. 
 
Therefore, in addition to addressing the existing Condition 20 of the Project Approval, this 
report assesses potential changes to groundwater impacts associated with MOD4 quarrying 
and VENM backfilling activities, whereby the final landform has all quarry pit voids fully 
backfilled to natural ground level through engineered fill, grassed to prevent dust and 
erosion/sedimentation and groundwater inflow to the quarry pits reduces to nil. In so doing 
MOD4 prepares the site for future development aligned with the adjacent Western Sydney 
Airport and the Aerotropolis precinct. 
 
1.3 Secretary’s Environmental Assessment Requirements (SEARs)  
 
Formal SEARs were issued by DP&E for the MOD3 application but not for the MOD4 
application. However, as outlined above MOD3 does not propose changes that will result in 
groundwater impacts not already assessed under the Approved Project and therefore further 
groundwater assessment is not required for the MOD3 application. Therefore, the MOD3 
SEARs relevant to potential groundwater related impacts associated with the proposed 
MOD4, have been considered as outlined in Table 1-1.  
 
Table 1-1: Secretary’s Environmental Assessment Requirements 
Groundwater Assessment Potential Impacts Section 

Addressed 
Works likely to intercept, connect with or infiltrate the groundwater sources. 1.3 
Any proposed groundwater extraction, including purpose, location and 
construction details of all proposed bores and expected annual extraction 
volumes 

3 

Bore construction information is to be supplied to DPI Water by submitting 
a “Form A” template. DPI Water will supply “GW” registration numbers (and 
license/approval numbers if required) which must be used as consistent 
and unique bore identifiers for all future reporting. 
 

3.3 
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Groundwater Assessment Potential Impacts Section 
Addressed 

A description of the water table and groundwater pressure configuration, 
flow directions and rates and physical and chemical characteristics of the 
groundwater source (including connectivity with other groundwater and 
surface water sources). 
 

3.4 

Sufficient baseline monitoring for groundwater quantity and quality for all 
aquifers and Groundwater Dependent Ecosystems to establish a baseline 
incorporating typical temporal and spatial variations. 
 

4.19 and 7.1 

The predicted impacts of any final landform on the groundwater regime. 
 4.14 

The existing groundwater users within the area (including the environment), 
any potential impacts on these users and safeguard measures to mitigate 
impacts 

4.14 and 4.18 

An assessment of groundwater quality, its beneficial use classification and 
prediction of any impacts on groundwater quality. 
 

3.7 

 
1.4 Objective 
 
The overall objective of this report is to address Condition 20 of the Project Approval and to 
address the issue of groundwater seepage / inflow and performance against existing 
groundwater allocation licenses. This report also assesses potential groundwater impacts 
associated with the MOD4 proposal.  
 
To achieve this, a program was developed to update the existing groundwater monitoring 
network, gain an understanding of the groundwater regime specific to the Project Site and 
develop a groundwater model that examines synergistic impacts from the quarrying across 
the Site, and associated impacts on the local groundwater resource.  
 
1.5 Groundwater licenses 
 
A water access license (WAL) issued under the Water Management Act 2000 is current. 
WAL24346 has an annual groundwater allocation of 25 ML from the Sydney Basin Central 
Groundwater Source. 
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2 GEOLOGY AND GEOMORPHOLOGY 
 
2.1 Regional Geology 
 
The 1:100 000 Geological Series Sheet for Penrith shows that the geology in the vicinity of 
the Project Site comprises the Wianamatta Group of Triassic age, which is made up of shale 
and quarternary sediments along the adjacent creeks. The shale is a carbonaceous claystone, 
laminate, fine to medium grained lithic sandstone, rare coal and tuff that is separated into three 
principal geological units, namely the Bringelly Shale, Minchinbury Sandstone and Ashfield 
Shale.   
 
The Wianamatta Group extends to a depth of up to 110 m within the southern Sydney Basin 
and is underlain by the Hawkesbury Sandstone which comprises a medium to coarse grained 
quartz rich sandstone. 
 
The regional geology is dominated by the north-south trending Lapstone Monocline and 
Nepean Fault west of the Site, the Luddenham Dyke System, and a series of anticlinal and 
synclinal structures (Aecom, 2011).   
 
2.2 Geomorphology 
 
The Project Site rises within the central (65 m AHD) and southern (80 m AHD) site portions, 
and falls towards South Creek to the east (45 m AHD) and towards Badgerys Creek (50 m 
AHD) to the west. The Site is bounded on the eastern and western margins by South Creek  
and Badgerys Creek respectively.  
 
The underlying topography of the Site is relatively flat, however historical quarrying activities 
on the Site have substantially altered the natural landform with various voids and elevated 
stockpiles present in the western part of the Site. The most prominent of these landforms is a 
rehabilitated stockpile in the far west of the Site, known as the ‘Western Stockpile’. This 
stockpile of unusable material is approximately 200m x 125m, with an average height of 10m 
and has been revegetated with native grasses and trees. Other significant landforms on the 
Site include the raw material stockpile in the centre of the Site, as well as unusable materials 
stockpiles in the south and centre of the Site.  
 
Existing voids on the Site comprise Pits 1, 2 and 3. The largest of these, Pit 1, is located in 
the west of the Site and is used as the main water storage for the Site. Pit 2, adjacent to Pit 1 
is also complete and has been partially backfilled. Pit 3 is an active pit where quarry campaigns 
were focused, prior to the Site being mothballed. Three large sediment basins are located in 
the north and east of the Site, along with two smaller dams in the vicinity of these basins.   
 
Remaining land at the Site is vacant, of which areas to the north and east of the brick making 
facility are leased for livestock grazing. The Site is generally cleared of vegetation apart from 
the creek lines and some isolated stands of trees scattered across the Site. 
 
The Site is bounded by two drainage pathways. South Creek flows into the Hawkesbury River 
east of Windsor, and forms the eastern property boundary of the Project. South Creek is an 
intermittent surficial creek containing sediments of brown, silty sand and clay. Along the 
boundary with the Project site, the creek has a very gentle slope in the northern margin and 
steep incised edge on the southern extent. There is frequent erosion along the river edge. The 
creek is used to water cattle. South Creek, containing stagnant water during the Site inspection 
and fieldwork druring June 2018, is shown on the Perith geologicial map to be flanked by 
surficial Quaternary fluvial deposits comprising medium grained sands, clays and silts.  
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Badgerys Creek is also located within the South Creek catchment and forms the western 
property boundary of the Project Site. Badgerys Creek is an ephemeral drainage pathway and 
is regularly devoid of surface water, except for small isolated ponds. with a thin veneer of fine 
grained, orange-brown sandy silt overlying claystone. 
 
An overview map of the local topography is shown in Figure 2-1.  
 

 
Figure 2-1: Local Topography 
 
2.3 Geology 
 
The surficial geology in the vicinity of the Project Site comprises the Mid-Triassic Wianamatta 
Group. The Wianamatta Group is primarily comprised of shale, carbonaceous claystone, 
laminate and fine to medium grained lithic sandstone.  Coal is found but is rare. Three distinct 
formations have been recognized within the Wianamatta Group and these include: 
 

 Ashfield Shale: the upper most unit consisting of claystone, carbonaceous claystone, 
siltstone, laminite. sandstone and tuff. The unit has a maximum thickness within the 
Sydney Basin of 300m. 

 Minchinbury Sandstone: a quartz rich lithic fine to medium grained sandstone which 
separates the underlying Ashfield from the Bringelly Shale.  

 Bringelly Shale: basal dark gray to black siltstone. 
 
The Bringelly Shale is extracted within the Project Site.  The Wianamatta Group extends to a 
depth of up to 110 m within the southern Sydney Basin and is underlain by the Hawkesbury 
Sandstone which comprises a medium to coarse grained quartz rich sandstone with claystone, 
siltstone, minor shale and shale lenses and is known to contain significant amounts of 
groundwater in some parts of the Sydney Basin.  
 
Quaternary sediments, primarily alluvial deposits of unconsolidated clays and silts with minor 
sand, are present associated with Badgerys Creek to the east and South Creek to the west of 
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the Project Site. These have been mapped on the Penrith 1:100,000 Geology map sheet to 
encroach 400m inside the Project Site boundary in the east associated with South Creek, and 
up to 150m in the west assocated with badgerys Creek. A review of the extent of alluvium is 
introduced later in the report (Section 3.8).   
 
Groundwater flow within the alluvial sediments is expected to follow topography and flow 
towards the creeks and it is likely that the alluvial aquifer is hydraulically connected to the 
creeks.   
 
2.4 Structure 
 
Previous investigations (Resource Planning, 1994) have indicated the presence of faulting 
which became apparent in early drilling programs and were revealed during excavation of Pit 
1. Other structural defects such as large fractures can currently be observed in Pit 1. Some of 
which have calcite deposition resulting from precipitation from groundwater seepage. 
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3 HYDROGEOLOGY 
 
3.1 Climate 
 
The nearest long-term meteorological station is located at Prospect Reservoir around 5km to 
the northeast of the assessment area. Long term rainfall data (1887 – Present) for that station 
are provided in Table 3-1. 

Table 3-1: Rainfall Data for Prospect Station 067019 

 Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Year 
Mean 
(mm) 95.3 96.5 97.7 76.1 69.4 77.2 55.7 50.4 46 58.1 72.8 75.9 895.0 

Mean 
Rain 
days 

7.9 7.8 7.7 7.7 6.7 7.5 6.6 6.2 6.2 7.4 6.5 6.4 84.6 

 
The annual rainfall at the Prospect station exhibits a moderate seasonal pattern with the 
highest mean rainfall occurring during the December to June period and lower rainfall between 
July and November. Evaporation data (1965 – present) for the Prospect station are given in 
Table 3-2.  

Table 3-2: Pan Evaporation Data for Prospect Station 

 Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Year 
Total 
(mm) 199 123 118 77 51 31 44 75 112 111 163 180 1284 

 
Although actual evaporation is generally only around 85% of the pan data, the above tables 
show that there is a clear annual rainfall deficit and potential evaporation exceeds rainfall for 
most months of the year, except during the May to July period.  
 
3.2 Hydrogeological Investigation Programme 
 
As the Project Site was an active quarry before being mothballed in 2012, there are geological 
records from previous drilling campaigns which provides considerable insight into the local 
geology and hydrogeology. Several groundwater monitoring bores were also previously 
installed, however there are no records of construction details nor is there any temporal data 
for groundwater levels or geochemistry. Groundwater levels are relativity close to the surface 
and will be intersected during quarrying activities associated with the project. 
 
This investigation program has been designed to gain an understanding of the geometry of 
the sub surface water table and to the physical hydraulic properties of the host rock formation, 
primarily hydraulic conductivity.  
 
The proposed groundwater monitoring installation program was presented to DPI Water for 
review prior to work being undertaken. This engagement was sought to confirm the proposed 
location and depth of the additional groundwater monitoring well installation and ensure that 
the proposed monitoring network would be fit for purpose. 
 
The drilling program was designed to target shallow weathered shales / colluvium / alluvium 
adjacent to South Creek and Badgerys Creek. The program also targets shales at levels 
comparable to basal excavation design depths. To achieve this, paired standpipe piezometers 
were installed at 4 locations with screens installed to depths of approximately 6m and 33m 
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respectively. A fifth location (BW3) has a single standpipe excavation targeting deeper shale 
only. 
 
The aim being to investigate any presence of alluvium and associated groundwater with South 
Creek or Badgerys Creek and, to test connectivity between any shallow groundwater resource 
and a deeper system within the shale.  
 
3.3 Drilling and Piezometers Installation  
 
A total of 8 new standpipe piezometers have been installed to augment groundwater 
monitoring installations in place from previous drilling programs. Drilling was undertaken by 
Highland Drilling (4th to 8th June 2018) using a track mounted multi-purpose rig set up with 
110mm auger flighted drill rods and air core rods utilising a 110mm air hammer with an 
auxillary compressor. Monitoring installation are 50mm Class 18 tubular PVC with screened 
intervals. The locations of the standpipe piezometers are shown in Figure 3-1.   
 
All drillholes and monitoring installations were to depths less than 40m and hence no 
applications for groundwater licencing was sought. Form A documentation requirements have 
been undertaken by Hyland Drilling. 
 
Paired standpipes (Figure 3-1) were installed at multiple locations which aimed to investigate 
separation of groundwater or the existence of perched water tables between the shallow 
regolith and the base levels of the proposed excavations (near to the base of the Bringelly 
Shale). The program also aimed at investigating the presence of alluvium that may be 
associated with either South Creek or Badgerys Creek.  
 
Lithology encountered in recent drilling included claystone and shales consistent with the 
Bringelly sub group. In BW4 adjacent to South Creek on the northern eastern boundary a 
weathered fine grain sandstone was encountered at 3m depth. 
 
Intersected lithologies included claystone, siltstone, sandstone and carbonaceous claystone. 
It is noted that laminate, tuff and minor thin coaly bands have been encountered in previous 
core drilling programs. The Cobbitty Claystone which marks the base of the Bringelly Shale 
and has also been encountered in previous programs, is a thin light brown to white, waxy 
weathered tuff which is typically found within 3 metres of the top of the Minchinbury Sandstone 
and is regarded as a significant time marker horizon. Drilling in this most recent program was 
limited to 33m depth and this unit was not encountered (Table 3-3). 
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Figure 3-1: Location of Groundwater Monitoring Bores 
 
Table 3-3: Installed Groundwater Monitoring Bores 

Site  Easting  Northing 
Depth 
Installed 

(m) 

Screen 
Interval 
(m) 

Surface 
Elevation 
(mAHD) 

SWL*** 
(mbtoc) 

SWL*** 
(m AHD) 

BW1  291741  6247174  8  5‐8  56.06  6.11  50.67 

MW5*  291750  6247169  28  22‐28**  56.43  6.85  49.85 

BW2a  291911  6247442  8  5‐8  56.29  3.58  53.36 

BW2b  291914  6247440  33  27‐33  56.40  11.25  45.82 

BW3  292585  6247552  33  27‐33  64.10  12.13  52.63 

BW4a  293602  6247294  6  3‐6  49.04  3.89  45.86 

BW4b  293602  6247295  33  27‐33  49.06  2.43  47.41 

BW5a  293098  6246559  7  4‐7  45.56  4.09  43.18 

BW5b  293098  6246561  33  27‐33  46.51  2.64  44.57 

MW1*  292250  6246990  31  25‐31**  63.99  14.83  49.94 
* Pre-existing bore 
SWL – Standing Water Level 
(mbtoc) – meters below top of casing 
**No records of bore construction available. Screen length assumed at 6m 
*** Water levels as of 25/9/18 
 
Note also that additional bores shown in Figure 3-1 (MW3a, MW3b and MW4) were installed 
within the immediate vicinity of the brick making factory as part of a previous contamination 
investigation. These bores were no examined as part of this groundwater investigation. MW2 
is an existing monitoring bore which was accessed to gain a water level, however the surface 
casing and PVC standpipe have been damaged and will not be included in ongoing monitoring. 
 
3.4 Groundwater Levels  
 
Recorded groundwater levels in the updated groundwater monitoring network have a limited 
temporal span. However, with little changing stresses in the past decade, the static water 
levels show the existence of steady state conditions. A steady-state in this context is a 



11 

groundwater system or physical process that remains the same or is not changing through 
time apart from what may be expected seasonally. 
 
Figure 3-2 shows static groundwater levels for recently installed and previously existing 
monitoring bores which have been incorporated into the updated groundwater monitoring 
network. Newly installed monitoring bores are designated “BW” and previously installed are 
designated “MW”. 
 
 

 
Figure 3-2: Groundwater Levels 
 
BW1, adjacent to MW4 is located in close proximity to the south-east corner of Pit 1. It lies 
within 30m horizontal distance from the top of the batters and approximately 60m horizontal 
distance from stored water level of Pit 1. Groundwater levels in monitoring wells BW1 and 
MW4 are similar at 6.11m and 6.85m below ground level (bgl) respectively. These levels are 
close to the base level of Badgerys Creek and significantly above ponded water levels within 
Pit 1. This indicates a very steep drawdown cone occurs within the shallow groundwater table 
in the vicinity of Pit 1.  
 
A drawdown cone or cone of depression can be explained using the analogy of pumping 
groundwater from a well as shown in Figure 3-3. When a well is pumped, the water level in 
the well is lowered. By lowering this water level, a gradient occurs between the water in the 
surrounding aquifer and the water in the well. Because water flows from high to low water 
levels or pressure, this gradient produces a flow from the surrounding aquifer into the well. Pit 
1 in this context is a very large diameter well with a depressed water level. The steepness of 
the cone is a function of permeability. In the case of shale / clay, this permeability is low and 
hence the cone is steep. 
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Figure 3-3: Schematic Figure showing Concept of a Drawdown Cone 
 
BW2a and BW2b is a paired standpipe piezometer site, located adjacent to Badgerys Creek, 
but set back from an Aboriginal Heritage site identified for protection. Here we see the largest 
separation between screened intervals, with a shallow water table over 7m above the base of 
shale. Note, the recovery time for BW2b (in excess of 1 week) following initial sampling 
indicates the inherent very low hydraulic conductivity of the shale unit.  
 
BW3 is located on the northern boundary of the Project Site. Static groundwater levels are 
approximately 12m below ground level. 
 
Two paired sites installed adjacent to South Creek (BW4a, b and BW5a, b), show groundwater 
pressures at depth are higher than the shallow surficial water table indicating a disconnection 
and an upward pressure gradient. This indicates that the groundwater at the base of the shale 
is not in connection with either the shallow water table or South Creek. 
 
3.5 Groundwater Loggers 
 
Groundwater level loggers have been installed in five monitoring bores to allow baseline trends 
to be collected and as a management tool for future operational requirements. These have 
been installed in BW2a, BW2b, BW4a, BW4b and MW1. These have been set to log water 
levels on a daily frequency. GES supplied the logging equipment and provided training to 
PGH’s Environmental Manager. Future monitoring will be undertaken by PGH personnel in 
accordance with the existing Water Management Plan. 
 
3.6 Groundwater Quality 
 
Water quality data obtained from newly installed piezometers is summarised in Table 3-4.  
Water samples were collected for field analysis of pH and electrical conductivity (EC), and for 
laboratory testing of the following comprehensive suite of analytes: 
 

 pH, EC and total dissolved solids (TDS); 
 Major cations and anions; and 

 Dissolved metals (Aluminum, Arsenic, Chromium, Copper, Lead, Manganese, 
Molybdenum, Nickel, Selenium, Silver, Zinc, Boron, Iron). 

 
The laboratory analysis was undertaken by ALS Environmental, a NATA-accredited laboratory 
based in Sydney. Major ions have been compared with ANZEC (2000) guidelines for 
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recreational purposes. The elevated salinity within Site groundwater shows several samples 
exceed these trigger limits.  
Dissolved metals have been compared to ANZECC 2000 95% protection criteria. A number 
of exceedances are shown in red in Table 3-4. 
 
Assessments of groundwater and surface water quality can be useful in understanding 
conceptual hydrogeology, particularly in relation to EC and Piper diagram plots.  Different 
strata horizons can demonstrate differing amounts of salinity, which tend to be low in areas of 
high recharge or connectivity with surface waters.  Piper plots provide an assessment of the 
recharge-discharge processes, and also allow a comparison of water samples derived from 
different environments within the hydrological cycle.  Recently-recharged water tends to plot 
closer to the left-hand apex of the diamond field in the Piper diagram, and waters further from 
the source of recharge closer to the right-hand side. 
 
Figure 3-4 shows a composite Piper plot of the groundwater samples from the project area. 
The plot shows that all samples are grouped close to the right-hand side of the diagram 
indicative of a sodium chloride type groundwater. The piper diagram shows results of sampling 
divided into shallow and deeper installations which have little variability between them. 
 
Table 3-4: Analytical Groundwater Chemistry Results 

  
Trigger* 

Level BW1 MW5 BW2a BW2b BW3 BW4a BW4b BW5b MW1 

pH 6.5-8.5 6.97 7.3 6.92 7.12 7.1 7.68 7.05 7.14 7.12 
Electrical 
Conductivity µS/cm - 28800 24900 31600 21700 23100 20000 20700 21100 10200 

Total Dissolved 
Solids  - 17200 18200 24700 13300 13700 13800 13000 14200 5130 

Hydroxide (CaCO3) - <1 <1 <1 <1 <1 <1 <1 <1 <1 

Carbonate (CaCO3) - <1 <1 <1 <1 <1 <1 <1 <1 <1 
Bicarbonate 
Alkalinity as CaCO3 - 256 675 224 815 637 526 799 646 469 

Total CaCO3 500 256 675 224 815 637 526 799 646 469 

Sulfate as SO4- 400 1320 1050 816 341 53 210 <1 <1 398 

Chloride 400 10400 8600 11500 7490 8290 6940 7290 7540 3120 

Calcium - 112 254 103 429 486 232 483 671 110 

Magnesium - 1170 912 1340 388 411 453 311 328 291 

Sodium 300 5070 4300 5570 4020 4110 3550 3770 3670 1600 

Potassium - 10 15 3 55 71 11 65 71 23 

Metals 

Aluminum 0.055 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 

Arsenic 0.024 <0.001 0.001 <0.001 0.044 0.005 <0.001 0.009 0.003 <0.001 

Chromium 0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 

Copper 0.0014 0.008 0.002 0.082 <0.001 <0.001 0.001 <0.001 0.364 0.017 

Lead 0.0034 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 

Manganese 1.9 4.02 0.436 0.662 0.742 0.541 1.92 0.2 0.252 0.265 

Molybdenum ID* 0.002 <0.001 <0.001 0.001 0.002 0.001 <0.001 0.002 0.004 

Nickel 0.011 0.106 0.004 0.024 0.003 0.002 0.061 0.003 0.082 0.042 

Selenium 0.011 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 

Silver 0.0005 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 

Zinc 0.08 0.141 0.015 0.027 <0.005 <0.005 0.207 0.03 0.081 0.015 

Boron 0.307 <0.05 0.06 <0.05 0.19 0.15 0.14 0.07 0.06 0.08 
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Trigger* 

Level BW1 MW5 BW2a BW2b BW3 BW4a BW4b BW5b MW1 

Iron ID* <0.05 <0.05 <0.05 0.08 0.66 <0.05 0.78 <0.05 <0.05 
*Trigger Level values for freshwater (95% Level of Protection ANZECC 2000) 
**ID – Insufficient Data 
 
 
 
 

 
Figure 3-4: Piper Diagram 
 
3.7 Beneficial Use 
 
The National and State guidelines for groundwater protection rely on a framework in which 
there is the identification of existing or potential beneficial uses for groundwater resources. 
The choice of a beneficial use classification depends upon the quality of water present and 
the potential values of the water in the long term (NWQMS, 1995).  
 
The following beneficial uses were recommended by the NWQM Strategy Guidelines for 
Groundwater Protection in Australia (1995) and have been adopted in this policy. They 
include: 

 ecosystem protection; 
 recreation and aesthetics; 
 raw water for drinking water supply; 
 agricultural water; and 



15 

 industrial water 
 
The groundwater quality associated with the Project Site has been shown above to exceed 
relevant guideline values. ANZECC & ARMCANZ (2000) derived physical and chemical 
stressor default guideline values for large geographic regions that encompassed a broad 
range of catchments and water types.  
 
These physical and chemical stressor default guideline values are provided for different levels 
of protection, depending on the current or desired ecosystem condition. Note that in Table 3-
4, both recreational and aquatic species protection (95%) have been used. 
 
With the exception of ecosystem protection, the beneficial uses listed above do not apply to 
the groundwater resource associated with the Project Site as the resource is not used for any 
recreational purposes, is not connected to any drinking water supply resource and is not used 
for agricultural or industrial purposes.  
 
The Project Site can also be considered as a highly disturbed system under ANZECC & 
ARMCANZ (2000) guidelines due to previous land use purposes which included both 
quarrying and agricultural use. This combined with elevated native salinity which is typical for 
this shale unit, that has exceedances to default guideline trigger values (Section 3.6) results 
in problems for monitoring the performance of operational water quality management and 
ensuring that no deterioration occurs as a result of the Project. 
 
The NWQM Strategy Guidelines recommends less conservative site-specific guideline values 
for of management plans using 90th or 10th percentiles of minimally impacted reference-site 
data, with a goal of continual improvement. The groundwater management plan will therefore 
adopt such a strategy to maintain or improve the current  use status. 
 
3.8 Hydraulic Testing 
 
Falling head or conversely rising head slug tests are common testing methods used to 
determine the permeability of fine to medium grained sediments such as clays, silts and fine 
to medium grained sands. A slug or fixed object such as a solid tube of smaller diameter than 
the bore casing is lowered, displacing a volume of water, or a slug of water is removed or 
pumped out of the borehole. As water levels recover, the resultant recover curve can be 
subjected to a number of empirical methods to establish an estimate of permeability (hydraulic 
conductivity). Hydraulic conductivity being the potential rate of transmission of groundwater 
through the subsurface and is measured by units of distance and time.  
 
Software has been used to aid this process. AQTESOLV software used for the analysis of 
aquifer tests (pumping tests, constant-head tests and slug tests) employs curve matching 
techniques. The results of these are in Appendix B. 
 
Slug tests provide estimates only because the method only tests the host soils in close 
proximity to a borehole. Slug tests were used along with short term low flow constant head 
pump tests (CRT) where permeability and yield were higher in relative terms. 
 
Slug tests were undertaken on the new standpipe piezometers following installation to obtain 
estimates of hydraulic conductivity. The data was analysed using the Bouwer-Rice method 
(Bouwer and Rice, 1976) for the tests on shallower installations (weather shale / colluvium), 
and the Hvorslev Method (Hvorslev, 1951) for tests on confined aquifers. For bores where 
higher yields were encountered, a fractured Moench Model was used to gain curve matching 
in the case of BW5b. 
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A summary of the derived hydraulic conductivity values is presented in Table 3-5.  Curve 
matching results of falling head tests are presented in Appendix B. 
 

Table 3-5: Slug Test Results 

Bore Test Method 
Hydraulic Conductivity K 

(m/d)* 

BW1**  N/A 
BW2a Slug 6.5 x 10-3 
BW2b Slug 2.9 x 10-3 
BW3 Slug 6.5 x 10-3 

BW4a Slug 4.2 x 10-3 
BW4b Slug 9.5 x 10-3 
BW5a Slug 4.3 x 10-3 
BW5b CRT 1.3  

* m/d - meters per day 
** BW1 water levels is too low to undertake a slug test 
 
Aquifer testing shows that hydraulic conductivities within the Bringelly shale are relatively 
consistent with the exception of the result in BW5b. This is indicative of hydraulic conductivity 
for the shale being in the order of 5.5 x 10-3 m/d. The result in BW5b was analysed by curve 
matching, using a Moench fractured aquifer model, suggesting that the drilling intersected a 
fracture network with the result not being indicative of the shale. 
 
3.9 Alluvial Mapping 
 
Figure 3-5 shows local surface geology as expressed in the 1:100 000 Geological Series 
Sheet for Penrith. This has the extent of quaternary sediment (alluvium) extending a footprint 
onto the Project Site which is significant adjacent to south Creek where alluvium is mapped 
400m from South Creek within the Project Site boundary. The footprint is less associated with 
Badgerys Creek, although this area is important considering the proposed location of Pit 5 
(adjacent to Badgerys Creek). 
 
Although detailed drilling investigations, specifically to delineate the boundary of alluvium 
associated with South Creek and Badgerys Creek, have not been undertaken, the recent 
drilling to expand the groundwater monitoring network and field observations has helped 
confirm the extent of alluvium particularly in the area between Pit 5 and Badgerys Creek. In 
all new drill holes, no alluvium has been encountered apart from potentially the upper 0.5m at 
BW4 adjacent to South Creek, which appeared as a silty topsoil overlying a weathered 
sandstone.  At all other locations, a weathered siltstone / shale was encountered at depths of 
less than 2m overlain by a weathered regolith. 
 
Along South Creek, there are a number of terraced levels before the landforms rise to the 
west. However, shale is encountered immediately below the surface at BW5 and can also be 
observed in the steep banks of South Creek adjacent to BW5, this shows that in the southern 
portion of the South Creek boundary, the creek is incised into the Triassic shale unit. 
 
Similarly, to the north at monitoring site BW4, a clay and clean weathered fine sandstone at 
shallow depth provides little evidence of quaternary sediments which would be in connection 
with South Creek and absolutely no evidence of saturated alluvium. There are low lying areas 
adjacent to South Creek which will likely have saturated alluvium and the is an embayment 
mid-way along the eastern Project boundary that is low lying, has swampy peaty soils and 
likely does contain sediment associated with South Creek that is partially saturated. Figure 3-
5 shows an updated estimate of the extent of alluvium associated with South Creek and 
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Badgerys Creek. The distance from the western edge of Pit 5 to the Badgerys Creek Alluvium 
is 63m. 
 
Alluvium has also been mapped at Badgerys Creek in the 1:100 000 Geological Series Sheet. 
Drilling directly adjacent to Badgerys Creek was not possible due to a herritage buffer zone. 
However, similar to what was observed near South Creek, drilling to install standpipe 
piezometers at BW2 revealed weathered shale just beneath a shallow cover of topsoil. The 
banks of Badgerys Creek are not as incised as that seen on South Creek near BW5. However, 
weathered clays / shale does appear in the banks adjacent to the proposed Pit 5 and deposited 
alluvium is limited to the base of the creek. Figure 3-6 shows the base of the creek and alluvial 
sediments. Similar conditions can also be observed further south along Badgerys Creek where 
drilling at BW1 revealed weathered shale at the surface and wheathered shale can also be 
observed nearby in the western bank of Badgerys Creek. 
 
In both Badgerys and South Creeks bordering the Project Site, there is little evidence of an 
alluvium footprint encroaching beyond the extent of the creek itself. Any flood related 
deposition appears to be limited to the upper meter of the soil profile and is not saturated or 
in connection with either creek system. 
 
Condition 20 of the Project Approval specifically requires:  
 

mitigation and management measures to ensure alluvial sediments and alluvial 
aquifers are not impacted by the project, including: - appropriate buffer setback 
distances between the alluvial sediments and the Pit 5 extraction area; and - any 
resulting adjustments to the Pit 5 extraction area.  

 
The proposed MOD4 also proposes the dewatering of Pit 1 and extraction of any remaining 
clay to a depth of 35m below ground level. Therefore, it is necessary to also consider any 
interaction of Pit 1 with the Badgerys Creek alluvial sediments/aquifer. 
 
Given that no alluvium has been identified in the flanks of Badgerys Creek adjacent to Pit 5 or 
Pit 1, these pits will not interfere with the Badgerys Creek alluvial sediments/aquifer and 
therfore no adjustments are required to the extent of these pits and no further management or 
mitigation measures are deemed necessary to avoid impacts to the Badgerys Creek alluvial 
sediments/aquifer. 
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Figure 3-5: Map Showing Estimated Extent of Alluvium 
  

 
Figure 3-6: Badgerys Creek Channel 
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4 GROUNDWATER MODEL  
 
4.1 Objective 
 
The key objective of the model is to simulate the local hydrogeological environment and 
quantify the impacts on the groundwater resource from extraction activities of the Project. This 
includes groundwater seepage into the various excavation voids, associated transient 
drawdown and any baseflow impacts on either Badgerys Creek or South Creek.  
 
4.2 Model Code and Complexity 
 
Numerical modelling to date has been undertaken using the Groundwater Vistas software 
interface (Environmental Simulations) in conjunction with MODFLOW-SURFACT 
(Hydrogeologic). MODFLOW-SURFACT is an advanced version of the MODFLOW code.  
 
The groundwater model is Low Complexity (under the MDBC Guidelines, 2000) with a Class 
1 Confidence Level (under the NWC guidelines, 2012). It provides an assessment of the 
existing groundwater system status and predicts the potential effects of shale excavation in 
the conceptual excavation plan.  
 
4.3 Model Domain and Discretisation 
 
The model domain is discretised into 302,400 cells comprising 180 rows, 240 columns and 7 
layers. The dimensions of the model cells are 25 m in both lateral directions. The model extent 
is approximately 4.5 km from west to east and 6 km from south to north, covering an area of 
approximately 27 km2. Figure 4-1 shows the extent of the groundwater model domain. 
 

 
Figure 4-1: Current Model Domain 
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4.4 Model Layers and Geometry 
 
Seven model layers represent a reasonably uniform stratigraphic profile. Layer thickness 
includes: 
 

 Layer 1 at 5m.  
 Layer 2 at 2 m. 
 Layer 3 variable thickness. 
 Layer 4 at 1m. 
 Layer 5 at 15m. 
 Layer 6 at 23m. 
 Layer 7 at 10m. 

 
4.5 Topography 
 
Topography for the model domain utilised Project Site survey data (1m contours) which was 
spliced into the Space Shuttle Radar Topography Mission (SRTM99) data outside the Project 
Site boundary. The resolution for the SRTM data is one arc second (30 m). This was then 
interpolated to the 25m grid. 
 
4.6 Boundary Conditions 
 
Model boundaries should be placed at such a distance that they do not interfere with applied 
stresses and visa-versa. As noted above, the boundaries are relatively close in this model 
which has the benefit of limiting model extent, but they must still contain enough distance to 
not affect the results.  
 
The model extent is a factor of conceptualization where the very low hydraulic conductivity of 
localised geology limits the areal extent of any stresses.  
 
The geomorphology of the Project Site is bounded by South Creek in the east and Badgerys 
Creek in the west and to these creeks conceptually are discharge pathways for local shallow 
geology. The two creek systems drain towards the Hawkesbury River, located approximately 
10kms to the north and it is likely that flow directions are influenced by the shallow gradient of 
this system.  
 
The local groundwater table surface is a subdued reflection of surface topography and is the 
largest influence on local flow directions.  
 
The boundary conditions of the model consist of: 

 General head boundaries representing the assumed sub regional drainage inflow and 
outflow areas north and south of the Project Site and offset by 2kms; 

 Stream boundaries representing the Badgerys Creek and South Creek with stream 
stage set 1m below surface. 

 
4.7 Recharge and Evapotranspiration 
 
Recharge in the preliminary model was set at 2% of rainfall from BoM data for Prospect across 
most of the model domain which equates to 4.9 x 10-5m/d.  Evapotranspiration was applied 
uniformly to the model with a rate of 5.4 x 103m/d and a shallow extinction depth of 4m. 
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4.8 Hydraulic Properties, Specific Yield and Porosity 
 
The most influential physical property affecting flows within the model is hydraulic conductivity 
and the basis for values used were estimates from testing of hydraulic conductivity undertaken 
on recently installed monitoring bores. 
 
Other physical properties of the model such as Specific Yield (Sy) / Specific Storage (Ss) or 
porosity are based assumptions from typical general ranges for the similar lithologies. 
 
There is good information from monitoring data adjacent to Pit 1, showing a steep drawdown 
in the surrounding area, supporting the low average values of hydraulic conductivity (K) that 
were found. So, there is a high level of confidence on the aquifer test results. These values 
were used as the basis for calibration model runs for layers within excavation depths range.  
 
No other testing was undertaken that allowed assessment of specific yield (Sy) or porosity. 
However, it is well understood that variability of K is going to cause the most sensitivity to 
inflow rates to excavations and connectivity with boundaries such as the creek systems. 
 
4.9  Model Calibration 
 
Steady state (or baseline ‘long term’) calibration was achieved using spot groundwater 
elevations form the updated groundwater monitoring network and qualitatively with the 
information gained from the monitoring network and the significant difference in water levels 
within the existing voids.  
 
Calibration is the process where the reliability or accuracy of the model is tested by assessing 
how well it is able to reproduce or match historically observed groundwater records. One 
measure of calibration performance is to use statistical methods such as SRMS (Scaled Root 
Mean Square). A target 5% SRMS or less suggested in the MDBC flow model guidelines 
(MDBC, 2001). The more recent Australian Groundwater Modelling Guidelines suggest a 
more qualitative approach is more useful rather than strictly relying on the quantitative 
measures. However, the statistical calibration results are still very useful for making 
comparisons between the various sensitivity / uncertainty approaches.  
 
Calibration accuracy was limited by the sparse groundwater data available. However, 
calibration was carried out against 10 targets, using manual modification of zones and model 
parameters. Steady state calibration performance achieved a 3.0% Scaled Root Mean Square 
(SRMS), which is below the target 5% SRMS suggested in the MDBC flow model guidelines 
(MDBC, 2001). However, it is also notable that as Pit 1 has been an open excavation for an 
extended period, there is a qualitative aspect as we know there is a very tight drawdown cone 
around Pit 1 from the monitoring bore water levels. 
 
The scatter diagram of measured versus modeled groundwater level targets is plotted in 
Figure 4-2. The model is reasonably well balanced against the measured targets (i.e. there is 
no systematic under or over prediction).  
 
Table 4-1 summarises the final calibrated hydraulic conductivities.  
 
Mass balances were generally good, at less than 4% imbalance for the base case steady state 
run. The model was generally stable and relatively insensitive to most model parameters.  
Some of the parameters did have a large potential influence, but the values selected were 
realistic and represented the best fit for the model calibration. 
 
The groundwater table contours for the base case model are shown in Figure 4-3 and Figure 
4-4 which show water level contours in meters above the Australian height datum (AHD) and 
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meters below ground level (mbgl). Water levels show subdued reflection of topography with a 
steep drawdown cone surrounding Pit 1 which can be observed in groundwater levels within 
active monitoring point BW1 and MW4, MW1 and the out of service MW2. 
 

 
Figure 4-2: Calibration Performance 
 
Table 4-1: Calibrated Hydraulic Conductivities [(m/day) 

Layer Lithology Zone 

Horizontal 
Hydraulic 

Conductivity 
(Kx) 

Vertical 
Hydraulic 

Conductivity 
(Kz) 

1 Alluvium 8 1 5.0 x 10-1 

1 Colluvium / Regolith 1 1 x 10-1 5.0 x 10-2 
2 Bringelly Shale 2 8 x 10-3 1.0 x 10-3 

3 Bringelly Shale 3 5 x 10-3 1 x 10-3 
4 Bringelly Shale 4 3.0 x 10-3 1.0 x 10-3 

5 Bringelly Shale 5 1 x 10-5 1 x 10-5 

6 Bringelly Shale 6 1 x 10-2 1 x 10-3 

7 Cobbity Sandstone 7 5 x 10-3 1 x 10-4 
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Figure 4-3: Calibrated Water Levels (m AHD) 
 

 
 
Figure 4-4: Calibrated Water Levels (mbgl) 
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4.10 Steady State Calibration Model Water Balance 
 
There are multiple opportunities for groundwater to discharge from and recharge to the 
groundwater system and groundwater model. Those implemented in the model will include:  
 

 Storage. 
 Drains (Seepage / Inflow). 
 Recharge (Direct Rainfall). 
 Et (Evapotranspiration). 
 Stream flow (Leakage/Baseflow). 
 Head Dependent Boundary (GHB). 

 
Given the modelling approach for calibration is focused on long term static effects of existing 
voids in steady state conditions, storage is not included in the water balance accounting. Table 
4-2 provides principal components of the model water balance for the base case calibration 
model. Current inflow to Pit 1 at 17 m3/d is a very small component of the overall balance.  
 
Table 4-2: Calibration Model Simulated Water Balance  

Component Inflow (m3/d) Outflow (m3/d) 

Drains (Pit Inflow) - 17 

Recharge (Direct Rainfall) 1323 0 

ET(Evapotranspiration) - 1311 

River (Leakage/Baseflow) 106 106 

Head Dependent Boundary 74 88 

Total 1503 1522 

Discrepancy -2.66% 

 
4.11 Pseudo Steady State 
 
The model was converted to a pseudo steady state whereby runs are in a transient format but 
with no changes in stresses applied. That being steady state conditions using the steady state 
model results as initial conditions. This allows additional parameters such as storage and 
specific yield, for which there is no information, to be tested for sensitivity and test any 
variability to seepage rates under transient mode. Table 4-3 shows the water balance for the 
Pseudo Steady State model which shows a slightly higher seepage rate and similar overall 
flux.  
 
Table 4-3: Pseudo- Steady State Calibration Model Simulated Water Balance  

Component Inflow (m3/d) Outflow (m3/d) 

Storage 0 0 

Drains (Pit Inflow) - 20 

Recharge (Direct Rainfall) 1323 0 

ET(Evapotranspiration) - 1310 

River (Leakage/Baseflow) 88 118 
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Component Inflow (m3/d) Outflow (m3/d) 

Head Dependent Boundary 74 88 

Total 1485 1536 

Discrepancy -3.43% 

 
4.12 Sensitivity Analysis 
 
Sensitivity analysis is the process of identifying the model parameters that have the most effect 
on model calibration or on model predictions. Within the Groundwater Vistas software, there 
is the ability to undertake an automated sensitivity. The automatic sensitivity analysis 
procedure is a very useful calibration tool aid. 
 
Auto sensitivity analysis was carried out in order to examine the sensitivity to key model input 
parameters. Summary graphs of the auto-sensitivity are provided in Figure 4-5 and Figure 4-
6.  
The groundwater model was run under multiple different scenarios with changes each time to 
key model parameters including horizontal hydraulic conductivity (Kh), vertical hydraulic 
conductivity (Kv), specific storage (SS), specific yield (Sy) and recharge. The multipliers used  
were 0.1, 0.5, 1 (base case calibration model), 5, and 10. In this way, a selected model 
parameter is varied by up to plus and minus 1 order of magnitude. Recharge was slightly 
different with multipliers of 0.5, 1, 2, 5, 10. This equates to a range of 50% to 20% of total 
rainfall from the Prospect Reservoir meteorology station. 
 
The graphs show multipliers vs calibration statistics, in this case using an average residual 
from the base case calibration water levels. The multiplier 1, represents the base case. If a 
multiplier causes a residual value to fall below the base case, there is an argument for updating 
the calibrated values. Above the base case, and the analysis demonstrates that the 
appropriate parameter value has been used.  
  
 
 

 
Figure 4-5: Horizontal Conductivity Sensitivity 
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Figure 4-6: Recharge Sensitivity 
 
Horizontal conductivity (Kh) was generally not a sensitive parameter, although there was some 
sensitivity to the assumed horizontal permeability. The graph clearly shows that optimum 
values were selected for each zone within the model. Kz was most sensitive to Zone 5 (Layer 
5), which represents the lowest level of shale to be excavated. The model was also sensitive 
to Zone 1 (Layer 1), which is comprised of surficial colluvium / weathered shale. The model 
was sensitive to recharge which is clear form Figure 4-6 
 
4.13 Changes to Quarrying – MOD4 
 
Quarrying activities at the Site are expected to have a duration of 30 years. A proposed 
excavation plan footprint is shown in Figure 4-7.  Excavation activities are expected to be re-
initiated in 2019 (year 1) with progression of excavation as follows:  
 

 Potential additional quarrying in Pit 1 if suitable material is present. Pit 1 has been an 
open void since previous quarry activates ceased. This assessment has included this 
additional excavation. Backfilling of Pit 1 is anticipated to be at 40% levels by Year 10 
and complete by approximately Year 15. 

 Continued quarrying of Pit 3 (existing partially excavated pit) including the lateral 
progression of the pit towards the east as shown in Figure 4-6 starting in Year 1 and 
complete by Year 7. 

 .  It is anticipated that extraction from Pit 4 which would start in Year 8 and continue 
until approximately Year 16 – 18. 

 Establishment of proposed Pit 5 would commence in approximately Year 18. It is 
anticipated that extraction from the Pit 5 would continue until approximately Year 29. 
Backfilling would begin at approximately Year 25.  

 Pit 2 has been excavated as part of previous Site activities and partially backfilled. 
Completion of backfilling will occur on recommencement of Site extraction activities. 

 All excavations will be backfilled with virgin excavated natural material (VENM) and 
burden, and engineered such that the fill is expected to have physical properties near 
that of insitu natural soils. 
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Figure 4-7: CSR Advanced Manufacturing Hub Excavation Layout Plan 
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4.14 Predictive Modelling 
 
Approved operations will involve continued extraction of raw materials from the remainder of 
Pit 3 to an approximate depth of 35m and the establishment of two additional excavations, Pit 
4 (approximately 14 ha) and Pit 5 (Approximately 20 ha) also to a depth of approximately 35m. 
Proposed operations include dewatering of Pit 1 and extracting remaining clay down to a 
maximum depth of 35m if suitable clay remains. 
 
Figure 4-14 shows the extraction areas relative to the Project Site boundary with both Pit 3 
and Pit 1 included in the predictive model. 
 
Drain cells were used to simulate progressive excavation. Drain cell levels in set to the design 
excavation levels in lowest layer, and to 01.m above layer base in overlying layers.  
 
Initial groundwater conditions (levels) from calibration is shown in Figure 4-3 and Figure 4-4. 
Figure 4-8 to Figure 4-15 show water table drawdown as a result of progressive clay / 
claystone excavation and water table recovery as a result of backfilling with burden/VENM. 
Drawdown expressed in meters is the difference between initial conditions at the start of the 
Project and resultant water levels at any given stage. These figures show drawdown as 
positive integers (+) where water levels fall due to excavation and water level recoveries as 
negative integers (-) where water levels rise due to backfilling of individual excavations. Project 
extraction progression (Project Stages) are included in Appendix C. 
 
Figure 4-8 during Stage 1 (Project Year 3). Levels have recovered over Pit 2 due to backfilling. 
Excavation has started (recommenced) in Pit 3 and Pit 1.  
 
Figure 4-9 shows drawdown conditions during Project Stage 2 (Year 7) with progression of 
extraction in Pit 3 in an easterly direction and extraction deeper in Pit 1.  
 
Figure 4-10 shows impacts on groundwater during Stage 4 (Year 12), with Pit 3 and Pit 1 
extraction complete with partial backfilling and associated recovery. Excavation has started in 
Pit 4 south although full design depths have not been reached.  
 
Figure 4-11 shows water levels during Stage 5 (Year 17). Pit 1 and Pit 3 have been backfilled 
and there is continued recovery of groundwater levels within these footprints. Pit 4 is 
progressing in a northerly direction.  
 
Figure 4-12 shows drawdown levels during Stage 6 (Year 20). Pit 4 extraction is complete, 
and backfilling has commenced, and excavation has been initiated in Pit 5. Recovery of 
groundwater levels continues in Pit1 and Pit 3. 
 
Figure 4-13 shows conditions during Stage 7 (Year 25). Pit 5 is progressing in a westerly 
direction. Pit 1, Pit 3 and Pit 4 have been backfilled and rehabilitated with groundwater levels 
near full recovery.  
 
Figure 4-14 shows conditions at Project Stage 8 (Year 29). Pit 5 excavation is complete and 
has been partially back filled with associated recovery underway.  
 
Figure 4-15 shows conditions following the completion of operational activities at Project 
Stage 19 (Year 30+1). Pit 5 backfilling completed in Year 30 and recovery in Pit 5 continues. 
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Figure 4-8: Groundwater Levels Stage 1 (Year 3) 

 
Figure 4-9: Groundwater Levels Stage 2 (Year 7)  
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Figure 4-10: Groundwater Levels Stage 4 (Year 12) 

 
Figure 4-11: Groundwater Levels Stage 5 (Year 17) 
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Figure 4-12: Groundwater Levels Stage 6 (Year 20) 
 

 
Figure 4-13: Groundwater Levels Stage 7 (Year 25) 
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Figure 4-14: Groundwater Levels Stage 8 (Year 29) 
 

 
Figure 4-15: Groundwater Levels Stage 9 (Year 31) 
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4.15 Pit Inflows / Seepage 
 
Combined temporal seepage into the various separate pit excavations from the prediction 
model are shown in Figure 4-16. Initial inflow rates are being generated from a combination 
of seepage into existing voids of Pit 1, Pit 2 and Pit 3. The initial decrease within the first year 
is a reaction to Pit 2 being infilled. The punctuated nature of increases in seepage rates is 
partly a function of the model cell drain implementation where the model immediately strips 
water from storage as the drain becomes active and the time stepping used within the model. 
However, it is anticipated that short term increases in seepage rates would occur as new 
excavation areas are opened.  
 
Predicted seepage rates indicate the inflows increase slightly from current static inflow rates 
into Pit 1 which is 30 m3/day (11 ML/yr) at the start of the Project and peaking at approximately 
40 m3/day (15 ML/yr) early in the Project (Year 2) as Pit 1 is dewatered and excavated further 
and Pit 3 excavation progresses. A gradual decline in seepage rates occurs following Year 16 
as backfilling of Pit 1 and Pit 3 with VENM is completed and only single areas (Pit 4 then Pit 
5) are excavated / open and any given time. The continued decline in seepage / inflow rates 
reflect the progressive backfilling and the associated recovery of groundwater levels within the 
previously open excavations.  
 

 
Figure 4-16: Predicted Inflows 
 
4.16 Baseflow Impacts 
 
Overall, the proposal is predicted to have very limited impact on baseflow to local creeks. This 
is primarily due to limited impact on surficial soils and the influence of low hydraulic 
conductivities on the groundwater system.  
 
Figure 4-17 shows change of baseflow flux for a combined South Creek and Badgerys Creek 
and shows the differential between a model with the proposal and a comparison to a pseudo 
steady state model running in transient mode with current conditions persisting. Positive 
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values represent an impact on the creek system (water removal from the creeks) and a 
negative value or recession trend signifies a return to the creeks.  
 
It should be noted that Badgerys Creek is simulated using the stream package. Given that 
Badgerys Creek is an ephemeral drainage pathway, it could be argued that the drain package 
may have been a more effective method for simulation. The stream packages has arbitrarily 
left a small amount of water in the creek bed effectively leading to an over prediction of 
impacts. Given the low flux changes predicted, this is not seen to be an issue that would 
change the overall presentation of potential impacts. 
 
 

 
Figure 4-17: Change in Baseflow Flux 
 
4.17 Uncertainty 
 
Uncertainty analysis is the process by which the impacts of variations in critical parameters 
(identified as being “sensitive” during the sensitivity analysis) on model predictions and model 
reliability is assessed.  The sensitivity analysis for the steady state model was presented in 
Section 4.12. In order to assess the impact from uncertainty of these parameters and to what 
extent these could impact on project inflows the model was run focusing on horizontal 
hydraulic conductivity which is the most sensitive parameter.  
 
To test this basic level of uncertainty, additional runs were undertaken where the hydraulic 
conductivity in all model layers was increased by a factor of 5 and 10. Figure 4-18 shows 
inflow / seepage rates for these scenarios at rates of m3/day. Inflow rates increase by 
approximately 50% with early Project peak rising from 40 m3/day (14.6 ML/yr) to 62 m3/day 
(22.6 ML/yr) and average inflow rates during the first 15 years of the project increasing from 
33 m3/day (12 ML/yr) to 52 m3/day (19 ML/yr). 
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Figure 4-18: Inflow / Seepage – Uncertainty Runs 
 
 
4.18 Existing Groundwater Users 
 
The closest registered bore not associated with the Project Site is located more than 1km to 
the north. As impacts on groundwater levels are predicted to largely be contained with the 
project boundaries, no impact to other groundwater users is anticipated. 
 
 
4.19 Groundwater Dependent Ecosystems (GDE) 
 
The Bureau of Meteorology Groundwater Dependent Ecosystem Atlas shows a buffer on 
South Creek which is catergorised as Low Potential GDE. 
Predicted impacts from the proposed MOD4 proposal show drawdown impacts from the 
Project do not extend to areas near South Creek or its buffer. Therefore, it is not anticipated 
that any impact on a GDE associated with South Creek will occur.  
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5 AQUIFER INTERFERANCE POLICY 
 
The Project is an extractive industry where the groundwater table is intersected. Therefore, 
the NSW Aquifer Interference Policy (AIP) needs to be considered and any relevant policy 
issues which may impact on the Project, needs to be addressed. The AIP states: 
 

All water taken by aquifer interference activities, regardless of its quality, needs to be 
accounted for within these extraction limits. This is to protect environmental water and the 
lawful taking of water from groundwater and surface water sources by other users. The 
processes for obtaining licenses under the Water Management Act 2000, the license type 
and the entitlement volumes are all relevant for ensuring that the aquifer interference 
activity has adequate water in its water account to cover the take of water by that activity 

 
During excavation, groundwater is taken from the Sydney Basin Central Groundwater Source. 
The AIP indicates that the volume of water taken from a water source, as a result of an activity, 
needs to be predicted prior to project approval and then measured and reported in Annual 
Returns or Environmental Management Reports. 
 
Groundwater modelling has indicated that current seepage and life of project seepage / inflow 
rates are low (peaking at 15ML/year). The Wianamatta group Shales are not regarded as a 
regional aquifer given the low inherent hydraulic conductivities, and inflow rates to excavated 
areas are reduced to nil at the Projects completion as a result of backfilling.  
 
There is, however, some uncertainty in the groundwater model results given the limited spatial 
distribution and temporal groundwater and physical property data available.  To account for 
this, a simple uncertainty scenario was undertaken whereby horizontal conductivities within 
relevant groundwater model layers were increased by up to one order of magnitude to test the 
potential for underreporting of potential seepage rates into open excavations. 
 
This analysis of increased hydraulic conductivity shows that although inflows increase, they 
do not exceed that of the water allocation license, with impacts remaining restricted to the area 
within the Project Site boundaries. 
 
The groundwater inflows / seepage can be assigned to Sydney Basin Central Groundwater 
Source in its entirety. The current water access license (WAL24346) for 25ML/a is appropriate 
given life of project seepage / inflow rates are predicted to peak at 15ML/year.  
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6 SUMARY AND CONCLUSIONS 
 
The hydrogeology of the Project Site is strongly influenced by the geology which comprises 
low permeability shales and clays. Quaternary alluvial deposits flanking the creeks are located 
to the east and west of the Project Site. Historical extraction within the Project Site has 
reported negligible groundwater inflow from the shale and overlying weathered material into 
the open pits. 
 
Exploratory resource drilling across the Site intercepted groundwater associated with the 
shale units, although yields are very low. Recent (June 2018) drilling and installation of 
monitoring bores, in conjunction with existing monitoring bores on the Project site, provide the 
Project with a monitoring network which placates the conditional approval requirement for 
groundwater monitoring. These will be incorporated into an updated water management plan 
and provide an effective tool for water management through the life of the Project. 
 
Current observations from newly installed and existing groundwater bores show that 
groundwater quality is poor due to brackish salinity levels, consistent with the host shale and 
that drawdown cones in the vicinity of existing excavations are steep. This highlights the low 
inherent hydraulic conductivity of the Bringelly Shale.  
 
The recent drilling and a review of historical drilling records has shown that the 1:100,000 
Geological Map interpretation of alluvium associated with Badgerys Creek and South Creek 
is not as extensive as implied and that the corridor of alluvium is much narrower than 
previously mapped. The outcome of this finding being that as there is limited alluvium 
associated with either Badgerys Creek or South Creek, there is little chance of impacting on 
an associated alluvial groundwater resource.  
 
Modelling has been undertaken and it is acknowledged that this is a Class 1 Confidence 
category under the Murray Basin Modelling Guidelines and Australian Modelling Guidelines. 
This is a definition based on the quantity of data available for the calibration process. An 
acceptable level of quantitative and qualitative calibration albeit with limited data. 
 
Modelling predicts inflow rates into quarry voids increase slightly from current static inflow 
rates into Pit 1 which is 30 m3/day (11 ML/yr) at the start of the Project and peaking at 
approximately 40 m3/day (15 ML/yr) early in the Project (Year 2) as Pit 1 is dewatered and 
excavated further and Pit 3 excavation progresses. A gradual decline in pit inflows occurs 
following Year 16 as backfilling of Pit 1 and Pit 3 with VENM and burden reaches completion 
and only single areas (Pit 4 then Pit 5) are excavated / open and any given time. The continued 
decline in seepage / inflow rates into quarry voids reflects the progressive backfilling and the 
associated recovery of groundwater levels within the previously open excavations.  
 
Modelling also shows that the areal extent of impact on groundwater level has a very small 
footprint surrounding the open excavations with a steep drawdown cone surrounding each 
one which is the result of the low hydraulic conductivity typical of shale. This insulates potential 
impacts on either Badgerys Creek or South Creek. Therefore, it is also predicted that clay 
extraction on the site is unlikely to impact on any other groundwater users.   
 
A sensitivity / uncertainty analysis was undertaken, and this process found that the model is 
generally insensitive to changes of physical parameters except for hydraulic conductivity. The 
results of this showed that with an increase in hydraulic conductivity by an order of magnitude, 
a resultant increase to pit inflows by approximately 50-60% occurred.  
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7 GROUNDWATER MONITORING AND MANAGEMENT 
 
7.1 Water Management Plan 
 
A comprehensive water management plan has previously been prepared and approved for 
the Project Site (Hyder, 2013). This Plan builds upon existing water management plans 
prepared by ERM (2002) and AECOM (2010) for the Site and includes details relating to: 

 Statutory Requirements and Guidelines 
 Catchment Description 
 Site Water Balance 
 Surface Water Management Plan 
 Groundwater Management Plan 
 Reporting Protocol and Contingency Planning 
 Plan Review and Implementation 

 
The water management plan is still relevant for the Project site but will need to be revised and 
updated where necessary prior to continuing quarry operations. Specifically, the Groundwater 
Management Plan will need to be updated to include the revised monitoring network and 
include a Trigger Action Response Plan (TARP) for exceedances of groundwater assessment 
criteria, which also need to be developed in accordance with baseline data now being 
established. 
Section 3.6 shows exceedances for groundwater quality triggers when compared to ANZECC 
95% protection criteria for fresh water species. Given this is a disturbed site with moderate 
salinity groundwaters associated with a marine shale, trigger criteria will need reviewed and 
updated in the WMP to be site specific and account for natural variation of groundwater quality 
found at the Project Site. 
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APPENDIX A 
Bore Logs 
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APPENDIX B  
Aquifer Test Curve Matching 
 
 
 
 

 
 
 

0. 6.0E+3 1.2E+4 1.8E+4 2.4E+4 3.0E+4
0.001

0.01

0.1

1.

10.

Time (sec)

D
is

pl
ac

em
en

t (
m

)

Obs. Wells
New WBW3ell

Aquifer Model
Confined

Solution
Bouwer-Rice

Parameters
K  = 0.006501 m/day
y0 = 3.312 m



45 

 

 
 
 

0. 600. 1.2E+3 1.8E+3 2.4E+3 3.0E+3
1.

10.

Time (sec)

D
is

pl
ac

em
en

t (
m

)
Obs. Wells

BW4a
Aquifer Model

Unconfined
Solution

Bouwer-Rice
Parameters

K  = 0.004173 m/day
y0 = 2.342 m

0. 400. 800. 1.2E+3 1.6E+3 2.0E+3
10.

100.

Time (sec)

D
is

pl
ac

em
en

t (
m

)

Obs. Wells
BW4b

Aquifer Model
Confined

Solution
KGS Model

Parameters
Kr  = 6.443E-5 m/day
Ss  = 5.835E-5 m-1
Kz/Kr = 1.



46 

 
 

 
 
 
 

0. 200. 400. 600. 800. 1000.
1.

10.

Time (sec)

D
is

pl
ac

em
en

t (
m

)
Obs. Wells

BW5a
Aquifer Model

Unconfined
Solution

Bouwer-Rice
Parameters

K  = 0.004332 m/day
y0 = 1.352 m

1. 10. 100. 1000. 1.0E+4
0.

0.2

0.4

0.6

0.8

1.

Time (sec)

D
is

pl
ac

em
en

t (
m

)

Obs. Wells
BW5b

Aquifer Model
Fractured

Solution
Moench w/slab blocks

Parameters
K  = 1.25 m/day
Ss  = 6.722E-8 m-1
K'  = 8.64E+4 m/day
Ss'  = 1.267E-10 m-1
Sw  = 0.
Sf  = 0.
r(w) = 0.025 m
r(c)  = 0.025 m



47 

APPENDIX C 
Excavation Program 
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Executive Summary 

Zoic Environmental Pty Ltd (Zoic) was engaged by Element Environment Pty Ltd (Element) to 
prepare this Phase 1 Preliminary Site Investigation (PSI) to support proposed modifications of an 
existing Development Application (DA) at the Brick Making Facility (BMF) at 235 Martin Road, 
Badgerys Creek, NSW (the “property”). 

This PSI relates to Modification 4 (MOD4, or the “site”), which is defined as follows: 

 Proposed solar panel farm (SPF), approximately 10 hectares located in Part Lots 54-59 in 
DP3050;  

 Approximately 42 hectares of land below the 1:100 year flooding line (Flood Prone Land) 
located in Part Lots 54-59 in DP3050; and 

 Excavation and backfilling of Pit 1 (Pit 1), approximately 14 hectares located in Part Lot 1 in 
DP1035249 and Part Lot 1 in DP373863. 

The objective of the PSI is to identify the potential for contamination associated with past and 
present land use, and to determine whether further assessment (intrusive sampling, referred to as 
a Detailed Site Investigation (DSI)) is required. Based on the findings outlined in this PSI and the 
proposed ongoing commercial / industrial use, Zoic concludes the following: 

 The SPF and Flood Prone Land appears to have always been used for agricultural (grazing and 
possibly dairy) purposes. The Pit 1 site has been used for agricultural (grazing and possibly 
dairy) purposes prior to the establishment of a brickworks between 1965 and 1978. Pit 1 
excavations commenced prior to 1986 and were completed (flooded) prior to 2010.   

 The walkover of the SPF and Flood Prone Land indicated that the grazing land is still present 
today. The brickworks is vacant and has been mothballed since 2012. Pit 1 is completely 
flooded. 

 Tipping of materials (including bricks, concrete, metal and potential asbestos cement sheeting 
has occurred at the eastern end of Pit 1. The potential extent of this material is not known as 
much of the ground surface is covered by grass (Photos 1 to 4 inclusive). 

 Although illegal dumping has occurred on the eastern side of the site, Zoic has been advised 
that this situation is being assessed and managed by a specialist waste management 
company in conjunction with the EPA. Provided that the illegally tipped materials are 
managed, removed and then validated in accordance with current guidelines and legislation, 
it is considered unlikely that this material will adversely impact the proposed MOD4 
development.   

 The potential significance, if any, of the elevated concentrations of copper, manganese, nickel 
and zinc cannot be determined at this stage as only one round of monitoring is available. On 
receipt of the additional 2 rounds of monitoring together with a geological and 
hydrogeological conceptual the data will be reassessed. 

 Although elevated concentrations of copper and zinc have been detected in surface water on 
site, the higher concentrations were detected upstream and are unlikely to be indicative of 
contamination associated with the site. 

Based on the available information, the potential for widespread contamination to be present at 
the SPF / Flood Prone Land and Pit 1 sites is considered to be low and medium respectively. 
Consequently, it is concluded that the sites are suitable for their proposed uses provided the 
following recommendations are implemented:  
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 The potential presence of asbestos in the south eastern corner of Pit 1 should be added to the 
site Asbestos Register.  

 Works on Pit 1 will comprise dewatering, excavation to 35m AHD and then backfilling in an 
engineered manner using virgin excavated natural materials (VENM). It is recommended that 
a Materials Management Plan is prepared to ensure that surface water, backfilled material and 
imported soils are handled appropriately, do not pose a risk to human health or the 
environment and will be suitable for the proposed land use.  

 Despite the previous use as grazing land and the observations from the site visit, the presence 
of isolated areas of contamination should not be discounted. Although these are unlikely to 
pose a significant risk to human health or the environment, it is recommended that an 
Unexpected Finds Protocol (UFP) is prepared that provides guidance in the event that future 
below ground excavations identify contaminated materials (e.g. asbestos, staining, odours). 
The UFP would outline procedures for handling, assessing and managing any contamination 
that may be identified as part of future development activities. 

 Works in the EBMF, PNL, ICB and RPMF may encounter soils with moderate salinity potential. 
Geotechnical investigation to inform the detailed design of MOD3 must consider salinity and 
recommend any measures necessary to protect structures and / or the environment. 

 The findings of this PSI will need to be reviewed and amended, as appropriate, in the event 
that a more sensitive land use is proposed. 
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1. Introduction 

Zoic Environmental Pty Ltd (Zoic) was engaged by Element Environment Pty Ltd (Element) to 
prepare this Phase 1 Preliminary Site Investigation (PSI) to support proposed modifications of an 
existing Development Application (DA) at the Brick Making Facility (BMF) at 235 Martin Road, 
Badgerys Creek, NSW (the “property”). 

This PSI relates to Modification 4 (MOD4, or the “site”), which is defined as follows: 

 Proposed solar panel farm (SPF), approximately 10 hectares located in Part Lots 54-59 in 
DP3050;  

 Approximately 42 hectares of land below the 1:100 year flooding line (Flood Prone Land) 
located in Part Lots 54-59 in DP3050; and 

 Excavation and backfilling of Pit 1 (Pit 1), approximately 14 hectares located in Part Lot 1 in 
DP1035249 and Part Lot 1 in DP373863. 

The regional and local context plans are shown in Figures 1 and 2, Appendix A respectively.   

1.1 Proposed Development 

Element (November 2018) Project Description Document (PDD), describes the proposed MOD4 
development as follows: 

 The dewatering of Pit 1 and the extraction of the remaining clay resource to a depth of 35m 
below the pre-existing natural surface of the ground;  

 The importation of Virgin Excavated Natural Material (VENM) to backfill Pit 1 (approximately 
2M tonnes) and potentially other pits, to rehabilitate the site and facilitate future development; 
and  

 The establishment of a grid connected solar panel farm. This will allow energy security 
through a more diverse energy mix, initiate a clean renewable energy source on-site, reduce 
the greenhouse gas emissions that contribute to global warming and improve the land 
utilisation on the eastern flank, outside of the approved project boundary. 

1.2 Objective  

The objective of the PSI was to identify the potential for land contamination to occur within the 
site based on desktop studies and site walkover. Specifically, this PSI was conducted to:  

 Identify past and present potentially contaminating land use activities; 
 Evaluate current condition and activities within the site area; 
 Observe the potential for widespread contamination to occur with the site area; and 
 Conclude whether further investigation (intrusive sampling, referred to as a Detailed Site 

Investigation (DSI)) is required.   

1.3 Scope of Work 

The scope of work included: 

 Review of existing Council records, historical title deeds and Section 149 Certificates 
presented within previous information supplied by Element; 
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 Review of NSW EPA Contaminated Sites and Protection of Environment Operations (POEO)  
Act (1997) Registers to identify current or historical notices/licences associated with the site 
together with any nearby contaminated sites which may have impacted or have the potential 
to impact the subject site;  

 Review of historical aerial photographs which date back as early as the 1950s. This allows the 
identification of large scale land use changes and potentially contaminating activities on and 
offsite; 

 Assess the environmental setting with reference to published maps and Department of 
Natural Resources bore search including a review of geological, soil, salinity, acid sulfate soil 
and hydrogeological information;  

 Conduct a site walkover to observe current conditions of the site and surrounding area; and 
 Preparation of this report outlining the results of the PSI.  

This report has generally been prepared consistent with the requirements outlined in the NSW 
OEH (2011) Contaminated Sites: Guidelines for Consultants Reporting on Contaminated Sites for a 
Preliminary Site Investigation.  
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2. Site Identification 

This section provides detail on the site and its land use. It describes the surrounding land uses and 
summarises any potential sensitive receptors that were identified.  

2.1 Site Identification 

Table 2.1: Site Identification 

Title Details 

Street Address: 235 Martin Road, Badgerys Creek, NSW 

Legal Property Description:  SPF: Part Lots 54-59 in DP3050; and 

 Pit 1: Part Lot 1 in DP1035249 and Part Lot 1 in DP373863. 

Current Site Ownership: CSR Building Products Limited 

Site Area:  SPF: approximately 10 hectares 

 Pit 1: approximately 14 hectares 

Local Government Area: Liverpool City Council 

Current Use:  SPF and Flood Prone Land: Grazing land, isolated trees and billabong 

 Pit 1: Flooded former quarry pit used as an integral component to 
surface water management for the property  

Proposed Use:  SPF: Solar panel farm 

 Flood Prone Land: No development proposed 

 Pit 1: Excavation of raw materials to a depth of 35m below pre-
existing natural ground levels and then backfilling with VENM in an 
engineered manner to facilitate future redevelopment. 

Zoning: Section 4.1 and 4.2 in (EES, July 2014) indicates that the site is zoned as 
RU1 – Primary Production based on Liverpool City Council (2014). 
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2.2 Surrounding Land Use 

The land use immediately adjoining the site is described as follows:  

Table 2.2 Site Surrounds 

Direction Details 

North  SPF and Flood Prone Land: Grazing land 

Pit 1: Undeveloped, grazing land beyond which lies Badgerys Creek 

East SPF and Flood Prone Land: South Creek beyond which lies commercial / rural 
residential land 

Pit 1: Existing brick making facility (BMF) building and hardstanding 

South SPF and Flood Prone Land: Ingham Chicken Farm 

Pit 1: Raw material stockpiles associated with the existing BMF, beyond which lies 
Ingham Chicken Farm 

West SPF and Flood Prone Land: Unpaved access track / Proposed roof products 
manufacturing plant (RPMP) and Pits 3 / Pit 4 of the property 

Pit 1: Pit 2 and Western Stockpile of the property 
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3. Previous Environmental Investigations 

Element provided the following previous environmental investigation information for the site: 

 Environmental Earth Sciences (EES) (July 2014) Preliminary Site Investigation (PSI) at Boral 
Badgerys Creek, 235 Martin Road, Badgerys Creek, NSW (Ref: 114036); and 

 Element (December 2017) Background Scoping Document (BSD), Badgerys Creek Brick Making 
Facility, Modification 4 (Rev 1). 

 

The objectives, scope of work and findings of the existing environmental investigations are 
summarised in the following table. 

Table 3.1: Summary of Previous Environmental Investigation Reports 

Report Objectives, Scope, Outcomes 

EES 

July 2014 

PSI 

Ref: 114036 

This report relates to the wider property, which includes the site. 

The objective of the PSI was to generate information to Boral and CSR to assist in 
their decision making process. This was done by providing an assessment on the 
potential for soil and groundwater contamination. 

The scope of work included: 

 A preliminary project kickoff meeting in Sydney with Boral & CSR 
representatives;  

 A walkover, including taking photographs, staff interviews, documenting 
operations and features and any visual potential for contamination;  

 Obtaining and reviewing the following documents:  

- Historical title documents;  
- Historical aerial photographs;  
- EPA or Council online registers (for notified sites or environmental licences);  
- Planning certificates;  
- WorkCover dangerous goods search;   
- Soil, geology, acid sulfate soil and salinity maps; and 
- An online search for registered bores in a 500 m radius of the site.  

 Review of available historical information and previous site assessment reports 
provided by Boral, including: 

- APP [date not provided] Aboriginal Heritage Management Plan; 
- Hyder (2013) Boral Badgerys Creek: Water Management Plan;  
- A.D. Envirotech Australia Pty Ltd (2005) Hazardous Materials Survey at 235 

Martin Road, Badgerys Creek;  
- Boral Limited (2009) Environmental Audit; and 
- APP (2004) Environmental Management Strategy Badgerys Creek Quarry and 

Brick Making Facility. 

 Provision of a report detailing the findings and providing comment on the 
following:  

- Assessment of potential for contamination in accordance with NEPM (2013), 
within the preliminary site investigation stage (based on desktop study and 
inspection);  

- If remediation costs are likely to exceed $100,000; and 
- A potential breach of relevant laws and regulations applicable to 

contamination;  
- Bona fide risk to human or ecological receptors. 

The PSI made the following conclusions and recommendations: 

 Current and former uses of the property were limited to the brick 
manufacturing facility; 
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Report Objectives, Scope, Outcomes 

 The property has a Moderate 2 [scale: High, Moderate 2, Moderate 1, Low] risk 
rating relating to contamination. This is associated with the unconfirmed 
validation of former USTs on the property (not present on MOD4 site);  

 The property has a Moderate 1 risk relating to stored chemicals and 
hydrocarbons; 

 It was considered unlikely that remedial costs related to the property would 
exceed $100,000; 

 A Moderate 1 risk rating for PCB waste in transformers on the property has been 
applied, noting that although transformers have been validated for the removal 
of PCBs no documentation was reviewed by EES; 

 The property holds an environmental protection licence (EPL684). One penalty 
notice was issued on 1 May 2014 but no details are available. Three non 
compliances were noted between 2001 and 2013 relating to the site being 
mothballed, missing one round of 6 monthly monitoring and exceedance of 
particulates (dust monitoring); 

 Asbestos is present. The condition of identified asbestos containing materials 
should continue to be monitored and any asbestos removal conducted by a 
licensed contractor; 

 It is recommended that limited sampling and groundwater assessment (around 
the former UST location) is undertaken to close out potential areas of concern; 
and  

 Any change in land use would require detailed site assessment to be completed. 

Element 

December 2017 

BSD 

Ref: Rev 1 

 

This document relates to the MOD4 site only. 

In October 2016, CSR Building Products Limited (CSR) acquired Boral Bricks Pty 
Limited (Boral) which included the property. 

To realise its full potential CSR requires modifications to be made to the existing 
Project Approval (PA10_0014). On 27 March 2017, CSR lodged a modification 
application and supporting documentation under Section 75W of the Environmental 
Planning & Assessment Act 1979 (EP&A Act) to allow for these changes. 

CSR then received Secretary’s Environmental Assessment Requirements (SEARS) 
from the Department of Planning and Environment (DP&E) on 8 May 2017. 
Subsequently, CSR undertook a thorough community and government stakeholder 
engagement process.   

The scope of the BSD included: 

 Introduction 

 Existing Operations 

 Proposed Modifications 

 Legislative Planning Considerations 

 Preliminary Environmental Risk Analysis and Key Environmental Factors 

 Stakeholder Engagement 

 

The BSD identified environmental factors including historic heritage, land 
contamination, rehabilitation, greenhouse gas emissions, socio economic, hazards 
and waste management as having a low risk rating.  

The BSD identified the following environmental factors that will require further 
detailed investigations as part of the environmental impact process: 

 Surface water and flooding 

 Groundwater 

 Noise and vibration 

 Air quality 

 Traffic 

 Aboriginal heritage 

 Visual 

 Biodiversity 
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Report Objectives, Scope, Outcomes 

The BSD concluded that during the environmental scoping process, no 
environmental factors were identified that would cause the proposed modification 
to result in significant and/or unacceptable environmental impacts (assuming the 
implementation of appropriate environmental controls and management 
measures). 
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4. General Condition and Surrounding Environment 

The site area condition information is summarised using available information obtained from 
previous investigations referred to in Section 3 above together with other references as stated: 

Table 4.1 Current Site Condition 

Item Details 

Topography and Drainage SPF and Flood Prone Land: Crossmuller (15 November 2017) Survey Plan (Ref: 
6477S001 Rev B) indicates that site lies at between 50-57m AHD on the western 
boundary and slopes to the east and south east to approximately 48m AHD. It is 
anticipated that water falling on the site will infiltrate the grass surface or flow 
towards South Creek following the topography. 

Pit 1: EBMF and PNL: Crossmuller (15 November 2017) Survey Plan indicates the top 
and base of the quarry wall lies between approximately 60-65m and 39-42m AHD 
respectively. The lowest point of the quarry pit is approximately 38m AHD at the 
eastern end. Pit 1 currently acts as a major component within the surface water 
management strategy for the property. The majority of Pit 1 is full of water, with a 
capacity of approximately 1590ML.. 

Boundary Condition SPF and Flood Prone Land: The boundaries are generally formed by post and wire 
fencing. Some chainlink fencing is also present along the south western boundary 
with Pit 3 of the property. 

Pit 1: Site boundaries are formed by the quarry pit walls. Access to Pit 1, Pit 2 and raw 
materials stockpiles is contolled by locked gates and chain link fencing.    

Vegetation SPF and Flood Prone Land: Generally covered by short grass used for grazing of 
cattle and horses with occasional trees and shrubs. Larger numbers of trees are 
concentrated in the northern and central portions of the eastern boundary and are 
associated with a billabong. 

Pit 1: No vegetation is present as the site comprises a water body. Grass and isolated 
trees are present on the top of the adjacent quarry pit walls. 

Section 4.4 (EES, July 2014) stated that the existing property vegetation appeared 
healthy. 

Presence of Drums, Wastes 
and Fill Materials 

Section 6.2.11 (EES, July 2014) states given that the property, which includes the site, 
is mothballed, the waste produced is limited to general waste. It is understood that 
during brick production, waste products were incorporated into the brick making 
process wherever possible. 

Section 6.2.13 (EES, July 2014) states the following regarding waste disposal 
locations and imported fill for the property: 

 A coal wash rejects stockpile of approximately 100 m 3 was noted on the 
southern apron. It is understood that this material was imported for brick 
making trials. The material was black throughout, fine in texture and generally 
homogenous, and had developed a hard outer crust.    

 Approximately 300,000 tonnes of certified fill material (excavated natural 
material and virgin excavated natural material) was imported into Pit 2 given 
the proximity of the northern wall to Badgerys Creek and the subsequent risk of 
collapse of the watercourse into the pit.  

 An aerial photo entitled “Badgerys Creek Bricks Detailed Site Layout” was 
provided to EES by Boral. This aerial indicated that an area in the south west 
corner of site is known as “Western Stockpile”.  Correspondence with Dr Richard 
Strauch of Boral, including personal communication and an email on 10 July 
2014 indicated that this material was sourced from site and consists of clay and 
shale, covered by grass.  
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Item Details 

 Liquid waste is understood to be limited to waste oil/grease separator which is 
emptied by a licensed contractor on an as needs basis. 

Section 6.2.14 (EES, July 2014) states that earthmoving activities have been 
suspended since the property was mothballed in 2012. Earthworks were previously 
limited to moving imported raw materials around the site for brick making 
purposes.  

Quarry pits were noted in three areas, namely:  

 Immediately west of the main production shed (Pit 1);  

 In the south west corner near the southern boundary of property (Pit 2); and  

 In the south east of the property (Pit 3). 

Odours No unusual odours noted during site visit conducted by Zoic. 

Conditions of Buildings and 
Roads 

Section 6.2 (EES, July 2014) states that the property, building and landscaping 
appeared to be in generally good condition despite being mothballed. 

No buildings, roads or structures are present on the site.   

Quality of Surface Water SPF and Flood Prone Land: No surface water features identified during Zoic site 
visit. 

Pit 1: The site comprises a flooded former quary pit. Surface water quality 
monitoring was conducted from Pit 1 by VGT is presented in Appendix B and 
summarised as follows (mg/L): 

Test Criteria 2.12.15 2.12.16 7.3.17 

Temp oC - 26.5 - 24.5 

pH 6.5-8.5 8.7 8.8 8.8 

Ec us/cm - 2170 - 2080 

Turbidity 2-25 2.6 NTU - 8.6 NTU 

TSS - 1 2 6 

TDS - 1170 - 1140 

Chloride - - - 390 

Sulphate - - - 84 

Alkalinity - - - 240 

Calcium - - - 19 

Mg - - - 43 

Sodium - - - 350 

Potassium - - - 8 

Arsenic 0.0024 <0.001 - <0.001 

Cadmium 0.0002 <0.0001 - <0.0001 

Chromium 0.001 <0.001 - <0.001 

Copper 0.0014 <0.001 - 0.001 

Nickel 0.011 <0.001 - <0.001 

Lead 0.0034 <0.001 - <0.001 

Zinc 0.008 <0.005 - 0.002 

Mercury 0.00006 <0.0001 - <0.00005 

BOD - <2 - <2 

Oil Grease <LOR <5 - <5 
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Item Details 

Test  2.12.15 2.12.16 7.3.17 

Ammonia 0.02 0.1 - 0.043 

Nitrite - <0.01 - <0.005 

Nitrate 0.7 0.23 - 0.019 

K Nitrogen - 0.3 - 0.3 

Nitrogen 0.5 0.5 - 0.5 

Phos. 0.05 <0.01 - <0.05 

As can be seen from the above table, with the slight exception of pH, surface water 
quality meets the ANZECC (2000) guidelines for freshwater which are protective of 
freshwater aquatic ecosystems.  

Flood Potential Section 4.9 (EES, July 2014) stated that the flood risk is likely limited to the western 
and eastern sides of the property, particularly given the proximity of both Badgerys 
and South Creek respectively.  

The Council Section 149 certificate (Lots 54-59 in DP3050, Part Lot 1 in DP373863, Lot 
1 in DP981161 and Lot 1 in DP981748) states that “The property is identified as flood 
prone and is within the high flood risk category. High Flood Risk Category means 
land below the 1% Annual Exceedence Probability flood that is either subject to high 
hydraulic hazard or where there are significant evacuation difficulties”  

The Council Section 149 certificate (Part Lot 1 in DP373863, Lot 1 in DP1035249, Lot 2 
in DP1035249 and Lot 3 in DP1035249) states that “The property is identified as flood 
prone and is within the medium flood risk category. Medium Flood Risk Category 
means land below the 1% Annual Exceedence Probability flood that is not subject to 
high hydraulic hazard or where there are no significant evacuation [difficulties]”  

It should be noted that Council’s certification regarding flood levels are obtained 
from the South Creek Floodplain Management Study, 1991. 

Advisian (December 2018) Flood Impact Assessment made the following comments 
with respect to flooding: 

A flood impact assessment has been completed to demonstrate that the 
development will not have a material impact on flooding elsewhere in the South 
Creek floodplain.  The proposed solar farm will have no impact on flooding in 
events up to and including the 0.5% AEP flood.  The increases in PMF levels and 
flow velocities as a result of the solar farm are expected to be minor and localised, 
and will not impact on any buildings on neighbouring properties.  This is compliant 
with the requirements of Council’s planning controls outlined in the DCP. 

Relevant Local Sensitive 
Environments 

Section 4.3 (EES, July 2014) states that the nearest sensitive human receptors are 
the current and future site workers. Workers on the surrounding properties may 
also be considered sensitive human receptors. 

Although the property is mothballed and generally vacant, Zoic notes that a small 
number of workers are periodically present on site. It is also noted that the 
occupants of the residential property on RPMP could be considered a potentially 
sensitive receptor.  

Section 4.3 (EES, July 2014) states that the nearest sensitive environmental 
receptors for the property, which includes the site, are: 

 Badgerys Creek, which defines the property’s western border, flowing south 
west to north east; and 

 South Creek, which flows adjacent to the property’s eastern boundary and joins 
Badgerys Creek to the north of the site.  
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5. Site History 

A summary of the site history is provided using available information obtained from previous 
investigations referred to in Section 3 above together with other references as stated: 

Table 5.1 Summary of Site History 

Source Details 

Land Title Records Section 5.2 (EES, July 2014) provides the following information regarding the Lots 
at the site and immediate surrounds: 

 Lots 54-59 in DP3050 (includes SMF and Flood Prone Land) and Lot 1 in 
DP981161 (extension of Martin Road) 

- 1895-1969: Private individuals / farmers 
- 1969-1985: Individuals and private limited companies 
- 1985- 2014(report date): Boral Bricks Pty Ltd  

 Lot 1 in DP1035249  

- 1922-1972: Private individuals, accountant, farmer, silversmith 
- 1972-1975: Baringa Enterprises Pty Ltd 
- 1975-1999: Pacific Bricks Pty Ltd 
- 1999-2014 (report date): Boral Brick Pty Ltd 

 Lot 1 in DP373863  

- 1999-2014 (report date): Boral Bricks Pty Ltd 

 

Section 3 above notes that CSR acquired Boral Brick Pty Ltd and the property in 
October 2016. 

Council Records Section 5.3 (EES, July 2014) notes that Section 149 certificates were obtained from 
Liverpool City Council, which state that the property, which includes the site: 

 Is not significantly contaminated within the meaning of that Act at the date 
when the certificate was issued;  

 Is not subject to a management order within the meaning of that Act at the 
date when the certificate was issued;  

 Is not the subject of an approved voluntary management proposal with the 
meaning of that Act when the certificate was issued; 

 Is not the subject of an ongoing maintenance order within the meaning of 
that Act when the certificate was issued;  

 Is not the subject of a site audit statement within the meaning of that Act if a 
copy of such a statement has been provided at any time to the local authority 
issuing the certificate;  

 Is subject to flood related development controls;   

 Is affected by the Rural Fires Act 1997, which restricts the development of the 
land because of the likelihood of bushfire;   

 Is identified by Council as containing environmentally significant land under 
Division 2 General provisions of the Liverpool Local Environmental Plan 2008 
[Zoic was unable to confirm what statement this related to noting that an item 
of Environmental heritage is situated “…in the vicinity of the land.”]; and  

 Is not subject to acid sulfate soil related policy. 

EPA Records Section 5.5 (EES, July 2014) states that the online EPA registers were reviewed as 
part of the assessment and showed that no notification existed for the property, 
which includes the site. 
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Source Details 

Section 5.5 (EES, July 2014) states that Boral also holds an EPL for works on site 
(Licence No. 684), and one penalty notice was issued on 1 May 2014.  The offence 
short title was “Contravene any condition of licence - not noise – corporation”.  
Three non-compliances exist on the register between 2001 and 2013, relating to 
the site being mothballed, missing one round of 6-monthly monitoring and 
exceedance of particulates (dust monitoring). 

Zoic accessed the NSW EPA public registers on 3 May 2018 and noted the 
following: 

 POEO Public Register 

- A POEO licence for the property was issued in March 2000 and has been 
subject to a number of variations between then and March 2015. The 
licence (EPL684) is still valid and permits mining for minerals, land based 
extractive activity and ceramics production. Monitoring requirements 
relate to discharges to air from Kiln and Exhaust stacks; 

- There are 49 entries for the suburb for Badgerys Creek; 
- The closest, Australian Native Landscapes (210 Martin Road) has 17 entries 

relating to a licence and subsequent variations and at its closest point lies 
approximately 200m to the north and, with the possible exception of odour, 
is unlikely to affect the site. The licence permits non thermal treatment of 
general waste, waste storage – other types of waste and composting; 

- The second closest, Inghams Enterprises (Lot 23 Badgerys Creek Road) has 
3 entries relating to a licence and subsequent variations and at its closest 
point lies 500m to the south and, with the possible exception of odour, is 
unlikely to affect the site. The licence permits Chicken Breeder Farms. It is 
noted that Ingham’s Enterprises is no longer operational and many of the 
structures have been demolished; and 

- There are several other entries for Martin Road, Badgerys Creek Road and 
Elizabeth Drive, which are between 500m and 1.5km beyond the boundaries 
and are unlikely to affect the site. 

 Contaminated Land Public Record 

- No entries were found for the suburb of Badgerys Creek 

 NSW EPA PFAS Investigation program 

- No sites listed within a 1.5km radius of the site 

Summary of Aerial 
Photographs (both on- and 
offsite)  

Section 5.1 (EES, July 2014) states that the property, which includes the site, has 
been used for brick production since 1978. Boral acquired the plant in 1980. The 
property has been mothballed since 2012. It is understood that prior to industrial 
land use, it was used for agricultural purposes. 

Although no historical aerial photographs were included, Section 5.1 (EES, July 
2014) stated that the northern building [presumably the BMF building] and two 
small offices [presumably Administration Office and Gate House building] were 
built between 1965 and 1978. 

Historical aerial photographs were sourced by Zoic from Land Insight & Resources 
on 19 April 2018, are presented in Appendix B and can be summarised as follows: 

 1950: The site and surrounds comprise agricultural / grazing land with 
isolated trees. A small dam and drainage line are present in the north western 
corner of Pit 1. A small structure is present in the southern third of the 
western boundary of SPF. 

 1961: The site and surrounding area are largely unchanged. Some land 
cultivation appears to have taken place in the eastern part of Pit 1 and within 
the proximity to South Creek / central northern portion of Flood Prone Land. 

 1970: The site and surrounding area are largely unchanged.  

 1986: The brickworks is present by this date. The SPF and Flood Prone Land is 
largely unchanged. The dam in Pit 1 appears to have increased slightly in size. 
Quarrying operations have commenced in the south western corner of Pit 1 
and beyond within the wider property. 

 1991: The site and surrounds appear to be largely unchanged albeit that 
brickpit excavation is progressing. Flooded workings are present in the south 
western corner of Pit 1. Excavation has also commenced in the eastern 
portion of Pit 1. 
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Source Details 

 

 2002: The site and surrounds appear to be largely unchanged albeit with the 
brick pit extending westwards. Quarrying now occupies the entire footprint of 
Pit 1. Some ponded water is present at the eastern end of Pit 1. A small 
structure in the southern third of the western boundary of SPF is absent. 

 2008: The site and surrounds appear to be largely unchanged albeit with brick 
pit excavation is progressing. 

 2010: The site and surrounds appear to be largely unchanged albeit with brick 
pit excavation is progressing. The excavation within Pit 1 is complete and 
fully flooded by this date. An access track is present in the northern portion of 
the Flood Prone Land.  

 2012: The site and surrounds appear to be largely unchanged. 

 2014: The brickworks appear to be vacant by this date. The site appears largely 
unchanged. 

 2016: The site and surrounds appear to be largely unchanged. 

 2018: The site and surrounds appear to be largely unchanged. 

SafeWork NSW Dangerous 
Goods Record 

Section 5.4 (EES, July 2014) states that a search of the Stored Chemical 
Information Database (SCID) and the microfiche records held by WorkCover NSW 
has not located any records pertaining to the property, which includes the site. 

Inventory of Chemicals 
and Waste 

Section 6.2.5 (EES, July 2014) notes the following regarding chemical storage and 
transfer areas at the property, none of which fall within or adjacent to the site 
areas: 

 There is one main chemical storage and transfer area, located on the southern 
edge of the main production building.   

 There is also an above ground storage tank to the east of the chemical storage 
area. The capacity of the fuel tank is 18,800 L and a bowser is present outside 
the bund area. It is understood that forklifts on site still operate on diesel from 
the above ground storage tank.  

 Approximately twenty 220 L and 20 L drums of product, including hydraulic 
oils, grease and water proofing solvents, were present in the hazardous 
chemical store (southern end of BMF building) area during the site inspection.  
A waste oil store was also noted immediately adjacent to the hazardous goods 
store, as were three grey 220 L drums labelled “contaminated with water”.  An 
oil and grease sump was also noted on site, outside of the bunded area.  From 
site interviews, the oil and grease sump is understood to have been emptied 
on an as needed basis by a licensed contractor.   

Description of 
Manufacturing / Industrial 
Processes and Location: 

Section 6.2 (EES, July 2014) states that the BMF building houses the kilns, driers 
and general production areas.  The condition of the building was generally good, 
with rust damage largely limited to the northern end of the building. The floor of 
the building was in good condition. An office block, including offices, amenities 
and a small laboratory (for physical tests) were noted in the centre of the building. 
Weeds were noted in the gutters of the building. A crushing shed area is also 
present on the southern end of the BMF building. 

An Administration Office building was present on the northern side of the main 
entry/exit to the property. The building housed a sales office and yard, as well as 
several demountable buildings. 

Land to the west and south of the BMF building comprises a number of Pits (1-3) 
and raw material stockpiles.  

Section 6.2.4 (EES, July 2014) identified the following additional information 
regarding the property: 

 A dairy was possibly present on the property [location not specified] 

 The former brick process included the following: 

- Excavation of raw materials form the quarries; 
- Crushing and screening of clays; 
- Mixing and extrusion of bricks; 
- Mixing of brick additives; and 
- Drying and firing of bricks. 
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Source Details 

 Once the bricks have cooled, they were packed and loaded into the storage 
yard for dispatch. 

Product Spill and Loss 
History: 

Section 6.2.9 (EES, July 2014) states that there are no records of significant 
product spills, losses, incidents or accidents. It is understood that Boral has a 
standard operating procedure to respond to spills, fires and other incidents, which 
all site workers are trained in.  

Discharge to Land, Air and 
Water 

Based on discussions with Element and review of the available information, 
surface water monitoring of Pit 1 is not required as part of the EPL and no surface 
water discharge off site is taking place. 

Complaint History No information provided 

Sewer and Service Plans Section 6.2.2 (EES, July 2014) stated that the property, which includes the site, is 
serviced by power and water through the secondary entrance of the site. Power 
links to the transformers via overhead lines along the western boundary of the 
operations area.    

Gas has been cut off to the site but runs along Martin Road through the front 
entrance of the site. Correspondence from Mr Attila Balazs (Boral National 
Environment Manager) indicates that the site kilns were powered by gas during 
Boral’s occupancy (1980 to 2012).  

Section 6.2.12 (EES, July 2014) states that power generation is via two 
transformers, located halfway along the western side of the BMF building. It is 
understood that polychlorinated biphenyls (PCBs) were removed from the 
transformers (Pers. comm. Ed Shir-King) although no written verification was 
recieved. 

Permits, Licences and 
Approvals 

Refer to EPA and Discharges above for available information. 

The site is subject to a Water Access Licence issued under the Water Management 
Act 2000 (WAL24346) and nominated work approval (10WA109463) for continuing 
extraction from the Sydney Basin Central Groundwater Source (Aquifer) of upto 25 
units or ML providing that the licence conditions are met. Presumably this 
occurred from the industrial bore in the centre of the property referred to in 
Section 6 below. 

Previous Assessment Zoic is unaware of any previous intrusive environmental assessments conducted 
at the site. 

Integrity Assessment Reviewed sources of information were in general agreement. This degree of 
consistency suggests that the historical assessment described above has an 
appropriate level of accuracy. Supporting records are included in Appendix B. 

Zoic also notes that the site has been mothballed since 2012 so information and 
observations made by EES in 2014 are still considered to be valid for the purposes 
of this PSI. 
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6. Geology, Hydrogeology and Hydrology 

The geology, hydrogeology and hydrology are summarised using available information obtained 
from previous investigations referred to in Section 3 above together with other references as 
stated: 

Table 6.1 Summary of Geology, Hydrogeology and Hydrology 

Source Details 

Geology Section 4.5 (EES, July 2014) referred to the Sydney 1:100 000 
Geological series sheet 9130 (Herbert 1983). The property, which 
includes the site, is located on middle Triassic aged (~205-225 
million years old) Wianamatta Group. 

The Wianamatta Group is subdivided into the Liverpool and 
Camden Subgroups. The property is located on the Liverpool 
Subgroup which comprises three formations: 

 Bringelly Shale which consists of shale with occasional 
calcareous claystone, laminate and infrequent coal;  

 Minchinbury Sandstone consisting of fine to medium-grained 
quartz lithic sandstone; and  

 Ashfield Shale formation consisting of laminated dark grey 
shale and siltstone (Chapman and Murphy, 1989).    

  

The Wianamatta Group overlies the Triassic aged Hawkesbury 
Sandstone which consists of medium to coarse-grained quartz 
sandstone with minor shale and laminated lenses. 

Soil Section 4.6 (EES, July 2014) referred to Soil Landscapes of the 
Penrith 1:100 000 Sheet (Bannerman and Hazleton, 1990) as 
belonging to the Blacktown Soil Landscape.  

The soils associated with this landscape are typically shallow to 
moderately deep (<100 cm) hard setting mottled texture contrast 
soils, red and brown podzolic soils on crests, grading to yellow 
podzolic soils on lower slopes and in drainage lines.   

Given the close proximity of Badgerys Creek to the west of site and 
South Creek to the east, it is most probable that along the western 
and eastern boundaries of the site the soil landscape will change to 
a fluvial soil landscape classified as South Creek (Bannerman and 
Hazleton, 1990).  

The soils here are often deep layered sediments over bedrock or 
relict soils comprised of structured plastic clays or loams.  
Immediately adjacent to drainage lines red and yellow podzolic 
soils are most common.  

Acid Sulfate Soils Section 4.7 (EES, July 2014) refers to ASRIS (2013) online soils 
mapping and states that acid sulfate soil risk at the site is 
considered very low. 

Salinity Section 4.6 (EES, July 2014) notes that the Blacktown Soil 
Landscape may be susceptible to salinity.  

Section 4.7 (EES, July 2014) refers to NSW DIPNR (2002) Salinity 
Potential in Western Sydney 2002 Map which indicates that that 
areas immediately adjacent to Badgerys Creek south of Elizabeth 
Drive (i.e. including the sites western boundary) have a high 
salinity potential and areas of known salinity.  

This means the soils in these areas have soil, geology, topography 
and groundwater that can readily produce saline surface 
conditions.  
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Source Details 

It is noted, however, that the western boundary is dominated by a 
large quarry pit, thus the likelihood of the property retaining 
salinity prone soils is low. The remainder of the property has a 
moderate salinity potential. 

Ground Conditions No information is available regarding ground conditions within 
SPF and Flood Prone Land and Pit 1 sites. 

Summary of Registered Bores Section 4.8 (EES, July 2014) refers to a search of the Department of 
Natural Resources and Mines/ NSW Natural Resources Atlas of 
registered groundwater bores within a 1 km radius. 

The search identified the following: 

 A domestic stock bore and two monitoring bores within 0.5-
1km of the property; 

 Off site bores are reportedly targeting the deep aquifer in the 
sandstone (>137m bgl); 

 Two monitoring bores (centre – GW106636 and south east 
corner - GW106735) and one industrial bore (centre – 
GW106735) of the property;  

 GW106636: no information provided 

 GW106735: no information provided 

 GW106739: SWL 26.7m (0.2m Fill, 3m Clay, 32.98 Shale) 

Depth to Groundwater No information was provided in (EES, July 2014) regarding depth to 
groundwater. 

 

Direction and Rate of 
Groundwater Flow 

Section 4.3 (EES, July 2014) states that groundwater will discharge 
to either Badgerys Creek or South Creek. No rate of groundwater 
flow was provided. 

No information is avalable regarding the likely rate of groundwater 
flow.  

UPSS Groundwater Sensitive 
Zone 

Section 5.6 (EES, July 2014) notes that review of NSW EPA (2010) 
UPSS regulation sensitive zones map for Liverpool City Council 
indicates the western half of the site is located within a sensitive 
zone.  

However, Zoic notes that areas around Badgerys and South Creek 
are both shown as being sensitive on the UPSS map. 

Nearest Water Body Section 4.3 (EES, July 2014) states that the nearest water bodies for 
the property, which includes the site, are: 

 Badgerys Creek, which defines the property’s western border, 
flowing south west to north east; and 

 South Creek, which flows adjacent to the property’s eastern 
boundary and joins Badgerys Creek to the north of the site.  

Meteorology Section 4.10 (EES, July 2014) referred to data obtained from 
Badgerys Creek AWS (station 067108, approximately 1km north 
west of the property). The station opened in 1995. 

The data indicates the following: 

 Temperatures range between 4.6 and 29.8oC; 

 Annual rainfall is 682.3mm; 

 Monthly rainfall ranges from 23.8 to 108mm; and 

 The regional climate comprises hot summers, mild winters 
and summer dominated rainfall. 
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7. Site Walkover 

On 6 March 2018, Graeme Malpass (Zoic), Neville Hattingh (Element) and Greg Farmer (Project 
Manager – CSR) conducted an inspection and walkover of accessible areas of the site. The site 
layout and photographs taken are presented in Appendices A and C respectively. A summary of 
observations made during the walkover is as follows: 

SPF and Flood Prone Land 

 The site comprises grazing land with a billabong in the central eastern boundary. Trees are 
isolated or in close proximity to the billabong. Concrete water troughs are scattered across the 
site. 

 No buildings or structures are present on the site. 
 A stockpile of fallen timber was noted in the south eastern corner of the site (Photo 8). 
 A stockpile of broken fencing materials is present midway along the western boundary (Photo 

9). 
 The site has comprised grazing / agricultural land from 1950 to present day. 
 No potentially contaminative uses are known to have taken place at the site. However, the 

presence of shallow fill / reworked natural materials should not be discounted. 
 No visual or olfactory evidence of potential contamination (e.g. staining, tipped materials, 

landfilling, chemical odours etc) was noted during the site walkover. 

Pit 1 

 Access was only gained to the eastern and western ends of Pit 1. 
 The site comprises a flooded quarry pit. Access was originally gained from the south eastern 

corner of Pit 1 and the ramp is still visible (Photo 5). 
 No buildings or structures are present on the site. 
 The site has previously comprised grazing / agricultural land before being redeveloped for use 

as a brickworks between 1965-1978. Excavation of Pit 1 occurred progressively between 1978 
and 2008. By 2010, Pit 1 comprised the flooded feature that can be seen on site today. 

 Tipping of materials (including bricks, concrete, metal and potential asbestos cement sheeting 
has occurred at the eastern end of Pit 1. The potential extent of this material is not known as 
much of the ground surface is covered by grass (Photos 1 to 4 inclusive).  

 No potentially contaminative uses are known to have taken place at the site. However, the 
presence of shallow fill / reworked natural materials should not be discounted given the above 
observations. 

Since completing the site inspection on 6 March 2018, Zoic has been advised that an illegal 
dumping incident occurred at the site in late November 2018. External parties forced entry to the 
site and dumped material in the eastern part of the site within the paddocks currently leased for 
livestock grazing.  

CSR reported the incident to the EPA and appointed a specialist waste management company to 
characterise the waste and advise on the most appropriate means of disposal. Once the waste has 
been removed CSR will appoint a suitably qualified waste specialist to undertake testing to verify 
that all waste has been removed from the site.  
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In the interim the following measures have been put in place to prevent leaching of contaminants 
from the waste stockpiles 

 Spray sealed all stockpiles with Envirobinder 
 Installed Erosion sediment Controls 

A security Company has been appointed and patrols the site to prevent any further forced entry 
and illegal dumping. 
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8. Groundwater and Surface Water 

8.1 Groundwater Assessment Report 

Groundwater Exploration Services (January 2019) Groundwater Assessment Report made the 
following comments which are relevant to the scope of this PSI: 

 Lithology encountered in recent drilling included claystone and shales consistent with the 
Bringelly sub group. In BW4 adjacent to South Creek on the northern eastern boundary a 
weathered fine grain sandstone was encountered at 3m depth. 

 In all new drill holes, no alluvium has been encountered apart from potentially the upper 0.5m 
at BW4 which appeared as a silty topsoil overlying a weathered sandstone.  At all other 
locations, a weathered siltstone / shale was encountered at depths of less than 2m overlain by 
a weathered regolith. 

 Intersected lithologies included claystone, siltstone, sandstone and carbonaceous claystone. It 
is noted that laminate, tuff and minor thin coaly bands have been encountered in previous 
core drilling programs. The Cobbitty Claystone which marks the base of the Bringelly Shale 
and has also been encountered in previous programs, is a thin light brown to white, waxy 
weathered tuff which is typically found within 3 metres of the top of the Minchinbury 
Sandstone and is regarded as a significant time marker horizon. Drilling in this most recent 
program was limited to 33m depth and this unit was not encountered 

 Monitoring installations are 50mm Class 18 tubular PVC with screened intervals. 
 Table 3-3 stated that standing water levels ranged from 2.42 to 14.83m bgl or 44.57 to 53.36m 

AHD. 
 Water quality results show that shallow and deeper installations have little variation between 

them. 
 The geomorphology of the Project Site is bounded by South Creek in the east and Badgerys 

Creek in the west and to these creeks conceptually are discharge pathways for local shallow 
geology. The two creek systems drain towards the Hawkesbury River, located approximately 
10kms to the north and it is likely that flow directions are influenced by the shallow gradient 
of this system.  

 The local groundwater table is a subdued reflection of surface topography and is likely to be 
the largest influence on local flow directions 

8.2 Surface Water Assessment Report 

Advisian (December 2018) Surface Water Assessment made the following comments which are 
relevant to the scope of this PSI: 

 The site slopes naturally away from the centre of the site to the east towards South Creek, and 
to the west and north-west towards Badgerys Creek.    

 Historical quarrying activities on the site have substantially altered the natural landform with 
various voids and elevated stockpiles present in the western and southern part of the site.  
The most prominent of these landforms is a rehabilitated stockpile in the far west of the site, 
known as the ‘Western Stockpile’ which has been revegetated with native grasses and trees.  
Other significant landforms on the site include the raw material stockpile in the centre of the 
site, as well as materials stockpiles in the south and centre of the site. 
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 The eastern property boundary of the project site adjoins South Creek and the western 
property boundary adjoins Badgerys Creek.  A small ephemeral tributary of Badgerys Creek is 
located in the south-western portion of the site between the Western Stockpile and Pit 2. 

 In both the VGT and PGH sampling (refer Section 8.3 below) the heavy metals concentrations 
of most of the samples are less than the ANZECC trigger values.  The exceptions are copper, 
where in the VGT sampling the trigger value was exceeded once and zinc, where in the CSR 
sampling the trigger concentration was exceeded once. 

 The proposed water management system for Mod 3 would capture runoff from all disturbance 
areas.  Runoff from disturbed and operational areas (non-pit areas) associated with the quarry 
and brick making facility would be captured in sediment basins that would be designed and 
operated in accordance with requirements of the Blue Book (Landcom, 2004).  Stormwater 
collected in the sediment basins would be transferred to quarry voids/pits for reuse in quarry 
operations and dust suppression.  

 Runoff from the proposed roof products manufacturing facility will be treated via a Gross 
Pollutant Trap and bioretention basin, prior to discharge into a stormwater detention basin.  
The drainage system has been designed to meet the water quality and detention requirements 
of Liverpool City Council.  Water retained in the base of the detention basin would be utilised 
as a source of water for the manufacture of roof products. 

 Assessment of existing flood conditions for Badgerys Creek and South Creek has shown that 
the proposed works for Mod 3 will be positioned outside the 1% AEP flood extent and therefore, 
will have no impact on flooding of this magnitude.  Aside from partial encroachment by the 
stormwater basin at the roof products plant there will be no other works within the extent of 
the Probable Maximum Flood (PMF).  Accordingly, there will be sufficient flood refuge areas 
available for site workers and patrons to shelter-in-place during flooding up to and including 
the PMF.  The duration of inundation of Elizabeth Drive, the main access route to and from the 
site, is expected to be less than 6 hours meaning there should not be any demand on SES to 
provide resupply or evacuation via air or boat. 

 The water balance modelling also shows that no controlled discharges will be required to 
Badgerys Creek or South Creek during the life of the project. 

 Prior to commencement of Mod 3 the site Water Management Plan should be updated to 
reflect details of the quarry modifications and the proposed water management facilities. 

8.3 Water Monitoring Results 

The following table summarises the available ground and surface water results conducted by GES 
and VGT / PGH Bricks & Pavers respectively, on behalf of CSR Building Products Limited to support 
MOD3. The locations are shown on Figures 5 and 6 presented in Appendix A. 

The laboratory certificates for the ground and surface water results are presented in Appendix D. 

Table 8.1: Ground and Surface Water Results 

Description Data Status Testing Comment 

Groundwater 

BW1 (5-8m installation) September 2018 Dissolved metals (M13 – including aluminium, arsenic, 
chromium, copper, lead, manganese, molybdenum, 
nickel, selenium, silver, zinc, boron and iron) and 
ammonia 

BW2a (5-8m installation) September 2018 M13 and ammonia 

BW2b (27-33m installation) September 2018 M13  

BW3 (27-33m installation) September 2018 M13  
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Description Data Status Testing Comment 

BW4a (6m depth) September 2018 M13 and ammonia 

BW4b (27-33m installation) September 2018 M13  

BW5a (4-7m installation) September 2018 M13  

BW5b (27-33m installation) September 2018 M13  

MW1 (25-31m installation) September 2018 M13  

MW4 (22-28m installation) September 2018 M13  

Surface Water 

Badgerys Creek (BC) 100m 
Upstream 

December 2015 Dissolved metal (M8 – arsenic, cadmium, chromium, 
copper, nickel, lead, zinc, mercury), oil and grease and 
ammonia 

BC Tributary Confluence December 2015 M8, oil and grease and ammonia 

BC 100m Downstream December 2015 M8, oil and grease and ammonia 

Pit 1 December 2015, December 
2016, March 2017 

M8, oil and grease and ammonia 

Pit 2 December 2015, December 
2016, March 2017 

M8, oil and grease and ammonia 

Pit 3 December 2015, March 2017 M8, oil and grease and ammonia 

BC1 June and September 2018 Total metals (M13) 

BC2 June and September 2018 Total metals (M13) 

BC3 June and September 2018 Total metals (M13) 

BC4 June and September2018 Total metals (M13) 

South Creek (SC) 1 June and September 2018 Total metals (M13) 

SC2 June and September 2018 Total metals (M13) 

SC3 June and September 2018 Total metals (M13) 

SC4 June and September 2018 Total metals (M13) 

 

With respect to available groundwater results, the following was noted: 

 Concentrations of aluminium, chromium, molybdenum and boron fall below the Australian 
and New Zealand Groundwater (ANZG 2018) Guidelines for Fresh Water; 

 No high reliability criteria exist for silver and iron; 
 A concentration of arsenic (0.044mg/L) recorded in BW2b exceeded the adopted criteria 

(0.024mg/L); 
 Copper concentrations (0.002 to 0.364mg/L) recorded in BW1, BW2a, BW5a, MW1 and MW4 

exceeded the adopted criteria (0.0014mg/L); 
 Manganese concentrations (1.92-4.02mg/L) recorded in BW1 and BW4a exceeded the adopted 

criteria (1.9mg/L); 
 Nickel concentrations (0.024-0.106mg/L) recorded in BW1, BW2a, BW4a, BW5a and MW1 

exceeded the adopted criteria (0.011mg/L); and 
 Zinc concentrations (0.015-0.141mg/L) recorded in BW1, BW2a, BW4a, BW4b, BW5b, MW1 and 

MW4 exceeded the adopted criteria (0.008mg/L). 

The potential significance, if any, of the elevated concentrations of copper, manganese, nickel and 
zinc cannot be determined at this stage as only one round of monitoring is available.  
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An arsenic concentration is the only elevated result within the deeper groundwater system and is 
considered to be characteristic of the shale geology rather than indicative of potential 
contamination. 

With respect to available surface water results, the following was noted: 

 Concentrations of contaminants tested as part of the 2015-2017 monitoring rounds fall below 
the adopted criteria with the exception of copper. However, the most elevated result (0.02mg/L 
when compared to the adopted criteria of 0.0014mg/L) was recorded upstream and is not likely 
to be indicative of contamination associated with the site; 

 Surface water sampling locations BC1 and BC4 were dry in June 2018 and no samples could be 
collected; 

 No high reliability criteria exist for silver and iron; 
 Concentrations of aluminium, arsenic, chromium, copper, lead, manganese, molybdenum, 

nickel, selenium, boron and iron fall below the adopted criteria; and 
 A concentration of zinc (0.009mg/L) was recorded in excess of the 0.008mg/L criteria in BC2, 

however, the next sample downstream was below the detection limit and is considered 
unlikely to represent significant contamination of the surface water in Badgerys Creek. 
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9. Conceptual Site Model 

9.1 Known or Potential Sources of Contamination  

Based on the historical review and observations from the walkover, the following potentially 
contaminating activities have been identified within the site area: 

Table 9.1 Summary of Potentially Contaminating Activities  

Activity Potential Contaminants 

Uncontrolled Filling / Reworked Material (Pit 1) 
associated with tipping observed in the south eastern 
corner of the quarry pit (see Photos 1 to 4). 

 

 

Heavy metals, Total recoverable hydrocarbons 
(TPH), Polycyclic aromatic hydrocarbons (PAH), 
BTEX (Benzene, Toluene, Ethylbenzene, Xylene), 
Organochlorine (OC) / Organophosphate (OP) 
Pesticides, Polychlorinated Biphenyls (PCB), and 
Asbestos. 

9.2 Potentially Affected Media 

Given the nature of the potentially contaminating actives outlined in Table 8.1, the following 
media could be potentially affected.  

 Soil 
 Groundwater 
 Surface Water and/or Sediment 
 Soil Gas / Vapour 

9.3 Proposed Development 

The proposed redevelopment is described in Section 1.1 above. 

9.4 Potential Human and Ecological Receptors  

Potential human receptors may include:  

 Existing site users  
 Construction workers 
 Future site users 
 Maintenance workers 
 Neighbours 

Potential environmental receptors may include:  

 Flora / Fauna  
 Aquatic Ecosystems  
 Groundwater  
 Surface Water 
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9.5 Preferential Migration Pathways 

Preferential migration pathways typically include more permeable granular material around 
existing sub-surface utilities that allows greater migration of impacted groundwater, soil vapour 
or landfill gas when compared to the site geology. 

Preferential migration pathways for vapour or landfill gas ingress into proposed buildings may 
include areas around piled foundations, lift shafts or service entries. However, it should be noted 
that no potential sources of volatile vapours or landfill gas have been identified. 

The potential effects of preferential migration pathways will need to be considered in any 
subsequent stages of assessment as more site specific data becomes available.  

9.6 Potential and Complete Exposure Pathways 

Based on the information discussed in the preceding sections of this report, the potential and 
complete exposure pathways for the proposed development are summarised in Table 9.2 overleaf: 
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Table 9.2: Summary of Potential and Complete Exposure Pathways 

 

Activity 
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Contaminated Media Potentially Complete Exposure 
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Uncontrolled Filling 
/ Reworked Material 
(Pit 1) associated 
with tipping 
observed in the 
south eastern 
corner of the quarry 
pit (see Photos 1 to 
4). 

 

L-M Y N N U P P P NA NA P The presence of fill and reworked 
material was noted during a site 
walkover of Pit 1 but the extent could 
not be determined due to grass cover.  

The Pit 1 site is secured preventing 
unauthorised access. 

  

  

A note of potential asbestos 
presence at the south eastern 
end of Pit 1 should be added to 
the site Asbestos Register. 

Potential risks to construction 
workers should be managed 
under Work Health and Safety 
(WHS) requirements for the 
project. 

A Materials Management 
Plan should be prepared for 
Pit 1 to ensure that surface 
water, backfilled material and 
imported soils are handled 
appropriately, do not pose a 
risk to human health or the 
environment and will be 
suitable for the proposed land 
use. 

KEY: L – low, M – medium, H – high, Y – yes, N – no, P – possible, U – unlikely, NA – not applicable 
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10. Conclusions and Recommendations 

The site is located within the suburb of Badgerys Creek, NSW and is currently used for a mixture of 
vacant commercial / industrial (Pit 1) and agricultural / grazing land (SPF and Flood Prone Land). 

A review of desktop information indicates that: 

 The site is underlain by soils of the Blacktown Landscape but may change in proximity to 
Badgerys and South Creeks to Fluvial Soil Landscape. 

 The soils are underlain by strata of the Wianamatta Group, which includes Bringelly Shale, 
Minchinbury Sandstone and Ashfield Shale formations. 

 Ground conditions encountered during installation of groundwater monitoring bores 
generally confirm the presence of soils and geology described above. 

 A domestic stock and two monitoring bores are present within 0.5km of the site formed into 
the deep sandstone aquifer (>137m bgl). 

 Two monitoring bores (MW1 and MW4) and one industrial bore are present on the property. No 
details are available for the industrial bore but the monitoring bores were installed to depths of 
between 25-31 and 22-28m. 

 The site is subject to a Water Access Licence issued under the Water Management Act 2000 
(WAL24346) and nominated work approval (10WA109463) for continuing extraction from the 
Sydney Basin Central Groundwater Source (Aquifer) of upto 25 units or ML providing that the 
licence conditions are met. 

 GES (2018) Groundwater Assessment Report stated that standing water levels ranged from 
2.42 to 14.83m bgl or 44.57 to 53.36m AHD. 

 Groundwater quality results show that shallow and deeper installations have little variation 
between them. 

 Based on geomorphology of the site, groundwater flow is likely to be towards Badgerys (north 
west) or South (south east) Creeks. The two creek systems drain towards the Hawkesbury 
River, located approximately 10kms to the north and it is likely that flow directions are 
influenced by the shallow gradient of this system. 

 EES (2014) TESA stated that Pit 1 located to the west of the site could also be a point of 
groundwater discharge or recharge. 

 Analysis of water quality in Pit 1 indicates that results fall below the ANZECC (2000) 95% Limit 
of Protection for Freshwater. 

Based on the findings outlined in this PSI and the proposed ongoing commercial / industrial use, 
Zoic concludes the following: 

 The SPF and Flood Prone Land appears to have always been used for agricultural (grazing and 
possibly dairy) purposes. The Pit 1 site has been used for agricultural (grazing and possibly 
dairy) purposes prior to the establishment of a brickworks between 1965 and 1978. Pit 1 
excavations commenced prior to 1986 and were completed (flooded) prior to 2010.   

 The walkover of the SPF and Flood Prone Land indicated that the grazing land is still present 
today. The brickworks is vacant and has been mothballed since 2012. Pit 1 is completely 
flooded. 

 Tipping of materials (including bricks, concrete, metal and potential asbestos cement sheeting 
has occurred at the eastern end of Pit 1. The potential extent of this material is not known as 
much of the ground surface is covered by grass (Photos 1 to 4 inclusive). 
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 Although illegal dumping has occurred on the eastern side of the site, Zoic has been advised 
that this situation is being assessed and managed by a specialist waste management 
company in conjunction with the EPA. Provided that the illegally tipped materials are 
managed, removed and then validated in accordance with current guidelines and legislation, 
it is considered unlikely that this material will adversely impact the proposed MOD4 
development.   

 The potential significance, if any, of the elevated concentrations of copper, manganese, nickel 
and zinc cannot be determined at this stage as only one round of monitoring is available.  

 Although elevated concentrations of copper and zinc have been detected in surface water on 
site, the higher concentrations were detected upstream and are unlikely to be indicative of 
contamination associated with the site. 

Based on the available information, the potential for widespread contamination to be present at 
the SPF / Flood Prone Land and Pit 1 sites is considered to be low and medium respectively. 
Consequently, it is concluded that the sites are suitable for their proposed uses provided the 
following recommendations are implemented:  

 The potential presence of asbestos in the south eastern corner of Pit 1 should be added to the 
site Asbestos Register.  

 Works on Pit 1 will comprise dewatering, excavation to 35m AHD and then backfilling in an 
engineered manner using virgin excavated natural materials (VENM). It is recommended that 
a Materials Management Plan is prepared to ensure that surface water, backfilled material and 
imported soils are handled appropriately, do not pose a risk to human health or the 
environment and will be suitable for the proposed land use.  

 Despite the previous use as grazing land and the observations from the site visit, the presence 
of isolated areas of contamination should not be discounted. Although these are unlikely to 
pose a significant risk to human health or the environment, it is recommended that an 
Unexpected Finds Protocol (UFP) is prepared that provides guidance in the event that future 
below ground excavations identify contaminated materials (e.g. asbestos, staining, odours). 
The UFP would outline procedures for handling, assessing and managing any contamination 
that may be identified as part of future development activities. 

 Works in the EBMF, PNL, ICB and RPMF may encounter soils with moderate salinity potential. 
Geotechnical investigation to inform the detailed design of MOD3 must consider salinity and 
recommend any measures necessary to protect structures and / or the environment. 

 The findings of this PSI will need to be reviewed and amended, as appropriate, in the event 
that a more sensitive land use is proposed. 
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11. Limitations 

This report has been prepared for use by the Client who commissioned the works in accordance 
with the project brief only, and has been based in part on information obtained from the Client and 
other parties.  The findings of this report are based on the scope of work outlined in Section 1. The 
report has been prepared specifically for the Client for the purposes of the commission, and use by 
any nominated third party in the agreement between Zoic and the Client. No warranties, express 
or implied, are offered to any third parties and no liability will be accepted for use or interpretation 
of this report by any third party (other than where specifically nominated in an agreement with 
the Client).  

This report relates to only this project and all results, conclusions and recommendations made 
should be reviewed by a competent person with experience in environmental investigations, 
before being used for any other purpose. This report should not be reproduced without prior 
approval by the Client, or amended in any way without prior approval by Zoic.   

Subject to the scope of work, Zoic’s assessment was limited strictly to identifying typical 
environmental conditions associated with the subject property area and does not include 
evaluation of any other issues.  

Changes to the subsurface conditions may occur subsequent to the investigations described 
herein, through natural processes or through the intentional or accidental addition of 
contaminants. The conclusions and recommendations reached in this report are based on the 
information obtained at the time of the investigation.   

This report does not comment on any regulatory obligations based on the findings. This report 
relates only to the objectives stated and does not relate to any other work conducted for the Client.  

The absence of any identified hazardous or toxic materials on the site should not be interpreted as 
a guarantee that such materials do not exist on the site.  

All conclusions regarding the site are the professional opinions of the Zoic personnel involved 
with the project, subject to the qualifications made above. While normal assessments of data 
reliability have been made, Zoic assumes no responsibility or liability for errors in any data 
obtained from regulatory agencies, statements from sources outside of Zoic, or developments 
resulting from situations outside the scope of this project. 

Zoic is not engaged in environmental assessment and reporting for the purpose of advertising 
sales promoting, or endorsement of any client interests, including raising investment capital, 
recommending investment decisions, or other publicity purposes. The Client acknowledges that 
this report is for its exclusive use. 
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Figure 2: Modification 4  

- Local Context Plan 
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Figure 3: Modification 4  

- Proposed Project 
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Figure 4: Modification 4  

- EES Site Infrastructure  
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Figure 5: Modification 3  

Historical Surface Water Locations 
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Figure 6: Modification 4 

New Monitoring Locations 

Client:  Element Environment Pty Limited 

Site Address:   235 Martin Road, Badgerys Creek, NSW 

Job Number:    17111 Date:   February 2019 
For scale refer above 

Datum: GDA 1994 MGA Zone 56 – AHD 

This product has been created to support the main report and is not suitable for other 
purposes. Image courtesy of Element Environment Pty Limited 
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Appendix B Background Data Searches 



HISTORIC IMAGERY
Property Details

2Approximately 7500m  located in Part Lots 54, 55 and 56 in DP3050
2Approximately 2000m  located in Part Lot 1 in DP1035249
2Approximately 1650m  located in Part Lot 1 in DP1035249

Approximately 55 hectares located in Part Lots 54-59 in DP3050 and

Approximately 14 hectares located in Part Lot 1 in DP1035249 and Part Lot 1 in DP373863

235 Martins Road, Badgerys Creek NSW

Search Date: 19 April 2018

Fast, Accurate and Comprehensive Environmental and Development Risk Information
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HISTORICAL AERIAL PHOTOGRAPHY - 1961

MAP 2
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HISTORICAL AERIAL PHOTOGRAPHY - 1970

MAP 3
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does so on the basis that this company shall bear no responsibility or liability whatsoever for any errors, faults, defects or omissions in the information.

HISTORICAL AERIAL PHOTOGRAPHY - 1986

MAP 4
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Land Insight & Resources do no warrant the accuracy or completeness of information in this publication and any person using or relying upon such information
does so on the basis that this company shall bear no responsibility or liability whatsoever for any errors, faults, defects or omissions in the information.

HISTORICAL AERIAL PHOTOGRAPHY - 1991

MAP 5
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Land Insight & Resources do no warrant the accuracy or completeness of information in this publication and any person using or relying upon such information
does so on the basis that this company shall bear no responsibility or liability whatsoever for any errors, faults, defects or omissions in the information.

HISTORICAL AERIAL PHOTOGRAPHY - 2002

MAP 6
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Land Insight & Resources do no warrant the accuracy or completeness of information in this publication and any person using or relying upon such information
does so on the basis that this company shall bear no responsibility or liability whatsoever for any errors, faults, defects or omissions in the information.

HISTORICAL AERIAL PHOTOGRAPHY - 2008

MAP 7
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Land Insight & Resources do no warrant the accuracy or completeness of information in this publication and any person using or relying upon such information
does so on the basis that this company shall bear no responsibility or liability whatsoever for any errors, faults, defects or omissions in the information.

HISTORICAL AERIAL PHOTOGRAPHY - 2010

MAP 8
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Land Insight & Resources do no warrant the accuracy or completeness of information in this publication and any person using or relying upon such information
does so on the basis that this company shall bear no responsibility or liability whatsoever for any errors, faults, defects or omissions in the information.

HISTORICAL AERIAL PHOTOGRAPHY - 2012

MAP 8
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Land Insight & Resources do no warrant the accuracy or completeness of information in this publication and any person using or relying upon such information
does so on the basis that this company shall bear no responsibility or liability whatsoever for any errors, faults, defects or omissions in the information.

HISTORICAL AERIAL PHOTOGRAPHY - 2014

MAP 10
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Land Insight & Resources do no warrant the accuracy or completeness of information in this publication and any person using or relying upon such information
does so on the basis that this company shall bear no responsibility or liability whatsoever for any errors, faults, defects or omissions in the information.

HISTORICAL AERIAL PHOTOGRAPHY - 2016

MAP 11
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Land Insight & Resources do no warrant the accuracy or completeness of information in this publication and any person using or relying upon such information
does so on the basis that this company shall bear no responsibility or liability whatsoever for any errors, faults, defects or omissions in the information.

HISTORICAL AERIAL PHOTOGRAPHY - 2018

MAP 12
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« Previous Search Print

Search Results

Information about a water licence or approval

Use this tool to search for information about water licences and approvals issued under the Water Act 1912 or
Water Management Act 2000.

Select the type of licence or approval and enter the licence or approval number:

W ater access licence (W AL): a WAL number starts with the letters 'WAL' followed by several numbers;
a WAL also has a reference number that starts with a two digit number, followed by 'AL' and then several
numbers.
1912  w ater licence: a water licence number starts with a two digit number, followed by a two letter
code and then several numbers. Note: a PT reference number cannot be entered.
Approval: an approval number starts with a two digit number, followed by a two letter code (WA, UA, CA
or FW) and then several numbers.

Search  for information  about either a:

 

W ater Access Licence (W AL)  Number  WAL  24346

A WAL number starts with the letters 'WAL' followed by several numbers

Can't find your WAL number? Do you have a reference number? A reference number starts with a two
digit number, followed by 'AL' and then several numbers. Use the following tool to find your WAL by
entering your reference number. Enter the reference number to find the WAL number.

Notes:

The search results will list the conditions imposed on the water access licence. Any approved water supply
work/s nominated on the water access licence are identified by the approval number/s for the work/s.

The information about a water access licence provided in the search results is a summary and may not
always be up to date. If you require full and up to date details about a particular water access licence
(including current holders, share and extraction component details, encumbrances and notations) you
should search the Water Access Licence Register administered by Land and Property Information.

 

Find out if a W ater Act 1912  licence has been  converted

 

Category
[Subcategory]

Status W ater Source Tenure
Type

Management
Zone

Share Components
(units or ML)

Aquifer Current Sydney Basin Central
Groundwater Source

Continuing 25.00

Water access  licence (WAL) issued under the Water Management Act 2000

Approval issued under the Water Management Act 2000

Water licence conversion status

Export

http://www.lpi.nsw.gov.au/land_titles/public_registers/water_access_licence_register
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Extraction  Times or Rates

Subject to conditions water may be taken at any time or rate

Nominated W ork Approval(s)

10WA109463

- Conditions

P lan  Conditions

W ater
sharing
plan

Greater Metropolitan  Region  Groundw ater Sources

 
  Take of w ater
MW0929-
00001

From 1 July 2018, if the water supply work nominated on this access licence is located at or less
than 40 m from the top of the high bank of a river then: 
A. water must not be taken in this groundwater source when flows are in the Very Low Flow Class
for an unregulated river access licence in that river.  
B. This restriction will only apply when the system that confirms when water can be taken is
available on the relevant licensor website. 
C. the relevant licensor will inform the licence holder in writing of the applicable restrictions and
how to access the information on its website when this system becomes operative.

 
MW0919-
00001

A maximum water allocation of 0.1 ML/unit share may be carried over in the account for this
access licence from one water year to the next water year if a water meter is installed on each
water supply work nominated on this licence and each meter is maintained in working order.

 
MW0605-
00001

Water must be taken in compliance with the conditions of the approval for the nominated work on
this access licence through which water is to be taken.

 
MW0547-
00001

The total volume of water taken under this licence in any water year must not exceed a volume
equal to:  
A. the sum of water in the account from the available water determination for the current year,
plus  
B. the water carried over in the account from the previous water year, plus  
C. the net amount of water assigned to or from the account under a water allocation assignment,
plus  
D. any water re-credited by the Minister to the account.

 
  Monitoring and recording
MW2338-
00001

The completed logbook must be retained for five (5) years from the last date recorded in the
logbook.

 
MW2336-
00001

The purpose or purposes for which water is taken, as well as details of the type of crop, area
cropped, and dates of planting and harvesting, must be recorded in the logbook each time water is
taken.

 
MW0606-
00001

The volume of water taken in the water year must be recorded in the logbook at the end of each
water year. The maximum volume of water permitted to be taken in that water year must also be
recorded in the logbook.

 
MW2337-
00001

The following information must be recorded in the logbook for each period of time that water is
taken: 
A. date, volume of water, start and end time when water was taken as well as the pump capacity
per unit of time, and  
B. the access licence number under which the water is taken, and 
C. the approval number under which the water is taken, and 
D. the volume of water taken for domestic consumption and/or stock watering.

 
MW2339-
00001

A logbook must be kept, unless the work is metered and fitted with a data logger. The logbook must
be produced for inspection when requested by the relevant licensor.
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00001 be produced for inspection when requested by the relevant licensor.
 
  Reporting
MW0051-
00002

Once the licence holder becomes aware of a breach of any condition on this access licence, the
licence holder must notify the Minister as soon as practicable. The Minister must be notified by: 
A. email: water.enquiries@dpi.nsw.gov.au,  
or 
B. telephone: 1800 353 104. Any notification by telephone must also be confirmed in writing
within seven (7) business days of the telephone call.

Other Conditions

NIL

Disclaimer: The NSW Office of Water does not warrant the data is current nor does it warrant that the data or the
data capturing processes are free from corruption or error.

P rivacy: The information provided is limited to meet the requirements of section 57 of the Privacy and Personal
Information Act 1998.

Exporting and printing: Search results show a maximum of 50 rows per page. Search results can only be printed
page by page.

More information: Should you require further information or technical assistance, please submit your request to
water.enquiries@dpi.nsw.gov.au or contact 1800 353 104.

mailto: water.enquiries@dpi.nsw.gov.au




Groundwater Works Summary

For information on the meaning of fields please see Glossary
Document Generated on Thursday, June 19, 2014Document Generated on Monday, June 16, 2014

Works Details Site Details Form A Licensed Construction Water Bearing Zones Drillers Log

Work Requested -- GW103739

Works Details (top)

GROUNDWATER NUMBER GW103739

LIC-NUM 10BL160102

AUTHORISED-PURPOSES MONITORING BORE

INTENDED-PURPOSES TEST BORE

WORK-TYPE Bore

WORK-STATUS (Unknown)

CONSTRUCTION-METHOD Rotary

OWNER-TYPE

COMMENCE-DATE

COMPLETION-DATE 2001-04-06

FINAL-DEPTH (metres) 32.98

DRILLED-DEPTH (metres) 32.98

CONTRACTOR-NAME

DRILLER-NAME

PROPERTY BORAL BRICKS

GWMA -

GW-ZONE -

STANDING-WATER-LEVEL

SALINITY 6480.00

YIELD

Site Details (top)

REGION 10 - SYDNEY SOUTH COAST

RIVER-BASIN

AREA-DISTRICT

CMA-MAP

GRID-ZONE

SCALE

ELEVATION

ELEVATION-SOURCE

NORTHING 6246890.00

EASTING 292339.00

LATITUDE 33 53' 53"

LONGITUDE 150 45' 15"

GS-MAP

AMG-ZONE 56

COORD-SOURCE

REMARK

Form-A (top)

Groundwater Works Summary file://///192.168.10.1/data/EESI GROUP/ENVIRONMENTAL EART...

1 of 2 19/06/2014 4:20 PM



COUNTY CUMBERLAND

PARISH BRINGELLY

PORTION-LOT-DP 1//373863

Licensed (top)

COUNTY CUMBERLAND

PARISH BRINGELLY

PORTION-LOT-DP 1 373863

Construction (top)

Negative depths indicate Above Ground Level;H-Hole;P-Pipe;OD-Outside Diameter;
ID-Inside Diameter;C-Cemented;SL-Slot Length;A-Aperture;GS-Grain Size;Q-Quantity

HOLE-NO PIPE-NO COMPONENT-CODE COMPONENT-TYPE
DEPTH-FROM
(metres)

DEPTH-TO
(metres)

OD
(mm)

ID
(mm)

INTERVAL DETAIL

1 Hole Hole 0.00 5.00 150
Rotary
Air

1 Hole Hole 5.00 32.98 94
Rotary
Air

1 1 Casing P.V.C. -0.10 16.98 60

C: 9-11m;
Screwed;
Seated on
Bottom;
Cap

1 1 Opening Screen 16.98 31.98 60

PVC
Class 18;
A: .5mm;
Screwed

1 Annulus Waterworn/Rounded 11.00 32.98
Graded;
GS:
1-2mm

Water Bearing Zones (top)

FROM-DEPTH
(metres)

TO-DEPTH
(metres)

THICKNESS
(metres)

ROCK-CAT-DESC S-W-L D-D-L YIELD
TEST-HOLE-DEPTH
(metres)

DURATION SALINITY

0.00 0.00 0.00 26.70 32.98 25.00 6480.00

Drillers Log (top)

FROM TO THICKNESS DESC GEO-MATERIAL COMMENT

0.00 0.20 0.20 FILL

0.20 3.00 2.80 SILTY CLAY

3.00 5.00 2.00 WEATHERED SHALE

5.00 32.98 27.98 BRINGELLY SHALE/SILTSTONE & SANDST.

Warning To Clients: This raw data has been supplied to the Department of Infrastructure, Planning and Natural Resources (DIPNR) by drillers, licensees and other sources.
The DIPNR does not verify the accuracy of this data. The data is presented for use by you at your own risk. You should consider verifying this data before relying on it.
Professional hydrogeological advice should be sought in interpreting and using this data.

Groundwater Works Summary file://///192.168.10.1/data/EESI GROUP/ENVIRONMENTAL EART...

2 of 2 19/06/2014 4:20 PM



Groundwater Works Summary

For information on the meaning of fields please see Glossary
Document Generated on Thursday, June 19, 2014Document Generated on Monday, June 16, 2014

Works Details Site Details Form A Licensed Construction Water Bearing Zones Drillers Log

Work Requested -- GW105016

Works Details (top)

GROUNDWATER NUMBER GW105016

LIC-NUM 10WA108530

AUTHORISED-PURPOSES DOMESTIC STOCK

INTENDED-PURPOSES DOMESTIC STOCK

WORK-TYPE Bore

WORK-STATUS Supply Obtained

CONSTRUCTION-METHOD Rotary Air

OWNER-TYPE Private

COMMENCE-DATE

COMPLETION-DATE 2003-04-01

FINAL-DEPTH (metres) 252.50

DRILLED-DEPTH (metres) 252.50

CONTRACTOR-NAME

DRILLER-NAME

PROPERTY N/A

GWMA -

GW-ZONE -

STANDING-WATER-LEVEL 53.00

SALINITY 4200.00

YIELD 0.20

Site Details (top)

REGION 10 - SYDNEY SOUTH COAST

RIVER-BASIN 212 - HAWKESBURY RIVER

AREA-DISTRICT

CMA-MAP 9030-2S

GRID-ZONE 56/1

SCALE 1:25,000

ELEVATION

ELEVATION-SOURCE (Unknown)

NORTHING 6248599.00

EASTING 292895.00

LATITUDE 33 52' 58"

LONGITUDE 150 45' 38"

GS-MAP

AMG-ZONE 56

COORD-SOURCE

REMARK

Form-A (top)

Groundwater Works Summary file://///192.168.10.1/data/EESI GROUP/ENVIRONMENTAL EART...

1 of 3 19/06/2014 4:23 PM



COUNTY CUMBERLAND

PARISH BRINGELLY

PORTION-LOT-DP LT 33 DP 3050

Licensed (top)

COUNTY CUMBERLAND

PARISH BRINGELLY

PORTION-LOT-DP 33 3050

Construction (top)

Negative depths indicate Above Ground Level;H-Hole;P-Pipe;OD-Outside Diameter;
ID-Inside Diameter;C-Cemented;SL-Slot Length;A-Aperture;GS-Grain Size;Q-Quantity

HOLE-NO PIPE-NO COMPONENT-CODE COMPONENT-TYPE
DEPTH-FROM
(metres)

DEPTH-TO
(metres)

OD
(mm)

ID
(mm)

INTERVAL DETAIL

1 Hole Hole 0.00 5.60 210
Down
Hole
Hammer

1 Hole Hole 5.60 252.50 165
Down
Hole
Hammer

1 1 Casing Steel -0.40 5.60 168.3 158.7
C: 0-5.6m;
Driven
into Hole

1 1 Casing PVC Class 9 0.40 95.60 140

Screwed
and
Glued;
Suspended
in Clamps

Water Bearing Zones (top)

FROM-DEPTH
(metres)

TO-DEPTH
(metres)

THICKNESS
(metres)

ROCK-CAT-DESC S-W-L D-D-L YIELD
TEST-HOLE-DEPTH
(metres)

DURATION SALINITY

137.50 138.00 0.50 0.50 138.50 0.25 4500.00

155.50 155.70 0.20 0.10 156.50 0.25 3400.00

207.00 210.00 3.00 53.00 0.20 216.00 0.25 4200.00

Drillers Log (top)

FROM TO THICKNESS DESC GEO-MATERIAL COMMENT

0.00 0.20 0.20 TOPSOIL

0.20 5.40 5.20 CLAY

5.40 84.40 79.00 SHALE

84.40 84.80 0.40 CLAY DARK GREY

84.80 101.40 16.60 SHALE

101.40 150.50 49.10 SANDSTONE GREY-LT GREY

150.50 152.70 2.20 SANDSTONE AND QUARTZ

152.70 189.50 36.80 SANSDSTONE GREY

189.50 204.70 15.20 SHALE

204.70 243.00 38.30 SANSDTONE AND QUARTZ

243.00 247.90 4.90 SHALE COURSE GRAIN

247.90 252.50 4.60 SANDSTONE GREY

Groundwater Works Summary file://///192.168.10.1/data/EESI GROUP/ENVIRONMENTAL EART...

2 of 3 19/06/2014 4:23 PM



Warning To Clients: This raw data has been supplied to the Department of Infrastructure, Planning and Natural Resources (DIPNR) by drillers, licensees and other sources.
The DIPNR does not verify the accuracy of this data. The data is presented for use by you at your own risk. You should consider verifying this data before relying on it.
Professional hydrogeological advice should be sought in interpreting and using this data.

Groundwater Works Summary file://///192.168.10.1/data/EESI GROUP/ENVIRONMENTAL EART...
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Groundwater Works Summary

For information on the meaning of fields please see Glossary
Document Generated on Thursday, June 19, 2014Document Generated on Monday, June 16, 2014

Works Details Site Details Form A Licensed Construction Water Bearing Zones Drillers Log

Work Requested -- GW106636

Works Details (top)

GROUNDWATER NUMBER GW106636

LIC-NUM

AUTHORISED-PURPOSES

INTENDED-PURPOSES

WORK-TYPE Bore

WORK-STATUS

CONSTRUCTION-METHOD

OWNER-TYPE

COMMENCE-DATE

COMPLETION-DATE 2005-11-16

FINAL-DEPTH (metres)

DRILLED-DEPTH (metres)

CONTRACTOR-NAME

DRILLER-NAME

PROPERTY

GWMA

GW-ZONE

STANDING-WATER-LEVEL

SALINITY

YIELD

Site Details (top)

REGION 10 - SYDNEY SOUTH COAST

RIVER-BASIN 212 - HAWKESBURY RIVER

AREA-DISTRICT

CMA-MAP 9030-2S

GRID-ZONE 56/1

SCALE 1:25,000

ELEVATION

ELEVATION-SOURCE (Unknown)

NORTHING 6247047.00

EASTING 292223.00

LATITUDE 33 53' 47"

LONGITUDE 150 45' 11"

Groundwater Works Summary file://///192.168.10.1/data/EESI GROUP/ENVIRONMENTAL EART...

1 of 2 19/06/2014 4:25 PM



GS-MAP

AMG-ZONE 56

COORD-SOURCE

REMARK

Form-A (top)

COUNTY CUMBERLAND

PARISH BRINGELLY

PORTION-LOT-DP 1 373863

Licensed (top)

no details

Water Bearing Zones (top)

no details

Drillers Log (top)

no details

Warning To Clients: This raw data has been supplied to the Department of Infrastructure, Planning and Natural Resources (DIPNR) by drillers,
licensees and other sources. The DIPNR does not verify the accuracy of this data. The data is presented for use by you at your own risk. You should
consider verifying this data before relying on it. Professional hydrogeological advice should be sought in interpreting and using this data.
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Groundwater Works Summary

For information on the meaning of fields please see Glossary
Document Generated on Thursday, June 19, 2014Document Generated on Monday, June 16, 2014

Works Details Site Details Form A Licensed Construction Water Bearing Zones Drillers Log

Work Requested -- GW106735

Works Details (top)

GROUNDWATER NUMBER GW106735

LIC-NUM 10WA109463

AUTHORISED-PURPOSES INDUSTRIAL

INTENDED-PURPOSES INDUSTRIAL

WORK-TYPE Bore

WORK-STATUS

CONSTRUCTION-METHOD

OWNER-TYPE

COMMENCE-DATE

COMPLETION-DATE

FINAL-DEPTH (metres)

DRILLED-DEPTH (metres)

CONTRACTOR-NAME

DRILLER-NAME

PROPERTY BORAL BRICKS

GWMA -

GW-ZONE -

STANDING-WATER-LEVEL

SALINITY

YIELD 20.00

Site Details (top)

REGION 10 - SYDNEY SOUTH COAST

RIVER-BASIN

AREA-DISTRICT

CMA-MAP

GRID-ZONE

SCALE

ELEVATION

ELEVATION-SOURCE

NORTHING 6247030.00

EASTING 292192.00

LATITUDE 33 53' 48"

LONGITUDE 150 45' 10"

Groundwater Works Summary file://///192.168.10.1/data/EESI GROUP/ENVIRONMENTAL EART...
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GS-MAP

AMG-ZONE 56

COORD-SOURCE

REMARK

Form-A (top)

COUNTY CUMBERLAND

PARISH BRINGELLY

PORTION-LOT-DP 1 373863

Licensed (top)

COUNTY CUMBERLAND

PARISH BRINGELLY

PORTION-LOT-DP 1 373863

Water Bearing Zones (top)

no details

Drillers Log (top)

no details

Warning To Clients: This raw data has been supplied to the Department of Infrastructure, Planning and Natural Resources (DIPNR) by drillers,
licensees and other sources. The DIPNR does not verify the accuracy of this data. The data is presented for use by you at your own risk. You should
consider verifying this data before relying on it. Professional hydrogeological advice should be sought in interpreting and using this data.
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Groundwater Works Summary

For information on the meaning of fields please see Glossary
Document Generated on Thursday, June 19, 2014Document Generated on Monday, June 16, 2014

Works Details Site Details Form A Licensed Construction Water Bearing Zones Drillers Log

Work Requested -- GW112649

Works Details (top)

GROUNDWATER NUMBER GW112649

LIC-NUM 10BL605135

AUTHORISED-PURPOSES MONITORING BORE

INTENDED-PURPOSES MONITORING BORE

WORK-TYPE Well

WORK-STATUS

CONSTRUCTION-METHOD Rotary - Coring

OWNER-TYPE Private

COMMENCE-DATE

COMPLETION-DATE 2012-04-24

FINAL-DEPTH (metres) 30.12

DRILLED-DEPTH (metres) 30.12

CONTRACTOR-NAME

DRILLER-NAME

PROPERTY BETH LEHEM PTY LTD

GWMA -

GW-ZONE -

STANDING-WATER-LEVEL 6.80

SALINITY

YIELD

Site Details (top)

REGION 10 - SYDNEY SOUTH COAST

RIVER-BASIN

AREA-DISTRICT

CMA-MAP

GRID-ZONE

SCALE

ELEVATION

ELEVATION-SOURCE

NORTHING 6246317.00

EASTING 290253.00

LATITUDE 33 54' 10"

LONGITUDE 150 43' 54"

GS-MAP

AMG-ZONE 56

COORD-SOURCE

REMARK

Form-A (top)

Groundwater Works Summary file://///192.168.10.1/data/EESI GROUP/ENVIRONMENTAL EART...
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COUNTY CUMBERLAND

PARISH BRINGELLY

PORTION-LOT-DP 1//576709

Licensed (top)

COUNTY CUMBERLAND

PARISH BRINGELLY

PORTION-LOT-DP 1 576709

Construction (top)

Negative depths indicate Above Ground Level;H-Hole;P-Pipe;OD-Outside Diameter;
ID-Inside Diameter;C-Cemented;SL-Slot Length;A-Aperture;GS-Grain Size;Q-Quantity

HOLE-NO PIPE-NO COMPONENT-CODE COMPONENT-TYPE
DEPTH-FROM
(metres)

DEPTH-TO
(metres)

OD
(mm)

ID
(mm)

INTERVAL DETAIL

1 Hole Hole 0.00 30.12 96
Rotary -
Coring

1 1 Backfill Bentonite 0.00 5.80

1 1 Casing (Unknown) 0.00 6.00 33 23
Seated on
Bottom;
End cap

1 1 Opening Slots - Horizontal 6.00 12.00 33

(Unknown);
Casing -
Machine
Slotted; SL:
25mm; A:
6mm;
Screwed

1 Annulus Bentonite/Grout 0.00 5.80

1 Annulus Crushed Aggregate 5.80 12.00
Graded;
GS: 0-0mm

Water Bearing Zones (top)

no details

Drillers Log (top)

FROM TO THICKNESS DESC GEO-MATERIAL COMMENT

0.00 0.20 0.20 TOPSOIL, CLAYEY SILT

0.20 2.10 1.90 SILTY CLAY

2.10 7.40 5.30 CLAYSTONE,WEATHERED

7.40 8.76 1.36 SANDSTONE,WEATHERED

8.76 13.84 5.08 SILTSTONE , WEATHERED

13.84 14.40 0.56 LAMINITE,SANDSTONE AND SILTSTONE

14.40 27.73 13.33 SILTSTONE,WEATHERED,DARK GREY

27.73 29.16 1.43 LAMINITE,SANDSDTONE AND SILTSTONE

29.16 30.12 0.96 SILTSTONE,M/STRENGTH.DARK GREY

Warning To Clients: This raw data has been supplied to the Department of Infrastructure, Planning and Natural Resources (DIPNR) by drillers, licensees and other sources.
The DIPNR does not verify the accuracy of this data. The data is presented for use by you at your own risk. You should consider verifying this data before relying on it.
Professional hydrogeological advice should be sought in interpreting and using this data.
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Groundwater Works Summary

For information on the meaning of fields please see Glossary
Document Generated on Thursday, June 19, 2014Document Generated on Monday, June 16, 2014

Works Details Site Details Form A Licensed Construction Water Bearing Zones Drillers Log

Work Requested -- GW112650

Works Details (top)

GROUNDWATER NUMBER GW112650

LIC-NUM 10BL605135

AUTHORISED-PURPOSES MONITORING BORE

INTENDED-PURPOSES MONITORING BORE

WORK-TYPE Well

WORK-STATUS

CONSTRUCTION-METHOD Rotary - Coring

OWNER-TYPE Private

COMMENCE-DATE

COMPLETION-DATE 2012-04-24

FINAL-DEPTH (metres) 30.70

DRILLED-DEPTH (metres) 30.70

CONTRACTOR-NAME

DRILLER-NAME

PROPERTY BETH LEHEM PTY LTD

GWMA -

GW-ZONE -

STANDING-WATER-LEVEL 8.50

SALINITY

YIELD

Site Details (top)

REGION 10 - SYDNEY SOUTH COAST

RIVER-BASIN

AREA-DISTRICT

CMA-MAP

GRID-ZONE

SCALE

ELEVATION

ELEVATION-SOURCE

NORTHING 6246300.00

EASTING 290509.00

LATITUDE 33 54' 10"

LONGITUDE 150 44' 3"

GS-MAP

AMG-ZONE 56

COORD-SOURCE

REMARK

Form-A (top)

Groundwater Works Summary file://///192.168.10.1/data/EESI GROUP/ENVIRONMENTAL EART...
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COUNTY CUMBERLAND

PARISH BRINGELLY

PORTION-LOT-DP 2//576709

Licensed (top)

COUNTY CUMBERLAND

PARISH BRINGELLY

PORTION-LOT-DP 1 576709

Construction (top)

Negative depths indicate Above Ground Level;H-Hole;P-Pipe;OD-Outside Diameter;
ID-Inside Diameter;C-Cemented;SL-Slot Length;A-Aperture;GS-Grain Size;Q-Quantity

HOLE-NO PIPE-NO COMPONENT-CODE COMPONENT-TYPE
DEPTH-FROM
(metres)

DEPTH-TO
(metres)

OD
(mm)

ID
(mm)

INTERVAL DETAIL

1 Hole Hole 0.00 30.70 96
Rotary -
Coring

1 1 Backfill Bentonite 0.00 6.00

1 1 Backfill Bentonite 14.00 23.00

1 1 Casing (Unknown) 0.00 24.70 33 23

Riveted;
Seated on
Bottom;
End cap

1 1 Opening Slots - Horizontal 24.70 30.70 33

(Unknown);
Casing -
Machine
Slotted; SL:
25mm; A:
6mm;
Screwed

1 Annulus Crushed Aggregate 12.30 30.70
Graded;
GS: 0-0mm

1 Annulus Bentonite/Grout 14.00 23.00

Water Bearing Zones (top)

no details

Drillers Log (top)

FROM TO THICKNESS DESC GEO-MATERIAL COMMENT

0.00 0.20 0.20 TOPSOIL (CLAYEY SILT)

0.20 3.65 3.45 SILTY CLAY

3.65 5.45 1.80 SILTSTONE, CLAYSTONE

5.45 11.15 5.70 SANDSTONE WEATHERED

11.15 21.15 10.00 SILTSTONE

21.15 22.70 1.55 SANDSTONE / SILTSTONE

22.70 26.30 3.60 SILTSTONE FRESH

26.30 27.80 1.50 LAMINITE,SANDSTONE AND SILTSTONE

27.80 30.70 2.90 SILTSTONE,FRESH,GREY

Warning To Clients: This raw data has been supplied to the Department of Infrastructure, Planning and Natural Resources (DIPNR) by drillers, licensees and other sources.
The DIPNR does not verify the accuracy of this data. The data is presented for use by you at your own risk. You should consider verifying this data before relying on it.
Professional hydrogeological advice should be sought in interpreting and using this data.
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Appendix C Site Photographs 



Photograph Log   

Client Name: Site Location: Project Number: 

Element Environment 235 Martin Road, Badgerys Creek 17111 

 

Appendix C Photolog.docx  |  Element Environment Pty Ltd 

Photo Number: Date: 

 

1 6/03/18 

Description: 

View of Pit 1 from the south 
eastern corner toward the 
north west 

 

Photo Number: Date: 

 

2 6/3/18 

Description: 

View of gully at south 
eastern corner of Pit 1 
looking north west with 
evidence of demolition 
waste tipping (bricks, 
concrete, metal etc) 

 



Photograph Log   

Client Name: Site Location: Project Number: 

Element Environment 235 Martin Road, Badgerys Creek 17111 

 

Appendix C Photolog.docx  |  Element Environment Pty Ltd 

Photo Number: Date: 

 

3 6/03/18 

Description: 

Close up of demolition waste 
tipping in south eastern 
corner of Pit 1 (including 
brick, concrete, metal etc) 

 

Photo Number: Date: 

 

4 6/03/18 

Description: 

Suspected asbestos cement 
sheeting within demolition 
waste tipping in south 
eastern corner of Pit 1. 

 



Photograph Log   

Client Name: Site Location: Project Number: 

Element Environment 235 Martin Road, Badgerys Creek 17111 

 

Appendix C Photolog.docx  |  Element Environment Pty Ltd 

Photo Number: Date: 

 

5 6/03/18 

Description: 

Typical Pit 1 slope profile 
taken at south eastern 
corner (former pit access 
ramp) looking in a south 
westerly direction). 
Discarded bricks in 
foreground. 

 

Photo Number: Date: 

 

6 6/03/18 

Description: 

View across drainage line 
towards Inghams Chicken 
Farms in south western 
corner 

  



Photograph Log   

Client Name: Site Location: Project Number: 

Element Environment 235 Martin Road, Badgerys Creek 17111 

 

Appendix C Photolog.docx  |  Element Environment Pty Ltd 

Photo Number: Date: 

 

7 6/03/18 

Description: 

View along drainage line on 
southern boundary with 
Inghams Chicken Farm 
beyond. 

South Creek is located 
beyond the tree line in the 
distance. 

 

Photo Number: Date: 

 

8 6/03/18 

Description: 

Stockpile of fallen timber in 
south eastern corner with 
Inghams Chicken Farm 
present in the distance to the 
south. 

  



Photograph Log   

Client Name: Site Location: Project Number: 

Element Environment 235 Martin Road, Badgerys Creek 17111 

 

Appendix C Photolog.docx  |  Element Environment Pty Ltd 

Photo Number: Date: 

 

9 6/03/18 

Description: 

Stockpile of broken fencing 
materials present midway 
along western boundary. 

Bund with Pit 3 beyond (rhs) 
and Inghams Chicken Farm 
in the distance to the south. 

 

Photo Number: Date: 

 

10 6/03/18 

Description: 

View to north and east with 
ANL Landscape building in 
distance. 

Billabong present in centre 
of site (rhs) with South Creek 
beyond.. 

 



Photograph Log   

Client Name: Site Location: Project Number: 

Element Environment 235 Martin Road, Badgerys Creek 17111 

 

Appendix C Photolog.docx  |  Element Environment Pty Ltd 

Photo Number: Date: 

 

11 6/03/18 

Description: 

Example of drainage 
channel associated with 
Billabong in centre of site 

 

Photo Number: Date: 

 

12 6/03/18 

Description: 

View looking in a north 
easterly direction taken from 
beyond the western site 
boundary. 

Dam (lhs) lies beyond 
western boundary. Site 
fenceline present midway 
along the rhs of image 
immediately before cows. 
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Appendix D Water Monitoring Results 

 



Sample Receipt Report Number: 2320

Date Issued: 10/12/2015 Revision Number: 02

Site/Job: Badgerys Creek Surface Waters

Client: CSR Building Products-Property
Address PO Box 5119

Brendale  QLD  4500
Contact Dom Carnovale

The following 5 samples were received on 2/12/2015

Client Sample Reference Licence 

Ref

Date 

Sampled

Laboratory ID Matrix General Comments

Upstream 2/12/2015 2320/1 Water Badgerys Creek Rd Culvert

Downstream 2/12/2015 2320/2 Water Pit St Culvert

Pit 1 2/12/2015 2320/3 Water Main Pit

Pit 2 2/12/2015 2320/4 Water West Pit

Pit 3 2/12/2015 2320/5 Water South Pit

  The samples have been tested and the following reports are included:
· Test Report
· Sampling Report
· Chain of Custody (if available)

2320  This report supercedes any previous report(s) with this batch number. Report may not be reproduced except in full. Page 1 of 3



Test Report Number: 2320

Date Issued: 10/12/2015

Results

Water Analysis Units Method LOR 2320/1 2320/2 2320/3 2320/4 2320/5
Upstream Downstream Pit 1 Pit 2 Pit 3
2/12/2015 2/12/2015 2/12/2015 2/12/2015 2/12/2015

Temperature °C Temp 0.1 22.7 23.4 26.5 26.6 26.4

pH pH Units VGT-WI/01 0.1 7.2 7.5 8.7 8.7 9.2

Electrical Conductivity µS/cm VGT-WI/02 50 1,650 2,390 2,170 3,110 2,070

Turbidity NTU VGT-WI/04 0.1 12 4.2 2.6 3.3 4.9

Total Suspended 
Solids 

mg/L VGT-WI/03A 
AS3550.4

1 17 4 1 2 4

Total Dissolved Solids Units Method LOR 2320/1 2320/2 2320/3 2320/4 2320/5
Upstream Downstream Pit 1 Pit 2 Pit 3
2/12/2015 2/12/2015 2/12/2015 2/12/2015 2/12/2015

Total Dissolved Solids mg/L 
@105°C

VGT-WI/49 
AS3550.4

20 998 1,420 1,170 1,750 1,140

8 Metals Units Method LOR 2320/1 2320/2 2320/3 2320/4 2320/5
Upstream Downstream Pit 1 Pit 2 Pit 3
2/12/2015 2/12/2015 2/12/2015 2/12/2015 2/12/2015

Arsenic* mg/L EG020A-F 0.001 0.006 0.003 <0.001 0.001 0.004

Cadmium* mg/L EG020A-F 0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001

Chromium* mg/L EG020A-F 0.001 <0.001 <0.001 <0.001 <0.001 <0.001

Copper* mg/L EG020A-F 0.001 <0.001 <0.001 <0.001 <0.001 0.001

Nickel* mg/L EG020A-F 0.001 0.004 0.002 <0.001 <0.001 <0.001

Lead* mg/L EG020A-F 0.001 <0.001 <0.001 <0.001 <0.001 <0.001

Zinc* mg/L EG020A-F 0.001 <0.005 0.006 <0.005 <0.005 <0.005

Mercury* mg/L EG020A-F 0.00005 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001

Nutrients Units Method LOR 2320/1 2320/2 2320/3 2320/4 2320/5
Upstream Downstream Pit 1 Pit 2 Pit 3
2/12/2015 2/12/2015 2/12/2015 2/12/2015 2/12/2015

Biochemical Oxygen 
Demand* 

mg/L EP030 2 <2 <2 <2 <2 <2

Oil & Grease* mg/L APHA 5520D 5 <5 <5 <5 <5 <5

Ammonia* mg/L Inorg-057 0.005 0.25 0.16 0.10 0.040 0.21

Nitrite* mg/L EK057G 0.005 <0.01 <0.01 <0.01 <0.01 0.020

Nitrate* mg/L EK058G 0.01 0.05 0.03 0.23 0.31 0.72

Total Kjeldahl Nitrogen 
as N* 

mg/L EK061G 0.1 2.5 1.8 0.3 3.0 0.7

Total Nitrogen* mg/L EK062G 0.1 2.6 1.8 0.5 3.3 1.4

Total Phosphorus* mg/L EK067G 0.01 1.12 0.54 <0.01 <0.01 <0.01

Location Analysed: Field and 4/30 Glenwood Dr Thornton NSW 2322
*tests by ALS NATA accreditation no 825 Report No ES1537770

Results have been approved for release on 10/12/2015

2320  This report supercedes any previous report(s) with this batch number. Report may not be reproduced except in full. Page 2 of 3



Sampling Report Number: 2320

Date Issued: 10/12/2015
Sampling Conditions: Cloudy, 28-32 deg C

Sample # Description Date Sampled Sampler Method of 
Sampling

Pre-treatment / 
Preservation

Comments

2320/1 Upstream 2/12/2015 12:25:00 TW AS5667.6 
River, Grab

AS5667.1 Not running

2320/2 Downstream 2/12/2015 12:00:00 TW AS5667.6 
River, Grab

AS5667.1 Stagnant, scum, rainbow effect, casuarinas above

2320/3 Pit 1 2/12/2015 11:35:00 TW AS5667.4 
Lake, Grab

AS5667.1 Clear, not discharging

2320/4 Pit 2 2/12/2015 11:05:00 TW AS5667.4 
Lake, Grab

AS5667.1 Clear, not discharging

2320/5 Pit 3 2/12/2015 10:30:00 TW AS5667.4 
Lake, Grab

AS5667.1 Clear, not discharging

Sampling procedures have been approved for release on 10/12/2015
Where method is "unknown" sampling procedures are not endorsed

2320  This report supercedes any previous report(s) with this batch number. Report may not be reproduced except in full. Page 3 of 3



Report Number: 3888

Date Issued: 16/03/2017 Revision Number: 00

Site/Job: Badgerys Creek Surface Waters

Client: .PGH Bricks and Pavers Pty Ltd
Address 59-67 Cecil Rd

Cecil Park  NSW  2178
Contact Joe Gauci

The following 5 samples were received on 7/03/2017

Client Sample Reference Licence 

Ref

Date 

Sampled

Laboratory ID Matrix General Comments

Upstream 6/03/2017 3888/1 Water Badgerys Creek Rd Culvert

Downstream 6/03/2017 3888/2 Water Pit St Culvert

Pit 1 6/03/2017 3888/3 Water Main Pit

Pit 2 6/03/2017 3888/4 Water West Pit

Pit 3 6/03/2017 3888/5 Water South Pit

  The samples have been tested and the following reports are included:
· Test Report
· Sampling Report
· Chain of Custody (if available)

3888  This report supercedes any previous report(s) with this batch number. Report may not be reproduced except in full. Page 1 of 4



Report Number: 3888

Date Issued: 16/03/2017 Revision No: 00
Results

Physical Components Units Method LOR 3888/1 3888/2 3888/3 3888/4 3888/5
Upstream Downstream Pit 1 Pit 2 Pit 3
6/03/2017 6/03/2017 6/03/2017 6/03/2017 6/03/2017

Temperature °C Temp 0.1 21.5 21.4 24.5 25.5 24.0

pH pH Units VGT-WI/01 0.1 7.2 7.0 8.8 8.7 9.3

Electrical Conductivity µS/cm VGT-WI/02 50 3,460 1,730 2,080 3,170 1,910

Turbidity NTU VGT-WI/04 0.1 100 19 8.6 16 8.8

Total Suspended 
Solids 

mg/L VGT-WI/03A 
AS3550.4

1 43 14 6 13 8

Anions and Cations Units Method LOR 3888/1 3888/2 3888/3 3888/4 3888/5
Upstream Downstream Pit 1 Pit 2 Pit 3
6/03/2017 6/03/2017 6/03/2017 6/03/2017 6/03/2017

Chloride* mg/L APHA4500-Cl 1 740 330 390 640 300

Sulphate* mg/L APHA 4500-
SO4

1 130 92 84 130 43

Total Alkalinity* as 
CaCO3 

mg/L EXT 5 180 95 240 250 410

Calcium* mg/L EXT 0.5 56 38 19 39 10

Magnesium* mg/L EXT 0.5 99 52 43 73 27

Sodium* mg/L EXT 0.5 520.0 220.0 350.0 570.0 360.0

Potassium* mg/L EXT 0.5 80 36 8 10 10

Biochemical Oxygen 
Demand

Units Method LOR 3888/1 3888/2 3888/3 3888/4 3888/5

Upstream Downstream Pit 1 Pit 2 Pit 3
6/03/2017 6/03/2017 6/03/2017 6/03/2017 6/03/2017

Biochemical Oxygen 
Demand~ 

mg/L VGT-WI/50 2 5.0 4.0 <2.0 <2.0 2.0

Oil and Grease Units Method LOR 3888/1 3888/2 3888/3 3888/4 3888/5
Upstream Downstream Pit 1 Pit 2 Pit 3
6/03/2017 6/03/2017 6/03/2017 6/03/2017 6/03/2017

Oil and Grease~ mg/L VGT-WI/51 5 <5.0 <5.0 <5.0 <5.0 <5.0

Total Dissolved Solids Units Method LOR 3888/1 3888/2 3888/3 3888/4 3888/5
Upstream Downstream Pit 1 Pit 2 Pit 3
6/03/2017 6/03/2017 6/03/2017 6/03/2017 6/03/2017

Total Dissolved Solids mg/L 
@105°C

VGT-WI/49 
AS3550.4

20 2,290 1,150 1,140 1,810 1,060

Dissolved Metals Units Method LOR 3888/1 3888/2 3888/3 3888/4 3888/5
Upstream Downstream Pit 1 Pit 2 Pit 3
6/03/2017 6/03/2017 6/03/2017 6/03/2017 6/03/2017

Arsenic* mg/L EXT 0.001 0.003 0.001 <0.001 <0.001 0.006

Cadmium* mg/L EXT 0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001

Chromium* mg/L EXT 0.001 <0.001 <0.001 <0.001 <0.001 <0.001

3888  This report supercedes any previous report(s) with this batch number. Report may not be reproduced except in full. Page 2 of 4



Dissolved Metals Units Method LOR 3888/1 3888/2 3888/3 3888/4 3888/5
Upstream Downstream Pit 1 Pit 2 Pit 3
6/03/2017 6/03/2017 6/03/2017 6/03/2017 6/03/2017

Copper* mg/L EXT 0.001 0.020 0.007 0.001 0.002 0.001

Nickel* mg/L EXT 0.001 0.008 0.005 <0.001 <0.001 <0.001

Lead* mg/L EXT 0.001 <0.001 <0.001 <0.001 <0.001 <0.001

Zinc* mg/L EXT 0.001 0.021 0.022 0.002 0.002 0.001

Mercury* mg/L EXT 0.00005 <0.00005 <0.00005 <0.00005 <0.00005 <0.00005

Nutrients Units Method LOR 3888/1 3888/2 3888/3 3888/4 3888/5
Upstream Downstream Pit 1 Pit 2 Pit 3
6/03/2017 6/03/2017 6/03/2017 6/03/2017 6/03/2017

Ammonia* mg/L EXT 0.005 0.48 0.15 0.043 0.088 0.076

Nitrite* mg/L EXT 0.005 0.39 0.39 <0.005 0.007 0.009

Nitrate* mg/L EXT 0.005 5.9 15 0.19 0.22 0.26

Total Kjeldahl Nitrogen 
as N* 

mg/L EXT 0.1 8.1 3.3 0.3 0.6 0.7

Total Nitrogen* mg/L EXT 0.1 14.0 19.0 0.5 0.8 1.0

Total Phosphorus* mg/L EXT 0.01 1.3 0.40 <0.05 <0.05 <0.05

Location Analysed: Field and 4/30 Glenwood Dr Thornton NSW 2322

*tests by Envirolab NATA Acc 2901 Report No163123
 

Note: ~ indicates the performance of this test is not covered under NATA accreditation 

Results have been approved and report finalised on 16/03/2017

3888  This report supercedes any previous report(s) with this batch number. Report may not be reproduced except in full. Page 3 of 4



Report Number: 3888

Date Issued: 16/03/2017 Revision No: 00
Sampling Conditions: Fine 24-26°

Sample # Description Date Sampled Sampler Method of 
Sampling

Pre-treatment / 
Preservation

Comments

3888/1 Upstream 6/03/2017 12:41 PM TW AS5667.6 
River, Grab

AS5667.1 No Visible Oil and Grease

3888/2 Downstream 6/03/2017 12:10 PM TW AS5667.6 
River, Grab

AS5667.1 No Visible Oil and Grease

3888/3 Pit 1 6/03/2017 11:38 AM TW AS5667.4 
Lake, Grab

AS5667.1 No Visible Oil and Grease

3888/4 Pit 2 6/03/2017 10:30 AM TW AS5667.4 
Lake, Grab

AS5667.1 No Visible Oil and Grease

3888/5 Pit 3 6/03/2017 11:00 AM TW AS5667.4 
Lake, Grab

AS5667.1 No Visible Oil and Grease

Sampling procedures have been approved and report finalised on 16/03/2017
Where method is "unknown" sampling procedures are not endorsed

3888  This report supercedes any previous report(s) with this batch number. Report may not be reproduced except in full. Page 4 of 4
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CERTIFICATE OF ANALYSIS
Work Order : Page : 1 of 6ES1817031

:: LaboratoryClient CSR-PGH BRICKS AND PAVERS Environmental Division Sydney
: :ContactContact RICH MASON Customer Services ES

:: AddressAddress LOT 7 CECIL ROAD
CECIL PARK NSW, AUSTRALIA 2171

277-289 Woodpark Road Smithfield NSW Australia 2164

:Telephone ---- :Telephone +61-2-8784 8555
:Project ---- Date Samples Received : 12-Jun-2018 14:30
:Order number tba Date Analysis Commenced : 12-Jun-2018
:C-O-C number ---- Issue Date : 19-Jun-2018 12:14

Sampler : ----
Site : ----
Quote number : SY/132/18

6:No. of samples received
6:No. of samples analysed

This report supersedes any previous report(s) with this reference. Results apply to the sample(s) as submitted. This document shall not be reproduced, except in full. 

This Certificate of Analysis contains the following information:
l General Comments
l Analytical Results

Additional information pertinent to this report will be found in the following separate attachments: Quality Control Report, QA/QC Compliance Assessment to assist with 

Quality Review and Sample Receipt Notification.

Signatories
This document has been electronically signed by the authorized signatories below. Electronic signing is carried out in compliance with procedures specified in 21 CFR Part 11.
Signatories Accreditation CategoryPosition

Ankit Joshi Inorganic Chemist Sydney Inorganics, Smithfield, NSW
Celine Conceicao Senior Spectroscopist Sydney Inorganics, Smithfield, NSW
Wisam Marassa Inorganics Coordinator Sydney Inorganics, Smithfield, NSW
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Work Order :

:Client
ES1817031

----:Project
CSR-PGH BRICKS AND PAVERS

General Comments

The analytical procedures used by the Environmental Division have been developed from established internationally recognized procedures such as those published by the USEPA, APHA, AS and NEPM. In house 
developed procedures are employed in the absence of documented standards or by client request.

Where moisture determination has been performed, results are reported on a dry weight basis.

Where a reported less than (<) result is higher than the LOR, this may be due to primary sample extract/digestate dilution and/or insufficient sample for analysis.

Where the LOR of a reported result differs from standard LOR, this may be due to high moisture content, insufficient sample (reduced weight employed) or matrix interference.

When sampling time information is not provided by the client, sampling dates are shown without a time component.  In these instances, the time component has been assumed by the laboratory for processing 
purposes.

Where a result is required to meet compliance limits the associated uncertainty must be considered. Refer to the ALS Contact for details.

CAS Number = CAS registry number from database maintained by Chemical Abstracts Services. The Chemical Abstracts Service is a division of the American Chemical Society.
LOR = Limit of reporting
^ = This result is computed from individual analyte detections at or above the level of reporting
ø = ALS is not NATA accredited for these tests.
~ = Indicates an estimated value.

Key :

Sodium Adsorption Ratio (where reported): Where results for Na, Ca or Mg are <LOR, a concentration at half the reported LOR is incorporated into the SAR calculation. This represents a conservative approach 
for Na relative to the assumption that <LOR = zero concentration and a conservative approach for Ca & Mg relative to the assumption that <LOR is equivalent to the LOR concentration.

l
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:Client
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----:Project
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Analytical Results

SW3 SOUTH CKSW2 -SOUTH CKSW1 - SOUTH CKBC3BC2Client sample IDSub-Matrix: WATER

 (Matrix: WATER)

08-Jun-2018 11:4008-Jun-2018 11:4008-Jun-2018 11:3006-Jun-2018 13:0006-Jun-2018 13:00Client sampling date / time

ES1817031-005ES1817031-004ES1817031-003ES1817031-002ES1817031-001UnitLORCAS NumberCompound

Result Result Result Result Result

EA005P: pH by PC Titrator

8.27 7.93 7.89 8.06 8.04pH Unit0.01----pH Value

EA010P: Conductivity by PC Titrator

11200 4260 3220 2610 2350µS/cm1----Electrical Conductivity @ 25°C

EA015: Total Dissolved Solids dried at 180 ± 5 °C

7360 2170 1880 1300 1180mg/L10----Total Dissolved Solids @180°C

ED037P: Alkalinity by PC Titrator

<1Hydroxide Alkalinity as CaCO3 <1 <1 <1 <1mg/L1DMO-210-001
<1Carbonate Alkalinity as CaCO3 <1 <1 <1 <1mg/L13812-32-6
402Bicarbonate Alkalinity as CaCO3 227 248 269 276mg/L171-52-3
402 227 248 269 276mg/L1----Total Alkalinity as CaCO3

ED041G: Sulfate (Turbidimetric) as SO4 2- by DA

84Sulfate as SO4 - Turbidimetric 62 82 19 25mg/L114808-79-8

ED045G: Chloride by Discrete Analyser

3970Chloride 1220 868 701 624mg/L116887-00-6

ED093F: Dissolved Major Cations

129Calcium 74 57 51 50mg/L17440-70-2
282Magnesium 125 79 59 56mg/L17439-95-4
1840Sodium 552 435 345 314mg/L17440-23-5
38Potassium 44 22 19 21mg/L17440-09-7

EG020T: Total Metals by ICP-MS

0.04Aluminium 0.04 0.45 0.07 0.03mg/L0.017429-90-5
0.001Arsenic <0.001 0.001 <0.001 <0.001mg/L0.0017440-38-2

<0.001Chromium <0.001 <0.001 <0.001 <0.001mg/L0.0017440-47-3
<0.001Copper <0.001 <0.001 <0.001 <0.001mg/L0.0017440-50-8
<0.001Lead <0.001 0.001 <0.001 <0.001mg/L0.0017439-92-1
0.301Manganese 0.293 0.634 0.169 0.193mg/L0.0017439-96-5

<0.001Molybdenum <0.001 0.001 <0.001 <0.001mg/L0.0017439-98-7
0.002Nickel 0.002 0.002 <0.001 0.001mg/L0.0017440-02-0
<0.01Selenium <0.01 <0.01 <0.01 <0.01mg/L0.017782-49-2

<0.001Silver <0.001 <0.001 <0.001 <0.001mg/L0.0017440-22-4
0.009Zinc <0.005 <0.005 <0.005 <0.005mg/L0.0057440-66-6
<0.05Boron <0.05 <0.05 <0.05 <0.05mg/L0.057440-42-8
1.63Iron 0.30 1.19 0.34 0.23mg/L0.057439-89-6

EK059G:  Nitrite plus Nitrate as N (NOx)  by Discrete Analyser
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:Client
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----:Project
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Analytical Results

SW3 SOUTH CKSW2 -SOUTH CKSW1 - SOUTH CKBC3BC2Client sample IDSub-Matrix: WATER

 (Matrix: WATER)

08-Jun-2018 11:4008-Jun-2018 11:4008-Jun-2018 11:3006-Jun-2018 13:0006-Jun-2018 13:00Client sampling date / time

ES1817031-005ES1817031-004ES1817031-003ES1817031-002ES1817031-001UnitLORCAS NumberCompound

Result Result Result Result Result

EK059G:  Nitrite plus Nitrate as N (NOx)  by Discrete Analyser - Continued

<0.01 0.07 1.69 <0.01 0.16mg/L0.01----Nitrite + Nitrate as N

EK061G: Total Kjeldahl Nitrogen By Discrete Analyser

2.3 1.9 2.3 1.7 1.2mg/L0.1----Total Kjeldahl Nitrogen as N

EK062G: Total Nitrogen as N (TKN + NOx) by Discrete Analyser

2.3^ 2.0 4.0 1.7 1.4mg/L0.1----Total Nitrogen as N

EK067G: Total Phosphorus as P by Discrete Analyser

0.50 0.06 0.18 0.11 0.05mg/L0.01----Total Phosphorus as P

EK071FG: Dissolved Reactive Phosphorus as P by DA

<0.01 0.04 <0.01 0.04 <0.01mg/L0.01----Dissolved Reactive Phosphate

EN055: Ionic Balance

122 40.2 31.1 25.5 23.6meq/L0.01----Total Anions

111 39.1 28.8 22.9 21.3meq/L0.01----Total Cations

4.78 1.42 3.86 5.47 5.20%0.01----Ionic Balance

EP008: Chlorophyll a & Pheophytin a

108 2 90 69 3mg/m³1----Chlorophyll a

EP025: Oxygen - Dissolved (DO)

6.5 7.2 7.1 7.3 6.3mg/L0.1----Dissolved Oxygen
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Analytical Results

----------------SW4 SOUTH CKClient sample IDSub-Matrix: WATER

 (Matrix: WATER)

----------------08-Jun-2018 12:35Client sampling date / time

--------------------------------ES1817031-006UnitLORCAS NumberCompound

Result ---- ---- ---- ----

EA005P: pH by PC Titrator

8.05 ---- ---- ---- ----pH Unit0.01----pH Value

EA010P: Conductivity by PC Titrator

2380 ---- ---- ---- ----µS/cm1----Electrical Conductivity @ 25°C

EA015: Total Dissolved Solids dried at 180 ± 5 °C

1330 ---- ---- ---- ----mg/L10----Total Dissolved Solids @180°C

ED037P: Alkalinity by PC Titrator

<1Hydroxide Alkalinity as CaCO3 ---- ---- ---- ----mg/L1DMO-210-001
<1Carbonate Alkalinity as CaCO3 ---- ---- ---- ----mg/L13812-32-6
277Bicarbonate Alkalinity as CaCO3 ---- ---- ---- ----mg/L171-52-3
277 ---- ---- ---- ----mg/L1----Total Alkalinity as CaCO3

ED041G: Sulfate (Turbidimetric) as SO4 2- by DA

62Sulfate as SO4 - Turbidimetric ---- ---- ---- ----mg/L114808-79-8

ED045G: Chloride by Discrete Analyser

603Chloride ---- ---- ---- ----mg/L116887-00-6

ED093F: Dissolved Major Cations

53Calcium ---- ---- ---- ----mg/L17440-70-2
52Magnesium ---- ---- ---- ----mg/L17439-95-4

309Sodium ---- ---- ---- ----mg/L17440-23-5
42Potassium ---- ---- ---- ----mg/L17440-09-7

EG020T: Total Metals by ICP-MS

0.06Aluminium ---- ---- ---- ----mg/L0.017429-90-5
0.002Arsenic ---- ---- ---- ----mg/L0.0017440-38-2

<0.001Chromium ---- ---- ---- ----mg/L0.0017440-47-3
<0.001Copper ---- ---- ---- ----mg/L0.0017440-50-8
<0.001Lead ---- ---- ---- ----mg/L0.0017439-92-1
0.528Manganese ---- ---- ---- ----mg/L0.0017439-96-5

<0.001Molybdenum ---- ---- ---- ----mg/L0.0017439-98-7
0.003Nickel ---- ---- ---- ----mg/L0.0017440-02-0
<0.01Selenium ---- ---- ---- ----mg/L0.017782-49-2

<0.001Silver ---- ---- ---- ----mg/L0.0017440-22-4
<0.005Zinc ---- ---- ---- ----mg/L0.0057440-66-6

0.06Boron ---- ---- ---- ----mg/L0.057440-42-8
0.46Iron ---- ---- ---- ----mg/L0.057439-89-6

EK059G:  Nitrite plus Nitrate as N (NOx)  by Discrete Analyser
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Analytical Results

----------------SW4 SOUTH CKClient sample IDSub-Matrix: WATER

 (Matrix: WATER)

----------------08-Jun-2018 12:35Client sampling date / time

--------------------------------ES1817031-006UnitLORCAS NumberCompound

Result ---- ---- ---- ----

EK059G:  Nitrite plus Nitrate as N (NOx)  by Discrete Analyser - Continued

0.08 ---- ---- ---- ----mg/L0.01----Nitrite + Nitrate as N

EK061G: Total Kjeldahl Nitrogen By Discrete Analyser

2.0 ---- ---- ---- ----mg/L0.1----Total Kjeldahl Nitrogen as N

EK062G: Total Nitrogen as N (TKN + NOx) by Discrete Analyser

2.1^ ---- ---- ---- ----mg/L0.1----Total Nitrogen as N

EK067G: Total Phosphorus as P by Discrete Analyser

0.28 ---- ---- ---- ----mg/L0.01----Total Phosphorus as P

EK071FG: Dissolved Reactive Phosphorus as P by DA

0.50 ---- ---- ---- ----mg/L0.01----Dissolved Reactive Phosphate

EN055: Ionic Balance

23.8 ---- ---- ---- ----meq/L0.01----Total Anions

21.4 ---- ---- ---- ----meq/L0.01----Total Cations

5.29 ---- ---- ---- ----%0.01----Ionic Balance

EP008: Chlorophyll a & Pheophytin a

2 ---- ---- ---- ----mg/m³1----Chlorophyll a

EP025: Oxygen - Dissolved (DO)

7.7 ---- ---- ---- ----mg/L0.1----Dissolved Oxygen
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QUALITY CONTROL REPORT
Work Order : ES1817031 Page : 1 of 9

:: LaboratoryClient Environmental Division SydneyCSR-PGH BRICKS AND PAVERS

:Contact RICH MASON :Contact Customer Services ES
:Address LOT 7 CECIL ROAD

CECIL PARK NSW, AUSTRALIA 2171
Address : 277-289 Woodpark Road Smithfield NSW Australia 2164

::Telephone ---- +61-2-8784 8555:Telephone

:Project ---- Date Samples Received : 12-Jun-2018
:Order number tba Date Analysis Commenced : 12-Jun-2018
:C-O-C number ---- Issue Date : 19-Jun-2018

Sampler : ----
Site : ----
Quote number : SY/132/18
No. of samples received 6:
No. of samples analysed 6:

This report supersedes any previous report(s) with this reference. Results apply to the sample(s) as submitted. This document shall not be reproduced, except in full.
This Quality Control Report contains the following information:

l Laboratory Duplicate (DUP) Report; Relative Percentage Difference (RPD) and Acceptance Limits
l Method Blank (MB) and Laboratory Control Spike (LCS) Report ; Recovery and Acceptance Limits
l Matrix Spike (MS) Report; Recovery and Acceptance Limits

Signatories
This document has been electronically signed by the authorized signatories below. Electronic signing is carried out in compliance with procedures specified in 21 CFR Part 11.
Signatories Accreditation CategoryPosition

Ankit Joshi Inorganic Chemist Sydney Inorganics, Smithfield, NSW
Celine Conceicao Senior Spectroscopist Sydney Inorganics, Smithfield, NSW
Wisam Marassa Inorganics Coordinator Sydney Inorganics, Smithfield, NSW
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----:Project

General Comments

The analytical procedures used by the Environmental Division have been developed from established internationally recognized procedures such as those published by the USEPA, APHA, AS and NEPM. In house 
developed procedures are employed in the absence of documented standards or by client request.

Where moisture determination has been performed, results are reported on a dry weight basis.

Where a reported less than (<) result is higher than the LOR, this may be due to primary sample extract/digestate dilution and/or insufficient sample for analysis. Where the LOR of a reported result differs from standard LOR, this may be due to high moisture content, insufficient sample (reduced weight employed) or matrix interference.

Anonymous = Refers to samples which are not specifically part of this work order but formed part of the QC process lot
CAS Number = CAS registry number from database maintained by Chemical Abstracts Services. The Chemical Abstracts Service is a division of the American Chemical Society. 
LOR = Limit of reporting 
RPD = Relative Percentage Difference
#  = Indicates failed QC

Key :

Laboratory Duplicate (DUP) Report

The quality control term Laboratory Duplicate refers to a randomly selected intralaboratory split. Laboratory duplicates provide information regarding method precision and sample heterogeneity. The permitted ranges 
for the Relative Percent Deviation (RPD) of Laboratory Duplicates are specified in ALS Method QWI -EN/38 and are dependent on the magnitude of results in comparison to the level of reporting: Result < 10 times LOR: 
No Limit; Result between 10 and 20 times LOR: 0% - 50%; Result > 20 times LOR: 0% - 20%.

Sub-Matrix: WATER Laboratory Duplicate (DUP) Report

Original Result RPD (%)Laboratory sample ID Client sample ID Method: Compound CAS Number LOR Unit Duplicate Result Recovery Limits (%)

EA005P: pH by PC Titrator  (QC Lot: 1721144)

EA005-P: pH Value ---- 0.01 pH Unit 6.97 6.87 1.44 0% - 20%Anonymous ES1816957-003

EA005-P: pH Value ---- 0.01 pH Unit 6.18 6.20 0.323 0% - 20%Anonymous ES1817012-009

EA005P: pH by PC Titrator  (QC Lot: 1721146)

EA005-P: pH Value ---- 0.01 pH Unit 6.40 6.42 0.312 0% - 20%Anonymous EW1802410-003

EA005-P: pH Value ---- 0.01 pH Unit 7.70 7.55 1.97 0% - 20%Anonymous ES1817044-001

EA005P: pH by PC Titrator  (QC Lot: 1721664)

EA005-P: pH Value ---- 0.01 pH Unit 7.13 7.18 0.699 0% - 20%Anonymous ES1817026-001

EA005-P: pH Value ---- 0.01 pH Unit 7.35 7.47 1.62 0% - 20%Anonymous ES1816759-001

EA010P: Conductivity by PC Titrator  (QC Lot: 1721145)

EA010-P: Electrical Conductivity @ 25°C ---- 1 µS/cm 1300 1310 0.464 0% - 20%Anonymous ES1817012-009

EA010-P: Electrical Conductivity @ 25°C ---- 1 µS/cm 239 238 0.423 0% - 20%Anonymous ES1817044-001

EA010P: Conductivity by PC Titrator  (QC Lot: 1721667)

EA010-P: Electrical Conductivity @ 25°C ---- 1 µS/cm 746 749 0.392 0% - 20%Anonymous ES1816977-007

EA015: Total Dissolved Solids dried at 180 ± 5 °C  (QC Lot: 1722110)

EA015H: Total Dissolved Solids @180°C ---- 10 mg/L 495 562 12.5 0% - 20%Anonymous ES1816977-008

EA015: Total Dissolved Solids dried at 180 ± 5 °C  (QC Lot: 1729849)

EA015H: Total Dissolved Solids @180°C ---- 10 mg/L 34700 34700 0.0432 0% - 20%Anonymous ES1816973-002

EA015H: Total Dissolved Solids @180°C ---- 10 mg/L 274 244 11.6 0% - 20%Anonymous ES1817149-001

ED037P: Alkalinity by PC Titrator  (QC Lot: 1721143)

ED037-P: Hydroxide Alkalinity as CaCO3 DMO-210-001 1 mg/L <1 <1 0.00 No LimitAnonymous ES1816940-007

ED037-P: Carbonate Alkalinity as CaCO3 3812-32-6 1 mg/L 957 955 0.210 0% - 20%

ED037-P: Bicarbonate Alkalinity as CaCO3 71-52-3 1 mg/L 1700 1760 3.23 0% - 20%

ED037-P: Total Alkalinity as CaCO3 ---- 1 mg/L 2660 2710 2.01 0% - 20%
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Sub-Matrix: WATER Laboratory Duplicate (DUP) Report

Original Result RPD (%)Laboratory sample ID Client sample ID Method: Compound CAS Number LOR Unit Duplicate Result Recovery Limits (%)

ED037P: Alkalinity by PC Titrator  (QC Lot: 1721143)  - continued

ED037-P: Hydroxide Alkalinity as CaCO3 DMO-210-001 1 mg/L <1 <1 0.00 No LimitAnonymous ES1816403-001

ED037-P: Carbonate Alkalinity as CaCO3 3812-32-6 1 mg/L <1 <1 0.00 No Limit

ED037-P: Bicarbonate Alkalinity as CaCO3 71-52-3 1 mg/L 2 2 0.00 No Limit

ED037-P: Total Alkalinity as CaCO3 ---- 1 mg/L 2 2 0.00 No Limit

ED037P: Alkalinity by PC Titrator  (QC Lot: 1721147)

ED037-P: Hydroxide Alkalinity as CaCO3 DMO-210-001 1 mg/L <1 <1 0.00 No LimitAnonymous ES1817044-001

ED037-P: Carbonate Alkalinity as CaCO3 3812-32-6 1 mg/L <1 <1 0.00 No Limit

ED037-P: Bicarbonate Alkalinity as CaCO3 71-52-3 1 mg/L 62 60 2.80 0% - 20%

ED037-P: Total Alkalinity as CaCO3 ---- 1 mg/L 62 60 2.80 0% - 20%

ED037P: Alkalinity by PC Titrator  (QC Lot: 1721666)

ED037-P: Hydroxide Alkalinity as CaCO3 DMO-210-001 1 mg/L <1 <1 0.00 No LimitAnonymous ES1816808-007

ED037-P: Carbonate Alkalinity as CaCO3 3812-32-6 1 mg/L 23 25 9.06 0% - 20%

ED037-P: Bicarbonate Alkalinity as CaCO3 71-52-3 1 mg/L 263 258 1.86 0% - 20%

ED037-P: Total Alkalinity as CaCO3 ---- 1 mg/L 286 283 0.938 0% - 20%

ED037-P: Hydroxide Alkalinity as CaCO3 DMO-210-001 1 mg/L <1 <1 0.00 No LimitAnonymous ES1816977-007

ED037-P: Carbonate Alkalinity as CaCO3 3812-32-6 1 mg/L <1 <1 0.00 No Limit

ED037-P: Bicarbonate Alkalinity as CaCO3 71-52-3 1 mg/L 12 13 10.5 0% - 50%

ED037-P: Total Alkalinity as CaCO3 ---- 1 mg/L 12 13 10.5 0% - 50%

ED041G: Sulfate (Turbidimetric) as SO4 2- by DA  (QC Lot: 1722217)

ED041G: Sulfate as SO4 - Turbidimetric 14808-79-8 1 mg/L 23 22 0.00 0% - 20%Anonymous ES1817029-004

ED041G: Sulfate as SO4 - Turbidimetric 14808-79-8 1 mg/L 82 82 0.00 0% - 20%SW1 - SOUTH CK ES1817031-003

ED045G: Chloride by Discrete Analyser  (QC Lot: 1722218)

ED045G: Chloride 16887-00-6 1 mg/L 55 54 0.00 0% - 20%Anonymous ES1817029-007

ED045G: Chloride 16887-00-6 1 mg/L 603 607 0.542 0% - 20%SW4 SOUTH CK ES1817031-006

ED093F: Dissolved Major Cations  (QC Lot: 1721578)

ED093F: Calcium 7440-70-2 1 mg/L 6 6 0.00 No LimitAnonymous ES1817029-001

ED093F: Magnesium 7439-95-4 1 mg/L 2 2 0.00 No Limit

ED093F: Sodium 7440-23-5 1 mg/L 68 67 1.83 0% - 20%

ED093F: Potassium 7440-09-7 1 mg/L 2 2 0.00 No Limit

ED093F: Dissolved Major Cations  (QC Lot: 1721587)

ED093F: Calcium 7440-70-2 1 mg/L 2 2 0.00 No LimitAnonymous ES1816636-001

ED093F: Magnesium 7439-95-4 1 mg/L 1 1 0.00 No Limit

ED093F: Sodium 7440-23-5 1 mg/L 7 7 0.00 No Limit

ED093F: Potassium 7440-09-7 1 mg/L 5 5 0.00 No Limit

ED093F: Calcium 7440-70-2 1 mg/L 38 38 0.00 0% - 20%Anonymous ES1816977-009

ED093F: Magnesium 7439-95-4 1 mg/L 74 76 2.84 0% - 20%

ED093F: Sodium 7440-23-5 1 mg/L 550 561 2.02 0% - 20%

ED093F: Potassium 7440-09-7 1 mg/L 13 14 0.00 0% - 50%

ED093F: Dissolved Major Cations  (QC Lot: 1730034)
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Sub-Matrix: WATER Laboratory Duplicate (DUP) Report

Original Result RPD (%)Laboratory sample ID Client sample ID Method: Compound CAS Number LOR Unit Duplicate Result Recovery Limits (%)

ED093F: Dissolved Major Cations  (QC Lot: 1730034)  - continued

ED093F: Calcium 7440-70-2 1 mg/L 21 20 5.44 0% - 20%Anonymous ES1817029-002

ED093F: Magnesium 7439-95-4 1 mg/L 12 12 0.00 0% - 50%

ED093F: Sodium 7440-23-5 1 mg/L 47 46 0.00 0% - 20%

ED093F: Potassium 7440-09-7 1 mg/L <1 <1 0.00 No Limit

ED093F: Calcium 7440-70-2 1 mg/L 51 51 0.00 0% - 20%SW2 -SOUTH CK ES1817031-004

ED093F: Magnesium 7439-95-4 1 mg/L 59 60 2.10 0% - 20%

ED093F: Sodium 7440-23-5 1 mg/L 345 348 0.759 0% - 20%

ED093F: Potassium 7440-09-7 1 mg/L 19 19 0.00 0% - 50%

EG020T: Total Metals by ICP-MS  (QC Lot: 1725812)

EG020A-T: Arsenic 7440-38-2 0.001 mg/L <0.001 <0.001 0.00 No LimitAnonymous EN1803449-001

EG020A-T: Chromium 7440-47-3 0.001 mg/L <0.001 <0.001 0.00 No Limit

EG020A-T: Copper 7440-50-8 0.001 mg/L 0.326 0.317 2.81 0% - 20%

EG020A-T: Lead 7439-92-1 0.001 mg/L 0.003 0.003 0.00 No Limit

EG020A-T: Manganese 7439-96-5 0.001 mg/L 0.012 0.012 0.00 0% - 50%

EG020A-T: Molybdenum 7439-98-7 0.001 mg/L <0.001 <0.001 0.00 No Limit

EG020A-T: Nickel 7440-02-0 0.001 mg/L 0.001 <0.001 0.00 No Limit

EG020A-T: Zinc 7440-66-6 0.005 mg/L 1.14 1.10 2.98 0% - 20%

EG020A-T: Aluminium 7429-90-5 0.01 mg/L 0.16 0.16 0.00 0% - 50%

EG020A-T: Selenium 7782-49-2 0.01 mg/L <0.01 <0.01 0.00 No Limit

EG020A-T: Boron 7440-42-8 0.05 mg/L <0.05 <0.05 0.00 No Limit

EG020A-T: Iron 7439-89-6 0.05 mg/L 0.15 0.14 0.00 No Limit

EG020A-T: Arsenic 7440-38-2 0.001 mg/L 0.006 0.005 0.00 No LimitAnonymous ES1816776-001

EG020A-T: Chromium 7440-47-3 0.001 mg/L 0.004 0.004 0.00 No Limit

EG020A-T: Copper 7440-50-8 0.001 mg/L 0.003 0.003 0.00 No Limit

EG020A-T: Lead 7439-92-1 0.001 mg/L 0.003 0.003 0.00 No Limit

EG020A-T: Manganese 7439-96-5 0.001 mg/L 0.554 0.542 2.30 0% - 20%

EG020A-T: Molybdenum 7439-98-7 0.001 mg/L <0.001 <0.001 0.00 No Limit

EG020A-T: Nickel 7440-02-0 0.001 mg/L 0.009 0.008 16.1 No Limit

EG020A-T: Zinc 7440-66-6 0.005 mg/L 0.019 0.012 45.2 No Limit

EG020A-T: Aluminium 7429-90-5 0.01 mg/L 0.71 0.68 4.45 0% - 20%

EG020A-T: Selenium 7782-49-2 0.01 mg/L <0.01 <0.01 0.00 No Limit

EG020A-T: Boron 7440-42-8 0.05 mg/L 0.16 0.13 20.1 No Limit

EG020A-T: Iron 7439-89-6 0.05 mg/L 2.46 2.38 3.22 0% - 20%

EG020T: Total Metals by ICP-MS  (QC Lot: 1725815)

EG020B-T: Silver 7440-22-4 0.001 mg/L <0.001 <0.001 0.00 No LimitBC3 ES1817031-002

EG020T: Total Metals by ICP-MS  (QC Lot: 1725816)

EG020A-T: Arsenic 7440-38-2 0.001 mg/L <0.001 <0.001 0.00 No LimitAnonymous ES1817065-006

EG020A-T: Chromium 7440-47-3 0.001 mg/L <0.001 <0.001 0.00 No Limit

EG020A-T: Copper 7440-50-8 0.001 mg/L 0.049 0.056 12.9 0% - 20%

EG020A-T: Lead 7439-92-1 0.001 mg/L <0.001 <0.001 0.00 No Limit
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Sub-Matrix: WATER Laboratory Duplicate (DUP) Report

Original Result RPD (%)Laboratory sample ID Client sample ID Method: Compound CAS Number LOR Unit Duplicate Result Recovery Limits (%)

EG020T: Total Metals by ICP-MS  (QC Lot: 1725816)  - continued

EG020A-T: Manganese 7439-96-5 0.001 mg/L <0.001 <0.001 0.00 No LimitAnonymous ES1817065-006

EG020A-T: Molybdenum 7439-98-7 0.001 mg/L <0.001 <0.001 0.00 No Limit

EG020A-T: Nickel 7440-02-0 0.001 mg/L <0.001 <0.001 0.00 No Limit

EG020A-T: Zinc 7440-66-6 0.005 mg/L <0.005 <0.005 0.00 No Limit

EG020A-T: Aluminium 7429-90-5 0.01 mg/L <0.01 <0.01 0.00 No Limit

EG020A-T: Selenium 7782-49-2 0.01 mg/L <0.01 <0.01 0.00 No Limit

EG020A-T: Boron 7440-42-8 0.05 mg/L <0.05 <0.05 0.00 No Limit

EG020A-T: Iron 7439-89-6 0.05 mg/L <0.01 <0.01 0.00 No Limit

EG020A-T: Arsenic 7440-38-2 0.001 mg/L <0.001 <0.001 0.00 No LimitBC3 ES1817031-002

EG020A-T: Chromium 7440-47-3 0.001 mg/L <0.001 <0.001 0.00 No Limit

EG020A-T: Copper 7440-50-8 0.001 mg/L <0.001 <0.001 0.00 No Limit

EG020A-T: Lead 7439-92-1 0.001 mg/L <0.001 <0.001 0.00 No Limit

EG020A-T: Manganese 7439-96-5 0.001 mg/L 0.293 0.299 2.23 0% - 20%

EG020A-T: Molybdenum 7439-98-7 0.001 mg/L <0.001 <0.001 0.00 No Limit

EG020A-T: Nickel 7440-02-0 0.001 mg/L 0.002 0.002 0.00 No Limit

EG020A-T: Zinc 7440-66-6 0.005 mg/L <0.005 0.012 75.5 No Limit

EG020A-T: Aluminium 7429-90-5 0.01 mg/L 0.04 0.03 0.00 No Limit

EG020A-T: Selenium 7782-49-2 0.01 mg/L <0.01 <0.01 0.00 No Limit

EG020A-T: Boron 7440-42-8 0.05 mg/L <0.05 <0.05 0.00 No Limit

EG020A-T: Iron 7439-89-6 0.05 mg/L 0.30 0.29 0.00 No Limit

EK059G:  Nitrite plus Nitrate as N (NOx)  by Discrete Analyser  (QC Lot: 1728191)

EK059G: Nitrite + Nitrate as N ---- 0.01 mg/L 3.17 3.18 0.00 0% - 20%Anonymous ES1816781-008

EK059G: Nitrite + Nitrate as N ---- 0.01 mg/L 2.04 2.01 1.20 0% - 20%Anonymous ES1816785-003

EK059G:  Nitrite plus Nitrate as N (NOx)  by Discrete Analyser  (QC Lot: 1728192)

EK059G: Nitrite + Nitrate as N ---- 0.01 mg/L 1.69 1.64 3.02 0% - 20%SW1 - SOUTH CK ES1817031-003

EK059G: Nitrite + Nitrate as N ---- 0.01 mg/L 0.06 0.07 0.00 No LimitAnonymous ES1817095-002

EK061G: Total Kjeldahl Nitrogen By Discrete Analyser  (QC Lot: 1728182)

EK061G: Total Kjeldahl Nitrogen as N ---- 0.1 mg/L 0.6 0.5 0.00 No LimitAnonymous ES1816781-008

EK061G: Total Kjeldahl Nitrogen as N ---- 0.1 mg/L 1.3 1.2 0.00 0% - 50%Anonymous ES1816785-007

EK061G: Total Kjeldahl Nitrogen By Discrete Analyser  (QC Lot: 1728184)

EK061G: Total Kjeldahl Nitrogen as N ---- 0.1 mg/L 1.9 1.8 5.39 0% - 50%BC3 ES1817031-002

EK061G: Total Kjeldahl Nitrogen as N ---- 0.1 mg/L 0.4 0.3 0.00 No LimitAnonymous ES1817095-002

EK067G: Total Phosphorus as P by Discrete Analyser  (QC Lot: 1728183)

EK067G: Total Phosphorus as P ---- 0.01 mg/L 0.06 0.06 0.00 No LimitBC3 ES1817031-002

EK067G: Total Phosphorus as P ---- 0.01 mg/L 0.06 0.06 0.00 No LimitAnonymous ES1817095-002

EK071FG: Dissolved Reactive Phosphorus as P by DA  (QC Lot: 1722219)

EK071FG: Dissolved Reactive Phosphate ---- 0.01 mg/L <0.01 <0.01 0.00 No LimitBC2 ES1817031-001
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Method Blank (MB) and Laboratory Control Spike (LCS) Report

The quality control term Method / Laboratory Blank refers to an analyte free matrix to which all reagents are added in the same volumes or proportions as used in standard sample preparation. The purpose of this QC 
parameter is to monitor potential laboratory contamination. The quality control term Laboratory Control Spike (LCS) refers to a certified reference material, or a known interference free matrix spiked with target 
analytes. The purpose of this QC parameter is to monitor method precision and accuracy independent of sample matrix. Dynamic Recovery Limits are based on statistical evaluation of processed LCS.

Sub-Matrix: WATER Method Blank (MB) 

Report

Laboratory Control Spike (LCS) Report

Spike Spike Recovery (%) Recovery Limits (%)

Result Concentration HighLowLCSMethod: Compound CAS Number LOR Unit

EA010P: Conductivity by PC Titrator  (QCLot: 1721145)

EA010-P: Electrical Conductivity @ 25°C ---- 1 µS/cm <1 1072000 µS/cm 11395

EA010P: Conductivity by PC Titrator  (QCLot: 1721667)

EA010-P: Electrical Conductivity @ 25°C ---- 1 µS/cm <1 1042000 µS/cm 11395

EA015: Total Dissolved Solids dried at 180 ± 5 °C  (QCLot: 1722110)

EA015H: Total Dissolved Solids @180°C ---- 10 mg/L <10 93.22000 mg/L 10987
<10 119293 mg/L 12666

EA015: Total Dissolved Solids dried at 180 ± 5 °C  (QCLot: 1729849)

EA015H: Total Dissolved Solids @180°C ---- 10 mg/L <10 99.62000 mg/L 10987
<10 115293 mg/L 12666

ED037P: Alkalinity by PC Titrator  (QCLot: 1721143)

ED037-P: Total Alkalinity as CaCO3 ---- ---- mg/L ---- 100200 mg/L 11181
---- 10350 mg/L 13070

ED037P: Alkalinity by PC Titrator  (QCLot: 1721147)

ED037-P: Total Alkalinity as CaCO3 ---- ---- mg/L ---- 111200 mg/L 11181
---- 10450 mg/L 13070

ED037P: Alkalinity by PC Titrator  (QCLot: 1721666)

ED037-P: Total Alkalinity as CaCO3 ---- ---- mg/L ---- 103200 mg/L 11181
---- 10350 mg/L 13070

ED041G: Sulfate (Turbidimetric) as SO4 2- by DA  (QCLot: 1722217)

ED041G: Sulfate as SO4 - Turbidimetric 14808-79-8 1 mg/L <1 10425 mg/L 12282

ED045G: Chloride by Discrete Analyser  (QCLot: 1722218)

ED045G: Chloride 16887-00-6 1 mg/L <1 11410 mg/L 12781
<1 1021000 mg/L 12781

ED093F: Dissolved Major Cations  (QCLot: 1721578)

ED093F: Calcium 7440-70-2 1 mg/L <1 94.050 mg/L 11480

ED093F: Magnesium 7439-95-4 1 mg/L <1 94.150 mg/L 11690

ED093F: Sodium 7440-23-5 1 mg/L <1 93.450 mg/L 12082

ED093F: Potassium 7440-09-7 1 mg/L <1 94.850 mg/L 11385

ED093F: Dissolved Major Cations  (QCLot: 1721587)

ED093F: Calcium 7440-70-2 1 mg/L <1 92.050 mg/L 11480

ED093F: Magnesium 7439-95-4 1 mg/L <1 94.250 mg/L 11690

ED093F: Sodium 7440-23-5 1 mg/L <1 94.250 mg/L 12082

ED093F: Potassium 7440-09-7 1 mg/L <1 91.850 mg/L 11385
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Sub-Matrix: WATER Method Blank (MB) 

Report

Laboratory Control Spike (LCS) Report

Spike Spike Recovery (%) Recovery Limits (%)

Result Concentration HighLowLCSMethod: Compound CAS Number LOR Unit

ED093F: Dissolved Major Cations  (QCLot: 1730034)

ED093F: Calcium 7440-70-2 1 mg/L <1 93.450 mg/L 11480

ED093F: Magnesium 7439-95-4 1 mg/L <1 95.950 mg/L 11690

ED093F: Sodium 7440-23-5 1 mg/L <1 95.150 mg/L 12082

ED093F: Potassium 7440-09-7 1 mg/L <1 95.250 mg/L 11385

EG020T: Total Metals by ICP-MS  (QCLot: 1725812)

EG020A-T: Aluminium 7429-90-5 0.01 mg/L <0.01 98.00.5 mg/L 12082

EG020A-T: Arsenic 7440-38-2 0.001 mg/L <0.001 1040.1 mg/L 11482

EG020A-T: Chromium 7440-47-3 0.001 mg/L <0.001 97.20.1 mg/L 11686

EG020A-T: Copper 7440-50-8 0.001 mg/L <0.001 98.20.1 mg/L 11883

EG020A-T: Lead 7439-92-1 0.001 mg/L <0.001 94.10.1 mg/L 11585

EG020A-T: Manganese 7439-96-5 0.001 mg/L <0.001 98.00.1 mg/L 11385

EG020A-T: Molybdenum 7439-98-7 0.001 mg/L <0.001 1030.1 mg/L 12183

EG020A-T: Nickel 7440-02-0 0.001 mg/L <0.001 1000.1 mg/L 11684

EG020A-T: Selenium 7782-49-2 0.01 mg/L <0.01 1030.1 mg/L 12668

EG020A-T: Zinc 7440-66-6 0.005 mg/L <0.005 1020.1 mg/L 11779

EG020A-T: Boron 7440-42-8 0.05 mg/L <0.05 97.10.5 mg/L 12975

EG020A-T: Iron 7439-89-6 0.05 mg/L <0.05 96.70.5 mg/L 11785

EG020T: Total Metals by ICP-MS  (QCLot: 1725815)

EG020B-T: Silver 7440-22-4 0.001 mg/L <0.001 -------- --------

EG020T: Total Metals by ICP-MS  (QCLot: 1725816)

EG020A-T: Aluminium 7429-90-5 0.01 mg/L <0.01 99.40.5 mg/L 12082

EG020A-T: Arsenic 7440-38-2 0.001 mg/L <0.001 99.00.1 mg/L 11482

EG020A-T: Chromium 7440-47-3 0.001 mg/L <0.001 98.60.1 mg/L 11686

EG020A-T: Copper 7440-50-8 0.001 mg/L <0.001 98.50.1 mg/L 11883

EG020A-T: Lead 7439-92-1 0.001 mg/L <0.001 98.00.1 mg/L 11585

EG020A-T: Manganese 7439-96-5 0.001 mg/L <0.001 99.30.1 mg/L 11385

EG020A-T: Molybdenum 7439-98-7 0.001 mg/L <0.001 1030.1 mg/L 12183

EG020A-T: Nickel 7440-02-0 0.001 mg/L <0.001 99.50.1 mg/L 11684

EG020A-T: Selenium 7782-49-2 0.01 mg/L <0.01 97.50.1 mg/L 12668

EG020A-T: Zinc 7440-66-6 0.005 mg/L <0.005 1000.1 mg/L 11779

EG020A-T: Boron 7440-42-8 0.05 mg/L <0.05 98.10.5 mg/L 12975

EG020A-T: Iron 7439-89-6 0.05 mg/L <0.05 96.00.5 mg/L 11785

EK059G:  Nitrite plus Nitrate as N (NOx)  by Discrete Analyser  (QCLot: 1728191)

EK059G: Nitrite + Nitrate as N ---- 0.01 mg/L <0.01 98.40.5 mg/L 11391

EK059G:  Nitrite plus Nitrate as N (NOx)  by Discrete Analyser  (QCLot: 1728192)

EK059G: Nitrite + Nitrate as N ---- 0.01 mg/L <0.01 97.50.5 mg/L 11391

EK061G: Total Kjeldahl Nitrogen By Discrete Analyser  (QCLot: 1728182)
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Sub-Matrix: WATER Method Blank (MB) 

Report

Laboratory Control Spike (LCS) Report

Spike Spike Recovery (%) Recovery Limits (%)

Result Concentration HighLowLCSMethod: Compound CAS Number LOR Unit

EK061G: Total Kjeldahl Nitrogen By Discrete Analyser  (QCLot: 1728182)  - continued

EK061G: Total Kjeldahl Nitrogen as N ---- 0.1 mg/L <0.1 87.710 mg/L 10169
<0.1 93.01 mg/L 11870
<0.1 98.75 mg/L 11874

EK061G: Total Kjeldahl Nitrogen By Discrete Analyser  (QCLot: 1728184)

EK061G: Total Kjeldahl Nitrogen as N ---- 0.1 mg/L <0.1 89.110 mg/L 10169
<0.1 93.71 mg/L 11870
<0.1 91.35 mg/L 11874

EK067G: Total Phosphorus as P by Discrete Analyser  (QCLot: 1728183)

EK067G: Total Phosphorus as P ---- 0.01 mg/L <0.01 88.44.42 mg/L 10171
<0.01 95.50.442 mg/L 10872
<0.01 93.21 mg/L 11878

EK071FG: Dissolved Reactive Phosphorus as P by DA  (QCLot: 1722219)

EK071FG: Dissolved Reactive Phosphate ---- 0.01 mg/L <0.01 96.01.53 mg/L 13070

EP008: Chlorophyll  (QCLot: 1730165)

EP008: Chlorophyll a ---- 1 mg/m³ <1 97.420 mg/m³ 13070

Matrix Spike (MS) Report
The quality control term Matrix Spike (MS) refers to an intralaboratory split sample spiked with a representative set of target analytes. The purpose of this QC parameter is to monitor potential matrix effects on 
analyte recoveries. Static Recovery Limits as per laboratory Data Quality Objectives (DQOs). Ideal recovery ranges stated may be waived in the event of sample matrix interference.

Sub-Matrix: WATER Matrix Spike (MS) Report

SpikeRecovery(%) Recovery Limits (%)Spike 

HighLowMSConcentrationLaboratory sample ID Client sample ID Method: Compound CAS Number

ED041G: Sulfate (Turbidimetric) as SO4 2- by DA  (QCLot: 1722217)

Anonymous ES1817029-004 14808-79-8ED041G: Sulfate as SO4 - Turbidimetric 93.310 mg/L 13070

ED045G: Chloride by Discrete Analyser  (QCLot: 1722218)

Anonymous ES1817029-007 16887-00-6ED045G: Chloride 120250 mg/L 13070

EG020T: Total Metals by ICP-MS  (QCLot: 1725812)

Anonymous EN1803449-002 7440-38-2EG020A-T: Arsenic 1021 mg/L 13070
7440-47-3EG020A-T: Chromium 1041 mg/L 13070
7440-50-8EG020A-T: Copper 1061 mg/L 13070
7439-92-1EG020A-T: Lead 1081 mg/L 13070
7439-96-5EG020A-T: Manganese 1021 mg/L 13070
7440-02-0EG020A-T: Nickel 1061 mg/L 13070
7440-66-6EG020A-T: Zinc 1061 mg/L 13070

EG020T: Total Metals by ICP-MS  (QCLot: 1725816)

SW1 - SOUTH CK ES1817031-003 7440-38-2EG020A-T: Arsenic 1061 mg/L 13070
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Sub-Matrix: WATER Matrix Spike (MS) Report

SpikeRecovery(%) Recovery Limits (%)Spike 

HighLowMSConcentrationLaboratory sample ID Client sample ID Method: Compound CAS Number

EG020T: Total Metals by ICP-MS  (QCLot: 1725816)  - continued

SW1 - SOUTH CK ES1817031-003 7440-47-3EG020A-T: Chromium 1041 mg/L 13070
7440-50-8EG020A-T: Copper 1061 mg/L 13070
7439-92-1EG020A-T: Lead 1071 mg/L 13070
7439-96-5EG020A-T: Manganese 1011 mg/L 13070
7440-02-0EG020A-T: Nickel 1061 mg/L 13070
7440-66-6EG020A-T: Zinc 1061 mg/L 13070

EK059G:  Nitrite plus Nitrate as N (NOx)  by Discrete Analyser  (QCLot: 1728191)

Anonymous ES1816781-008 ----EK059G: Nitrite + Nitrate as N # Not 
Determined

0.5 mg/L 13070

EK059G:  Nitrite plus Nitrate as N (NOx)  by Discrete Analyser  (QCLot: 1728192)

SW1 - SOUTH CK ES1817031-003 ----EK059G: Nitrite + Nitrate as N 81.90.5 mg/L 13070

EK061G: Total Kjeldahl Nitrogen By Discrete Analyser  (QCLot: 1728182)

Anonymous ES1816781-009 ----EK061G: Total Kjeldahl Nitrogen as N 74.05 mg/L 13070

EK061G: Total Kjeldahl Nitrogen By Discrete Analyser  (QCLot: 1728184)

SW1 - SOUTH CK ES1817031-003 ----EK061G: Total Kjeldahl Nitrogen as N 71.95 mg/L 13070

EK067G: Total Phosphorus as P by Discrete Analyser  (QCLot: 1728183)

SW1 - SOUTH CK ES1817031-003 ----EK067G: Total Phosphorus as P 70.91 mg/L 13070

EK071FG: Dissolved Reactive Phosphorus as P by DA  (QCLot: 1722219)

BC2 ES1817031-001 ----EK071FG: Dissolved Reactive Phosphate 95.61.53 mg/L 13070
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QA/QC Compliance Assessment to assist with Quality Review
Work Order : ES1817031 Page : 1 of 9

:: LaboratoryClient Environmental Division SydneyCSR-PGH BRICKS AND PAVERS

:Contact RICH MASON Telephone : +61-2-8784 8555
:Project ---- Date Samples Received : 12-Jun-2018

Site : ---- Issue Date : 19-Jun-2018
----:Sampler No. of samples received : 6

:Order number tba No. of samples analysed : 6

This report is automatically generated by the ALS LIMS through interpretation of the ALS Quality Control Report and several Quality Assurance parameters measured by ALS. This automated 

reporting highlights any non-conformances, facilitates faster and more accurate data validation and is designed to assist internal expert and external Auditor review. Many components of this 

report contribute to the overall DQO assessment and reporting for guideline compliance. 

 

Brief method summaries and references are also provided to assist in traceability.

Summary of Outliers

Outliers : Quality Control Samples

This report highlights outliers flagged in the Quality Control (QC) Report.

l NO Method Blank value outliers occur.

l NO Duplicate outliers occur.

l NO Laboratory Control outliers occur.

l Matrix Spike outliers exist - please see following pages for full details.

l For all regular sample matrices, NO  surrogate recovery outliers occur.

Outliers : Analysis Holding Time Compliance

l Analysis Holding Time Outliers exist - please see following pages for full details.

Outliers : Frequency of Quality Control Samples

l Quality Control Sample Frequency Outliers exist - please see following pages for full details.

R I G H T   S O L U T I O N S   |   R I G H T   P A R T N E R
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Outliers : Quality Control Samples

Duplicates, Method Blanks, Laboratory Control Samples and Matrix Spikes

Matrix: WATER

Compound Group Name CommentLimitsDataAnalyteClient Sample IDLaboratory Sample ID CAS Number

Matrix Spike (MS) Recoveries 

ES1816781--008 ----Nitrite + Nitrate as NAnonymous MS recovery not determined, 

background level greater than or 

equal to 4x spike level.

----Not 
Determined

EK059G:  Nitrite plus Nitrate as N (NOx)  by Discrete Analyser

Outliers : Analysis Holding Time Compliance

Matrix: WATER

AnalysisExtraction / Preparation

Date analysedDate extractedContainer / Client Sample ID(s) Days 

overdue

Days 

overdue

Due for extraction Due for analysis

Method

EA005P: pH by PC Titrator

Clear Plastic Bottle - Natural

06-Jun-2018----BC2, BC3 13-Jun-2018---- ---- 7

Clear Plastic Bottle - Natural

08-Jun-2018----SW1 - SOUTH CK, SW2 -SOUTH CK,
SW3 SOUTH CK, SW4 SOUTH CK

12-Jun-2018---- ---- 4

EK071FG: Dissolved Reactive Phosphorus as P by DA

Clear Plastic Bottle - Natural

08-Jun-2018----BC2, BC3 13-Jun-2018---- ---- 5

Clear Plastic Bottle - Natural

10-Jun-2018----SW1 - SOUTH CK, SW2 -SOUTH CK,
SW3 SOUTH CK, SW4 SOUTH CK

13-Jun-2018---- ---- 3

EP008: Chlorophyll a & Pheophytin a

White Plastic Bottle - Unpreserved

08-Jun-2018----BC2, BC3 15-Jun-2018---- ---- 7

White Plastic Bottle - Unpreserved

10-Jun-2018----SW1 - SOUTH CK, SW2 -SOUTH CK,
SW3 SOUTH CK, SW4 SOUTH CK

15-Jun-2018---- ---- 5

EP025: Oxygen - Dissolved (DO)

Clear Plastic Bottle - Natural

06-Jun-2018----BC2, BC3 12-Jun-2018---- ---- 6

Clear Plastic Bottle - Natural

08-Jun-2018----SW1 - SOUTH CK, SW2 -SOUTH CK,
SW3 SOUTH CK, SW4 SOUTH CK

12-Jun-2018---- ---- 4

Outliers : Frequency of Quality Control Samples

Matrix: WATER

Quality Control SpecificationQuality Control Sample Type
Method ExpectedQC Regular Actual

Rate (%)Quality Control Sample Type Count

Laboratory Control Samples (LCS)
NEPM 2013 B3 & ALS QC StandardTotal Metals by ICP-MS - Suite B  0.00  5.000 7
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Analysis Holding Time Compliance

Holding times for VOC in soils vary according to analytes of interest.  Vinyl Chloride and Styrene holding time is 7 days; others 14 days.  A recorded breach does not guarantee a breach for all VOC analytes and 
should be verified in case the reported breach is a false positive or Vinyl Chloride and Styrene are not key analytes of interest/concern.

Holding time for leachate methods (e.g. TCLP) vary according to the analytes reported.  Assessment compares the leach date with the shortest analyte holding time for the equivalent soil method. These are: organics 
14 days, mercury 28 days & other metals 180 days.  A recorded breach does not guarantee a breach for all non-volatile parameters.

If samples are identified below as having been analysed or extracted outside of recommended holding times, this should be taken into consideration when interpreting results.
This report summarizes extraction / preparation and analysis times and compares each with ALS recommended holding times (referencing USEPA SW 846, APHA, AS and NEPM) based on the sample container 
provided.  Dates reported represent first date of extraction or analysis and preclude subsequent dilutions and reruns. A listing of breaches (if any) is provided herein.

Matrix: WATER Evaluation: û = Holding time breach ; ü = Within holding time. 
AnalysisExtraction / PreparationSample DateMethod

EvaluationDue for analysisDate analysedEvaluationDue for extractionDate extractedContainer / Client Sample ID(s)

EA005P: pH by PC Titrator

Clear Plastic Bottle - Natural (EA005-P)

BC2, BC3 06-Jun-2018---- 13-Jun-2018----06-Jun-2018 ---- û
Clear Plastic Bottle - Natural (EA005-P)

SW1 - SOUTH CK, SW2 -SOUTH CK,
SW3 SOUTH CK, SW4 SOUTH CK

08-Jun-2018---- 12-Jun-2018----08-Jun-2018 ---- û

EA010P: Conductivity by PC Titrator

Clear Plastic Bottle - Natural (EA010-P)

BC2, BC3 04-Jul-2018---- 13-Jun-2018----06-Jun-2018 ---- ü
Clear Plastic Bottle - Natural (EA010-P)

SW1 - SOUTH CK, SW2 -SOUTH CK,
SW3 SOUTH CK, SW4 SOUTH CK

06-Jul-2018---- 12-Jun-2018----08-Jun-2018 ---- ü

EA015: Total Dissolved Solids dried at 180 ± 5 °C

Clear Plastic Bottle - Natural (EA015H)

BC2, BC3 13-Jun-2018---- 13-Jun-2018----06-Jun-2018 ---- ü
Clear Plastic Bottle - Natural (EA015H)

SW1 - SOUTH CK, SW2 -SOUTH CK,
SW3 SOUTH CK, SW4 SOUTH CK

15-Jun-2018---- 15-Jun-2018----08-Jun-2018 ---- ü

ED037P: Alkalinity by PC Titrator

Clear Plastic Bottle - Natural (ED037-P)

BC2, BC3 20-Jun-2018---- 13-Jun-2018----06-Jun-2018 ---- ü
Clear Plastic Bottle - Natural (ED037-P)

SW1 - SOUTH CK, SW2 -SOUTH CK,
SW3 SOUTH CK, SW4 SOUTH CK

22-Jun-2018---- 12-Jun-2018----08-Jun-2018 ---- ü

ED041G: Sulfate (Turbidimetric) as SO4 2- by DA

Clear Plastic Bottle - Natural (ED041G)

BC2, BC3 04-Jul-2018---- 13-Jun-2018----06-Jun-2018 ---- ü
Clear Plastic Bottle - Natural (ED041G)

SW1 - SOUTH CK, SW2 -SOUTH CK,
SW3 SOUTH CK, SW4 SOUTH CK

06-Jul-2018---- 13-Jun-2018----08-Jun-2018 ---- ü
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Matrix: WATER Evaluation: û = Holding time breach ; ü = Within holding time. 
AnalysisExtraction / PreparationSample DateMethod

EvaluationDue for analysisDate analysedEvaluationDue for extractionDate extractedContainer / Client Sample ID(s)

ED045G: Chloride by Discrete Analyser

Clear Plastic Bottle - Natural (ED045G)

BC2, BC3 04-Jul-2018---- 13-Jun-2018----06-Jun-2018 ---- ü
Clear Plastic Bottle - Natural (ED045G)

SW1 - SOUTH CK, SW2 -SOUTH CK,
SW3 SOUTH CK, SW4 SOUTH CK

06-Jul-2018---- 13-Jun-2018----08-Jun-2018 ---- ü

ED093F: Dissolved Major Cations

Clear Plastic Bottle - Natural (ED093F)

BC2, BC3 13-Jun-2018---- 13-Jun-2018----06-Jun-2018 ---- ü
Clear Plastic Bottle - Natural (ED093F)

SW1 - SOUTH CK, SW2 -SOUTH CK,
SW3 SOUTH CK, SW4 SOUTH CK

15-Jun-2018---- 15-Jun-2018----08-Jun-2018 ---- ü

EG020T: Total Metals by ICP-MS

Clear Plastic Bottle - Nitric Acid; Unspecified (EG020B-T)

BC2, BC3 03-Dec-201803-Dec-2018 14-Jun-201814-Jun-201806-Jun-2018 ü ü
Clear Plastic Bottle - Nitric Acid; Unspecified (EG020B-T)

SW1 - SOUTH CK, SW2 -SOUTH CK,
SW3 SOUTH CK, SW4 SOUTH CK

05-Dec-201805-Dec-2018 14-Jun-201814-Jun-201808-Jun-2018 ü ü

EK059G:  Nitrite plus Nitrate as N (NOx)  by Discrete Analyser

Clear Plastic Bottle - Sulfuric Acid (EK059G)

BC2, BC3 04-Jul-2018---- 14-Jun-2018----06-Jun-2018 ---- ü
Clear Plastic Bottle - Sulfuric Acid (EK059G)

SW1 - SOUTH CK, SW2 -SOUTH CK,
SW3 SOUTH CK, SW4 SOUTH CK

06-Jul-2018---- 14-Jun-2018----08-Jun-2018 ---- ü

EK061G: Total Kjeldahl Nitrogen By Discrete Analyser

Clear Plastic Bottle - Sulfuric Acid (EK061G)

BC2, BC3 04-Jul-201804-Jul-2018 15-Jun-201814-Jun-201806-Jun-2018 ü ü
Clear Plastic Bottle - Sulfuric Acid (EK061G)

SW1 - SOUTH CK, SW2 -SOUTH CK,
SW3 SOUTH CK, SW4 SOUTH CK

06-Jul-201806-Jul-2018 15-Jun-201814-Jun-201808-Jun-2018 ü ü

EK067G: Total Phosphorus as P by Discrete Analyser

Clear Plastic Bottle - Sulfuric Acid (EK067G)

BC2, BC3 04-Jul-201804-Jul-2018 15-Jun-201814-Jun-201806-Jun-2018 ü ü
Clear Plastic Bottle - Sulfuric Acid (EK067G)

SW1 - SOUTH CK, SW2 -SOUTH CK,
SW3 SOUTH CK, SW4 SOUTH CK

06-Jul-201806-Jul-2018 15-Jun-201814-Jun-201808-Jun-2018 ü ü

EK071FG: Dissolved Reactive Phosphorus as P by DA

Clear Plastic Bottle - Natural (EK071FG)

BC2, BC3 08-Jun-2018---- 13-Jun-2018----06-Jun-2018 ---- û
Clear Plastic Bottle - Natural (EK071FG)

SW1 - SOUTH CK, SW2 -SOUTH CK,
SW3 SOUTH CK, SW4 SOUTH CK

10-Jun-2018---- 13-Jun-2018----08-Jun-2018 ---- û
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Matrix: WATER Evaluation: û = Holding time breach ; ü = Within holding time. 
AnalysisExtraction / PreparationSample DateMethod

EvaluationDue for analysisDate analysedEvaluationDue for extractionDate extractedContainer / Client Sample ID(s)

EP008: Chlorophyll a & Pheophytin a

White Plastic Bottle - Unpreserved (EP008)

BC2, BC3 08-Jun-2018---- 15-Jun-2018----06-Jun-2018 ---- û
White Plastic Bottle - Unpreserved (EP008)

SW1 - SOUTH CK, SW2 -SOUTH CK,
SW3 SOUTH CK, SW4 SOUTH CK

10-Jun-2018---- 15-Jun-2018----08-Jun-2018 ---- û

EP025: Oxygen - Dissolved (DO)

Clear Plastic Bottle - Natural (EP025)

BC2, BC3 06-Jun-2018---- 12-Jun-2018----06-Jun-2018 ---- û
Clear Plastic Bottle - Natural (EP025)

SW1 - SOUTH CK, SW2 -SOUTH CK,
SW3 SOUTH CK, SW4 SOUTH CK

08-Jun-2018---- 12-Jun-2018----08-Jun-2018 ---- û
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Quality Control Parameter Frequency Compliance
The following report summarises the frequency of laboratory QC samples analysed within the analytical lot(s) in which the submitted sample(s) was(were) processed. Actual rate should be greater than or equal to 
the expected rate. A listing of breaches is provided in the Summary of Outliers.

Matrix: WATER Evaluation: û = Quality Control frequency not within specification ; ü = Quality Control frequency within specification. 
Quality Control SpecificationQuality Control Sample Type

ExpectedQC Regular Actual

Rate (%)Quality Control Sample Type Count
EvaluationAnalytical Methods Method

Laboratory Duplicates (DUP)
NEPM 2013 B3 & ALS QC Standard 10.64  10.005 47 üAlkalinity by PC Titrator ED037-P
NEPM 2013 B3 & ALS QC Standard 11.76  10.002 17 üChloride by Discrete Analyser ED045G
NEPM 2013 B3 & ALS QC Standard 15.79  10.003 19 üConductivity by PC Titrator EA010-P
NEPM 2013 B3 & ALS QC Standard 16.67  5.001 6 üDissolved Reactive Phosphorus as P by DA EK071FG
NEPM 2013 B3 & ALS QC Standard 16.13  10.005 31 üMajor Cations - Dissolved ED093F
NEPM 2013 B3 & ALS QC Standard 12.90  10.004 31 üNitrite and Nitrate as N (NOx) by Discrete Analyser EK059G
NEPM 2013 B3 & ALS QC Standard 15.38  10.006 39 üpH by PC Titrator EA005-P
NEPM 2013 B3 & ALS QC Standard 10.00  10.002 20 üSulfate (Turbidimetric) as SO4 2- by Discrete Analyser ED041G
NEPM 2013 B3 & ALS QC Standard 12.00  10.003 25 üTotal Dissolved Solids (High Level) EA015H
NEPM 2013 B3 & ALS QC Standard 12.50  10.004 32 üTotal Kjeldahl Nitrogen as N By Discrete Analyser EK061G
NEPM 2013 B3 & ALS QC Standard 11.76  10.004 34 üTotal Metals by ICP-MS - Suite A EG020A-T
NEPM 2013 B3 & ALS QC Standard 14.29  10.001 7 üTotal Metals by ICP-MS - Suite B EG020B-T
NEPM 2013 B3 & ALS QC Standard 15.38  10.002 13 üTotal Phosphorus as P By Discrete Analyser EK067G

Laboratory Control Samples (LCS)
NEPM 2013 B3 & ALS QC Standard 12.77  10.006 47 üAlkalinity by PC Titrator ED037-P
NEPM 2013 B3 & ALS QC Standard 11.76  10.002 17 üChloride by Discrete Analyser ED045G
NEPM 2013 B3 & ALS QC Standard 5.00  5.001 20 üChlorophyll a and Pheophytin a EP008
NEPM 2013 B3 & ALS QC Standard 10.53  5.002 19 üConductivity by PC Titrator EA010-P
NEPM 2013 B3 & ALS QC Standard 16.67  5.001 6 üDissolved Reactive Phosphorus as P by DA EK071FG
NEPM 2013 B3 & ALS QC Standard 9.68  5.003 31 üMajor Cations - Dissolved ED093F
NEPM 2013 B3 & ALS QC Standard 6.45  5.002 31 üNitrite and Nitrate as N (NOx) by Discrete Analyser EK059G
NEPM 2013 B3 & ALS QC Standard 5.00  5.001 20 üSulfate (Turbidimetric) as SO4 2- by Discrete Analyser ED041G
NEPM 2013 B3 & ALS QC Standard 16.00  10.004 25 üTotal Dissolved Solids (High Level) EA015H
NEPM 2013 B3 & ALS QC Standard 18.75  15.006 32 üTotal Kjeldahl Nitrogen as N By Discrete Analyser EK061G
NEPM 2013 B3 & ALS QC Standard 5.88  5.002 34 üTotal Metals by ICP-MS - Suite A EG020A-T
NEPM 2013 B3 & ALS QC Standard 0.00  5.000 7 ûTotal Metals by ICP-MS - Suite B EG020B-T
NEPM 2013 B3 & ALS QC Standard 23.08  15.003 13 üTotal Phosphorus as P By Discrete Analyser EK067G

Method Blanks (MB)
NEPM 2013 B3 & ALS QC Standard 5.88  5.001 17 üChloride by Discrete Analyser ED045G
NEPM 2013 B3 & ALS QC Standard 5.00  5.001 20 üChlorophyll a and Pheophytin a EP008
NEPM 2013 B3 & ALS QC Standard 10.53  5.002 19 üConductivity by PC Titrator EA010-P
NEPM 2013 B3 & ALS QC Standard 16.67  5.001 6 üDissolved Reactive Phosphorus as P by DA EK071FG
NEPM 2013 B3 & ALS QC Standard 9.68  5.003 31 üMajor Cations - Dissolved ED093F
NEPM 2013 B3 & ALS QC Standard 6.45  5.002 31 üNitrite and Nitrate as N (NOx) by Discrete Analyser EK059G
NEPM 2013 B3 & ALS QC Standard 5.00  5.001 20 üSulfate (Turbidimetric) as SO4 2- by Discrete Analyser ED041G
NEPM 2013 B3 & ALS QC Standard 8.00  5.002 25 üTotal Dissolved Solids (High Level) EA015H
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Matrix: WATER Evaluation: û = Quality Control frequency not within specification ; ü = Quality Control frequency within specification. 
Quality Control SpecificationQuality Control Sample Type

ExpectedQC Regular Actual

Rate (%)Quality Control Sample Type Count
EvaluationAnalytical Methods Method

Method Blanks (MB) - Continued
NEPM 2013 B3 & ALS QC Standard 6.25  5.002 32 üTotal Kjeldahl Nitrogen as N By Discrete Analyser EK061G
NEPM 2013 B3 & ALS QC Standard 5.88  5.002 34 üTotal Metals by ICP-MS - Suite A EG020A-T
NEPM 2013 B3 & ALS QC Standard 14.29  5.001 7 üTotal Metals by ICP-MS - Suite B EG020B-T
NEPM 2013 B3 & ALS QC Standard 7.69  5.001 13 üTotal Phosphorus as P By Discrete Analyser EK067G

Matrix Spikes (MS)
NEPM 2013 B3 & ALS QC Standard 5.88  5.001 17 üChloride by Discrete Analyser ED045G
NEPM 2013 B3 & ALS QC Standard 16.67  5.001 6 üDissolved Reactive Phosphorus as P by DA EK071FG
NEPM 2013 B3 & ALS QC Standard 6.45  5.002 31 üNitrite and Nitrate as N (NOx) by Discrete Analyser EK059G
NEPM 2013 B3 & ALS QC Standard 5.00  5.001 20 üSulfate (Turbidimetric) as SO4 2- by Discrete Analyser ED041G
NEPM 2013 B3 & ALS QC Standard 6.25  5.002 32 üTotal Kjeldahl Nitrogen as N By Discrete Analyser EK061G
NEPM 2013 B3 & ALS QC Standard 5.88  5.002 34 üTotal Metals by ICP-MS - Suite A EG020A-T
NEPM 2013 B3 & ALS QC Standard 7.69  5.001 13 üTotal Phosphorus as P By Discrete Analyser EK067G
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Brief Method Summaries
The analytical procedures used by the Environmental Division have been developed from established internationally recognized procedures such as those published by the US EPA, APHA, AS and NEPM. In house 
developed procedures are employed in the absence of documented standards or by client request. The following report provides brief descriptions of the analytical procedures employed for results reported in the 
Certificate of Analysis. Sources from which ALS methods have been developed are provided within the Method Descriptions.

Analytical Methods Method DescriptionsMatrixMethod

In house: Referenced to APHA 4500 H+  B. This procedure determines pH of water samples by automated ISE. 
This method is compliant with NEPM (2013) Schedule B(3)

pH by PC Titrator EA005-P WATER

In house: Referenced to APHA 2510 B.  This procedure determines conductivity by automated ISE. This method 
is compliant with NEPM (2013) Schedule B(3)

Conductivity by PC Titrator EA010-P WATER

In house: Referenced to APHA 2540C.  A gravimetric procedure that determines the amount of `filterable` residue 
in an aqueous sample.  A well-mixed sample is filtered through a glass fibre filter (1.2um).  The filtrate is 
evaporated to dryness and dried to constant weight at 180+/-5C. This method is compliant with NEPM (2013) 
Schedule B(3)

Total Dissolved Solids (High Level) EA015H WATER

In house: Referenced to APHA 2320 B This procedure determines alkalinity by automated measurement (e.g. PC 
Titrate) using pH 4.5 for indicating the total alkalinity end-point. This method is compliant with NEPM (2013) 
Schedule B(3)

Alkalinity by PC Titrator ED037-P WATER

In house: Referenced to APHA 4500-SO4.  Dissolved sulfate is determined in a 0.45um filtered sample.  Sulfate 
ions are converted to a barium sulfate suspension in an acetic acid medium with barium chloride. Light 
absorbance of the BaSO4 suspension is measured by a photometer and the SO4-2 concentration is determined 
by comparison of the reading with a standard curve. This method is compliant with NEPM (2013) Schedule B(3)

Sulfate (Turbidimetric) as SO4 2- by 
Discrete Analyser

ED041G WATER

In house: Referenced to APHA 4500 Cl - G.The thiocyanate ion is liberated from mercuric thiocyanate through 
sequestration of mercury by the chloride ion to form non-ionised mercuric chloride.in the presence of ferric ions 
the librated thiocynate forms highly-coloured ferric thiocynate which is measured at 480 nm APHA 21st edition 
seal method 2 017-1-L april 2003

Chloride by Discrete Analyser ED045G WATER

In house: Referenced to APHA 3120 and 3125; USEPA SW 846 - 6010 and 6020; Cations are determined by 
either ICP-AES or ICP-MS techniques.  This method is compliant with NEPM (2013) Schedule B(3) 

Sodium Adsorption Ratio is calculated from Ca, Mg and Na which determined by ALS in house method 
QWI-EN/ED093F. This method is compliant with NEPM (2013) Schedule B(3) 

Hardness parameters are calculated based on APHA 2340 B. This method is compliant with NEPM (2013) 
Schedule B(3)

Major Cations - Dissolved ED093F WATER

In house: Referenced to APHA 3125; USEPA SW846 - 6020, ALS QWI-EN/EG020.  The ICPMS technique utilizes 
a highly efficient argon plasma to ionize selected elements. Ions are then passed into a high vacuum mass 
spectrometer, which separates the analytes based on their distinct mass to charge ratios prior to their 
measurement by a discrete dynode ion detector.

Total Metals by ICP-MS - Suite A EG020A-T WATER

In house: Referenced to APHA 3125; USEPA SW846 - 6020, ALS QWI-EN/EG020. The ICPMS technique utilizes a 
highly efficient argon plasma to ionize selected elements. Ions are then passed into a high vacuum mass 
spectrometer, which separates the analytes based on their distinct mass to charge ratios prior to their 
measurement by a discrete dynode ion detector.

Total Metals by ICP-MS - Suite B EG020B-T WATER
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Analytical Methods Method DescriptionsMatrixMethod

In house: Referenced to APHA 4500-NO3- F.  Combined oxidised Nitrogen (NO2+NO3) is determined by 
Chemical Reduction and direct colourimetry by Discrete Analyser. This method is compliant with NEPM (2013) 
Schedule B(3)

Nitrite and Nitrate as N (NOx) by Discrete 
Analyser

EK059G WATER

In house: Referenced to APHA 4500-Norg D (In house). An aliquot of sample is digested using a high 
temperature Kjeldahl digestion to convert nitrogenous compounds to ammonia.  Ammonia is determined 
colorimetrically by discrete analyser. This method is compliant with NEPM (2013) Schedule B(3)

Total Kjeldahl Nitrogen as N By Discrete 
Analyser

EK061G WATER

In house: Referenced to APHA 4500-Norg / 4500-NO3-. This method is compliant with NEPM (2013) Schedule 
B(3)

Total Nitrogen as N (TKN + Nox) By 
Discrete Analyser

EK062G WATER

In house: Referenced to APHA 4500-P H, Jirka et al (1976), Zhang et al (2006).  This procedure involves 
sulphuric acid digestion of a sample aliquot to break phosphorus down to orthophosphate.  The orthophosphate 
reacts with ammonium molybdate and antimony potassium tartrate to form a complex which is then reduced and 
its concentration measured at 880nm using discrete analyser. This method is compliant with NEPM (2013) 
Schedule B(3)

Total Phosphorus as P By Discrete 
Analyser

EK067G WATER

In house: Referenced to APHA 4500-P F  Water samples are filtered through a 0.45um filter prior to analysis.  
Ammonium molybdate and potassium antimonyl tartrate reacts in acid medium with othophosphate to form a 
heteropoly acid -phosphomolybdic acid - which is reduced to intensely coloured molybdenum blue by ascorbic 
acid. Quantification is achieved by Discrete Analyser. This method is compliant with NEPM (2013) Schedule B(3)

Dissolved Reactive Phosphorus as P by 
DA

EK071FG WATER

In house: Referenced to APHA 1030F. This method is compliant with NEPM (2013) Schedule B(3)Ionic Balance by PCT DA and Turbi SO4 
DA

EN055 - PG WATER

In house: Referenced to APHA 10200 H. The pigments are extracted into aqueous acetone. The optical density of 
the extract before and after acidification at both 664 nm and 665 nm is determined spectrometrically.

Chlorophyll a and Pheophytin a EP008 WATER

In house: Referenced to APHA 4500-O G. Dissolved Oxygen Probe.  This method is compliant with NEPM (2013) 
Schedule B(3)

Oxygen - Dissolved EP025 WATER

Preparation Methods Method DescriptionsMatrixMethod

In house: Referenced to APHA 4500 Norg - D; APHA 4500 P - H. This method is compliant with NEPM (2013) 
Schedule B(3)

TKN/TP Digestion EK061/EK067 WATER

In house: Referenced to USEPA SW846-3005.  Method 3005 is a Nitric/Hydrochloric acid digestion procedure 
used to prepare surface and ground water samples for analysis by ICPAES or ICPMS.  This method is compliant 
with NEPM (2013) Schedule B(3)

Digestion for Total Recoverable Metals EN25 WATER
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CERTIFICATE OF ANALYSIS
Work Order : Page : 1 of 6ES1828368

:: LaboratoryClient GROUNDWATER EXPLORATION Environmental Division Sydney
: :ContactContact MR ANDREW FULTON Customer Services ES

:: AddressAddress 156 ARDEN ST
COOGEE NSW,AUSTRALIA 2034

277-289 Woodpark Road Smithfield NSW Australia 2164

:Telephone ---- :Telephone +61-2-8784 8555
:Project Badgerys Creek Date Samples Received : 25-Sep-2018 14:30
:Order number ---- Date Analysis Commenced : 25-Sep-2018
:C-O-C number ---- Issue Date : 30-Sep-2018 12:39

Sampler : A Fulton
Site : ----
Quote number : BLANKET QUOTE

9:No. of samples received
9:No. of samples analysed

This report supersedes any previous report(s) with this reference. Results apply to the sample(s) as submitted. This document shall not be reproduced, except in full. 

This Certificate of Analysis contains the following information:
l General Comments
l Analytical Results

Additional information pertinent to this report will be found in the following separate attachments: Quality Control Report, QA/QC Compliance Assessment to assist with 

Quality Review and Sample Receipt Notification.

Signatories
This document has been electronically signed by the authorized signatories below. Electronic signing is carried out in compliance with procedures specified in 21 CFR Part 11.
Signatories Accreditation CategoryPosition

Ankit Joshi Inorganic Chemist Sydney Inorganics, Smithfield, NSW
Ivan Taylor Analyst Sydney Inorganics, Smithfield, NSW
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General Comments

The analytical procedures used by the Environmental Division have been developed from established internationally recognized procedures such as those published by the USEPA, APHA, AS and NEPM. In house 
developed procedures are employed in the absence of documented standards or by client request.

Where moisture determination has been performed, results are reported on a dry weight basis.

Where a reported less than (<) result is higher than the LOR, this may be due to primary sample extract/digestate dilution and/or insufficient sample for analysis.

Where the LOR of a reported result differs from standard LOR, this may be due to high moisture content, insufficient sample (reduced weight employed) or matrix interference.

When sampling time information is not provided by the client, sampling dates are shown without a time component.  In these instances, the time component has been assumed by the laboratory for processing 
purposes.

Where a result is required to meet compliance limits the associated uncertainty must be considered. Refer to the ALS Contact for details.

CAS Number = CAS registry number from database maintained by Chemical Abstracts Services. The Chemical Abstracts Service is a division of the American Chemical Society.
LOR = Limit of reporting
^ = This result is computed from individual analyte detections at or above the level of reporting
ø = ALS is not NATA accredited for these tests.
~ = Indicates an estimated value.

Key :

EG020 : It is recognised that total concentration is less than dissolved for some metal analytes. However, the difference is within experimental variation of the methods.l

Sodium Adsorption Ratio (where reported): Where results for Na, Ca or Mg are <LOR, a concentration at half the reported LOR is incorporated into the SAR calculation. This represents a conservative approach 
for Na relative to the assumption that <LOR = zero concentration and a conservative approach for Ca & Mg relative to the assumption that <LOR is equivalent to the LOR concentration.

l
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Analytical Results

BC3BC2bBC2aMW4BC1Client sample IDSub-Matrix: WATER

 (Matrix: WATER)

25-Sep-2018 00:0025-Sep-2018 00:0025-Sep-2018 00:0025-Sep-2018 00:0025-Sep-2018 00:00Client sampling date / time

ES1828368-005ES1828368-004ES1828368-003ES1828368-002ES1828368-001UnitLORCAS NumberCompound

Result Result Result Result Result

EA005P: pH by PC Titrator

6.97 7.30 6.92 7.12 7.10pH Unit0.01----pH Value

EA010P: Conductivity by PC Titrator

28800 24900 31600 21700 23100µS/cm1----Electrical Conductivity @ 25°C

EA015: Total Dissolved Solids dried at 180 ± 5 °C

17200 18200 24700 13300 13700mg/L10----Total Dissolved Solids @180°C

ED037P: Alkalinity by PC Titrator

<1Hydroxide Alkalinity as CaCO3 <1 <1 <1 <1mg/L1DMO-210-001
<1Carbonate Alkalinity as CaCO3 <1 <1 <1 <1mg/L13812-32-6
256Bicarbonate Alkalinity as CaCO3 675 224 815 637mg/L171-52-3
256 675 224 815 637mg/L1----Total Alkalinity as CaCO3

ED041G: Sulfate (Turbidimetric) as SO4 2- by DA

1320Sulfate as SO4 - Turbidimetric 1050 816 341 53mg/L114808-79-8

ED045G: Chloride by Discrete Analyser

10400Chloride 8600 11500 7490 8290mg/L116887-00-6

ED093F: Dissolved Major Cations

112Calcium 254 103 429 486mg/L17440-70-2
1170Magnesium 912 1340 388 411mg/L17439-95-4
5070Sodium 4300 5570 4020 4110mg/L17440-23-5
10Potassium 15 3 55 71mg/L17440-09-7

EG020F: Dissolved Metals by ICP-MS

<0.01Aluminium <0.01 <0.01 <0.01 <0.01mg/L0.017429-90-5
<0.001Arsenic 0.001 <0.001 0.044 0.005mg/L0.0017440-38-2
<0.001Chromium <0.001 <0.001 <0.001 <0.001mg/L0.0017440-47-3
0.008Copper 0.002 0.082 <0.001 <0.001mg/L0.0017440-50-8

<0.001Lead <0.001 <0.001 <0.001 <0.001mg/L0.0017439-92-1
4.02Manganese 0.436 0.662 0.742 0.541mg/L0.0017439-96-5

0.002Molybdenum <0.001 <0.001 0.001 0.002mg/L0.0017439-98-7
0.106Nickel 0.004 0.024 0.003 0.002mg/L0.0017440-02-0
<0.01Selenium <0.01 <0.01 <0.01 <0.01mg/L0.017782-49-2

<0.001Silver <0.001 <0.001 <0.001 <0.001mg/L0.0017440-22-4
0.141Zinc 0.015 0.027 <0.005 <0.005mg/L0.0057440-66-6
<0.05Boron 0.06 <0.05 0.19 0.15mg/L0.057440-42-8
<0.05Iron <0.05 <0.05 0.08 0.66mg/L0.057439-89-6

EG020T: Total Metals by ICP-MS
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Analytical Results

BC3BC2bBC2aMW4BC1Client sample IDSub-Matrix: WATER

 (Matrix: WATER)

25-Sep-2018 00:0025-Sep-2018 00:0025-Sep-2018 00:0025-Sep-2018 00:0025-Sep-2018 00:00Client sampling date / time

ES1828368-005ES1828368-004ES1828368-003ES1828368-002ES1828368-001UnitLORCAS NumberCompound

Result Result Result Result Result

EG020T: Total Metals by ICP-MS - Continued

25.3Aluminium 0.18 12.8 0.42 1.93mg/L0.017429-90-5
0.024Arsenic 0.002 0.008 0.069 0.006mg/L0.0017440-38-2
0.056Chromium 0.002 0.027 0.002 0.003mg/L0.0017440-47-3
0.189Copper 0.005 0.236 0.328 0.012mg/L0.0017440-50-8
0.061Lead 0.006 0.016 0.001 0.004mg/L0.0017439-92-1
7.36Manganese 1.03 1.03 0.823 0.723mg/L0.0017439-96-5

0.003Molybdenum <0.001 <0.001 0.002 0.003mg/L0.0017439-98-7
0.186Nickel 0.009 0.050 0.008 0.007mg/L0.0017440-02-0
0.02Selenium <0.01 <0.01 <0.01 <0.01mg/L0.017782-49-2

0.004Silver 0.002 0.002 0.002 <0.001mg/L0.0017440-22-4
0.488Zinc 0.031 0.108 0.012 0.030mg/L0.0057440-66-6
<0.05Boron 0.06 <0.05 0.20 0.15mg/L0.057440-42-8
109Iron 1.39 21.2 2.44 8.32mg/L0.057439-89-6

EK055G: Ammonia as N by Discrete Analyser

0.50Ammonia as N ---- 0.20 ---- ----mg/L0.017664-41-7

EK057G:  Nitrite as N by Discrete Analyser

0.05Nitrite as N ---- <0.01 ---- ----mg/L0.0114797-65-0

EK058G:  Nitrate as N by Discrete Analyser

0.05Nitrate as N ---- <0.01 ---- ----mg/L0.0114797-55-8

EK059G:  Nitrite plus Nitrate as N (NOx)  by Discrete Analyser

0.10 ---- <0.01 ---- ----mg/L0.01----Nitrite + Nitrate as N

EK061G: Total Kjeldahl Nitrogen By Discrete Analyser

5.2 ---- 1.4 ---- ----mg/L0.1----Total Kjeldahl Nitrogen as N

EK062G: Total Nitrogen as N (TKN + NOx) by Discrete Analyser

5.3^ ---- 1.4 ---- ----mg/L0.1----Total Nitrogen as N

EN055: Ionic Balance

326 278 346 235 248meq/L0.01----Total Anions

323 275 358 230 239meq/L0.01----Total Cations

0.51 0.50 1.69 1.09 1.85%0.01----Ionic Balance
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Analytical Results

----MW1BC5bBC4bBC4aClient sample IDSub-Matrix: WATER

 (Matrix: WATER)

----25-Sep-2018 00:0025-Sep-2018 00:0025-Sep-2018 00:0025-Sep-2018 00:00Client sampling date / time

--------ES1828368-009ES1828368-008ES1828368-007ES1828368-006UnitLORCAS NumberCompound

Result Result Result Result ----

EA005P: pH by PC Titrator

7.68 7.05 7.14 7.12 ----pH Unit0.01----pH Value

EA010P: Conductivity by PC Titrator

20000 20700 21100 10200 ----µS/cm1----Electrical Conductivity @ 25°C

EA015: Total Dissolved Solids dried at 180 ± 5 °C

13800 13000 14200 5130 ----mg/L10----Total Dissolved Solids @180°C

ED037P: Alkalinity by PC Titrator

<1Hydroxide Alkalinity as CaCO3 <1 <1 <1 ----mg/L1DMO-210-001
<1Carbonate Alkalinity as CaCO3 <1 <1 <1 ----mg/L13812-32-6
526Bicarbonate Alkalinity as CaCO3 799 646 469 ----mg/L171-52-3
526 799 646 469 ----mg/L1----Total Alkalinity as CaCO3

ED041G: Sulfate (Turbidimetric) as SO4 2- by DA

210Sulfate as SO4 - Turbidimetric <1 <1 398 ----mg/L114808-79-8

ED045G: Chloride by Discrete Analyser

6940Chloride 7290 7540 3120 ----mg/L116887-00-6

ED093F: Dissolved Major Cations

232Calcium 483 671 110 ----mg/L17440-70-2
453Magnesium 311 328 291 ----mg/L17439-95-4
3550Sodium 3770 3670 1600 ----mg/L17440-23-5
11Potassium 65 71 23 ----mg/L17440-09-7

EG020F: Dissolved Metals by ICP-MS

<0.01Aluminium <0.01 <0.01 <0.01 ----mg/L0.017429-90-5
<0.001Arsenic 0.009 0.003 <0.001 ----mg/L0.0017440-38-2
<0.001Chromium <0.001 <0.001 <0.001 ----mg/L0.0017440-47-3
0.001Copper <0.001 0.364 0.017 ----mg/L0.0017440-50-8

<0.001Lead <0.001 <0.001 <0.001 ----mg/L0.0017439-92-1
1.92Manganese 0.200 0.252 0.265 ----mg/L0.0017439-96-5

0.001Molybdenum <0.001 0.002 0.004 ----mg/L0.0017439-98-7
0.061Nickel 0.003 0.082 0.042 ----mg/L0.0017440-02-0
<0.01Selenium <0.01 <0.01 <0.01 ----mg/L0.017782-49-2

<0.001Silver <0.001 <0.001 <0.001 ----mg/L0.0017440-22-4
0.207Zinc 0.030 0.081 0.015 ----mg/L0.0057440-66-6
0.14Boron 0.07 0.06 0.08 ----mg/L0.057440-42-8

<0.05Iron 0.78 <0.05 <0.05 ----mg/L0.057439-89-6

EG020T: Total Metals by ICP-MS
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Analytical Results

----MW1BC5bBC4bBC4aClient sample IDSub-Matrix: WATER

 (Matrix: WATER)

----25-Sep-2018 00:0025-Sep-2018 00:0025-Sep-2018 00:0025-Sep-2018 00:00Client sampling date / time

--------ES1828368-009ES1828368-008ES1828368-007ES1828368-006UnitLORCAS NumberCompound

Result Result Result Result ----

EG020T: Total Metals by ICP-MS - Continued

74.2Aluminium 0.10 0.45 14.5 ----mg/L0.017429-90-5
0.025Arsenic 0.014 0.005 0.008 ----mg/L0.0017440-38-2
0.129Chromium <0.001 0.001 0.018 ----mg/L0.0017440-47-3
0.488Copper <0.001 0.675 0.169 ----mg/L0.0017440-50-8
0.202Lead <0.001 0.001 0.035 ----mg/L0.0017439-92-1
12.3Manganese 0.220 0.300 0.486 ----mg/L0.0017439-96-5

<0.001Molybdenum <0.001 0.002 0.004 ----mg/L0.0017439-98-7
0.296Nickel 0.004 0.096 0.075 ----mg/L0.0017440-02-0
0.02Selenium <0.01 <0.01 <0.01 ----mg/L0.017782-49-2

0.001Silver <0.001 <0.001 <0.001 ----mg/L0.0017440-22-4
0.500Zinc 0.028 0.090 0.143 ----mg/L0.0057440-66-6
0.06Boron 0.06 0.06 0.10 ----mg/L0.057440-42-8
366Iron 2.25 1.38 21.0 ----mg/L0.057439-89-6

EK055G: Ammonia as N by Discrete Analyser

0.68Ammonia as N ---- ---- ---- ----mg/L0.017664-41-7

EK057G:  Nitrite as N by Discrete Analyser

<0.01Nitrite as N ---- ---- ---- ----mg/L0.0114797-65-0

EK058G:  Nitrate as N by Discrete Analyser

<0.01Nitrate as N ---- ---- ---- ----mg/L0.0114797-55-8

EK059G:  Nitrite plus Nitrate as N (NOx)  by Discrete Analyser

<0.01 ---- ---- ---- ----mg/L0.01----Nitrite + Nitrate as N

EK061G: Total Kjeldahl Nitrogen By Discrete Analyser

3.1 ---- ---- ---- ----mg/L0.1----Total Kjeldahl Nitrogen as N

EK062G: Total Nitrogen as N (TKN + NOx) by Discrete Analyser

3.1^ ---- ---- ---- ----mg/L0.1----Total Nitrogen as N

EN055: Ionic Balance

211 222 226 106 ----meq/L0.01----Total Anions

204 215 222 99.6 ----meq/L0.01----Total Cations

1.71 1.43 0.82 2.94 ----%0.01----Ionic Balance
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QUALITY CONTROL REPORT
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:: LaboratoryClient Environmental Division SydneyGROUNDWATER EXPLORATION

:Contact MR ANDREW FULTON :Contact Customer Services ES
:Address 156 ARDEN ST

COOGEE NSW,AUSTRALIA 2034
Address : 277-289 Woodpark Road Smithfield NSW Australia 2164

::Telephone ---- +61-2-8784 8555:Telephone

:Project Badgerys Creek Date Samples Received : 25-Sep-2018
:Order number ---- Date Analysis Commenced : 25-Sep-2018
:C-O-C number ---- Issue Date : 30-Sep-2018

Sampler : A Fulton
Site : ----
Quote number : BLANKET QUOTE
No. of samples received 9:
No. of samples analysed 9:

This report supersedes any previous report(s) with this reference. Results apply to the sample(s) as submitted. This document shall not be reproduced, except in full.
This Quality Control Report contains the following information:

l Laboratory Duplicate (DUP) Report; Relative Percentage Difference (RPD) and Acceptance Limits
l Method Blank (MB) and Laboratory Control Spike (LCS) Report ; Recovery and Acceptance Limits
l Matrix Spike (MS) Report; Recovery and Acceptance Limits

Signatories
This document has been electronically signed by the authorized signatories below. Electronic signing is carried out in compliance with procedures specified in 21 CFR Part 11.
Signatories Accreditation CategoryPosition

Ankit Joshi Inorganic Chemist Sydney Inorganics, Smithfield, NSW
Ivan Taylor Analyst Sydney Inorganics, Smithfield, NSW

R I G H T   S O L U T I O N S   |   R I G H T   P A R T N E R
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General Comments

The analytical procedures used by the Environmental Division have been developed from established internationally recognized procedures such as those published by the USEPA, APHA, AS and NEPM. In house 
developed procedures are employed in the absence of documented standards or by client request.

Where moisture determination has been performed, results are reported on a dry weight basis.

Where a reported less than (<) result is higher than the LOR, this may be due to primary sample extract/digestate dilution and/or insufficient sample for analysis. Where the LOR of a reported result differs from standard LOR, this may be due to high moisture content, insufficient sample (reduced weight employed) or matrix interference.

Anonymous = Refers to samples which are not specifically part of this work order but formed part of the QC process lot
CAS Number = CAS registry number from database maintained by Chemical Abstracts Services. The Chemical Abstracts Service is a division of the American Chemical Society. 
LOR = Limit of reporting 
RPD = Relative Percentage Difference
#  = Indicates failed QC

Key :

Laboratory Duplicate (DUP) Report

The quality control term Laboratory Duplicate refers to a randomly selected intralaboratory split. Laboratory duplicates provide information regarding method precision and sample heterogeneity. The permitted ranges 
for the Relative Percent Deviation (RPD) of Laboratory Duplicates are specified in ALS Method QWI -EN/38 and are dependent on the magnitude of results in comparison to the level of reporting: Result < 10 times LOR: 
No Limit; Result between 10 and 20 times LOR: 0% - 50%; Result > 20 times LOR: 0% - 20%.

Sub-Matrix: WATER Laboratory Duplicate (DUP) Report

Original Result RPD (%)Laboratory sample ID Client sample ID Method: Compound CAS Number LOR Unit Duplicate Result Recovery Limits (%)

EA005P: pH by PC Titrator  (QC Lot: 1949764)

EA005-P: pH Value ---- 0.01 pH Unit 9.17 9.17 0.00 0% - 20%Anonymous ES1828355-004

EA005-P: pH Value ---- 0.01 pH Unit 6.97 6.95 0.287 0% - 20%BC1 ES1828368-001

EA010P: Conductivity by PC Titrator  (QC Lot: 1949763)

EA010-P: Electrical Conductivity @ 25°C ---- 1 µS/cm 3360 3380 0.295 0% - 20%Anonymous ES1828355-004

EA010-P: Electrical Conductivity @ 25°C ---- 1 µS/cm 28800 28900 0.376 0% - 20%BC1 ES1828368-001

EA015: Total Dissolved Solids dried at 180 ± 5 °C  (QC Lot: 1953268)

EA015H: Total Dissolved Solids @180°C ---- 10 mg/L 7300 6690 8.65 0% - 20%Anonymous ES1828347-030

EA015H: Total Dissolved Solids @180°C ---- 10 mg/L 13700 15600 12.9 0% - 20%BC3 ES1828368-005

ED037P: Alkalinity by PC Titrator  (QC Lot: 1949765)

ED037-P: Hydroxide Alkalinity as CaCO3 DMO-210-001 1 mg/L <1 <1 0.00 No LimitBC4b ES1828368-007

ED037-P: Carbonate Alkalinity as CaCO3 3812-32-6 1 mg/L <1 <1 0.00 No Limit

ED037-P: Bicarbonate Alkalinity as CaCO3 71-52-3 1 mg/L 799 843 5.35 0% - 20%

ED037-P: Total Alkalinity as CaCO3 ---- 1 mg/L 799 843 5.35 0% - 20%

ED037-P: Hydroxide Alkalinity as CaCO3 DMO-210-001 1 mg/L <1 <1 0.00 No LimitBC1 ES1828368-001

ED037-P: Carbonate Alkalinity as CaCO3 3812-32-6 1 mg/L <1 <1 0.00 No Limit

ED037-P: Bicarbonate Alkalinity as CaCO3 71-52-3 1 mg/L 256 261 2.11 0% - 20%

ED037-P: Total Alkalinity as CaCO3 ---- 1 mg/L 256 261 2.11 0% - 20%

ED041G: Sulfate (Turbidimetric) as SO4 2- by DA  (QC Lot: 1951832)

ED041G: Sulfate as SO4 - Turbidimetric 14808-79-8 1 mg/L 192 190 0.596 0% - 20%Anonymous ES1828416-003

ED041G: Sulfate as SO4 - Turbidimetric 14808-79-8 1 mg/L 27 27 0.00 0% - 20%Anonymous ES1828418-002

ED041G: Sulfate (Turbidimetric) as SO4 2- by DA  (QC Lot: 1952662)

ED041G: Sulfate as SO4 - Turbidimetric 14808-79-8 1 mg/L 3350 3380 0.865 0% - 20%Anonymous ES1827997-001

ED041G: Sulfate as SO4 - Turbidimetric 14808-79-8 1 mg/L 398 400 0.355 0% - 20%MW1 ES1828368-009

ED045G: Chloride by Discrete Analyser  (QC Lot: 1951831)
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Sub-Matrix: WATER Laboratory Duplicate (DUP) Report

Original Result RPD (%)Laboratory sample ID Client sample ID Method: Compound CAS Number LOR Unit Duplicate Result Recovery Limits (%)

ED045G: Chloride by Discrete Analyser  (QC Lot: 1951831)  - continued

ED045G: Chloride 16887-00-6 1 mg/L 57 57 0.00 0% - 20%Anonymous ES1828416-003

ED045G: Chloride 16887-00-6 1 mg/L 42 42 0.00 0% - 20%Anonymous ES1828418-002

ED045G: Chloride by Discrete Analyser  (QC Lot: 1952663)

ED045G: Chloride 16887-00-6 1 mg/L 3120 3060 1.99 0% - 20%MW1 ES1828368-009

ED045G: Chloride 16887-00-6 1 mg/L 8 8 0.00 No LimitAnonymous ES1828296-001

ED093F: Dissolved Major Cations  (QC Lot: 1950630)

ED093F: Calcium 7440-70-2 1 mg/L 112 114 1.54 0% - 20%BC1 ES1828368-001

ED093F: Magnesium 7439-95-4 1 mg/L 1170 1180 0.546 0% - 20%

ED093F: Sodium 7440-23-5 1 mg/L 5070 5120 0.991 0% - 20%

ED093F: Potassium 7440-09-7 1 mg/L 10 10 0.00 0% - 50%

ED093F: Calcium 7440-70-2 1 mg/L 52 53 0.00 0% - 20%Anonymous ES1828414-001

ED093F: Magnesium 7439-95-4 1 mg/L 58 58 0.00 0% - 20%

ED093F: Sodium 7440-23-5 1 mg/L 40 41 0.00 0% - 20%

ED093F: Potassium 7440-09-7 1 mg/L 2 2 0.00 No Limit

EG020F: Dissolved Metals by ICP-MS  (QC Lot: 1950631)

EG020A-F: Arsenic 7440-38-2 0.001 mg/L <0.001 <0.001 0.00 No LimitBC1 ES1828368-001

EG020A-F: Chromium 7440-47-3 0.001 mg/L <0.001 <0.001 0.00 No Limit

EG020A-F: Copper 7440-50-8 0.001 mg/L 0.008 0.008 0.00 No Limit

EG020A-F: Lead 7439-92-1 0.001 mg/L <0.001 <0.001 0.00 No Limit

EG020A-F: Manganese 7439-96-5 0.001 mg/L 4.02 4.01 0.284 0% - 20%

EG020A-F: Molybdenum 7439-98-7 0.001 mg/L 0.002 0.002 0.00 No Limit

EG020A-F: Nickel 7440-02-0 0.001 mg/L 0.106 0.110 3.43 0% - 20%

EG020A-F: Zinc 7440-66-6 0.005 mg/L 0.141 0.148 5.36 0% - 20%

EG020A-F: Aluminium 7429-90-5 0.01 mg/L <0.01 <0.01 0.00 No Limit

EG020A-F: Selenium 7782-49-2 0.01 mg/L <0.01 <0.01 0.00 No Limit

EG020A-F: Boron 7440-42-8 0.05 mg/L <0.05 <0.05 0.00 No Limit

EG020A-F: Iron 7439-89-6 0.05 mg/L <0.05 <0.05 0.00 No Limit

EG020A-F: Arsenic 7440-38-2 0.001 mg/L <0.001 <0.001 0.00 No LimitAnonymous ES1828414-001

EG020A-F: Chromium 7440-47-3 0.001 mg/L <0.001 <0.001 0.00 No Limit

EG020A-F: Copper 7440-50-8 0.001 mg/L <0.001 <0.001 0.00 No Limit

EG020A-F: Lead 7439-92-1 0.001 mg/L <0.001 <0.001 0.00 No Limit

EG020A-F: Manganese 7439-96-5 0.001 mg/L 8.64 8.80 1.89 0% - 20%

EG020A-F: Molybdenum 7439-98-7 0.001 mg/L <0.001 <0.001 0.00 No Limit

EG020A-F: Nickel 7440-02-0 0.001 mg/L 0.270 0.270 0.00 0% - 20%

EG020A-F: Zinc 7440-66-6 0.005 mg/L 0.342 0.342 0.00 0% - 20%

EG020A-F: Aluminium 7429-90-5 0.01 mg/L 0.03 0.03 0.00 No Limit

EG020A-F: Selenium 7782-49-2 0.01 mg/L <0.01 <0.01 0.00 No Limit

EG020A-F: Boron 7440-42-8 0.05 mg/L <0.05 <0.05 0.00 No Limit

EG020A-F: Iron 7439-89-6 0.05 mg/L 19.3 19.6 1.47 0% - 20%
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Sub-Matrix: WATER Laboratory Duplicate (DUP) Report

Original Result RPD (%)Laboratory sample ID Client sample ID Method: Compound CAS Number LOR Unit Duplicate Result Recovery Limits (%)

EG020F: Dissolved Metals by ICP-MS  (QC Lot: 1950632)

EG020B-F: Silver 7440-22-4 0.001 mg/L <0.001 0.001 0.00 No LimitBC1 ES1828368-001

EG020T: Total Metals by ICP-MS  (QC Lot: 1950626)

EG020A-T: Arsenic 7440-38-2 0.001 mg/L <0.001 <0.001 0.00 No LimitAnonymous ES1828374-002

EG020A-T: Chromium 7440-47-3 0.001 mg/L <0.001 <0.001 0.00 No Limit

EG020A-T: Copper 7440-50-8 0.001 mg/L <0.001 0.001 0.00 No Limit

EG020A-T: Lead 7439-92-1 0.001 mg/L <0.001 <0.001 0.00 No Limit

EG020A-T: Manganese 7439-96-5 0.001 mg/L <0.001 <0.001 0.00 No Limit

EG020A-T: Molybdenum 7439-98-7 0.001 mg/L <0.001 <0.001 0.00 No Limit

EG020A-T: Nickel 7440-02-0 0.001 mg/L 0.002 0.002 0.00 No Limit

EG020A-T: Zinc 7440-66-6 0.005 mg/L <0.005 <0.005 0.00 No Limit

EG020A-T: Aluminium 7429-90-5 0.01 mg/L <0.01 <0.01 0.00 No Limit

EG020A-T: Selenium 7782-49-2 0.01 mg/L <0.01 <0.01 0.00 No Limit

EG020A-T: Boron 7440-42-8 0.05 mg/L <0.05 <0.05 0.00 No Limit

EG020A-T: Iron 7439-89-6 0.05 mg/L 0.06 0.04 44.1 No Limit

EG020A-T: Arsenic 7440-38-2 0.001 mg/L 0.024 0.024 0.00 0% - 20%BC1 ES1828368-001

EG020A-T: Chromium 7440-47-3 0.001 mg/L 0.056 0.066 17.7 0% - 20%

EG020A-T: Copper 7440-50-8 0.001 mg/L 0.189 0.188 0.00 0% - 20%

EG020A-T: Lead 7439-92-1 0.001 mg/L 0.061 0.060 0.00 0% - 20%

EG020A-T: Manganese 7439-96-5 0.001 mg/L 7.36 7.38 0.269 0% - 20%

EG020A-T: Molybdenum 7439-98-7 0.001 mg/L 0.003 0.003 0.00 No Limit

EG020A-T: Nickel 7440-02-0 0.001 mg/L 0.186 0.189 1.57 0% - 20%

EG020A-T: Zinc 7440-66-6 0.005 mg/L 0.488 0.493 1.05 0% - 20%

EG020A-T: Aluminium 7429-90-5 0.01 mg/L 25.3 26.5 4.61 0% - 20%

EG020A-T: Selenium 7782-49-2 0.01 mg/L 0.02 0.01 0.00 No Limit

EG020A-T: Boron 7440-42-8 0.05 mg/L <0.05 <0.05 0.00 No Limit

EG020A-T: Iron 7439-89-6 0.05 mg/L 109 112 2.12 0% - 20%

EG020T: Total Metals by ICP-MS  (QC Lot: 1950627)

EG020B-T: Silver 7440-22-4 0.001 mg/L 0.004 0.003 29.4 No LimitBC1 ES1828368-001

EK055G: Ammonia as N by Discrete Analyser  (QC Lot: 1951675)

EK055G: Ammonia as N 7664-41-7 0.01 mg/L 0.10 0.10 0.00 No LimitAnonymous ES1828245-001

EK055G: Ammonia as N 7664-41-7 0.01 mg/L <0.01 <0.01 0.00 No LimitAnonymous ES1828359-004

EK057G:  Nitrite as N by Discrete Analyser  (QC Lot: 1951830)

EK057G: Nitrite as N 14797-65-0 0.01 mg/L <0.01 <0.01 0.00 No LimitAnonymous ES1828416-003

EK057G: Nitrite as N 14797-65-0 0.01 mg/L <0.01 <0.01 0.00 No LimitAnonymous ES1828418-002

EK059G:  Nitrite plus Nitrate as N (NOx)  by Discrete Analyser  (QC Lot: 1951674)

EK059G: Nitrite + Nitrate as N ---- 0.01 mg/L <0.01 <0.01 0.00 No LimitAnonymous ES1828245-001

EK059G: Nitrite + Nitrate as N ---- 0.01 mg/L <0.01 <0.01 0.00 No LimitAnonymous ES1828359-004

EK061G: Total Kjeldahl Nitrogen By Discrete Analyser  (QC Lot: 1951678)

EK061G: Total Kjeldahl Nitrogen as N ---- 0.1 mg/L <0.1 <0.1 0.00 No LimitAnonymous ES1828320-002
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EK061G: Total Kjeldahl Nitrogen By Discrete Analyser  (QC Lot: 1951678)  - continued

EK061G: Total Kjeldahl Nitrogen as N ---- 0.1 mg/L 0.5 0.2 85.7 No LimitAnonymous ES1828245-001

EK061G: Total Kjeldahl Nitrogen By Discrete Analyser  (QC Lot: 1951680)

EK061G: Total Kjeldahl Nitrogen as N ---- 0.1 mg/L 3.1 3.2 0.00 No LimitBC4a ES1828368-006
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Method Blank (MB) and Laboratory Control Spike (LCS) Report

The quality control term Method / Laboratory Blank refers to an analyte free matrix to which all reagents are added in the same volumes or proportions as used in standard sample preparation. The purpose of this QC 
parameter is to monitor potential laboratory contamination. The quality control term Laboratory Control Spike (LCS) refers to a certified reference material, or a known interference free matrix spiked with target 
analytes. The purpose of this QC parameter is to monitor method precision and accuracy independent of sample matrix. Dynamic Recovery Limits are based on statistical evaluation of processed LCS.

Sub-Matrix: WATER Method Blank (MB) 

Report

Laboratory Control Spike (LCS) Report

Spike Spike Recovery (%) Recovery Limits (%)

Result Concentration HighLowLCSMethod: Compound CAS Number LOR Unit

EA010P: Conductivity by PC Titrator  (QCLot: 1949763)

EA010-P: Electrical Conductivity @ 25°C ---- 1 µS/cm <1 1002000 µS/cm 11395

EA015: Total Dissolved Solids dried at 180 ± 5 °C  (QCLot: 1953268)

EA015H: Total Dissolved Solids @180°C ---- 10 mg/L <10 89.82000 mg/L 10987
<10 114293 mg/L 12666

ED037P: Alkalinity by PC Titrator  (QCLot: 1949765)

ED037-P: Total Alkalinity as CaCO3 ---- ---- mg/L ---- 92.3200 mg/L 11181
---- 90.750 mg/L 13070

ED041G: Sulfate (Turbidimetric) as SO4 2- by DA  (QCLot: 1951832)

ED041G: Sulfate as SO4 - Turbidimetric 14808-79-8 1 mg/L <1 95.725 mg/L 12282

ED041G: Sulfate (Turbidimetric) as SO4 2- by DA  (QCLot: 1952662)

ED041G: Sulfate as SO4 - Turbidimetric 14808-79-8 1 mg/L <1 98.225 mg/L 12282

ED045G: Chloride by Discrete Analyser  (QCLot: 1951831)

ED045G: Chloride 16887-00-6 1 mg/L <1 12010 mg/L 12781
<1 1001000 mg/L 12781

ED045G: Chloride by Discrete Analyser  (QCLot: 1952663)

ED045G: Chloride 16887-00-6 1 mg/L <1 10810 mg/L 12781
<1 99.91000 mg/L 12781

ED093F: Dissolved Major Cations  (QCLot: 1950630)

ED093F: Calcium 7440-70-2 1 mg/L <1 91.950 mg/L 11480

ED093F: Magnesium 7439-95-4 1 mg/L <1 96.250 mg/L 11690

ED093F: Sodium 7440-23-5 1 mg/L <1 94.550 mg/L 12082

ED093F: Potassium 7440-09-7 1 mg/L <1 95.250 mg/L 11385

EG020F: Dissolved Metals by ICP-MS  (QCLot: 1950631)

EG020A-F: Aluminium 7429-90-5 0.01 mg/L <0.01 95.90.5 mg/L 11680

EG020A-F: Arsenic 7440-38-2 0.001 mg/L <0.001 91.60.1 mg/L 11485

EG020A-F: Chromium 7440-47-3 0.001 mg/L <0.001 92.30.1 mg/L 11185

EG020A-F: Copper 7440-50-8 0.001 mg/L <0.001 90.50.1 mg/L 11181

EG020A-F: Lead 7439-92-1 0.001 mg/L <0.001 90.10.1 mg/L 11183

EG020A-F: Manganese 7439-96-5 0.001 mg/L <0.001 93.10.1 mg/L 11082

EG020A-F: Molybdenum 7439-98-7 0.001 mg/L <0.001 95.70.1 mg/L 11379

EG020A-F: Nickel 7440-02-0 0.001 mg/L <0.001 91.40.1 mg/L 11282

EG020A-F: Selenium 7782-49-2 0.01 mg/L <0.01 90.10.1 mg/L 11585

EG020A-F: Zinc 7440-66-6 0.005 mg/L <0.005 94.00.1 mg/L 11781



7 of 9:Page
Work Order :

:Client
ES1828368
GROUNDWATER EXPLORATION
Badgerys Creek:Project

Sub-Matrix: WATER Method Blank (MB) 

Report

Laboratory Control Spike (LCS) Report

Spike Spike Recovery (%) Recovery Limits (%)

Result Concentration HighLowLCSMethod: Compound CAS Number LOR Unit

EG020F: Dissolved Metals by ICP-MS  (QCLot: 1950631)  - continued

EG020A-F: Boron 7440-42-8 0.05 mg/L <0.05 95.40.5 mg/L 11585

EG020A-F: Iron 7439-89-6 0.05 mg/L <0.05 91.80.5 mg/L 11282

EG020F: Dissolved Metals by ICP-MS  (QCLot: 1950632)

EG020B-F: Silver 7440-22-4 0.001 mg/L <0.001 -------- --------

EG020T: Total Metals by ICP-MS  (QCLot: 1950626)

EG020A-T: Aluminium 7429-90-5 0.01 mg/L <0.01 1040.5 mg/L 12082

EG020A-T: Arsenic 7440-38-2 0.001 mg/L <0.001 1010.1 mg/L 11482

EG020A-T: Chromium 7440-47-3 0.001 mg/L <0.001 99.60.1 mg/L 11686

EG020A-T: Copper 7440-50-8 0.001 mg/L <0.001 1020.1 mg/L 11883

EG020A-T: Lead 7439-92-1 0.001 mg/L <0.001 94.80.1 mg/L 11585

EG020A-T: Manganese 7439-96-5 0.001 mg/L <0.001 97.90.1 mg/L 11385

EG020A-T: Molybdenum 7439-98-7 0.001 mg/L <0.001 1080.1 mg/L 12183

EG020A-T: Nickel 7440-02-0 0.001 mg/L <0.001 98.10.1 mg/L 11684

EG020A-T: Selenium 7782-49-2 0.01 mg/L <0.01 99.40.1 mg/L 12668

EG020A-T: Zinc 7440-66-6 0.005 mg/L <0.005 1020.1 mg/L 11779

EG020A-T: Boron 7440-42-8 0.05 mg/L <0.05 1050.5 mg/L 12975

EG020A-T: Iron 7439-89-6 0.05 mg/L <0.05 99.50.5 mg/L 11785

EG020T: Total Metals by ICP-MS  (QCLot: 1950627)

EG020B-T: Silver 7440-22-4 0.001 mg/L <0.001 -------- --------

EK055G: Ammonia as N by Discrete Analyser  (QCLot: 1951675)

EK055G: Ammonia as N 7664-41-7 0.01 mg/L <0.01 1011 mg/L 11490

EK057G:  Nitrite as N by Discrete Analyser  (QCLot: 1951830)

EK057G: Nitrite as N 14797-65-0 0.01 mg/L <0.01 1050.5 mg/L 11482

EK059G:  Nitrite plus Nitrate as N (NOx)  by Discrete Analyser  (QCLot: 1951674)

EK059G: Nitrite + Nitrate as N ---- 0.01 mg/L <0.01 1010.5 mg/L 11391

EK061G: Total Kjeldahl Nitrogen By Discrete Analyser  (QCLot: 1951678)

EK061G: Total Kjeldahl Nitrogen as N ---- 0.1 mg/L <0.1 83.810 mg/L 10169
<0.1 81.11 mg/L 11870
<0.1 90.95 mg/L 11874

EK061G: Total Kjeldahl Nitrogen By Discrete Analyser  (QCLot: 1951680)

EK061G: Total Kjeldahl Nitrogen as N ---- 0.1 mg/L <0.1 86.710 mg/L 10169
<0.1 91.71 mg/L 11870
<0.1 90.15 mg/L 11874

Matrix Spike (MS) Report
The quality control term Matrix Spike (MS) refers to an intralaboratory split sample spiked with a representative set of target analytes. The purpose of this QC parameter is to monitor potential matrix effects on 
analyte recoveries. Static Recovery Limits as per laboratory Data Quality Objectives (DQOs). Ideal recovery ranges stated may be waived in the event of sample matrix interference.
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Sub-Matrix: WATER Matrix Spike (MS) Report

SpikeRecovery(%) Recovery Limits (%)Spike 

HighLowMSConcentrationLaboratory sample ID Client sample ID Method: Compound CAS Number

ED041G: Sulfate (Turbidimetric) as SO4 2- by DA  (QCLot: 1951832)

BC1 ES1828368-001 14808-79-8ED041G: Sulfate as SO4 - Turbidimetric # Not 
Determined

10 mg/L 13070

ED041G: Sulfate (Turbidimetric) as SO4 2- by DA  (QCLot: 1952662)

Anonymous ES1827997-001 14808-79-8ED041G: Sulfate as SO4 - Turbidimetric # Not 
Determined

10 mg/L 13070

ED045G: Chloride by Discrete Analyser  (QCLot: 1951831)

BC1 ES1828368-001 16887-00-6ED045G: Chloride # Not 
Determined

250 mg/L 13070

ED045G: Chloride by Discrete Analyser  (QCLot: 1952663)

Anonymous ES1828296-001 16887-00-6ED045G: Chloride 113250 mg/L 13070

EG020F: Dissolved Metals by ICP-MS  (QCLot: 1950631)

MW4 ES1828368-002 7440-38-2EG020A-F: Arsenic 81.71 mg/L 13070
7440-47-3EG020A-F: Chromium 89.90.75 mg/L 13070
7440-50-8EG020A-F: Copper 70.41 mg/L 13070
7439-92-1EG020A-F: Lead 1020.75 mg/L 13070
7439-96-5EG020A-F: Manganese 83.91 mg/L 13070
7440-02-0EG020A-F: Nickel 92.61 mg/L 13070
7440-66-6EG020A-F: Zinc 87.21 mg/L 13070

EG020T: Total Metals by ICP-MS  (QCLot: 1950626)

MW4 ES1828368-002 7440-38-2EG020A-T: Arsenic 1061 mg/L 13070
7440-47-3EG020A-T: Chromium 92.81 mg/L 13070
7440-50-8EG020A-T: Copper 97.11 mg/L 13070
7439-92-1EG020A-T: Lead 89.91 mg/L 13070
7439-96-5EG020A-T: Manganese 72.01 mg/L 13070
7440-02-0EG020A-T: Nickel 98.21 mg/L 13070
7440-66-6EG020A-T: Zinc 96.71 mg/L 13070

EK055G: Ammonia as N by Discrete Analyser  (QCLot: 1951675)

Anonymous ES1828245-001 7664-41-7EK055G: Ammonia as N 93.41 mg/L 13070

EK057G:  Nitrite as N by Discrete Analyser  (QCLot: 1951830)

BC1 ES1828368-001 14797-65-0EK057G: Nitrite as N 1000.5 mg/L 13070

EK059G:  Nitrite plus Nitrate as N (NOx)  by Discrete Analyser  (QCLot: 1951674)

Anonymous ES1828245-001 ----EK059G: Nitrite + Nitrate as N 96.60.5 mg/L 13070

EK061G: Total Kjeldahl Nitrogen By Discrete Analyser  (QCLot: 1951678)

Anonymous ES1828245-002 ----EK061G: Total Kjeldahl Nitrogen as N 90.05 mg/L 13070

EK061G: Total Kjeldahl Nitrogen By Discrete Analyser  (QCLot: 1951680)

Anonymous EW1803869-001 ----EK061G: Total Kjeldahl Nitrogen as N 85.25 mg/L 13070



9 of 9:Page
Work Order :

:Client
ES1828368
GROUNDWATER EXPLORATION
Badgerys Creek:Project



True

Environmental

QA/QC Compliance Assessment to assist with Quality Review
Work Order : ES1828368 Page : 1 of 8

:: LaboratoryClient Environmental Division SydneyGROUNDWATER EXPLORATION

:Contact MR ANDREW FULTON Telephone : +61-2-8784 8555
:Project Badgerys Creek Date Samples Received : 25-Sep-2018

Site : ---- Issue Date : 30-Sep-2018
A Fulton:Sampler No. of samples received : 9

:Order number ---- No. of samples analysed : 9

This report is automatically generated by the ALS LIMS through interpretation of the ALS Quality Control Report and several Quality Assurance parameters measured by ALS. This automated 

reporting highlights any non-conformances, facilitates faster and more accurate data validation and is designed to assist internal expert and external Auditor review. Many components of this 

report contribute to the overall DQO assessment and reporting for guideline compliance. 

 

Brief method summaries and references are also provided to assist in traceability.

Summary of Outliers

Outliers : Quality Control Samples

This report highlights outliers flagged in the Quality Control (QC) Report.

l NO Method Blank value outliers occur.

l NO Duplicate outliers occur.

l NO Laboratory Control outliers occur.

l Matrix Spike outliers exist - please see following pages for full details.

l For all regular sample matrices, NO  surrogate recovery outliers occur.

Outliers : Analysis Holding Time Compliance

l NO Analysis Holding Time Outliers exist.

Outliers : Frequency of Quality Control Samples

l Quality Control Sample Frequency Outliers exist - please see following pages for full details.

R I G H T   S O L U T I O N S   |   R I G H T   P A R T N E R
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Outliers : Quality Control Samples

Duplicates, Method Blanks, Laboratory Control Samples and Matrix Spikes

Matrix: WATER

Compound Group Name CommentLimitsDataAnalyteClient Sample IDLaboratory Sample ID CAS Number

Matrix Spike (MS) Recoveries 

ES1827997--001 14808-79-8Sulfate as SO4 - 

Turbidimetric

Anonymous MS recovery not determined, 

background level greater than or 

equal to 4x spike level.

----Not 
Determined

ED041G: Sulfate (Turbidimetric) as SO4 2- by DA

ES1828368--001 14808-79-8Sulfate as SO4 - 

Turbidimetric

BC1 MS recovery not determined, 

background level greater than or 

equal to 4x spike level.

----Not 
Determined

ED041G: Sulfate (Turbidimetric) as SO4 2- by DA

ES1828368--001 16887-00-6ChlorideBC1 MS recovery not determined, 

background level greater than or 

equal to 4x spike level.

----Not 
Determined

ED045G: Chloride by Discrete Analyser

Outliers : Frequency of Quality Control Samples

Matrix: WATER

Quality Control SpecificationQuality Control Sample Type
Method ExpectedQC Regular Actual

Rate (%)Quality Control Sample Type Count

Laboratory Control Samples (LCS)
NEPM 2013 B3 & ALS QC StandardDissolved Metals by ICP-MS - Suite B  0.00  5.000 9
NEPM 2013 B3 & ALS QC StandardTotal Metals by ICP-MS - Suite B  0.00  5.000 9

Analysis Holding Time Compliance

Holding times for VOC in soils vary according to analytes of interest.  Vinyl Chloride and Styrene holding time is 7 days; others 14 days.  A recorded breach does not guarantee a breach for all VOC analytes and 
should be verified in case the reported breach is a false positive or Vinyl Chloride and Styrene are not key analytes of interest/concern.

Holding time for leachate methods (e.g. TCLP) vary according to the analytes reported.  Assessment compares the leach date with the shortest analyte holding time for the equivalent soil method. These are: organics 
14 days, mercury 28 days & other metals 180 days.  A recorded breach does not guarantee a breach for all non-volatile parameters.

If samples are identified below as having been analysed or extracted outside of recommended holding times, this should be taken into consideration when interpreting results.
This report summarizes extraction / preparation and analysis times and compares each with ALS recommended holding times (referencing USEPA SW 846, APHA, AS and NEPM) based on the sample container 
provided.  Dates reported represent first date of extraction or analysis and preclude subsequent dilutions and reruns. A listing of breaches (if any) is provided herein.

Matrix: WATER Evaluation: û = Holding time breach ; ü = Within holding time. 
AnalysisExtraction / PreparationSample DateMethod

EvaluationDue for analysisDate analysedEvaluationDue for extractionDate extractedContainer / Client Sample ID(s)

EA005P: pH by PC Titrator

Clear Plastic Bottle - Natural (EA005-P)

BC1, MW4,
BC2a, BC2b,
BC3, BC4a,
BC4b, BC5b,
MW1

25-Sep-2018---- 25-Sep-2018----25-Sep-2018 ---- ü
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Matrix: WATER Evaluation: û = Holding time breach ; ü = Within holding time. 
AnalysisExtraction / PreparationSample DateMethod

EvaluationDue for analysisDate analysedEvaluationDue for extractionDate extractedContainer / Client Sample ID(s)

EA010P: Conductivity by PC Titrator

Clear Plastic Bottle - Natural (EA010-P)

BC1, MW4,
BC2a, BC2b,
BC3, BC4a,
BC4b, BC5b,
MW1

23-Oct-2018---- 25-Sep-2018----25-Sep-2018 ---- ü

EA015: Total Dissolved Solids dried at 180 ± 5 °C

Clear Plastic Bottle - Natural (EA015H)

BC1, MW4,
BC2a, BC2b,
BC3, BC4a,
BC4b, BC5b,
MW1

02-Oct-2018---- 27-Sep-2018----25-Sep-2018 ---- ü

ED037P: Alkalinity by PC Titrator

Clear Plastic Bottle - Natural (ED037-P)

BC1, MW4,
BC2a, BC2b,
BC3, BC4a,
BC4b, BC5b,
MW1

09-Oct-2018---- 25-Sep-2018----25-Sep-2018 ---- ü

ED041G: Sulfate (Turbidimetric) as SO4 2- by DA

Clear Plastic Bottle - Natural (ED041G)

BC1, BC2a,
BC4a

23-Oct-2018---- 26-Sep-2018----25-Sep-2018 ---- ü

Clear Plastic Bottle - Natural (ED041G)

MW4, BC2b,
BC3, BC4b,
BC5b, MW1

23-Oct-2018---- 27-Sep-2018----25-Sep-2018 ---- ü

ED045G: Chloride by Discrete Analyser

Clear Plastic Bottle - Natural (ED045G)

BC1, BC2a,
BC4a

23-Oct-2018---- 26-Sep-2018----25-Sep-2018 ---- ü

Clear Plastic Bottle - Natural (ED045G)

MW4, BC2b,
BC3, BC4b,
BC5b, MW1

23-Oct-2018---- 27-Sep-2018----25-Sep-2018 ---- ü
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Matrix: WATER Evaluation: û = Holding time breach ; ü = Within holding time. 
AnalysisExtraction / PreparationSample DateMethod

EvaluationDue for analysisDate analysedEvaluationDue for extractionDate extractedContainer / Client Sample ID(s)

ED093F: Dissolved Major Cations

Clear Plastic Bottle - Natural (ED093F)

BC1, MW4,
BC2a, BC2b,
BC3, BC4a,
BC4b, BC5b,
MW1

02-Oct-2018---- 26-Sep-2018----25-Sep-2018 ---- ü

EG020F: Dissolved Metals by ICP-MS

Clear Plastic Bottle - Natural (EG020A-F)

BC1, MW4,
BC2a, BC2b,
BC3, BC4a,
BC4b, BC5b,
MW1

24-Mar-2019---- 26-Sep-2018----25-Sep-2018 ---- ü

EG020T: Total Metals by ICP-MS

Clear Plastic Bottle - Natural (EG020A-T)

BC1, MW4,
BC2a, BC2b,
BC3, BC4a,
BC4b, BC5b,
MW1

24-Mar-201924-Mar-2019 26-Sep-201826-Sep-201825-Sep-2018 ü ü

EK055G: Ammonia as N by Discrete Analyser

Clear Plastic Bottle - Sulfuric Acid (EK055G)

BC1, BC2a,
BC4a

23-Oct-2018---- 26-Sep-2018----25-Sep-2018 ---- ü

EK057G:  Nitrite as N by Discrete Analyser

Clear Plastic Bottle - Natural (EK057G)

BC1, BC2a,
BC4a

27-Sep-2018---- 26-Sep-2018----25-Sep-2018 ---- ü

EK059G:  Nitrite plus Nitrate as N (NOx)  by Discrete Analyser

Clear Plastic Bottle - Sulfuric Acid (EK059G)

BC1, BC2a,
BC4a

23-Oct-2018---- 26-Sep-2018----25-Sep-2018 ---- ü

EK061G: Total Kjeldahl Nitrogen By Discrete Analyser

Clear Plastic Bottle - Sulfuric Acid (EK061G)

BC1, BC2a,
BC4a

23-Oct-201823-Oct-2018 26-Sep-201826-Sep-201825-Sep-2018 ü ü
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Quality Control Parameter Frequency Compliance
The following report summarises the frequency of laboratory QC samples analysed within the analytical lot(s) in which the submitted sample(s) was(were) processed. Actual rate should be greater than or equal to 
the expected rate. A listing of breaches is provided in the Summary of Outliers.

Matrix: WATER Evaluation: û = Quality Control frequency not within specification ; ü = Quality Control frequency within specification. 
Quality Control SpecificationQuality Control Sample Type

ExpectedQC Regular Actual

Rate (%)Quality Control Sample Type Count
EvaluationAnalytical Methods Method

Laboratory Duplicates (DUP)
NEPM 2013 B3 & ALS QC Standard 10.00  10.002 20 üAlkalinity by PC Titrator ED037-P
NEPM 2013 B3 & ALS QC Standard 11.76  10.002 17 üAmmonia as N by Discrete analyser EK055G
NEPM 2013 B3 & ALS QC Standard 11.43  10.004 35 üChloride by Discrete Analyser ED045G
NEPM 2013 B3 & ALS QC Standard 11.11  10.002 18 üConductivity by PC Titrator EA010-P
NEPM 2013 B3 & ALS QC Standard 10.00  10.002 20 üDissolved Metals by ICP-MS - Suite A EG020A-F
NEPM 2013 B3 & ALS QC Standard 11.11  10.001 9 üDissolved Metals by ICP-MS - Suite B EG020B-F
NEPM 2013 B3 & ALS QC Standard 10.00  10.002 20 üMajor Cations - Dissolved ED093F
NEPM 2013 B3 & ALS QC Standard 10.00  10.002 20 üNitrite and Nitrate as N (NOx) by Discrete Analyser EK059G
NEPM 2013 B3 & ALS QC Standard 10.00  10.002 20 üNitrite as N by Discrete Analyser EK057G
NEPM 2013 B3 & ALS QC Standard 10.00  10.002 20 üpH by PC Titrator EA005-P
NEPM 2013 B3 & ALS QC Standard 12.12  10.004 33 üSulfate (Turbidimetric) as SO4 2- by Discrete Analyser ED041G
NEPM 2013 B3 & ALS QC Standard 10.00  10.002 20 üTotal Dissolved Solids (High Level) EA015H
NEPM 2013 B3 & ALS QC Standard 10.00  10.003 30 üTotal Kjeldahl Nitrogen as N By Discrete Analyser EK061G
NEPM 2013 B3 & ALS QC Standard 10.00  10.002 20 üTotal Metals by ICP-MS - Suite A EG020A-T
NEPM 2013 B3 & ALS QC Standard 11.11  10.001 9 üTotal Metals by ICP-MS - Suite B EG020B-T

Laboratory Control Samples (LCS)
NEPM 2013 B3 & ALS QC Standard 10.00  10.002 20 üAlkalinity by PC Titrator ED037-P
NEPM 2013 B3 & ALS QC Standard 5.88  5.001 17 üAmmonia as N by Discrete analyser EK055G
NEPM 2013 B3 & ALS QC Standard 11.43  10.004 35 üChloride by Discrete Analyser ED045G
NEPM 2013 B3 & ALS QC Standard 5.56  5.001 18 üConductivity by PC Titrator EA010-P
NEPM 2013 B3 & ALS QC Standard 5.00  5.001 20 üDissolved Metals by ICP-MS - Suite A EG020A-F
NEPM 2013 B3 & ALS QC Standard 0.00  5.000 9 ûDissolved Metals by ICP-MS - Suite B EG020B-F
NEPM 2013 B3 & ALS QC Standard 5.00  5.001 20 üMajor Cations - Dissolved ED093F
NEPM 2013 B3 & ALS QC Standard 5.00  5.001 20 üNitrite and Nitrate as N (NOx) by Discrete Analyser EK059G
NEPM 2013 B3 & ALS QC Standard 5.00  5.001 20 üNitrite as N by Discrete Analyser EK057G
NEPM 2013 B3 & ALS QC Standard 6.06  5.002 33 üSulfate (Turbidimetric) as SO4 2- by Discrete Analyser ED041G
NEPM 2013 B3 & ALS QC Standard 10.00  10.002 20 üTotal Dissolved Solids (High Level) EA015H
NEPM 2013 B3 & ALS QC Standard 20.00  15.006 30 üTotal Kjeldahl Nitrogen as N By Discrete Analyser EK061G
NEPM 2013 B3 & ALS QC Standard 5.00  5.001 20 üTotal Metals by ICP-MS - Suite A EG020A-T
NEPM 2013 B3 & ALS QC Standard 0.00  5.000 9 ûTotal Metals by ICP-MS - Suite B EG020B-T

Method Blanks (MB)
NEPM 2013 B3 & ALS QC Standard 5.88  5.001 17 üAmmonia as N by Discrete analyser EK055G
NEPM 2013 B3 & ALS QC Standard 5.71  5.002 35 üChloride by Discrete Analyser ED045G
NEPM 2013 B3 & ALS QC Standard 5.56  5.001 18 üConductivity by PC Titrator EA010-P
NEPM 2013 B3 & ALS QC Standard 5.00  5.001 20 üDissolved Metals by ICP-MS - Suite A EG020A-F
NEPM 2013 B3 & ALS QC Standard 11.11  5.001 9 üDissolved Metals by ICP-MS - Suite B EG020B-F
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Matrix: WATER Evaluation: û = Quality Control frequency not within specification ; ü = Quality Control frequency within specification. 
Quality Control SpecificationQuality Control Sample Type

ExpectedQC Regular Actual

Rate (%)Quality Control Sample Type Count
EvaluationAnalytical Methods Method

Method Blanks (MB) - Continued
NEPM 2013 B3 & ALS QC Standard 5.00  5.001 20 üMajor Cations - Dissolved ED093F
NEPM 2013 B3 & ALS QC Standard 5.00  5.001 20 üNitrite and Nitrate as N (NOx) by Discrete Analyser EK059G
NEPM 2013 B3 & ALS QC Standard 5.00  5.001 20 üNitrite as N by Discrete Analyser EK057G
NEPM 2013 B3 & ALS QC Standard 6.06  5.002 33 üSulfate (Turbidimetric) as SO4 2- by Discrete Analyser ED041G
NEPM 2013 B3 & ALS QC Standard 5.00  5.001 20 üTotal Dissolved Solids (High Level) EA015H
NEPM 2013 B3 & ALS QC Standard 6.67  5.002 30 üTotal Kjeldahl Nitrogen as N By Discrete Analyser EK061G
NEPM 2013 B3 & ALS QC Standard 5.00  5.001 20 üTotal Metals by ICP-MS - Suite A EG020A-T
NEPM 2013 B3 & ALS QC Standard 11.11  5.001 9 üTotal Metals by ICP-MS - Suite B EG020B-T

Matrix Spikes (MS)
NEPM 2013 B3 & ALS QC Standard 5.88  5.001 17 üAmmonia as N by Discrete analyser EK055G
NEPM 2013 B3 & ALS QC Standard 5.71  5.002 35 üChloride by Discrete Analyser ED045G
NEPM 2013 B3 & ALS QC Standard 5.00  5.001 20 üDissolved Metals by ICP-MS - Suite A EG020A-F
NEPM 2013 B3 & ALS QC Standard 5.00  5.001 20 üNitrite and Nitrate as N (NOx) by Discrete Analyser EK059G
NEPM 2013 B3 & ALS QC Standard 5.00  5.001 20 üNitrite as N by Discrete Analyser EK057G
NEPM 2013 B3 & ALS QC Standard 6.06  5.002 33 üSulfate (Turbidimetric) as SO4 2- by Discrete Analyser ED041G
NEPM 2013 B3 & ALS QC Standard 6.67  5.002 30 üTotal Kjeldahl Nitrogen as N By Discrete Analyser EK061G
NEPM 2013 B3 & ALS QC Standard 5.00  5.001 20 üTotal Metals by ICP-MS - Suite A EG020A-T
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Brief Method Summaries
The analytical procedures used by the Environmental Division have been developed from established internationally recognized procedures such as those published by the US EPA, APHA, AS and NEPM. In house 
developed procedures are employed in the absence of documented standards or by client request. The following report provides brief descriptions of the analytical procedures employed for results reported in the 
Certificate of Analysis. Sources from which ALS methods have been developed are provided within the Method Descriptions.

Analytical Methods Method DescriptionsMatrixMethod

In house: Referenced to APHA 4500 H+  B. This procedure determines pH of water samples by automated ISE. 
This method is compliant with NEPM (2013) Schedule B(3)

pH by PC Titrator EA005-P WATER

In house: Referenced to APHA 2510 B.  This procedure determines conductivity by automated ISE. This method 
is compliant with NEPM (2013) Schedule B(3)

Conductivity by PC Titrator EA010-P WATER

In house: Referenced to APHA 2540C.  A gravimetric procedure that determines the amount of `filterable` residue 
in an aqueous sample.  A well-mixed sample is filtered through a glass fibre filter (1.2um).  The filtrate is 
evaporated to dryness and dried to constant weight at 180+/-5C. This method is compliant with NEPM (2013) 
Schedule B(3)

Total Dissolved Solids (High Level) EA015H WATER

In house: Referenced to APHA 2320 B This procedure determines alkalinity by automated measurement (e.g. PC 
Titrate) using pH 4.5 for indicating the total alkalinity end-point. This method is compliant with NEPM (2013) 
Schedule B(3)

Alkalinity by PC Titrator ED037-P WATER

In house: Referenced to APHA 4500-SO4.  Dissolved sulfate is determined in a 0.45um filtered sample.  Sulfate 
ions are converted to a barium sulfate suspension in an acetic acid medium with barium chloride. Light 
absorbance of the BaSO4 suspension is measured by a photometer and the SO4-2 concentration is determined 
by comparison of the reading with a standard curve. This method is compliant with NEPM (2013) Schedule B(3)

Sulfate (Turbidimetric) as SO4 2- by 
Discrete Analyser

ED041G WATER

In house: Referenced to APHA 4500 Cl - G.The thiocyanate ion is liberated from mercuric thiocyanate through 
sequestration of mercury by the chloride ion to form non-ionised mercuric chloride.in the presence of ferric ions 
the librated thiocynate forms highly-coloured ferric thiocynate which is measured at 480 nm APHA 21st edition 
seal method 2 017-1-L april 2003

Chloride by Discrete Analyser ED045G WATER

In house: Referenced to APHA 3120 and 3125; USEPA SW 846 - 6010 and 6020; Cations are determined by 
either ICP-AES or ICP-MS techniques.  This method is compliant with NEPM (2013) Schedule B(3) 

Sodium Adsorption Ratio is calculated from Ca, Mg and Na which determined by ALS in house method 
QWI-EN/ED093F. This method is compliant with NEPM (2013) Schedule B(3) 

Hardness parameters are calculated based on APHA 2340 B. This method is compliant with NEPM (2013) 
Schedule B(3)

Major Cations - Dissolved ED093F WATER

In house: Referenced to APHA 3125; USEPA SW846 - 6020, ALS QWI-EN/EG020.  Samples are 0.45µm filtered 
prior to analysis.  The ICPMS technique utilizes a highly efficient argon plasma to ionize selected elements. Ions 
are then passed into a high vacuum mass spectrometer, which separates the analytes based on their distinct 
mass to charge ratios prior to their measurement by a discrete dynode ion detector.

Dissolved Metals by ICP-MS - Suite A EG020A-F WATER

In house: Referenced to APHA 3125; USEPA SW846 - 6020, ALS QWI-EN/EG020.  The ICPMS technique utilizes 
a highly efficient argon plasma to ionize selected elements. Ions are then passed into a high vacuum mass 
spectrometer, which separates the analytes based on their distinct mass to charge ratios prior to their 
measurement by a discrete dynode ion detector.

Total Metals by ICP-MS - Suite A EG020A-T WATER
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Work Order :
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ES1828368
GROUNDWATER EXPLORATION
Badgerys Creek:Project

Analytical Methods Method DescriptionsMatrixMethod

In house: Referenced to APHA 3125; USEPA SW846 - 6020, ALS QWI-EN/EG020.  Samples are 0.45µm filtered 
prior to analysis.  The ICPMS technique utilizes a highly efficient argon plasma to ionize selected elements. Ions 
are then passed into a high vacuum mass spectrometer, which separates the analytes based on their distinct 
mass to charge ratios prior to their measurement by a discrete dynode ion detector.

Dissolved Metals by ICP-MS - Suite B EG020B-F WATER

In house: Referenced to APHA 3125; USEPA SW846 - 6020, ALS QWI-EN/EG020. The ICPMS technique utilizes a 
highly efficient argon plasma to ionize selected elements. Ions are then passed into a high vacuum mass 
spectrometer, which separates the analytes based on their distinct mass to charge ratios prior to their 
measurement by a discrete dynode ion detector.

Total Metals by ICP-MS - Suite B EG020B-T WATER

In house: Referenced to APHA 4500-NH3 G  Ammonia is determined by direct colorimetry by Discrete Analyser. 
This method is compliant with NEPM (2013) Schedule B(3)

Ammonia as N by Discrete analyser EK055G WATER

In house: Referenced to APHA 4500-NO2- B.  Nitrite is determined by direct colourimetry by Discrete Analyser. 
This method is compliant with NEPM (2013) Schedule B(3)

Nitrite as N by Discrete Analyser EK057G WATER

In house: Referenced to APHA 4500-NO3- F. Nitrate is reduced to nitrite by way of a chemical reduction followed 
by quantification by Discrete Analyser.  Nitrite is determined seperately by direct colourimetry and result for Nitrate 
calculated as the difference between the two results. This method is compliant with NEPM (2013) Schedule B(3)

Nitrate as N by Discrete Analyser EK058G WATER

In house: Referenced to APHA 4500-NO3- F.  Combined oxidised Nitrogen (NO2+NO3) is determined by 
Chemical Reduction and direct colourimetry by Discrete Analyser. This method is compliant with NEPM (2013) 
Schedule B(3)

Nitrite and Nitrate as N (NOx) by Discrete 
Analyser

EK059G WATER

In house: Referenced to APHA 4500-Norg D (In house). An aliquot of sample is digested using a high 
temperature Kjeldahl digestion to convert nitrogenous compounds to ammonia.  Ammonia is determined 
colorimetrically by discrete analyser. This method is compliant with NEPM (2013) Schedule B(3)

Total Kjeldahl Nitrogen as N By Discrete 
Analyser

EK061G WATER

In house: Referenced to APHA 4500-Norg / 4500-NO3-. This method is compliant with NEPM (2013) Schedule 
B(3)

Total Nitrogen as N (TKN + Nox) By 
Discrete Analyser

EK062G WATER

In house: Referenced to APHA 1030F. This method is compliant with NEPM (2013) Schedule B(3)Ionic Balance by PCT DA and Turbi SO4 
DA

EN055 - PG WATER

Preparation Methods Method DescriptionsMatrixMethod

In house: Referenced to APHA 4500 Norg - D; APHA 4500 P - H. This method is compliant with NEPM (2013) 
Schedule B(3)

TKN/TP Digestion EK061/EK067 WATER

In house: Referenced to USEPA SW846-3005.  Method 3005 is a Nitric/Hydrochloric acid digestion procedure 
used to prepare surface and ground water samples for analysis by ICPAES or ICPMS.  This method is compliant 
with NEPM (2013) Schedule B(3)

Digestion for Total Recoverable Metals EN25 WATER
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Glossary and abbreviations 
Abbreviation Description 

AW Alluvial Woodland 

BC Act NSW Biodiversity Conservation Act 2016 

Biocertified  Biodiversity certified 

EEC Endangered Ecological Community 

ENV Existing Native Vegetation 

EP&A Act NSW Environmental Planning and Assessment Act 1979 

EPBC Act Commonwealth Environment Protection and Biodiversity Conservation Act 1999 

CEEC Critically Endangered Ecological Community 

HBT Hollow Bearing Tree/s 

mm/cm/m/km millimetres/centimetres/metres/kilometres 

masl Metres above sea level 

NPWS National Parks and Wildlife Service 

TEC 
Threatened Ecological Community, listed as vulnerable, endangered or critically 
endangered under either the TSC Act and/or EPBC Act 

TSC Act NSW Threatened Species Conservation Act 1995 

LLEP Liverpool Local Environmental Plan 

VMP Vegetation Management Plan 

WM Act Water Management Act 2000 

WoNS Weeds of National Significance 

* Denotes exotic species 
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Executive summary 
This flora and fauna assessment has been prepared to inform the terrestrial ecological impacts 
of the proposed Modification 4 to the existing project approval.  The proposed modification to 
construct a solar farm (subject site) occurs outside the approved project boundary (Lot 1, 2 // 
DP 1035249, Lot 1 // DP 373863, Lot 1 // DP 981161, and part of Lots 54, 55, 56, 57, 58 and 59 
// DP 3050) and, therefore, outside of the original biodiversity assessment on part of Lots 54, 
55, 56, 57, 58 and 59 // DP 3050 Martin Road, Badgerys Creek, NSW.  The subject site is 
entirely composed of exotic pasture (Figure 1.1).  The eastern boundary of the study area is 
bound by South Creek, a fifth order stream.  The proposed solar farm will not remove vegetation 
biodiversity certified (biocertified) under the Order to confer biodiversity certification on the State 
Environmental Policy Sydney Region Growth Centres 2006.   

Field survey validated regional vegetation mapping conducted by OEH (2013), collected site 
specific ecological data and considered the likely occurrence of threatened species and their 
habitat.  Three vegetation types were identified within the study area: 

• Alluvial Woodland (which is equivalent to Forest Red Gum - Rough-barked Apple grassy 
woodland on alluvial flats of the Cumberland Plain, Sydney Basin Bioregion, PCT 835) 

• Wetland (which is equivalent to Coastal freshwater lagoons of the Sydney Basin 
Bioregion and South East Corner Bioregion PCT 781) 

• Exotic grassland 
 

The majority of the subject site has been subject to grazing and is dominated by exotic grasses 
and exotic species.  In the study area, Alluvial Woodland was in high and moderate condition.  
The high condition class occurred in the north east of the study area, outside of the subject site.  
Within the centre of the study area is Alluvial Woodland in moderate condition, where it has a 
history of grazing.  The wetland which drains into South Creek via two first order streams is 
found in the centre of the study area.   

Alluvial Woodland is an Endangered Ecological Community (EEC), River-Flat Eucalypt Forest 
on Coastal Floodplains of the New South Wales North Coast, Sydney Basin and South East 
Corner Bioregions.  None of this community is proposed for removal.  Given the disturbed nature 
of the subject site, it provides limited habitat for threatened and migratory species.   

Similarly, the wetland is likely to conform to the scientific determination for the EEC Freshwater 
wetland on coastal floodplain of the NSW North Coast, Sydney Basin and South East Corner 
Bioregions.  The wetland is not within the subject site. 

The proposed solar farm will remove 9.94 ha of exotic grassland, of which 0.4 ha is non-certified 
and the subject of this Flora and Fauna Assessment.  The proposed solar farm has avoided 
significant impacts to native vegetation communities and threatened species, therefore the 
Assessment of Significance and the Significant Impact Criteria were not applied.  Nevertheless, 
it is recommended that to minimise the impact on the environment that a sediment and erosion 
control plan to mitigate any indirect impacts be prepared.  
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1 Introduction 
In October 2016, CSR Building Products Limited (CSR) acquired Boral Bricks Pty Limited (Boral) 
brick business along the eastern seaboard of Australia and with it, the Badgerys Creek Brick 
Making Facility site, which is strategically placed in the Western Sydney Priority Growth Area 
and borders on the proposed Western Sydney Airport precinct.   

To realise the full potential of the Badgerys Creek site and to allow the site to meet the strategic 
needs of their brick, roof products and other building product manufacturing businesses, CSR 
requires modifications to the existing Project Approval (PA10_0014).  CSR are proposing  two 
separate modifications (termed Modification 3 and Modification 4) to their Project Approval.  

This report is relevant to Modification 4. 

Modification 4 of the Project Approval (10_0014) is to permit or allow the following additional 
development or changes to the approved project: 

• The dewatering of Pit 1; 
• Continued extraction of clay material in Pit 1 to a depth of 35 m;  
• The importation of Virgin Excavated Natural Material (VENM) to backfill Pit 1 and 

other pits, to rehabilitate the site and facilitate future development; and 
• The establishment of a grid connected solar farm.  This will allow energy security 

through a more diverse energy mix, initiate a clean renewable energy source on-
site, reduce the greenhouse gas emissions that contribute to global warming and 
improve the land utilisation on the eastern flank, outside of the approved project 
boundary. 

This flora and fauna assessment addresses the potential biodiversity impact associated with 
constructing a grid connected solar farm only as it is situated outside the approved project 
boundary.  Dewatering of Pit 1 is subject to separate assessment and reporting. 

 P u r p o s e  o f  r e p o r t  a n d  l e g i s l a t i v e  c o n t e x t  

This flora and fauna assessment has been undertaken to inform the development of a proposed 
solar farm on part of Lots 57, 58 and 59 // DP 3050 Martin Road, Badgerys Creek, NSW.  The 
purpose of this report is to identify and assess the flora and fauna within the study area and the 
likely impacts of proposed solar farm.  This report addresses the legislative context provided in 
Table 1.1. 

The majority of the subject site has been biodiversity certified (biocertified) as part of the South 
Western Growth Centre.  As biocertified land, the consent authority is not required to consider 
the likely impact of the proposed solar farm on biodiversity, including threatened species, 
populations and ecological communities, considered under the (now repealed) Threatened 
Species Conservation Act 1995.  The assessment considers impacts to the non-certified parts 
of the site. 

Table 1.1: Legislative framework reviewed in this report 

Instrument Considerations Context  

Commonwealth 
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Instrument Considerations Context  

Environment Protection 
and Biodiversity 

Conservation (EPBC) 
Act 1999 

Matters of National 
Environmental 
Significance 

An action will require approval from the Minister 
if the action has, will have, or is likely to have, a 
significant impact on a matter of national 
environmental significance. 

State (New South Wales) 

Environmental Planning 
and Assessment 
(EP&A) Act 1979 

Section 5A 

Assessment of the potential for an action or 
activity to have a significant effect on threatened 
species, populations or ecological communities, 
or their habitats. 

Biodiversity 
Conservation Act 2016 Part 7 

The Act came into effect on the 25 August 2017.  
Under the Savings and Transitions in the 
Biodiversity Conservation Regulations 2017, 
developments in the City of Liverpool can be 
assessed under previous legislation until 25 
November 2019. 
Section 7.3 includes the Test of Significance to 
help determine whether a proposal will result in 
a significant impact. 
The Act lists threatened species, populations, 
ecological communities and key threatening 
processes. 

Biosecurity Act 2015 Priority weeds Describes the state and regional priorities for 
weeds in New South Wales. 

Water Management 
(WM) Act 2000 Section 91 Controlled activity approval is required for 

activities in, on or under waterfront land. 

 S i t e  d e s c r i p t i o n  

 Subject site and study area 
Following the Threatened species assessment guidelines: the assessment of significance 
(DECC 2007) the subject site is defined as the area ‘directly impacted upon by the proposal’, 
and includes all vegetation proposed to be removed following approval of Modification 4.  For 
the purposes of this report, the subject site comprises the footprint of the proposed solar farm 
(Figure 1.1).   

The study area is defined as the subject site and all areas that are indirectly impacted upon by 
the proposed solar farm.  The study area was confined to parts of Lots 54-59 // DP 3050 and is 
zoned RU1 – Primary Production under the Liverpool Local Environmental Plan (LLEP) 2008.   

The highest point of the study area was in north western corner and was approximately 60 
metres above sea level (masl).  The land slopes gently to the east from this point towards South 
Creek. 

The subject site includes 0.4 ha of non-certified land.  Vegetation within the non-certified areas 
includes Existing Native Vegetation (ENV).  ENV is protected vegetation that formed part of the 
offset for the biocertified land.  ENV in non-certified areas can only be cleared for essential 
infrastructure. 
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 D e s c r i p t i o n  o f  t h e  p r o p o s a l  

Modification 4 of the Project Approval (10_0014) is to permit or allow the following additional 
development or changes to the approved project: 

• The dewatering of Pit 1; 
• Continued extraction of clay material in Pit 1 to a depth of 35 m;  
• The importation of Virgin Excavated Natural Material (VENM) to backfill Pit 1 and 

potentially other pits, to rehabilitate the site and facilitate future development; and 
• The establishment of a grid connected solar farm.  This will allow energy security 

through a more diverse energy mix, initiate a clean renewable energy source on-
site, reduce the greenhouse gas emissions that contribute to global warming and 
improve the land utilisation on the eastern flank, outside of the approved project 
boundary. 

This flora and fauna assessment addresses the potential impact associated with constructing a 
grid connected solar farm on biodiversity only as it is situated outside the approved project 
boundary (Figure 1.1).  
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Figure 1.1: Subject site. 
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2 Methods 
 L i t e r a t u r e  a n d  d a t a b a s e  r e v i e w  

A site-specific literature and database review was undertaken prior to undertaking field survey.  
The review included desktop analysis of aerial photography and regional scale mapping 
resources from the following sources: 

• NSW Planning Viewer (NSW Dept. of Planning and Environment 2018) 
• BioNet Atlas of NSW Wildlife (NSW Office of Environment and Heritage 2018) 
• Protected Matters Search Tool (Commonwealth Department of the Environment and 

Energy 2018) 
• Cumberland plain mapping update (OEH 2013)  
• SIX Maps (LPI 2018) 
 

Records of threatened species, populations and migratory species within 5 km of the study area 
were assessed using the Atlas of NSW Wildlife (OEH 2018) and the EPBC Protected Matters 
Search Tool (DoEE 2018).  Results were consolidated and their likelihood of occurrence 
assessed by: 

• review of location and date of recent (<5 years) and historical (>5-20 years) records 
• review of available habitat within the study and surrounding areas 
• review of the scientific literature pertaining to each species and population 
• applying expert knowledge of each species 

 
Given that Biodiversity Certification has been conferred on part of the study area, the potential 
for each threatened species, population and/or migratory species to occur on non-certified land 
was then considered and the necessity for targeted field surveys was determined.  Following 
field surveys and review of available habitat within the non-certified areas of the subject site and 
study area, the potential for species to use the site and be affected directly or indirectly by the 
proposed action were considered as either:  

• “Recent record” = species has been recorded in the study area within the past 5 
years  

• “High” = species has previously been recorded in the study area (>5 years ago) or 
in proximity to (for mobile species), and/or habitat is present that is likely to be used 
by a local population 

• “Moderate” = suitable habitat for a species is present onsite but no evidence of a 
species detected and relatively high number of recent records (5-20 years) in the 
locality or species is highly mobile 

• “Low” = suitable habitat for a species is present onsite but limited or highly degraded, 
no evidence of a species detected and relatively low number of recent records in the 
locality  

• “Not present” – suitable habitat for the species is not present onsite or adequate 
survey has determined species does not occur in the study area 
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 F i e l d  s u r v e y  

A field survey was undertaken on 6 March 2018 by Bruce Mullins (Principal Ecologist) over three 
person hours.   

Weather conditions on the day were mild, with 4.2 mm rain recorded (Table 2.1) (BOM 2018).  
In the 10 days preceding the survey, 57 mm of rain was recorded 

Table 2.1: Daily weather observations at Badgerys Creek (3.3 km WSW) 

Date Temp (°C) Rainfall 
(mm)1 

Max wind 

Min Max Direction Speed (km/h) 

6/3/2018 16.7 24.6 4.2 SSE 44 

 

 Vegetation communities and flora 
Field survey involved traversing the study area, whilst recording native and exotic flora species, 
with a focus on identifying potential habitat for threatened flora species.  Nomenclature followed 
PlantNET (RBGDT 2018).  In addition, two quadrats consistent with the Biodiversity Assessment 
Methodology (BAM) (OEH 2017) were completed.  One was located in Alluvial Woodland, and 
the other in Exotic Grassland. 

Field survey was undertaken to validate regional vegetation mapping of OEH (2013) to site 
specific accuracy.  Vegetation communities were checked against described TEC listed under 
either the EPBC Act and BC Act and compared to additional vegetation mapping of the study 
area.  

 Fauna and fauna habitat assessment 
Incidental observations of fauna were recorded.  In addition, the results from a frog survey 
conducted along Badgery’s Creek are included. 

Fauna habitat searches were conducted for potential foraging, roosting, breeding or nesting 
habitat of nocturnal and diurnal species.  This included inspection for tree hollows, stags, bird 
nests, possum dreys, decorticating bark, mature / old growth trees, food trees (winter-flowering 
eucalypts), culverts, dens, dams, riparian areas and refuge habitats of man-made structures. 

Primary sources of literature accessed for species nomenclature include:  

• Birds - Christidis and Boles (2008) 
• Mammals - Van Dyck and Strahan (2008) 
• Reptiles and amphibians - Cogger (2014)  

 Survey limitations 
The flora survey aimed to record as many species as possible.  However, it is acknowledged 
that this is not a definitive list of the flora within the study area.  Additional species would be 
recorded during a longer survey over various seasons.  Nevertheless, the techniques used in 
this investigation are considered adequate to gather the data necessary to validate the 
vegetation communities and vegetation condition in the study area and detect any threatened 
flora. 
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3 Results 
 L i t e r a t u r e  a n d  d a t a b a s e  r e v i e w  

 Topography, drainage, soils and biodiversity layer 
Within the subject site, a second order water course crosses the south western corner, flowing 
from farm dams outside the study area.  This will require a 20 m buffer from top of bank.  Two 
first order water courses flow through the study area.  Both flow in a south-easterly direction 
from the wetland in the centre of the study area.  South Creek, a fifth order water course, flows 
along the eastern boundary of the study area.  The location of watercourses and buffers are 
in Figure 3.1. 

The South Creek Soil Alluvial Soil Landscape covers most of the site (Figure 3.2).  It consists 
of alluvium from Wianamatta Group Shales and Hawksbury Sandstone and is associated with 
floodplains of South Creek.  The Blacktown Residual Soil Landscape is found extensively on 
the Cumberland Lowlands forming gently undulating rises of the Wianamatta Group Shales. 

 Threatened species, populations and migratory species 
A search of relevant databases and literature identified 20 threatened species (pelagic and 
shorebirds were not included) in the locality including seven threatened flora species and 13 
threatened fauna species (five birds, five microbats, one megabat and one gastropod) within 
5 km of the study area (Ecoplanning 2018).  The threatened species records within 5 km of 
the study area are shown in Figure 3.3. 

The likelihood of occurrence analysis undertaken prior to the field survey did not find any 
threatened species that had recently been recorded or had a ‘moderate’ or ‘high’ potential to 
use the study area, and thus may have been impacted by the proposed works (Appendix A). 

 Vegetation and threatened ecological communities 
Previous vegetation mapping by OEH (2013) identified two vegetation types within the study 
area (Figure 3.4):  

• Forest Red Gum - Rough-barked Apple grassy woodland on alluvial flats of the 
Cumberland Plain, Sydney Basin Bioregion, PCT 835  

• Grey Box - Forest Red Gum grassy woodland on flats of the Cumberland Plain, 
Sydney Basin Bioregion, PCT 849. 

 

PCT 835 is listed under the BC Act as an Endangered Ecological Community (EEC), River-
Flat Eucalypt Forest on Coastal Floodplains of the New South Wales North Coast, Sydney 
Basin and South East Corner Bioregions.  Additionally, PCT 849 is listed as a Critically 
Endangered Ecological Community (CEEC), Cumberland Plain Woodland in the Sydney 
Basin Bioregion and as Critically Endangered under the BC Act and EPBC Act. 

Native vegetation in non-certified land is mapped as ENV (Figure 3.5).
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Figure 3.1: Strahler stream order classification and riparian buffers for the study area
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Figure 3.2: Soil Landscapes (OEH 2000) 
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Figure 3.3: Threatened species records within 5 km of the study area (OEH 2018). 
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Figure 3.4: Vegetation communities by OEH (2013).  
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Figure 3.5: Existing Native Vegetation in the study area (OEH 2015) 
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 F i e l d  s u r v e y  

 Vegetation communities and flora species 
Field survey identified two native vegetation communities within the subject site (Figure 3.6):  

• Forest Red Gum - Rough-barked Apple grassy woodland on alluvial flats of the 
Cumberland Plain, Sydney Basin Bioregion, PCT 835 

• Freshwater Wetlands on Coastal Floodplains of the New South Wales North 
Coast, Sydney Basin and South East Corner Bioregions 

The remainder of the study area consisted of exotic pasture/grassland.  No PCT 849 was 
mapped on site.  None of the trees inspected were hollow bearing trees (HBTs). 

Alluvial Woodland 
This community was characterised by a canopy composed of Eucalyptus amplifolia (Cabbage 
Gum) and Eucalyptus moluccana (Grey Box).  Beneath the canopy the ground cover was 
dominated by a mix of exotic and native species including Microlaena stipoides (Weeping 
Grass), Sida rhombifolia* (Paddy’s Lucerne), Einadia trigonos and Paspalum dilatatum* 
(Paspalum).  Within the study area, Alluvial Woodland is modified by agricultural practices (i.e. 
grazing) and is in moderate condition (Figure 3.7).  This condition class occurs within centre 
of the study area and south eastern margins. Moderate condition Alluvial Woodland has 
experienced grazing and is in a disturbed state with a high portion of exotic species within the 
ground cover. There is also a ‘high’ condition class in the north eastern margin along South 
Creek (Figure 3.8). This condition is relatively intact and forms the largest patch of vegetation 
within the study area.  A total of 8.75 ha of Alluvial Woodland occurred in the study area, 
comprising 17.5% of the study area.  Alluvial Woodland does not occur within the subject site.  

Freshwater Wetland  
A freshwater wetland is located within the study area but is outside the subject site.  The 
wetland was dry to boggy during the survey with no open pools, and Salvinia molesta 
(Salvinia) covered large areas of the exposed bed.  Typha orientalis (Typha), Alternanthera 
philoxeroides (Alligator Weed) and Persicaria sp. persist on the wetter parts of the wetland, 
with Carex appressa (Sword Sedge) on the drier parts.  Other common species include Phyla 
nodiflora (Lippia), Lachnagrostis filiformis and Ranunculus sp.  Salvinia molesta and 
Alternanthera philoxeroides are both priority weeds and Weeds of National Significance 
(Table 3.1). 

The wetland occurs on the floodplain of South Creek and is likely to have been an anabranch 
of South Creek that is periodically inundated.  Eucalyptus amplifolia and Salix babylonica 
(Weeping Willow) are scant along the edge.  This vegetation community occur over 2.07 ha 
or 4.2% of the study area. 

 Other vegetation  
Exotic grassland 
Most of the vegetation in the study area consists of pasture dominated by exotic grasses and 
herbaceous weeds including Paspalum dilatatum* (Paspalum), Setaria parviflora* and 
Senecio madagascariensis* (Fireweed). Native species included Cynodon dactylon (Couch), 
Juncus usitatus and Carex inversa (Figure 3.9).  This vegetation community occurred over 
28.9 ha, or approximately 78.3% of the study area and 100% of the subject site.  
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Figure 3.6: Field validated vegetation (Ecoplanning 2018).  
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Figure 3.7: Alluvial woodland in a ‘moderate’ condition in the centre of the study area. 

 
Figure 3.8: Alluvial Woodland in a 'high' condition in the north east of the study area. 
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Figure 3.9: Exotic grassland within the study area. 

 
Figure 3.10: The wetland in the study area. 
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 Watercourses 
First and second order watercourses on site were highly modified, eroded and poorly defined, 
with the exception of the wetland.  The vegetation along the creek bank and surrounds was 
composed of mostly exotic species with some structural impacts from livestock.  These 
watercourses were not flowing during the survey. 

South Creek is a fifth order stream.  It is well vegetated and has lagoons and flood runners 
close to the main channel.  These lagoons and flood runners were dry during the survey.  
South Creek is outside the subject site. 

 Flora species 
A total of 41 flora species were identified within the study area during field investigations, of 
which 19 were exotic or planted species (Appendix B).  No individuals or populations of 
threatened flora species were recorded or were expected to occur in the study area. 

Three priority weeds listed under the NSW Biosecurity Act 2015 for South East were recorded 
in the study area, all of which are Weeds of National Significance (WoNS) (Table 3.1). 

Table 3.1: Priority weeds and Weeds of National Significance (WoNS) 

Common 
name Scientific name WoNS1 Duty 

Alligator 
Weed 

Alternanthera 
philoxeroides Y 

Mandatory Measure 
Must not be imported into the State or sold 

Biosecurity Zone  
The Alligator Weed Biosecurity Zone is established 

for all land within the state except land in the 
following regions: Greater Sydney; Hunter (but only 

in the local government areas of City of Lake 
Macquarie, City of Maitland, City of Newcastle or 

Port Stephens). 
Regional Recommended Measure  

Exclusion zone: Blue Mountains City Council area. 
Core infestation area: the remainder of the region. 

Fireweed Senecio 
madagascariensis* Y 

Mandatory Measure 
Must not be imported into the State or sold 

Regional Recommended Measure 
Whole region: Land managers should mitigate the 
risk of new weeds being introduced to their land.  
Exclusion zone: The plant should be eradicated 
from the land and the land kept free of the plant. 

Salvinia Salvinia molesta Y 

Regional Recommended Measure  
Exclusion zone: whole region except for the core 
infestation area of the Georges and Hawkesbury-

Nepean Rivers and their tributaries. 
1 http://www.environment.gov.au/biodiversity/invasive/weeds/weeds/lists/wons.html  

  

http://www.environment.gov.au/biodiversity/invasive/weeds/weeds/lists/wons.html
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 Fauna and fauna habitat 
Few fauna were observed during the survey.  Birds and frogs were the most common species, 
and a list of species is in Appendix B.  One threatened species, Haliaeetus leucogaster 
(White-bellied Sea Eagle) was observed along Badgery’s Creek.  The species may also occur 
along South Creek. 

Fauna habitat features within the study area were: 

• Woodland 
• Grassland 
• Creek lines 
• Wetlands 

 
Alluvial Woodland provided potential foraging, roosting and nesting habitat for bird and 
mammal species.  Additionally, the creeks and wetland provide potential habitat for reptiles, 
birds and amphibians (Table 3.2).   

Table 3.2: Key fauna habitat features of relevance to fauna in the study area 

Habitat features Fauna species 

Woodland Birds, mammals, reptiles 

Grassland Birds, terrestrial mammals, reptiles, frogs 

Creeks  Amphibians; birds, reptiles, terrestrial mammals  

Wetland Amphibians; birds, reptiles, terrestrial mammals 

 

The subject site comprises exotic grassland.  The grassland is of low ecological value and 
provided habita to a limited suite of fauna.  The subject site does not contain any woodland, 
creeks or wetlands. 
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4 Impact assessment 
This section outlines the potential direct and indirect impacts of the proposed solar farm on the 
ecological values in the non-certified parts of the study area.  The impact assessment is not 
required to consider the impacts of the proposed solar farm on biocertified land.  Consequently, 
this impact assessment applies to a total of 0.40 ha of non-certified land within the subject site.   

 D i r e c t  i m p a c t s   

 Vegetation clearing 
The subject site (i.e. the area of direct impact) comprises a total of 9.94 ha.  The proposed solar 
farm will not remove any non-certified native vegetation (Figure 3.6 and Table 4.1).  All of the 
vegetation to be impacted by the proposed solar farm consists of exotic grassland. 

Alluvial Woodland, which also constitutes ENV, in the non-certified parts of the study area will 
be retained.   

Table 4.1: Area of impact on vegetation in the subject site.  

Vegetation type Vegetation zone  
(condition class) 

Subject 
site (ha) 

Percent of 
the subject 

site 

Other vegetation Exotic grassland 9.94 100 

Total vegetation 9.94 100 

 Loss of fauna habitat 
The proposed solar farm will remove 9.94 ha of low quality exotic grassland habitat, of which 
0.4 ha is non-certified.  Grassland provides potential foraging habitat for bird species and small 
reptiles common to rural environments.   

 I n d i r e c t  i m p a c t s  

It is difficult to quantify indirect impacts of the proposed solar farm, but these may include 
impacts such as erosion and reduced water quality in the watercourse and wetland that may be 
associated with the construction phase of the project if there are inadequate protection and 
control measures.   

 I m p a c t s  t o  l i s t e d  s p e c i e s  a n d  e c o l o g i c a l  c o m m u n i t i e s  

 Commonwealth considerations 
A list of flora, fauna and ecological communities known or likely to occur in the area are in 
Appendix A.  An assessment of their likely occurrence concluded that none of the species are 
likely to occur and be affected by the proposed solar farm.  
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 State considerations 
Environmental Planning and Assessment (EP&A) Act 1979  
A list of flora, fauna and ecological communities known or likely to occur in the area are in 
Appendix A.   

The Alluvial Woodland is listed as an Endangered Ecological Community (EEC), River-Flat 
Eucalypt Forest on Coastal Floodplains.  The community will not be directly impacted in non-
certified areas.  A 10 m buffer will be created around the non-certified Alluvial Woodland to help 
maintain the condition of the community.   

White-bellied Sea Eagle was observed along Badgery’s Creek.  As the proposed solar farm will 
not remove trees in non-certified areas, or modify the wetland or South Creek, the habitat of this 
species will not be affected. 

As the proposed solar farm will only remove 0.4 ha of exotic grassland in non-certified areas, 
there are no threatened species or ecological communities that are likely to be impacted, 
therefore, the Assessment of Significance does not need to be applied.  

Water Management Act 2000 
While project is exempt from requiring an approval under the WM Act (by the Department of 
Primary Industries – Water), the principles of the Act apply. 

The WM Act requires vegetated riparian zones (VRZ) to be established and maintained through 
a Vegetation Management Plan (VMP).  The width of a VRZ is predetermined and standardised 
for watercourses based on their Strahler order.  That portion of the second order stream in the 
south western corner of the subject site will require a 20 m buffer on either side of the stream 
channel.    

A wetland is considered “waterfront land”, as defined under the WM Act, and a 40 m buffer from 
the edge of the wetland is recommended.   The proposed solar farm is not within 40 m of the 
wetland. 
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5 Conclusion and recommendations 
The proposed Modification 4 includes the construction of a solar farm on the subject site, outside 
of the approved project boundary.  A detailed site layout has not yet been prepared, therefore, 
the assessment assumes total loss of vegetation in the subject site, all of which is exotic 
grassland, although grass will be maintained under the solar panels as a ground cover to 
minimise dust and prevent erosion and sedimentation. 

The subject site occurs mainly within biodiversity certified land within the South West Growth 
Centre.  The subject site comprised an area of 9.94 ha of which 0.4 ha is non-certified; it is this 
part of the site to which the Flora and Fauna Assessment applies. 

While the BC Act came into effect on 25 August 2017, the subject site is in Liverpool City Council 
area and, under the savings and transitions in the Biodiversity Conservation Regulations 2017, 
projects can be assessed under the old legislation until the 25 November 2019. 

Approximately 8 ha of Alluvial Woodland in moderate to high condition occurs in the non-certified 
parts of the study area.  Alluvial Woodland is a component of River-flat Eucalypt Forest which 
is an EEC under the BC Act, and is also mapped as ENV in the Growth Centres.  Alluvial 
Woodland in high condition occurs along South Creek while the community in moderate 
condition occurs in the centre of the study area.  The proposed solar farm avoids Alluvial 
Woodland in certified and non-certified areas.   

A wetland characteristic of the EEC Freshwater Wetlands on Coastal Floodplains occurs outside 
the subject site.  Two first order streams flow from this wetland, while one second order stream 
is in the south western corner of the subject site and will require a 20 m buffer.  

The remainder of the subject site is exotic grassland.  The subject site has been subject to long 
term grazing, which has simplified the floristic diversity.   

Following field inspection, no threatened flora species were considered likely to occur in the 
non-certified parts of the study area.  The subject site is predominantly exotic grassland and the 
only trees to be removed are biodiversity certified.  

To reduce the potential impact of the proposed solar farm on the environment the following 
measures are recommended: 

• Development and implementation of a Construction Management Plan to mitigate 
any indirect impacts.  This includes sediment and erosion control 

• Retain all native vegetation communities in non-certified areas and maintain a 10 m 
buffer to these native vegetation communities 

• Maintain a 40 m buffer to the edge of the wetland 
• Maintain a 20 m buffer to the second order stream is in the south western corner of 

the subject site 
 

Based on the current assessment and recommended mitigation measures, a significant impact 
on any threatened species or vegetation communities is unlikely and no further assessment 
under the EPBC Act nor EP&A Act is necessary. 
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Appendix A: Species likelihood of occurrence 
The potential for each threatened species, population and/or migratory species to occur was 
considered and the necessity for targeted field surveys was determined.  Following field surveys 
and review of available habitat within the subject site and study area, the potential for species 
to use the site and be affected directly or indirectly by the proposed action were considered as 
either:  

• “Recent record” = species has been recorded in the study area within the past 5 
years  

• “High” = species has previously been recorded in the study area (>5 years ago) or 
in proximity to (for mobile species), and/or habitat is present that is likely to be used 
by a local population 

• “Moderate” = suitable habitat for a species is present onsite but no evidence of a 
species detected and relatively high number of recent records (5-20 years) in the 
locality or species is highly mobile 

• “Low” = suitable habitat for a species is present onsite but limited or highly degraded, 
no evidence of a species detected and relatively low number of recent records in 
the locality  

• “Not present” – suitable habitat for the species is not present onsite or adequate 
survey has determined species does not occur in the study area  
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Scientific Name 

Common Name 
Legal status Number of 

records 
Closest record 

and date 
Most recent and 

proximity 

Likelihood of occurrence Need for an 
Assessment 

of 
Significance 

Prior to field 
assessment 

Post field 
assessment 

KINGDOM: Animalia; CLASS: Aves 

Artamus cyanopterus 
cyanopterus 
Dusky Woodswallow 

TSC Act: V 8 2.92 km 
(27/02/2006) 

4.06 km 
(12/06/2006) 

Low Low No 

Daphoenositta chrysoptera 
Varied Sittella 

TSC Act: V 47 2.12 km 
(2/08/2002) 

4.09 km  
(14/05/2015) 

Low Low No 

Haliaeetus leucogaster 
White-bellied Sea-Eagle 

TSC Act: V 
EPBC Act: C 

2 3.82 km 
(10/01/2008) 

3.89 km 
(28/09/2017) 

Low Mod No 

Hieraaetus morphnoides 
Little Eagle 

TSC Act: V 1 3.10 km 
(20/01/2004) 

3.10 km 
(20/01/2004) 

Low Low No 

Petroica phoenicea 
Flame Robbin 

TSC Act: V 1 3.12 km 
(13/01/2004) 

3.12 km 
(31/01/2004) 

Low Low No 

KINGDOM: Animalia; CLASS: Gastropoda 

Meridolum corneovirens 
Cumberland Plain Land 
Snail 

TSC Act: E 72 1.25 km 
(22/02/2006) 

4.42 km 
(28/09/2017) 

Low Low No 

KINGDOM: Animalia; CLASS: Mammalia 

Falsistrellus tasmaniensis 
Eastern False Pipistrelle 

TSC Act: V 1 3.98 km 
(18/10/2008) 

3.98 km 
(18/10/2008) 

Low Low No 

Miniopterus schreibersii 
oceanensis 
Eastern Bentwing-bat 

TSC Act: V 3 3.98 km 
(18/10/2008) 

3.98 km  
(18/10/2008) 

Low Low No 

Mormopterus norfolkensis 
Eastern Freetail-bat 

TSC Act: V 4 2.74 km 
(10/02/2006) 

4.65 km 
(22/05/2017) 

Low Low No 
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Scientific Name 

Common Name 
Legal status Number of 

records 
Closest record 

and date 
Most recent and 

proximity 

Likelihood of occurrence Need for an 
Assessment 

of 
Significance 

Prior to field 
assessment 

Post field 
assessment 

Myotis macropus 
Southern Myotis 

TSC Act: V 4 3.04 km 
(19/10/2008) 

4.65 km 
(22/05/2017) 

Mod Low No 

Pteropus poliocephalus 
Grey-headed Flying-fox 

TSC Act: V 
EPBC Act: V 

4 3.51 km 
(4/05/2004) 

3.51 km 
(4/05/2004) 

Mod Low No 

Scoteanax rueppellii 
Greater Broad-nosed Bat 

TSC Act: V 4 1.25 km 
(22/02/2006) 

4.12 km 
(18/10/2008) 

Low Low No 

KINGDOM: Plantae 

Acacia pubescens 
Downy Wattle 

TSC Act: V 
EPBC Act: V 

30 1.55 km 
(6/10/1999) 

1.55 km 
(6/10/1999) 

Low Not present No 

Dillwynia tenuifolia EPBC Act: V 8878 1.55 km 
(6/10/1999) 

3.13 km 
(24/10/2017) 

Low Not present No 

Dillwynia tenuifolia, Kemps 
Creek 

EPBC Act: V 7016 1.79 km 
(4/09/2006) 

2.48 km  
(6/07/2017) 

Low Not present No 

Grevillea juniperina subsp. 
juniperina 
Juniper-leaved Grevillea 

TSC Act: V 2 2.48 km 
(4/05/2001) 

2.48 km 
(4/05/2001) 

Low Not present No 

Grevillea parviflora subsp. 
parviflora 
Small-flower Grevillea 

TSC Act: V 
EPBC Act: V 

273 2.05 km 
(4/09/2006) 

2.43 km 
(20/05/2014) 

Low Not present No 
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Scientific Name 

Common Name 
Legal status Number of 

records 
Closest record 

and date 
Most recent and 

proximity 

Likelihood of occurrence Need for an 
Assessment 

of 
Significance 

Prior to field 
assessment 

Post field 
assessment 

Marsdenia viridiflora subsp. 
viridiflora 
Marsdenia viridiflora R. Br. 
subsp. viridiflora population 
in the Bankstown, 
Blacktown, Camden, 
Campbelltown, Fairfield, 
Holroyd, Liverpool and 
Penrith local government 
areas 

TSC Act: E2 10 2.46 km 
(7/04/2013) 

2.46 km 
(7/04/2013) 

Low Not present No 

Persoonia nutans  
Nodding Geebung 

TSC Act: E 
EPBC Act: E 

35 2.06 km 
(26/04/2001) 

2.06 km 
(26/04/2001) 

Low Not present No 

Pultenaea parviflora TSC Act: E 
EPBC Act: V 

1618 1.55 km 
(6/10/1999) 

3.13 km 
(24/10/2017) 

Low Not present No 

Unless other stated, text is taken from the OEH Threatened Species (http://www.environment.nsw.gov.au/threatenedspecies/); Legal Status codes from the Atlas of NSW Wildlife: V = Vulnerable, E = 

Endangered, E2 = Endangered Population, CE = Critically Endangered, C = China and Australia Migratory Bird Agreement (CAMBA), J = Japan and Australia Migratory Bird Agreement (JAMBA), K = 

Republic of Korea and Australia Migratory Bird Agreement (ROKAMBA); TSC Act = NSW Threatened Species Conservation Act 1995, EPBC Act = Commonwealth Environment Protection and Biodiversity 

Conservation Act 1999. 

http://www.environment.nsw.gov.au/threatenedspecies/
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Appendix B: Flora and fauna species inventory 
Flora 

Species Common Name FRGRBA Exotic 
Grassland Wetland 

*Alternanthera philoxeroides Alligator Weed   X 
*Araujia sericifera Moth Vine X   
Arthropodium milleflorum  X   
*Bidens bipinnata Bidens X   
Bursaria spinosa Blackthorn X   
Carex inversa Knob Sedge X X  
Carex sp.    X 
*Chenopodium murale Nettle-leaf Goosefoot X   
*Cirsium vulgare Spear Thistle X   
Commelina cyanea  X   
Cotula australis Common Cotula X   
Cynodon dactylon Couch X X  
Desmodium varians  X   
*Ehrharta erecta Erect Veldt Grass X   
Einadia trigonos  X   
Eucalyptus amplifolia Cabbage Gum X   
Eucalyptus moluccana Grey Box X   
Glycine tabacina  X   
Juncus usitatus  X X  
*Lepidium bonariensis  X   
Melaleuca decora  X   
Microlaena stipoides Weeping Grass X   
*Modiola caroliniana Red-flowered Mallow X   
Oxalis perennans  X   
*Paspalum dilatatum Paspalum X X  
*Plantago lanceolata Lamb's Tongues X   
Plectranthus spp.  X   
*Polygonum aviculare Wireweed X   
Rumex brownii Swamp Dock X   
*Salix babylonica Weeping Willow   X 
*Salvinia molesta Salvinia   X 
*Senecio madagascariensis Fireweed X X  
*Setaria parviflora Pigeon Grass X X  
*Sida rhombifolia Paddy's Lucerne X   
*Solanum sisymbriifolium  X   
*Sonchus asper Prickly Sowthistle X   
Spergularia sp.   X  
Sporobolus creber Western Rat-tail Grass  X  
*Taraxacum officinale Dandelion X   
Typha orientalis Broadleaf Cumbungi   X 
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Species Common Name FRGRBA Exotic 
Grassland Wetland 

Wahlenbergia spp.  X   

An '*' preceding the species name denotes an exotic species. 

Fauna 
Species Common Name 

Birds 
Anas gracilis Grey Teal 
Aythya australis Hardhead 
Falco cenchroides Nankeen Kestrel 
Haliaeetus leucogaster White-bellied Sea Eagle 
Haliastur sphenurus Whistling Kite 
Manorina melanocephala Noisy Miner 
Podargus strigoides Tawny Frogmouth 
Threskiornis moluccus White Ibis 

Frogs 
Crinia signifera Common Eastern Froglet 
Limnodynastes tasmaniensis Spotted Marsh Frog 
Litoria peronii Peron’s Tree Frog 
Litoria verreauxii Whirring Tree Frog 

Reptiles 
Pseudechis porphyriacus Red-bellied Black Snake 
Pseudonaja textilis Brown Snake 
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Executive Summary 

This assessment of aquatic and groundwater dependent ecosystems of Badgerys Creek and South 

Creek has been undertaken to satisfy requirements in relation to Modification Application 4 (MOD4) 

to the Part 3A Development Application for the proposed development of Lot 1 DP 1035249 and Lot 

1 DP 373863, Martin Road, Badgerys Creek. 

To determine the current condition of the aquatic ecoystem and the presence and extent of 

groundwater dependent ecosytems a combination of desktop review and field assessment were 

undertaken.  

Effect of water quality and flow rates of the proposed dewatering of Pit 1 and associated discharge on 

the aquatic and riparian ecosystem and geomorhology of the receiving creeks is also considered.  

Results from this study indicate that the time of assessment the condition of the aquatic ecosystem 

of Badgerys Creek and South Creek was under stress due to the combination of the prolonged dry 

period which western Sydney experienced leading up to the survey period, suspected eutrophic water 

quality and altered catchment landuse.  

Groundwater dependent ecosystems were present within the study area, however, the majority were 

located within the riparian corridor of Badgerys Creek and South Creek. 

Both Badgerys Creek and South Creek were assessed as Type 1 – highly sensitive fish habitat, Class 2 

– moderate key fish habitat due to the habitat attributes observed within the creeks and the 

intermittent flow regime. 

Potential impacts to water quality and geomorphology of Badgerys Creek and South Creek are 

possible, however, more robust assessment is required to determine the extent and magnitude of 

impacts these factors may have.  

To protect the aquatic, riparian and ground water dependent ecosystems from potential impacts 

related to the proposed development the following is recommended: 

• Establish appropriate minimum setback widths from Badgerys Creek and South Creek. 



CSR Advanced Manufacturing Hub – Badgerys Creek. Assessment of Aquatic and Groundwater Dependent Ecosystems  

 2 

• Characterise bed and bank sediments including determination of particle size of Badgerys 

Creek and South Creek. This will enable a more robust approach to determine whether 

the proposed discharge will impact the receiving creeks. 

• Undertake sediment transport modelling to determine an appropriate flow rate that 

minimises potential erosion of bed and bank sediment of Badgerys Creek and/or South 

Creek if these are to be used as receiving waters for dewatering of the pits.  

• Undertake water quality monitoring of potential receiving waters for dewatering of Pit 1. 

• Develop a biological monitoring program to detect if changes occur to the aquatic 

macroinvertebrate community as a result of exposure to pit water discharge. 

• Monitor potential changes in instream vegetation to detect if changes in vegetation 

community composition or mortality are occuring. 
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Introduction 

This assessment of aquatic and groundwater dependent ecosystems (GDE) and key fish habitat (KFH) 

has been prepared to characterise the condition of the aquatic ecosystem of Badgerys Creek and 

South Creek and assess impacts of the proposed Modification 4 to the existing project approval to 

these systems. 

In October 2016, CSR Building Products Limited (CSR) acquired Boral Bricks Pty Limited (Boral) brick 

business along the eastern seaboard of Australia and with it, the Badgerys Creek Brick Making Facility 

site, which is strategically placed in the Western Sydney Priority Growth Area and borders on the 

proposed Western Sydney Airport precinct.  

To realise the full potential of the Badgerys Creek site and to allow the site to meet the strategic needs 

of their brick, roof products and other building product manufacturing businesses, CSR requires 

modifications to the existing Project Approval (PA10_0014). CSR are proposing two separate 

modifications (termed Modification 3 and Modification 4) to their Project Approval.  

This report is relevant to Modification 4.  

Modification 4 of the Project Approval (10_0014) is to permit or allow the following additional 

development or changes to the approved project:  

• The dewatering of Pit 1;  

• Continued extraction of clay material in Pit 1 to a depth of 35 m;  

• The importation of Virgin Excavated Natural Material (VENM) to backfill Pit 1 and  other 

pits, to rehabilitate the site and facilitate future development; and  

• The establishment of a grid connected solar farm. This will allow energy security through 

a more diverse energy mix, initiate a clean renewable energy source on- site, reduce the 

greenhouse gas emissions that contribute to global warming and improve the land 

utilisation on the eastern flank, outside of the approved project boundary.  

This assessment has been undertaken to determine the current condition of the aquatic ecosystem, 

the presence and extent of groundwater dependent ecosystems (GDE’s) and key fish habitat (KFH) 

class and sensitivity within the study area and sections of Badgerys Creek and South Creek adjacent to 
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the study area, in order to assess potential impacts on aquatic habitat and ecology associated with 

the proposed initial dewatering of Pit 1 as outlined in Advisian (2019).  

To achieve this a combination of desktop review and field assessment was conducted which included 

review of vegetation, KFH and GDE mapping and field survey to sample aquatic macroinvertebrates 

and benthic diatoms at five (5) locations which include the upstream and downstream boundaries of 

the site along both Badgerys Creek and South Creek and below the confluence of these creeks (Figure 

2). 

This study recommends mitigation actions which will minimise potential impacts to these ecosystems 

from the proposed development, specifically the dewatering of Pit 1 and construction of the proposed 

solar farm. 
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Figure 1: Aerial photograph showing CSR Brick Making facility (white border) and extent of study area (yellow border).
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Methods 

Desktop study and literature review 

A site-specific literature and database review was undertaken prior to undertaking field survey and 

the preparation of this report. This included desktop analysis of aerial photography and regional scale 

mapping from the following sources: 

• NSW Planning Viewer (NSW Dept. of Planning and Environment 2015) 

• BioNet Atlas of NSW Wildlife (NSW Office of Environment and Heritage 2015) 

• Native vegetation of the Cumberland Plain (NPWS 2002 and Tozer 2003) 

• Freshwater threatened species distribution maps (NSW Department of Primary Industries 

2016) 

• NSW Key Fish Habitat Mapping (NSW Department of Primary Industries 2007) 

• Atlas of Groundwater Dependent Ecosystems (Australian Bureau of Meteorology 2018a) 

• NSW statewide topographic mapping (SIX maps 2018) 

• Local climate data (Australian Bureau of Meteorology 201b8) 

• Australian and New Zealand Guidelines for Fresh and Marine Water Quality (ANZECC) 

Volumes 1 and 2 (ANZECC 2000) 

Previous reports of relevance to the subject site reviewed include: 

• Eco Logical Australia (2017) Water Quality Sampling Report – Quarry Pits. Prepared for 

CSR Limited 

• VGT (2017) Badgerys Creek Surface Waters - Report 3888. Issued 16/03/2017 

• Advisian (2019) CSR Advanced Manufacturing Hub – Modification 4 Dewatering Strategy 

February 2019  

• GHD (2016) Western Sydney Airport EIS - Surface Water Hydrology and Geomorphology  
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• Ecoplanning (2019) Flora and Fauna Assessment, Lots 54-59 // DP 3050, Martin Road, 

Badgerys Creek, NSW.  Prepared for Element Environment on behalf of CSR 

Policies and guidelines relating to the proposed development include: 

• Fisheries NSW Policy and Guidelines for Fish Habitat Conservation and Management (2013 

update) (NSW Department of Primary Industries 2013) 

• Fisheries Management Act 1994 

• Office of Water Controlled Activities on Waterfront Land – Guidelines for Riparian 

Corridors on Waterfront Land (NSW Department of Primary Industries NSW 2012) 

• Office of Water Controlled activities on Waterfront Land – Guidelines for Vegetation 

Management Plans on Waterfront Land 

Field survey 

Field surveys were undertaken on March 21 and 27 2018 by Carl Tippler (Principal Ecologist), Nakia 

Belmer (Ecologist) and Ben Green (Ecologist).  To determine the condition of the aquatic ecosystem, 

aquatic macroinvertebrates and benthic diatoms were sampled at five locations with two located on 

Badgerys Creek, one on the upstream and one on the downstream extent of the study area, and three 

on South Creek, one on the upstream and one on the downstream extent of the study site and a third 

below the confluence of Badgerys Creek and South Creek (Table 1, Figure 2). 

To determine the class and sensitivity of KFH in Badgerys Creek and South Creek, assessment was 

undertaken following the framework set out in Fisheries NSW Policy and Guidelines for Fish Habitat 

Conservation and Management (NSW Department of Primary Industries 2013).  

Table 1: Aquatic macroinvertebrate and benthic diatom sampling site locations. 

Site latitude Longitude 

Badgerys Creek 1 -33.89575 150.74466  

Badgerys Creek 2 -33.89150 -50.74946  

South Creek 1 -33.90186 150.76303  

South Creek 2 -33.89601 150.77043  

South Creek 3 -33.85024 150.76356  
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Figure 2. Study area, survey effort and aquatic macroinvertebrate and benthic diatom sample site locations.
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Aquatic macroinvertebrates 

Aquatic macroinvertebrates are commonly used as a biological indicator of the condition of 

waterways, as the community structure responds to land use and habitat changes and taxa have 

known tolerances to a range of pollutants (Rosenburg and Resh 2003). 

A total of five samples were collected, two from Badgerys Creek and three from South Creek (Figure 

2). All samples were collected from edge habitat following the rapid assessment macroinvertebrate 

sampling AUSRIVAS protocols for NSW (Turak et al. 2004). 

Sample net contents were placed into a sorting tray, rinsed with ethanol and preserved in a specimen 

vial for later identification. Samples were identified using a Nikon stereo microscope with 10x 

magnification. Specimens were identified to the taxonomic level of Family, with exception of 

Chironomidae (non-biting midges) which were identified to subfamily and Oligochaetes which were 

identified to class. Specimens were identified using the identification keys by Hawking and Smith 

(1997) and Gooderham and Tsyrlin (2002). 

Biotic indices of total abundance, taxon richness and SIGNAL-SF scores (Chessman et al. 2007) were 

calculated for each sample. 

The SIGNAL biplot was used to illustrate potential pressures influencing macroinvertebrate 

community structure. SIGNAL-SF scores and taxon richness were used to determine relative position 

of each assessment site on the biplot. Such biplots are useful for determining ecological condition and 

possible primary causes for any ecological degradation, as indicated by macroinvertebrate 

communities with relatively low diversity and/or dominated by pollution-sensitive taxa (Chessman 

2003). 

SIGNAL-SF scores were graphed to allow for visual representation of potential change across 

assessment sites. 

Benthic diatoms 

Benthic diatoms are a form of algae with cell walls made of hydrated silicon dioxide and grow as single 

cells or form filaments and simple colonies. Benthic diatoms are a useful biological indicator of water 

quality conditions because unlike macroinvertebrates, they are less influenced by instream habitat 

and respond subtly to changes in water quality, particularly nutrient enrichment. 
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One diatom sample was collected from each sample site from rock substrata and/or submerged 

woody debris following the methods provided by Chessman et al (no date). This was achieved by 

scraping organic matter from a 5 cm x 5 cm area of rock substrata and/or submerged woody debris 

with a wooden ice-cream stick. To avoid contamination a new stick was used at each site. Samples 

were preserved in ethanol and sent for identification and count to Jason Sonneman (Director, 

Ecological), a diatom taxonomic specialist, and species and relevant proportion of diatom taxa was 

determined. 

Algal diatom samples were analysed with OMNIDIA 7 software to calculate the metrics of relative 

abundance, diversity and Diatom Trophic Index (DTI) (Lecointe et al 1993 and 2003) which provides 

an assessment of the trophic status of freshwaters. The higher the DTI (in a range of 0-100), the more 

eutrophic (i.e. nutrient enriched) is the assessed water body. 

Results 

Desktop study and literature review 

Key fish habitat and threatened fish 

Review of KFH mapping for Sydney (DPI Fisheries 2007) shows both Badgerys Creek and South Creek 

were mapped as KFH (Figure 4). Review of Freshwater Threatened Species Distribution Maps (DPI 

Fisheries 2016) showed no threatened fish species were recorded in either Badgerys Creek or South 

Creek in proximity of the study site. 

Strahler stream order 

Review of NSW topographic mapping (SIX maps 2018) showed both Badgerys Creek and South Creek 

as being fifth order under the Strahler stream ordering system and a small tributary of Badgerys Creek 

in the south west of the study site as second order (Figure 4). 

Groundwater dependent ecosystems 

Review of the Atlas of Groundwater Dependent Ecosystems (BOM 2018) showed that aquatic and 

riparian GDE’s were mapped across the study site. Figure 4 and Figure 5 shows the majority of GDE’s 

were either in or adjacent to the riparian corridor of Badgerys Creek and South Creek. No mapped 

GDE’s were located within the proposed solar farm. A small patch of mapped GDE was within the 
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footprint of the approved Pit 4 extraction area, and along and adjacent to the tributary of Badgerys 

Creek (Figure 4, Figure 5). 

Native vegetation 

Review of vegetation mapping shows patches of native vegetation were present across the study area, 

the majority of which were located within or adjacent to the riparian corridor of both Badgerys Creek 

and South Creek. The dominant plant community type (PCT) was 835 - Forest Red Gum – Rough -

barked Apple grassy woodland on alluvial (Figure 4). These patches of native vegetation were also 

mapped as terrestrial GDE’s (Figure 5). 

Characterisation of surface water quality 

Water quality was reported by Advisian (2019).  Advisian relied on data from surface water samples 

collected from Pits 1-3 (n=2-3), Badgerys Creek (n=-4) and South Creek (n=1) between November 2015 

and July 2018, and monthly WQ data from Western Sydney Airport monitoring (n=36) undertaken 

between November 2015 to September 2018 that was collected at Elizabeth Drive approximately 2 km 

downstream of the subject site. Due to the paucity of available data collected as part of this 

application, data from the Western Sydney Airport has been used as a surrogate to characterise water 

quality in Badgerys Creek. 

Data presented by Advisian (2019) for Pits 1-3 (n = 2) shows that the parameters listed below pose a 

risk of impacting surface water quality in Badgerys Creek as concentrations were higher in pit water 

than the proposed receiving waters of Badgerys Creek; 

• pH (range 8.80-9.30) 

• electrical conductivity (range 1325 – 3170 µS/cm) 

• total nitrogen (TN) (range 0.5 – 3.3 mg/L) 

• copper (0.002 mg/L) 

Monitoring in Badgerys Creek as part of Western Sydney Airport monitoring (n=36) recorded median 

values for a number of parameters outside the ANZECC (2000) guidelines (Table 2) (Advisian 2019). 
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Table 2: Median values for WQ parameters in Badgerys Creek that were found to be outside the range of the ANZECC 
guidelines. 

 EC 

 (µS/cm) 

Dissolved oxygen  

(%) 

Total nitrogen 

 (mg/L) 

NOx-
Nitrogen 

(mg/L) 

Total 
phosphorous 

(mg/L) 

Copper  

(µg/L) 

Median  2372 46.7 1.7 0.1 0.2 2.0 

ANZECC 125-2200 85-110 0.35 0.04 0.025 1.4 

The pH of pit water is slightly alkaline (up to about 8.8 in Pit 1 and 2, and up to 9.3 in Pit 3), which is 

above the range recommended in the ANZECC Guidelines (pH = 6.5 - 8.0) and above the median pH 

recorded in Badgerys Creek (Advisian 2019)(Table 2). The release of pit water into Badgerys Creek may 

elevate pH of receiving waters. 

Electrical conductivity (EC) was highest in Pit 2, ranging from 3,170 µS/cm to 2,204 µS/cm) (Advisian 

2019). Pit 1 recorded an EC that ranged from 2,170 µS/cm to 1,454 µS/cm, while Pit 3 recorded an EC 

that ranged from 2,070 µS/cm to 1,325 µS/cm (Advisian 2019). These results are comparative to the 

median EC reported for Badgerys Creek (Table 2) and, therefore, pit water is not likely to significantly 

change EC in Badgerys Creek. However, the resulting changes to creek hydrology (i.e. modification 

from an ephemeral creek to perennial creek) may drive salinity-based affects to the aquatic and 

riparian ecosystem by subjecting the creek ecosystem to long term salinity exposure. 

Pit 1 recorded Total Nitrogen (TN) concentrations up to 0.5 mg/L, which is slightly above ANZECC 

Guidelines (0.35 mg/L) (Advisian 2019). TN concentrations in Pits 2 and 3 were much higher, being up 

to 3.3 mg/L and 1.4 mg/L, respectively (Advisian 2019). Median TN recorded in Badgerys Creek was 

1.7 mg/L (Table 2), therefore, pit water is not likely to significantly change TN in Badgerys Creek. 

However, the resulting changes to creek hydrology (i.e. modification from an ephemeral creek to 

perennial creek) may drive nutrient based affects to the aquatic and riparian ecosystem. 

Maximum copper concentrations of 0.002 mg/L were recorded in Pits 2 and 3, which are above the 

recommended copper concentration in the ANZECC Guidelines (0.0014 mg/L) (Advisian 2019). These 

results are equivalent to the median concentration (Table 2) reported by Western Sydney Airport 

monitoring, therefore, pit water is not likely to significantly change copper concentrations in Badgerys 

Creek. However, the resulting changes to creek hydrology (i.e. modification from an ephemeral creek 
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to perennial creek) may drive an increased risk in copper toxicity in the downstream aquatic 

environment due to a long-term exposure.  

For all other parameters, the release of pit water into Badgerys Creek is not anticipated to negatively 

impact water quality, as the concentrations measured in pit samples is either less than or within the 

range of concentrations for water sampled from Badgerys Creek. 

Data presented by Advisian (2019) for Pits 1-3 (n = 2-3) shows that the parameters listed below pose 

a risk of impacting surface water quality in South Creek as concentrations were higher in pit water 

than the proposed receiving waters of South Creek; 

• pH (range 8.80-9.30) 

• sulphate (range 43 – 138 mg/L) 

• total alkalinity as CaCO3 (range 217 – 410 mg/L) 

• sodium (range 331-570 mg/L) 

• arsenic (<LOR – 0.006 mg/L) 

• copper (0.001 – 0.002 mg/L) 

The pH of pit water is slightly alkaline (up to about 8.8 in Pit 1 and 2, and up to 9.3 in Pit 3) which is 

above the range recommended in the ANZECC Guidelines (pH = 6.5 - 8.0) and above the pH reported 

in South Creek (Advisian 2019). The release of pit water to South Creek may elevate pH of receiving 

waters. 

Sulphate concentrations in South Creek ranges between 21 mg/L and 76 mg/L, however, sulphate in 

Pit 2 samples were higher (Advisian 2019). Sulphate concentrations recorded in Pit 1 and Pit 3 fall 

within the range or at the upper limit of results from South Creek. The release of water from Pit 1 and 

Pit 3 is not anticipated to impact on the sulphate concentration of South Creek, however, the release 

of water from Pit 2 may increase the sulphate concentration of the water in South Creek. 

Total alkalinity as CaC03 concentration in South Creek ranges between 243 mg/L and 281 mg/L 

(Advisian 2019). The total alkalinity as CaC03 concentration of Pit 3 samples were greater than 

concentration in South Creek (Advisian 2019).  Total alkalinity of Pit 1 and 2 was less than or aligned 

with the lower end of results reported for South Creek. Therefore, release of water from Pit 1 and Pit 
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2 is not anticipated to impact on the total alkalinity as CaC03 concentration of South Creek, however, 

the release of water from Pit 3 may increase the total alkalinity as CaC03 concentration of South Creek. 

Sodium concentration in South Creek ranged between 308 mg/L and 412 mg/L (Advisian 2019). 

Sodium concentration associated with Pit 1 and 3 were within the range reported for South Creek, 

while sodium concentration for Pit 2 was greater than that reported for South Creek (Advisian 2019). 

Therefore, the release of water from Pit 1 and 3 to South Creek is not anticipated to impact on the 

sodium concentration, however, the release of water from Pit 2 may lead to an increase in 

concentration. 

The arsenic concentration in South Creek ranged between the detection limit of 0.001 mg/L and 0.002 

mg/L (Advisian 2019). Monitoring results show Pit 3 had an arsenic concentration greater than levels 

in South Creek, while Pit 1 and 2 samples had concentrations within the range recorded for South 

Creek (Advisian 2019). The release of water from Pit 1 and 2 into South Creek is not anticipated to 

negatively impact on the arsenic concentration, however, the release of water from Pit 3 may increase 

the arsenic concentration of South Creek. 

The copper concentration in South Creek was at the detection limit of 0.001 mg/L and copper 

concentrations in pit samples either align with or are greater than the reported copper concentrations 

for South Creek (Advisian 2019). The release of water to South Creek from Pit 1 is not anticipated to 

negatively impact on the copper concentration of South Creek, however, the release of water from 

Pits 2 and 3 may increase the copper concentration in South Creek to above the concentration 

recommended in the ANZECC Guidelines.  

Rainfall 

Monthly rainfall between December 2017 and March 2018 was below the long-term average with a 

total of 163.5 mm falling for the period compared to the long-term average of 316.3 mm (BOM 2018b) 

(Figure 3). 
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Figure 3: Long term and monthly average rainfall recorded at Badgerys Creek weather station December 2017 – March 
2018 (BOM 2018).
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Figure 4: Mapped key fish habitat (KFH), Strahler stream order, groundwater dependent ecosystems (GDE) and plant community types (PCT) across the study area. 
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Figure 5: Location of mapped aquatic and terrestrial groundwater dependent ecosystems (GDE) across the study area (date source: BOM 2018). 
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Field survey 

Field survey was undertaken over two days (21 March and 27 March 2018). A site walkover was 

undertaken on 21 March 2018 which included assessment of KFH and field validation of mapped GDE’s 

and native vegetation. Aquatic macroinvertebrate and benthic diatom surveys were undertaken on 

27 March 2018 with samples collected from five monitoring sites (Figure 7). 

Weather and creek flow 

Weather conditions during field survey on 21 March were wet and windy and 7.8 mm of rainfall was 

recorded at the Badgerys Creek weather station. Weather conditions were mild and dry during field 

survey on 27 March (Table 3), however, 15.8 mm of rain was recorded in the six days prior (BOM 

2018b). 

Table 3: Daily weather observation at Badgerys Creek (nearest weather station) (BOM 2018b). 

Date Temp (OC) Rainfall (mm) Wind 

 Min Max  Direction Max (km/h) 

21/03/2018 16.6 21.1 7.4 SSE 43 

27/03/2018 7.2 25.2 0.0 E 28 

 

Inspection of creek flow in Badgerys Creek and South Creek revealed both waterways were not flowing 

and were reduced to a series of pools of > 0.50 m depth (Figure 6). 

 

Figure 6: Photographs of Badgerys Creek (left) and South Creek (right) taken on March 21 showing no flow and pooled 
surface water.
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Figure 7: Field survey effort and location of aquatic macroinvertebrate and benthic diatom sampling locations. An additional sampling location at the confluence of Badgerys Creek and 
South Creek is not shown on this map, see Figure 2 for location. 
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Key fish habitat  

Assessment of KFH class and type following the framework set out by DPI Fisheries (2013) shows at 

the time of assessment the reaches of both Badgerys Creek and South Creek bordering the study area 

were classified as Type 1 – highly sensitive fish habitat, Class 2 – moderate key fish habitat.  

In the case of Badgerys Creek and South Creek, both were determined as Type 1 – highly sensitive fish 

habitat due to the presence of instream large woody debris > 300 mm diameter and > 3 m in length 

and presence of native macrophytes. In addition, both creeks were determined as Class 2 – moderate 

key fish habitat as both creeks had non-permanent flows (intermittent) but were creeks with clearly 

defined bed and banks with semi-permanent to permanent water in pools (Figure 8). 

 

Figure 8: Photographs showing Type 1, Class 2 KFH attributes for Badgerys Creek (left) and South Creek (right). 

Groundwater dependent ecosystems and native vegetation 

The site-walk over to validate the presence of GDE’s and native vegetation confirmed that remnant 

patches of native vegetation mapped throughout the study area were also mapped as terrestrial 

GDE’s. South Creek was mapped as an aquatic GDE, and at the time of assessment was not flowing 

and was reduced to a series of long pools of > 0.50 m in depth (Figure 9, Figure 11). 

Field validation of mapped plant community types confirmed the presence of PCT 835 - Forest Red 

Gum – Rough -barked Apple grassy woodland on alluvial flats. For detail regarding vegetation 

communities across the study area see Ecoplanning (2018).  

In addition to these vegetation types, an expanse of Carex appressa dominated wetland was located 

on the eastern boundary of the study area. This wetland appeared to be an historical anabranch or 

flood runner of South Creek. At the time of field survey, the wetland was dry and a dense layer of 

Salvinia molesta. and Typha orientalis. covered what would be in wet periods, areas of open water 
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within the wetland complex (Figure 10). This wetland community was not mapped as a GDE (Figure 

11). For further detail regarding the wetland vegetation community see Ecoplanning (2018). 

 

Figure 9: Photograph of South Creek mapped as an aquatic GDE and example of mapped terrestrial GDE in study area. 

 

Figure 10: Photographs of Carex sp. dominated wetland which appears as a historical flood runner of South Creek.
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Figure 11: Location of mapped GDE’s across the study area. Red outline indicates Location of Carex sp. wetland. Note this is not a mapped GDE. 
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Macroinvertebrates 

462 individual macroinvertebrates from 28 families were collected across the five assessment sites. 

Nearly one quarter of taxa collected belonged to just two groups, Acarina (water mites) of which 110 

individuals were collected and Chironomidae (non-biting midges) of which 101 individuals were 

collected. Acarina are a group that inhabit waterways with standing water or low flow condition and 

Chironomidae are ubiquitous to most waterways, are fast colonisers and it is typical to find this group 

in large numbers colonising waterways that undergo frequent disturbance i.e. urban streams or 

waterways with harsh physical/chemical conditions i.e. no flow or eutrophic waters. Of the other taxa 

recoded during survey the majority require habitat with standing water and/or low flows reflecting 

flow conditions at the time of survey. See Appendix A for taxa list. 

The SIGNAL bi-plot (Figure 12) was used to display family richness and corresponding SIGNAL SF score 

to enable comparison between sites and interpretation of possible pressures influencing 

macroinvertebrate structure. The pattern of distribution displayed in Figure 12 shows Badgerys Creek 

assessment sites (BC1 and BC2) group within Quadrant 3, a result which indicates toxic pollution or 

harsh physical conditions were impacting the site. This result was likely a reflection of the dry period 

which had resulted in no flow in Badgerys Creek for a prolonged period of time which was likely to 

have created harsh aquatic conditions such as low oxygen, elevated water temperature or increased 

algae blooms. 

Results for South Creek 1 and 2 (SC1 and SC2) cluster in Quadrant 4 which indicates the creek was 

impacted by urban, agricultural and/or industrial land use practices (Figure 12). This result was 

expected as the upstream catchment was undergoing rapid transformation from agricultural to urban 

land use and, therefore, in wet periods South Creek would be impacted by stormwater and agricultural 

runoff which will degrade the aquatic ecoystem. The condition of this reach of South Creek was also 

likely to be affected by a lack of flow during prolonged periods with no rain and by feeding Carp which 

were observed in large numbers during field assessment. 

In contrast to the other sites surveyed by this study, results from South Creek 3 (SC3) fell on the border 

of Quadrant 1 and 2. This result indictes a combination of favourable habitat and elevated nutrients 

and/or salinity (which could be natural) (Figure 12). 
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Figure 12: SIGNAL bi-plot of family richness and SIGNAL-SF scores for Badgerys Creek and South Creek assessment sites. 

Benthic Diatoms 

60 species of diatoms totalling 1570 individual cells were collected across the five assessment sites. 

Calculation of the Trophic Diatom Index (TDI) revealed the highest value was recorded at BC2 (94.68) 

followed by BC1 (88.41), SC1 (83.20), SC2 (80.72) and SC3 (78.07) (Figure 13). These results indicate 

the waters of both Badgerys Creek and South Creek were, at the time of sampling, in a highly eutrophic 

state (i.e. TDI’s close to 100) (i.e. nutrient enriched with low dissolved oxygen) which is to be expected 

due the absence of flow in both creeks for a prolonged period prior to this assessment.  

 

Figure 13: Trophic Diatom Index calculated for each assessment site. 

QUADRANT 1: Results in 
this quadrant usually 
indicate favorable habitat 
and chemically dilute 
waters 

QUADRANT 2: Results in 
this quadrant often indicate 
high salinity or nutrient  
levels (may be natural) 

QUADRANT 3: Results in this 
quadrant often indicate toxic 
pollution or harsh  
physical conditions  

QUADRANT 4: Results in this 
quadrant usually indicate 
urban, industrial or agricultural 
pollution, or downstream 
effects of dams 
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Discussion 

Badgerys Creek and South Creek are mapped as KFH and field assessment classified both creeks as 

Type 1 – highly sensitive fish habitat, Class 2 – moderate key fish habitat. Both creeks are classified as 

Type 1 – sensitive fish habitat due to the high degree of woody debris in the channel and presence of 

emergent and floating native macrophytes along creek sections. Class 2 – moderate key fish habitat 

was assigned to both creeks as, at the time of sampling, both did not have flow and were reduced to 

a series of long pools. 

Table 4 and Table 5 show extracts from Fisheries NSW Policy and Guidelines for Fish Habitat 

Conservation and Management (NSW Department of Primary Industries 2013) used to determine KFH 

type and class of Badgerys Creek and South Creek. 

NSW DPI recommend VRZ’s are maintained/established along waterways classed as KFH. NSW DPI will 

assess the width of the recommended VRZ based on habitat type and waterway Class (see Tables 3 

and 4), the possible extent of the development disturbance and the susceptibility of the bank to 

erosion. As a guide the following are recommended (NSW DPI 2013): 

• Type 1, Class 1: 100 m VRZ 

• Type 2, Class 2-3: 50 m VRZ 

• TYPE 3, CLASS 3-4: 10-50 VRZ 

Due to Badgerys Creek and South Creek being assessed as Type 1 – highly sensitive fish habitat, a 100m 

VRZ is recommended to protect aquatic habitats in both creeks, however, these buffer widths are 

recommendations and not a requirement. Therefore, the 60 m VRZ’s as required by the conditions of 

consent are considered a suitable option and will ensure adequate protection (see section below). 
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Table 4: Extract from Fisheries NSW Policy and Guidelines for Fish Habitat Conservation and Management (NSW 
Department of Primary Industries 2013) showing KFH type classification. Habitat attributes present in Badgerys Creek and 
South Creek highlighted. 

 

Table 5: Extract from Fisheries NSW Policy and Guidelines for Fish Habitat Conservation and Management (NSW 
Department of Primary Industries 2013) showing KFH class classification. Class of Badgerys Creek and South Creek 
highlighted. 

 

Review of NSW topographic maps and calculation of Strahler Stream Order shows Badgerys Creek and 

South Creek are classed as 5th Order streams. Given the proposed modification is a transitional Part 

3A project, by virtue of section 75U(1) of the EP&A Act, the provisions of the NSW Water Management 

Act (WMA) 2000 in regard to water use approvals under Section 89, a water management work 

approval under Section 90 or an activity approval under Section 91 are not applicable to the 

modification. The approved project has a 60m setback from Badgerys Creek which includes a 50 m 
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riparian buffer and an additional 10 m setback to protect Aboriginal heritage sites between the creek 

and the western edge of the approved Pit 5.  

The riparian buffer on the tributary of Badgerys Creek extends into Pit 2 which has been approved to 

be backfilled to natural ground level and will be used to store overburden during the sites proposed 

operational period.  

While the provisions of the NSW Water Management Act (WMA) 2000 do not apply to the proposed 

development, consideration of the required vegetated riparian zones should be given. Therefore, a 40 

m vegetated riparian zone (VRZ) measured from top of bank is required for both creeks. The small 

tributary of Badgerys Creek which lies in the southern corner of the site is classed as 2nd Order and, 

therefore, requires a 20 m VRZ measured from top of bank, however this buffer does not apply where 

it overlays the approved Pit 2 disturbance footprint as Pit 2 is approved to be backfilled and 

rehabilitated. In addition, the wetland identified by this study and mapped by Ecoplanning (2019) 

requires a 40 m VRZ (Figure 14). 

The 50 m riparian buffer for Badgerys Creek as per the consent conditions will provide a wider buffer 

than those required by the WMA (2000) and, therefore, protect the creeks and associated KFH and 

riparian zones from encroachment by day to day activities associated with the operation stage of the 

proposed development. 

This study shows that groundwater dependent ecosystems are present across the study area, 

however, their distribution is limited to existing vegetation patches and to South Creek. The major 

vegetation community recorded at the site is PCT 835 - Forest Red Gum – Rough -barked Apple grassy 

woodland on alluvial flats, which is mapped as a terrestrial GDE. In addition, South Creek is mapped 

as an aquatic GDE. 

A small patch of GDE is mapped in the southern corner of the study area, however, this is the current 

location of Pit 2 and, therefore, no GDE’s remain in that location. A small GDE is mapped within the 

footprint of the approved Pit 4 extraction area, which is currently a remnant patch of poor condition 

native vegetation which has been impacted by past and current land use and will be excavated during 

approved Pit 4 clay extraction. This patch is also within the ‘South West Certified Growth Centre’ and 

is on biocertified land (see Ecoplanning (2019)). 

Other GDE’s mapped across the site are primarily located within the riparian zone of both creeks and 

outside the proposed development footprint and are unlikely to be impacted by the proposed 

development. 
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Although mapped as GDE it is likely these vegetation communities derive their primary source of water 

from shallow subsurface ground water which recharges after rain events. In addition, the vegetation 

close to the creek channels are likely to access water supply via the combination of shallow 

groundwater and creek water which has permeated into riparian soils.  

South Creek is mapped as an aquatic GDE and it is likely groundwater contributes to maintaining 

baseflow.  Overland flow, storm water and run-off from urban and agricultural land upstream is likely 

to be the major contributor to water levels and flow in South Creek, the effect of which is likely to be 

exacerbated with increased urban growth.
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Figure 14: Required VRZ as per NSW Water Management Act (2000) and recommended Key Fish Habitat VRZ as per NSW DPI (2013). Note buffers on this map are measured from the centre 
of the creek channel as top of bank was not surveyed as part of this study. 
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Badgerys Creek is considered an ephemeral waterway and South Creek a perennial watercourse, 

however, no measurable flow occurs for 40 % of the time (Advisian 2019). The proposed dewatering 

is likely to significantly affect the hydrology of both creeks. Continuous discharge to Badgerys Creek 

will result in a likely 100 % loss of no flow periods.  In addition, it is likely South Creek will receive a 

permanent flow which will decrease the days of no flow to zero during the discharge period.  

These changes to hydrology will likely change the creek ecosystem from one reliant on ephemerality 

to one that is adapted to permanent flows. This may result in loss of macroinvertebrate taxa which 

are reliant on low/no flow conditions. This group contributed up to 25% of the macroinvertebrate 

abundance and a loss/decrease of this group may affect feeding resources of higher organisms such 

as fish and waterbirds. 

In addition, the change in hydrology will likely alter the benthic diatom community from one that 

preferences lentic (still) conditions to one that is adept to lotic (flowing) conditions. This change may 

affect higher organisms as the diatom community occurs at the base of the foodchain.  

These impacts are likely to be greatest in Badgerys Creek due to its ephemerality and as a result the 

creek ecosystem has adapted to tolerate the infrequent flows and the potentially harsh water quality 

conditions that are at present confined to a series of long pools that are likely to flow only when 

triggered by sufficient rainfall. South Creek has been shown to flow 60% of the time and therefore the 

biota is likely to be tolerant to flow fluctuation. 

Effects of altered hydrology are discussed throughout this section as they are complex and drive the 

aquatic and riparian ecosystem. 

Results of the aquatic ecosystem assessment in both Badgerys Creek and South Creek show that at 

the time of assessment the ecosystem was under stress. Below average rainfall in the months 

preceding the assessment has resulted in both creeks being reduced to a series of pools, most of which 

were > 0.50 m in depth. These conditions have likely resulted in these pools becoming eutrophic i.e. 

elevated nutrient concentrations and low dissolved oxygen saturation, which is a known stressor on 

aquatic ecosystems. Turbidity in some pools was also elevated, likely due to Carp feeding. Fine 

sediment which is disturbed by Carp while feeding becomes suspended in the water column which 

increases turbidity and reduces light attenuation through the water column. This and the smothering 

of benthic habitats which occurs when these fine particles resettle puts additional stress on the 

aquatic ecosystem. 
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Long term monitoring of Badgerys Creek reported by Advisian (2019), which includes three years of 

data collected at monthly intervals (n=36), shows water quality parameters of turbidity, total 

suspended solids, total nitrogen, total phosphorous, copper and zinc to be highly variable and, to a 

lesser extent, pH, nickel and lead. It is likely that periods of elevated nutrients, sediment, salinity and 

metals periodically stresses the aquatic ecosystem and, when combined with low/no flow conditions, 

results in a macroinvertebrate and benthic diatom community that has tolerance to eutrophic 

conditions, which are likely to be present for long periods of time in the isolated pools of Badgerys 

Creek. 

Variability in water quality parameters for Badgerys Creek may be linked to rainfall and associated 

run-off. It is possible that significant dilution of surface waters occurs during and after rainfall events 

which periodically reduces salinity, pH, nutrients and metals and elevates turbidity and total 

suspended solids. However, the correlation between water quality of Badgerys Creek and rainfall has 

not been explored and, therefore, the source of variation cannot be quantified. 

Advision (2019) show one sampling event was undertaken in South Creek which included a sample 

collection at four points in September 2018. Data collected shows variability between sites for most 

parameters, except for pH, total alkalinity and calcium. Given the limited data, a reliable assessment 

of the ambient water quality of South Creek or effects of pit discharge cannot be made. 

The ANZECC guidelines have been derived to apply to the ambient waters that receive effluent or 

stormwater discharges, and protect the environmental values they support. They are not for direct 

application in activities such as discharge consents, recycled water quality or stormwater quality 

(ANZECC 2000).  

Local water quality varies naturally because of various factors, including the type of land the waters 

are draining (e.g. soils, slope), or rainfall and runoff patterns (e.g. ephemeral or permanent streams) 

and land use. Therefore, to assess potential impacts of pit discharge to Badgerys Creek and South 

Creek, comparison of data collected from these waterways has been made which consider the local 

conditions. 

The data presented by Advisian (2019) shows potential impacts to surface water quality of Badgerys 

Creek and South Creek which include; 

• pH 

• electrical conductivity 
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• total nitrogen 

• sulphate 

• total alkalinity as CaCO3 

• sodium 

• arsenic 

• copper 

A change in the pH of receiving waters of Badgerys Creek from the proposed discharge of pit water is 

likely, based on the modelled pH of pit water discharge (8.30 – 8.80) and median pH for Badgerys 

Creek (7.40).  The maximum pH of modelled pit water is more than one pH higher than the median 

value for Badgerys Creek (which equates to a pH 10 times higher in modelled discharge than in 

Badgerys Creek). 

The magnitude of change and potential effects of pH on aquatic and riparian biota (if any) cannot be 

quantified with confidence for South Creek due to a lack of data (n=1). 

It is well known that diurnal fluctuation of pH occurs which can result in pH levels fluctuating by more 

than one pH unit (e.g. Rahaman et al 2017). This is a natural process and typically results in pH being 

lowest in the mornings and highest in the late evening. Natural processes such as photosynthesis, 

biological activity and geological weathering drive these apparent changes and regulate pH in natural 

systems.  

However, if significant change to the diurnal pH cycle occurs, adverse effects to water chemistry may 

occur which include increase in toxicity of metals such as cyanide and aluminium with pH decrease or 

increase in ammonia with pH increase, all which have potential to cause degradation to aquatic 

ecosystems (ANZECC 2000).  

Advisian (2019) report that the mean modelled electrical conductivity of pit water discharge will be 

2196 μS/cm which is slightly lower than the median of 2372 μS/cm for Badgerys Creek. Salinity levels 

of pit discharge have the potential to affect the aquatic and riparian ecosystems of Badgerys Creek as 

a result of the predicted changes in creek hydrology and the long-term exposure of the creek channel 

to saline water. 
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Advisian report the water level in Badgerys Creek will vary between 100 mm and < 200 mm depth and 

therefore there is potential for extensive areas of creek channel to be inundated by saline discharge 

for an extended period of 12 – 14 months.  

Therefore, potential change may occur to the electrical conductivity of waters in the receiving creeks 

due to pit water discharge. Salinity changes may affect aquatic organisms in two ways:  

• direct toxicity through physiological changes (particularly osmoregulation) — both 

increases and decreases in salinity can have adverse effects, and, 

• indirectly by modifying the species composition of the ecosystem and affecting species 

that provide food or refuge.  

Hart et al. (1990 and 1991 in ANZECC 2000) reviewed the biological effects of saline discharges into 

freshwater systems, and concluded that adverse biological effects would be expected in Australian 

aquatic ecosystems if salinity was allowed to increase to approximately 1500 μS/cm. Although it 

appears, from the data presented, Badgerys Creek (median 2372 μS/cm (n=36)) and South Creek 

(range 2429 – 3309 μS/cm (n=1), have naturally elevated salinity levels which were reported above 

1500 μS/cm it is likely, particularity for Badgerys Creek, seasonal fluctuations occur which are driven 

by rainfall patterns, although this has not been investigated. 

Salinity levels of pit discharge have the potential to affect the aquatic and riparian ecosystems of 

Badgerys Creek due to the predicted changes in creek hydrology and the long-term exposure of the 

creek channel to saline water as creek flow will become permanent for 12 months. For example, 

Timpano et al (2015) found that benthic macroinvertebrate community stress threshold for salinity 

was triggered at around 900 μS/cm when exposed to saline mine water discharge, a result which was 

considered conservative to comparative studies. This study also considered sulphate and TDS, which 

was strongly correlated to benthic macroinvertebrate community stress and, to a lesser degree, 

sodium and bicarbonate.  

While electrical conductivity in receiving waters was higher than 900 μS/cm (Advisian 2019) and the 

macroinvertebrate communities were found to be impaired in Badgerys Creek, the spatial extent of 

the Badgerys Creek channel that will be exposed to long term salinity, which include the ionic 

components of sodium, bicarbonate and sulphate, and potential effects on aquatic and riparian biota 

(if any) of receiving waters, cannot be quantified without hydraulic modelling which will allow 

determination of the extent of channel inundation. 
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Exposure to long term saline discharge in Badgerys Creek may affect in-channel and riparian 

vegetation that, under an ephemeral flow regime, are not frequently watered by flows. Currently, 

higher flows are likely to flush and dilute pools and inundate instream and riparian vegetation for a 

short duration. Sustained higher flows of saline pit water may result in an increased cover of salt 

tolerant species, and have a deleterious effect of species less tolerant of saline water.  

The magnitude of change and potential effects on aquatic and riparian biota (if any) cannot be 

quantified with confidence for South Creek due to a lack of data (n=1). 

Advisian (2019) report that once dilution of pit waters has occurred the concentration of total nitrogen 

in discharge water will range from 0.53 -0.86 mg/L. These values are well below the reported median 

1.7 mg/L of Badgerys Creek.  

The potential impact of nitrogen discharge to Badgerys Creek is not focussed on the concentration of 

discharge but the exposure to a long-term constant source of nitrogen to Badgerys Creek. The 

ephemerality of Badgerys Creek has resulted in the formation of long-standing pools which act as 

nutrient sinks and contain nutrients until a high flow triggered by rainfall flushes the pools, dilutes 

water quality and transports nutrients downstream.  

The proposed permanent flow will alter the hydrology and affect this sink/dilution/transport effect, 

instead supplying a constant supply of nitrogen to downstream environments for the duration of the 

dewatering process. 

Tippler et al (2012) found elevated total nitrogen as a significant factor in benthic macroinvertebrate 

community structure in the neighbouring Georges River catchment. It is likely prolonged discharge of 

nitrogen enriched pit water to Badgerys Creek may cause adverse effects, such as algae blooms and 

associated oxygen depletion, which will result in eutrophication and further stress to the aquatic 

ecosystem. In addition, elevated TN may promote weed growth in the riparian corridor which will 

potentially degrade riparian biodiversity. 

Nutrient pollution from elevated total nitrogen can impact on ecosystems directly and indirectly. The 

most common problem is the stimulation of growth of algae, cyanobacteria and nuisance aquatic 

macrophytes which can bloom and change the dynamics of an aquatic ecosystem which includes 

effects such as (ANZECC 2000); 

• obstruct waterways and impede fish migration  
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• diminish light availability to other species below 

• mats of periphyton can cover the stream bed and reduce habitat quality for fish and 

invertebrates 

• create odours and unsightly appearances which lead to loss of recreational amenity  

• some cyanobacteria and algae release toxins into the water 

• cause excessive diurnal fluctuations in pH and dissolved oxygen which can stress or 

eliminate sensitive species 

• when large amounts of biomass are degraded by bacteria, the biological oxygen demand 

(BOD) of the bacteria can deplete the oxygen concentration in the water leading to severe 

events like fish kills 

The magnitude of change and potential effects on aquatic and riparian biota of South Creek (if any) 

due to total nitrogen supply cannot be quantified with confidence due to a lack of data collected at 

regular intervals (i.e. monthly and or diurnally) over a prolonged period (n=1). 

The concentration of Arsenic in pit water discharge was not modelled by Advisian (2019) for the 

preferred pit dewatering option. However, the highest concentration recorded was 0.006 mg/L which 

is well below the ANZECC guideline value of 0.13 - 0.024 mg/L (dependent on speciation) and well 

below acute and chronic toxicity levels for freshwater biota reported in ANZECC (2000). Arsenic was 

reported below the limit of detection and, therefore, based on data presented by Advisian (2019) it is 

unlikely arsenic will impact aquatic biota in Badgerys Creek.  

The magnitude of change and potential effects on aquatic and riparian biota of South Creek (if any) 

due to arsenic cannot be quantified with confidence due to a lack of data collected at regular intervals 

(i.e. monthly and or diurnally) over a prolonged period (n=1). 

Advisian (2019) reported modelled copper concentration of pit water discharge to be in the range of 

0.0011 – 0.0012 mg/L which is higher than the median concentration reported for Badgerys Creek of 

0.002 mg/L. Although the modelled level of discharge is higher than in Badgerys Creek, this 

concentration is  below the  level at which copper becomes ecotoxic to aquatic biota which  is reported 

as 0.0016-0.0017 mg/L (ANZECC 2000). Therefore, it is unlikely copper will impact aquatic biota of 

Badgerys Creek.  
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The magnitude of change and potential effects on aquatic and riparian biota of South Creek (if any) 

due to copper cannot be quantified with confidence due to a lack of data collected at regular intervals 

(i.e. monthly and or diurnally) over a prolonged period (n=1). 

Analysis of results from aquatic macroinvertebrate sampling show the communities within Badgerys 

Creek and South Creek are dominated by taxa which preference environments with low to no flow 

and can tolerate degraded ecological conditions (Chessman 2007). The SIGNAL biplot (Figure 12) 

indicates the macroinvertebrate communities of Badgerys Creek and South Creek are affected by 

harsh physical conditions, pollution, high salinity and nutrients and land use. These results reflect the 

combination of low flow, suspected eutrophic water quality, elevated salinity and the mixed urban 

and agricultural land use in the upstream catchments. 

In addition, results of benthic diatom sampling and calculation of Diatom Trophic Index scores indicate 

water quality conditions in both creeks to be highly eutrophic which is likely a reflection of elevated 

nutrients, low oxygen and low flows that were likely present at the time of survey. 

An additional factor to consider that has potential to significantly impact aquatic and riparian 

ecosystems is changes in creek hydrology. Hydrology not only controls flow but also creek 

geomorphology and dependent ecosystems. Advision (2019) report the channel bed in Badgerys Creek 

“is formed in the natural surface soils and has a sandy base with some small rocks. Some clay horizons 

are exposed through the mid and upper creek banks.” 

Indicative modelling by Advisian (2019) to determine the erosive potential of pit discharge on 

Badgerys Creek was checked using the Hjulstrom curve. Results reported show a discharge flow 

velocity of up to 0.32 m/s, and therefore there is potential for erosion of sediments if the grain size in 

the creek is between 0.03 and 0.7mm. 

However, if the discharge to the creek is limited to 100,000L/hr from a single pit (i.e., 0.03 m3/s), then 

the flow velocity calculated via Manning’s equation will be a maximum of 0.22 m/s. This is slightly 

higher than the 0.2 m/s erosion threshold for sediments of any size, according to the Hjulstrom 

Diagram. Mobilisation of leaf litter may occur at flow velocities of 0.037 – 0.050 m/s (de Brouwer et 

2017), which is far lower than the modelled 0.22 m/s. 

At the nominated flow velocity of 0.22 m/s the potential for erosion would be minimal, however, if 

the bed sediments contain sands (which were observed by Advisian) of 0.1 – 0.2 mm, there is potential 

for erosion. Given the long-term discharge proposed, the proposed flow has the potential to cause 
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erosion to the creek bed and impact the creek ecology, which is reliant on these benthic substrates. 

However, based on the available data, the confidence of the potential impacts to both geomorphology 

and the ecology of Badgerys Creek is low as the particle size and dispersiveness of bed and bank 

sediments have not been quantified. 

Indicative modelling by Advisian (2019) to determine the erosive potential of pit discharge on South 

Creek was checked using the Hjulstrom curve. Results reported show that at a discharge flow velocity 

of up to 0.24 m/s, there is potential for erosion of sediments if the grain size in the creek is between 

0.05 and 0.4mm. 

However, the confidence of the potential impacts to both geomorphology and ecology of South Creek 

is low as the particle size and dispersiveness of bed and bank sediments have not been quantified. 

 

Figure 15: Hjulstrom Curve. Red circle indicates point at which sands are mobilised.  
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Conclusion  

This assessment of aquatic and groundwater dependent ecoystems in Badgerys Creek and South Creek 

concludes that GDE’s are present within the study area, with the majority located within the riparian 

corridor of Badgerys Creek and South Creek. The condition of the aquatic ecosystem, as indicted by 

the aquatic macroinvertebrate and benthic diatom communities, is under stress due to the 

combination of the prolonged dry period during the time of survey, the suspected eutrophic water 

quality and altered catchment landuse. 

Both Badgerys Creek and South Creek were assessed as Type 1 – highly sensitive fish habitat, Class 2 

– moderate key fish habitat due to the habitat attributes observed within the creeks and the 

intermittent flow regime. 

It is unlikely the proposed development outlined in MOD 4 of the Section 75W Modification 

Application will have significant detrimental impacts to GDE’s and/or KFH if the recommendations are 

addressed. 

However, potential issues with water quaility have been identified which may affect the aquatic and 

riparian ecosystem of Badgerys Creek and South Creek. Parameters idenfied as posing issues include; 

• pH 

• electrical conductivity, which is influenced by ionic parameters of sulphate, alkalinity and 

sodium 

• total nitrogen  

Although identified as being potentially problematic, the issue with disharge of pit water to Badgerys 

Creek is the combined effect these parameters may have when the hydology of the creek is changed 

from ephemeral to perrenial. This change will expose the creek channel to elevated levels of salinity, 

pH and nutrient over a long term period and, therefore, it is likely ecosystem impacts will occur 

resulting in a change from an ecosystem adept to intermittent flow to one that is flow reliant.  

Impacts to South Creek ecoystems could not be predicted with confidence due to the lack of water 

quality data (n=1). To confidently determine if impacts will occur to South Creek a comprehensive 

water quality monitoring program is required. 
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Indicative hydrology impacts as modelled by Advisian (2019) shows the potential for bed and bank 

erosion is present at the nominated discharge rates. However, the modelling applied is indicative and 

provides a starting point on which to refine flows to ensure bed and bank erosion is mitigated.  

Recommendations 

To protect and enhance the aquatic and riparian ecosystems of Badgerys Creek and South Creek the 

following recommendations are made. 

Establish appropriate minimum setback widths from Badgerys Creek and South Creek. To protect 

GDE’s and KFH the proponent must maintain a 50 m from Badgerys Creek and South Creek as 

measured from top of bank.  

The NSW Water Management Act (2000) recommends a 40 m VRZ from top of bank is maintained 

along Badgerys Creek and South Creek and a 20 m VRZ is maintained along the tributary of Badgerys 

Creek. In addition, it is recommended a 40 m VRZ is maintained around the perimeter of the wetland 

adjacant to South Creek. 

The establishment of the 50 m setback will provide a VRZ greater than 40 m which will protect 

Badgerys Creek and South from direct disturbance. 

Characterise the particle size of bed and bank sediments in Badgerys Creek and South Creek. 

Indicative modelling by Advisian (2019) showed erosion potential of both creeks to be low with the 

proposed discharge having the highest erosion potential in Badgerys Creek. This modelling was 

undertaken using observational data of bed and bank materials and particle size was not quantified, 

therefore, critical shear stress was not calculated. It is recommended charaterisation of bed and bank 

sediment and particle size is undetaken by a suitably qualified goemorphologist prior to finalising the 

pit dewatering strategy. This will enable calculation of critical shear stress for the bed and bank and 

allow a suitable discharge rate to be calculated to avoid degrading creek geomorpholgy and ecology. 

Undertake sediment transport modelling of potential receiving waters for dewatering of Pit 1. It is 

proposed Pit 1 be dewatered to accommodate future brick making operations. Advisian  (2019) 

estimated Pit 1 contains 1080 ML of water which will require pumping and disposal. If after 

characterisation bed and bank sediments are determined to be sensitive to erosion it is recommended 

sediment transport modelling be undertaken to establish the optimum flow rate that can be achieved 

without altering the natural flow regime or impacting the creek bed and banks. Velocities and shear 
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stresses at which sediment and organic detritus become mobile should be determined as these are 

important factors in maintaining the ecological integrity of these waterways. These studies should be 

undertaken by an experienced sediment transport modeller and consider changes to base flow and 

events smaller than 1 year ARI to ensure bed and bank stability is not compromised. 

Undertake water quality montoring of potential receiving waters for dewatering of Pit 1. To further 

understand the current water quality condition in Badgerys Creek and South Creek ongoing monthly 

baseline water quality monitoring should be undertaken at the four CSR monitoring locations on both 

Badgerys Creek and South Creek. Details with regards to this can be found in Advisian (2019). In 

addition to parameters recommended by Advisian (2019), it is recommended nitrogen speciation be 

included i.e. NOx-N, TKN, ammonia – N, DIN and DON. This will inform future assessments as to what 

portion of nitrogen is bioavailable and has potential to affect the aquatic ecosystem. 

Develop a biological monitoring program to detect if changes occur to the aquatic 

macroinvertebrate community as a result of exposure to pit water discharge. Development of this 

program should be based on assessing change in the composition of the aquatic macroinvertebrate 

community which may change due to the alteration of creek hydrology and long term exposure to 

discharge water quality which is expected to have pH higher than background levels. Monitoring on a 

quarterly frequency should be considered and integrated into the ambient water quality monitoring 

program as proposed by Advisian (2019). The inclusion of benthic diatom sampling should be 

considered to assess potential impacts to this community as they are robust indictors of water quality 

change and form the basis of the foodchain for numerous aquatic species. The program reporting 

should include multivariate statistical analysis to determine if change in the macroinvertebrate 

community stucture has occurred. Consideration should also be given to establishing a disturbance 

trigger level which, if exceeded, would activate further investigation of the potential drivers of change 

and/or mitigation of flow and/or water quality impacts. 

Monitor changes instream vegetation to detect if changes in vegetation composition or mortality 

are occuring. The impact of the predicted prolonged exposure to salinity and nitrogen may affect 

native macrophyte and riparian vegetation, however, potential impacts cannot be quantified by this 

study. Therefore a progam to monitor changes in vegetation should be developed to detect if changes 

in community compostion of mortality occur during the discharge period. The monitoring plan should 

outline method and frequency of monitoring and mitigation and rehabilition strategies if impacts are 

detected.  
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Appendix 1: Aquatic macroinvertebrate taxa 
 

Site 

Family Badgerys Creek 1 Badgerys Creek 2 South Creek 1 South Creek 2 South Creek 3 

Ancylidae 0 0 0 0 1 

Atyidae 3 0 0 0 1 

Baetidae 1 4 0 0 0 

Belostomatidae 0 0 0 0 6 

Bithyniidae 0 0 0 0 9 

Caenidae 0 0 0 0 1 

Chironomidae  6 22 5 22 46 

Coenagrionidae 1 0 0 2 6 

Corixidae 3 46 0 0 0 

Curculionidae 0 1 0 0 2 

Dugesiidae 0 0 9 5 0 

Dytiscidae 19 11 0 0 1 

Elmidae 0 1 0 0 0 

Glossiphoniidae 0 4 5 5 0 

Hydraenidae 0 0 0 0 2 

Hydrophilidae 0 0 1 0 1 

Leptoceridae 0 0 0 0 2 

Libellulidae 4 0 0 0 2 

Lymnaeidae 0 0 0 1 3 

Mesoveliidae 1 0 0 0 0 

Naucoridae 0 21 0 0 0 

Physidae 0 0 5 4 7 

Pleidae 0 0 0 0 5 

Scirtidae 0 0 0 10 2 

Veliidae 0 5 2 5 4 

Acarina 4 10 61 35 0 

Lepidoptera 0 0 12 1 3 

Oligochaeta 1 0 0 0 0 
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Appendix 2: Benthic Diatom taxa list 
 

Site 

Species Badgerys Creek 
1 

Badgerys Creek 
2 

South Creek 
1 

South Creek 
2 

South Creek 
3 

Achnanthidium minutissimum 2 0 0 0 2 

Amphora cf. holsatica 12 0 0 0 0 

Amphora coffaeaformis 7 0 0 0 0 

Amphora libyca 2 0 0 4 0 

Amphora species 003 53 0 0 0 0 

Amphora veneta 0 2 0 2 0 

Bacillaria paxillifer 0 1 49 19 4 

Caloneis bacillum 0 0 4 0 0 

Cyclotella meneghiniana 11 0 10 19 0 

Encyonema minutum 0 0 0 2 0 

Eolimna subminuscula 0 1 2 0 0 

Eunotia bilunaris 0 0 2 2 1 

Fallacia tenera 17 2 0 0 0 

Gomphonema clavatum 0 0 2 0 0 

Gomphonema parvulum 0 0 0 4 0 

Gyrosigma obscurum 0 0 0 1 0 

Luticola mutica 0 0 1 0 0 

Mayamaea atomus var. permitis 7 2 3 3 4 

Navicula confervacea 0 0 20 1 0 

Navicula cryptocephala 0 0 0 8 0 

Navicula erifugia 0 0 0 5 23 

Navicula gregaria 0 0 0 7 6 

Navicula kotschyi 0 0 0 2 0 

Navicula menisculus 0 1 0 0 1 

Navicula peregrina 0 2 0 0 0 

Navicula radiosafallax 0 0 0 0 2 

Navicula salinarum 34 2 1 0 1 

Navicula schroeteri 0 3 2 4 4 

Navicula species 16 0 6 0 2 0 

Navicula species 6 12 6 0 0 0 

Navicula veneta 27 12 8 11 20 

Navicula viridula var. germanii 0 0 4 12 5 

Navicula viridula var. rostellata 0 0 0 0 5 

Nitzschia acicularis 0 0 4 0 8 

Nitzschia agnita 0 1 0 0 4 

Nitzschia amphibia 0 0 0 2 0 

Nitzschia cf. reversa 0 0 4 0 129 

Nitzschia clausii 0 0 0 0 1 

Nitzschia filiformis 0 1 22 2 0 

Nitzschia frustulum 13 0 12 15 5 
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Nitzschia gracilis 0 0 4 6 0 

Nitzschia inconspicua 46 227 16 35 3 

Nitzschia lacuum 14 2 8 16 6 

Nitzschia liebetruthii 0 0 2 0 0 

Nitzschia microcephala 8 0 0 0 0 

Nitzschia palea 0 6 43 50 26 

Nitzschia perspica 0 0 0 0 2 

Nitzschia pseudofonticola 0 0 2 0 1 

Nitzschia sigma 0 0 0 1 0 

Nitzschia supralittorea 0 2 69 24 38 

Nitzschia terrestris 0 0 0 0 10 

Nitzschia tubicola 0 0 0 0 1 

Pinnularia braunii var. 
amphicephala 

0 0 0 0 1 

Pleurosigma elongatum 3 0 0 29 1 

Rhoicosphenia abbreviata 0 4 0 0 0 

Sellaphora seminulum 0 22 10 25 0 

Stauroneis spicula 48 0 0 0 1 

Synedra acus 0 0 2 2 0 

Synedra ulna 0 0 3 1 0 

Tabularia fasciculata 0 5 2 1 1 
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EXECUTIVE SUMMARY 

Background 

In October 2016, CSR Building Products Limited (CSR) acquired Boral Bricks Pty Limited (Boral) 
brick business along the eastern seaboard of Australia and with it, the Badgerys Creek Brick Making 
Facility Site (‘the Site’). Project Approval (PA10_0014) was given for the existing site (PA10-0014) 
under section 75W of the Environmental Planning and Assessment Act 1979 and previous 
archaeological investigations were conducted by AECOM (2010) as part of that approval. 

CSR now proposes to expand the site with the extension of the brick making facility and construction 
of a roof products manufacturing facility (Modification [MOD] 3) and establishment of a grid connected 
solar farm (Modification [MOD] 4). MOD4 (the study area) is the subject of this report, with MOD3 
having been assessed in a separate, complimentary report (Artefact Heritage 2018c).   

To satisfy the heritage requirements of PA10_0014, Artefact Heritage Services Pty Ltd (Artefact 
Heritage) was engaged by Element Environment (Element), on behalf of CSR, to undertake a 
desktop assessment and site inspection of a large area (the investigation area), as depicted in Figure 
1.2, which encompasses the study area. The assessment found that areas of Aboriginal 
archaeological potential are located within the proposed impact area. Subsequently, Artefact Heritage 
was engaged by Element, on behalf of CSR to prepare an Archaeological Technical Report (ATR) for 
the study area (Artefact Heritage 2018b) which outlined the results of a survey and test excavation 
program. The results of the ATR were: 

• Three new subsurface sites (BCBW18 AS 01 (AHIMS ID 45-5-5162), BCBW18 AS 02 (AHIMS ID 

45-5-5164) and BCBW18 AS 03 (AHIMS ID 45-5-5163)) were identified during subsurface testing:  

o BCBW18 AS 01 (AHIMS ID 45-5-5162) is a low-density artefact scatter and was assessed 

as being of low scientific significance 

o BCBW18 AS 02 (AHIMS ID 45-5-5164) is a low-density artefact scatter with a heat 

retainer hearth feature. This site type is considered rare and of high research potential. 

o BCBW18 AS 03 (AHIMS ID 45-5-5163) is a high-density artefact scatter that is considered 

to be of low scientific significance.  

• One newly recorded surface site (BCBW18 IF 01 (AHIMS ID 45-5-5165)) was identified during the 

survey. 

Artefact Heritage (2018b) recommended that: 

• An Aboriginal Cultural Heritage Assessment Report (ACHAR) must be prepared in compliance 

with the Aboriginal heritage requirements of PA10_0014 

• Collection of surface artefacts across BCBW18 IF 01 (AHIMS ID 45-5-5165) must be conducted 

prior to the commencement of the proposed works 

• A conservation area with a 10 m buffer be placed around the hearth feature portion of BCBW18 

AS 02 (AHIMS ID 45-5-5164)  

• Long term arrangements for the management of excavated artefacts, involve reburial within the 

location specified in this ACHAR. 
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Artefact Heritage has prepared this ACHAR in accordance with the Guide to investigating, assessing 
and reporting on Aboriginal cultural heritage in NSW (the guide) (Office of Environment and Heritage 
[OEH] 2011), the Aboriginal cultural heritage consultation requirements for proponents (the 
consultation requirements) (Department of Climate Change and Water [DECCW] 2010b), Department 
of Planning & Environment comments issued 17 January 2018, and the Secretary’s Environmental 
Assessment Requirements MP10_ 0014 MOD3. 

Consultation 

Aboriginal community consultation has been conducted in accordance with the OEH guideline 
Aboriginal Cultural Heritage Consultation Requirements for Proponents 2010 (Consultation 
Requirements). A consultation log has been maintained which details all correspondence with the 
registered Aboriginal parties (RAPs) for the project (Appendix 1). Full records of consultation have 
also been provided in Appendix 2.  

Summary of key findings 

• Three Aboriginal sites identified during the survey and test excavation were found to be located 

within the study area; BCBW18 IF 01 (AHIMS ID 45-5-5165), BCBW18 AS 02 (AHIMS ID 45-5-

5164) and BCBW18 AS 03 (AHIMS ID 45-5-5163))  

• The significance assessment found that BCBW18 IF 01 (AHIMS ID 45-5-5165) and BCBW18 AS 

03 (AHIMS ID 45-5-5163) are of low significance, while BCBW18 AS 02 (AHIMS ID 45-5-5164) is 

of high significance 

• The proposed development will have a total impact, with total loss of value on BCBW18 IF 01 

(AHIMS ID 45-5-5165) 

• The proposed development will have a partial impact, with partial loss of value on BCBW18 AS 02 

(AHIMS ID 45-5-5164)  

• BCBW18 AS 03 (AHIMS ID 45-5-5163) will not be impacted by the proposed works 

Recommendations 

• To keep consultation current, the registered Aboriginal parties should be sent an update on the 

project every six months until CSR receives approval for MOD4  

• Collection of the surface artefact at BCBW18 IF 01 (AHIMS ID 45-5-5165) should be conducted 

concurrently with the reburial 

• A conservation area with a 10 m buffer must be placed around the hearth feature portion of 

BCBW18 AS 02 (AHIMS ID 45-5-5164) 

• Following completion of archaeological investigation, analysis and reporting, the assemblage 

retrieved from the test excavation should be reburied on site. Reburial should occur within the 

conservation area of BCBW18 AS 02 (AHIMS ID 45-5-5164). Reburial should be undertaken in 

accordance with consultation with the RAPs  

• A Heritage Interpretation Strategy must be prepared for the study area in consultation with 

Aboriginal stakeholders. This plan would include methods of incorporating identified Aboriginal 
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heritage values into the design process, such as use of native vegetation in replanting, use of local 

Aboriginal place names and interpretative signage providing information on Aboriginal land-use 

within the study area and surrounding area. This recommendation is in line with the Ecologically 

Sustainable Development principles described in section 10.3. 
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1.0 INTRODUCTION 

 Project description 

In October 2016, CSR Building Products Limited (CSR) acquired Boral Bricks Pty Limited (Boral) 
brick business along the eastern seaboard of Australia and with it, the Badgerys Creek Brick Making 
Facility site (‘the site’), which is strategically placed in the Western Sydney Priority Growth Area and 
borders on the proposed Western Sydney Airport precinct. Project Approval (PA10_0014) was given 
for the existing site under section 75W of the Environmental Planning and Assessment Act 1979 
(EP&A Act) and previous archaeological investigations were conducted by AECOM (2010) as part of 
that approval. 

CSR now proposes the construction of a roof products manufacturing facility (Modification [MOD] 3) 
and establishment of a grid connected solar farm (Modification [MOD] 4). The project is known as the 
CSR Advanced Manufacturing Hub. 

MOD3 will involve: 

• Advanced Manufacturing - Brick Production  

o Removal of most of the existing brick manufacturing equipment and replacement with new 

brick manufacturing equipment in the existing brick making facility 

o Increase in the building footprint of the existing brick making facility 

o Increase in the building footprint of the existing administration building 

o A NATA (National Association of Testing Authorities) Accredited Advanced Testing 

Laboratory 

o Extension to the existing visitor’s carpark 

o An innovation centre 

o A weighbridge 

o Factory staff parking 

o A new access road to the factory staff parking area and for bulk material deliveries and 

dispatch 

o New rainwater tanks 

o A battery store 

• Advanced Manufacturing - Roof Products Production  

o Construction and operation of a roof products manufacturing facility on CSR owned land 

outside the approved project boundary, immediately east of Pit 4 

o Modification to the approved project boundary to include the proposed roof products 

manufacturing facility, located on the adjacent property 

o The processing of sandstone (overburden material not used in brick production) for use in 

the manufacture of roof products on-site 

• General  

o Re-commence operations at the site as approved in the Project Approval (PA10_0014), 

and expel the current mothballed status of the site 
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o Amendment to the extent of Pit 5 to include a 200m buffer zone to neighbouring 

residential properties required under the Mining Act 1992 

o An increase in the importation of raw materials from off-site for use in both the brick 

making and roof products manufacturing facilities 

o Modifications to the approved noise bunds 

MOD4 will involve: 

• The dewatering of Pit 1 

• Continued extraction of clay material in Pit 1 to a depth of 35 m 

• The importation of Virgin Excavated Natural Material (VENM) to backfill Pit 1 and potentially other 

pits, to rehabilitate the site and facilitate future development 

• The establishment of a grid connected solar farm. This will allow energy security through a more 

diverse energy mix, initiate a clean renewable energy source on-site, reduce the greenhouse gas 

emissions that contribute to global warming and improve the land utilisation on the eastern flank, 

outside of the approved project boundary. 

This report focuses on MOD4 to the original project approval (PA10_0014). 

 Project approval framework 

To realise the full potential of the Facility and allow it to meet the strategic needs of the brick, roof 
products and other building product manufacturing businesses, CSR requires modifications to the 
existing project Approval (PA10_0014). CSR are proposing three separate modifications (MOD2, 
MOD3 and MOD4) to their Project Approval under section 75W of the Environmental Planning & 
Assessment Act 1979 (EP&A Act). MOD2 has already received Project Approval and requires no 
further archaeological assessment. 

Desktop assessment of the eastern portion proposed under MOD3 and MOD4, identified areas of 
Aboriginal archaeological potential. Secretary’s Environmental Assessment Requirements (SEARs) 
have been issued for MOD3 (MP10_0014 MOD3). The SEARs and where they are addressed in this 
report are summarised in Table 1.1 

Table 1.1: Secretary’s Environmental Assessment Requirements 

SEAR Section 

The EIS must identify and describe the Aboriginal 
cultural heritage values that exist across the whole 
area that will be affected by the development and 
document these in the EIS. This may include the 
need for surface survey and test excavation. The 
identification of cultural heritage values should be 
guided by the Guide to investigating, assessing 
and reporting on Aboriginal cultural heritage in 
NSW (OEH 2011) and consultation with OEH 
regional officers. 

Section 8.0 Aboriginal cultural heritage 
assessment 



CSR Advanced Manufacturing Hub 
MOD4 – Aboriginal Cultural Heritage Assessment Report 

 

  Page 3 
 

Where Aboriginal cultural heritage values are 
identified, consultation with Aboriginal people 
must be undertaken and documented in 
accordance with the Aboriginal cultural heritage 
consultation requirements for proponents 2010 
(DECCW). The significance of cultural heritage 
values for Aboriginal people who have a cultural 
association with the land must be documented in 
the EIS. 

Section 3.0 Aboriginal stakeholder consultation 

Impacts on Aboriginal cultural heritage values are 
to be assessed and documented in the EIS. The 
EIS must demonstrate attempts to avoid impact 
upon cultural heritage values and identify any 
conservation outcomes. Where impacts are 
unavoidable, the EIS must outline measures 
proposed to mitigate impacts. Any objects 
recorded as part of the assessment must be 
documented and notified to OEH. 

Section 10.0 Impact assessment 
Section 11.0 Management and mitigation 

 

Separate SEARs have not been issued for MOD4, however, the Department of Planning and 
Environment commented that cumulative impacts within and between MOD3 and MOD4 be 
assessed.  

As this project is being assessed under 75W of the EP&A Act permits issued under the National 
Parks & Wildlife Act 1974 (NPW Act), principally an Aboriginal Heritage Impact Permit (AHIP) under 
Section 90 of the NPW Act will not be not required. 

 Study area 

The study area (Figure 1.1) is located in Badgerys Creek within the Liverpool Local Government 
(LGA) and within the boundaries of the Gandangara Local Aboriginal Land Council (LALC), Parish of 
Bringelly and County of Cumberland.  

The study area is located on land at 235 Martin Road in the suburb of Badgerys Creek approximately 
41 kilometres (km) west of the Sydney Central Business District (Figure 1.1). The land is adjacent to 
the existing Badgerys Creek Quarry and Brickmaking Facility which is currently nonoperational. 

The study area includes portions of: 

• Lot 54 DP3050 

• Lot 55 DP3050 

• Lot 56 DP3050 

• Lot 57 DP3050 

• Lot 58 DP3050 

• Lot 59 DP3050 

The study area measures 966 metres (m) north-south by 300 m east-west and has a total area of 
approximately 28 hectares (ha). The study area is bound by Inghams Chicken to the south, South 
Creek to the east, Australian Native Landscapes and rural residential properties to the north and the 
existing Badgerys Creek Quarry and Brickmaking Facility to the west.  



CSR Advanced Manufacturing Hub 
MOD4 – Aboriginal Cultural Heritage Assessment Report 

 

  Page 4 
 

The study area does not encompass the entire MOD4 area, as the eastern portion of MOD4 is 
identified as a high risk flood zone, and as no impacts would occur in this area it was excluded from 
this investigation (Figure 1.3).  

 Background  

Artefact Heritage was engaged by Element, on behalf of CSR, to undertake a desktop assessment 
and site inspection of a large area (the investigation area), as depicted in Figure 1.2, which 
encompasses the study area. The assessment found that areas of Aboriginal archaeological potential 
are located within the proposed impact area. Subsequently, Artefact Heritage prepared a 
methodology (Artefact Heritage 2018a) for an archaeological survey and test excavation within the 
study area and prepare an Archaeological Technical Report (ATR) (Artefact Heritage 2018b) 
(Appendix 3).  

The survey was conducted on 20 August 2018 concurrently with the test excavation program. The 
test excavation program was conducted over five days between 20 August 2018 and 24 August 2018. 
The results of the survey and test excavation were the identification of three new subsurface sites 
(BCBW18 AS 01 (AHIMS ID 45-5-5162), BCBW18 AS 02 (AHIMS ID 45-5-5164), and BCBW18 AS 
03 (AHIMS ID 45-5-5163)) and one new surface site (BCBW18 IF 01 (AHIMS ID 45-5-5165)). 

This Aboriginal Cultural Heritage Assessment Report (ACHAR) has been prepared in compliance with 
PA10_0014.   

 Study objectives  

The objectives of this report are to: 

• Assess the Aboriginal cultural heritage values of the study area, including archaeological and 

community cultural values, and the significance of identified values. This is also a requirement of 

the SEARs. 

• Identify Aboriginal cultural heritage values that may be impacted by the proposed works, including 

consideration of cumulative impacts, and measures to avoid significant impacts. This is also a 

requirement of the SEARs. 

• Ensure appropriate Aboriginal community consultation in the assessment process, as required by 

the SEARs. 

• Identify any recommended further investigations, mitigation and management measures required, 

in compliance with the SEARs. 

• To detail the results of the physical test excavation which investigated the areas of archaeological 

sensitivity and archaeological content of the study area, as required by the SEARS. 

This ACHAR has been undertaken in accordance with the following guidelines: 

• Secretary’s Environmental Assessment Requirements (MP10_ 0014 MOD3) issued 15 December 

2017. 

• Department of Planning & Environment comments issued 17 January 2018. 

• Aboriginal cultural heritage consultation requirements for proponents 2010 (Consultation 

Requirements) (Department of Environment, Climate Change & Water [DECCW] 2010a). 
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• The guide to investigating, assessing and reporting on Aboriginal cultural heritage in NSW (the 

Guide) (Office of Environment & Heritage [OEH] 2011). 

 Limitations  

This ACHAR is based on the previous Archaeological Technical Report (Artefact Heritage 2018) and 
the Aboriginal consultation process undertaken by Artefact Heritage (Section 3.0, Appendix 1 and 2) 
for the proposed solar farm.  

 Authors and contributors 

This ACHAR was prepared by Ryan Taddeucci (Senior Heritage Consultant, Artefact Heritage). with 
management input and review from Vanessa Edmonds (Principal, Artefact Heritage). 

Ryan has a Bachelor of Arts with Honours in Archaeology and a Masters of Museum Studies. Ryan 
has over five years’ experience in Aboriginal cultural heritage management in NSW, WA and QLD.  

Vanessa Edmonds (Principal, Artefact Heritage) directed the project, reviewed this report and 
provided management input and advice. Vanessa has a Bachelor of Arts in Australian Prehistory and 
a Master of Letters in Archaeology and Palaeoanthropology. Vanessa has over 30 years of 
experience in Aboriginal cultural heritage management nationally.  

 Report structure 

The purpose of this report is to document the results of an investigation of Aboriginal heritage at the 
study area. As such, the structure of this report includes: 

• Section 1 – Introduction 

• Section 2 – Legislative context: outlines relevant legislation for this assessment 

• Section 3 – Consultation: provides information on the Aboriginal consultation process and 
results 

• Section 4 – Environmental context: provides an overview of the environmental conditions to 
provide context for the predictive model 

• Section 5 – Aboriginal context: presents the results of the background ethnohistoric and 
literature research and database searches. This section also presents a predictive model as 
background to the survey sampling strategy 

• Section 6 – Survey results: presents the methodology and results of the Aboriginal 
archaeological survey 

• Section 7 – Archaeological test excavation: discusses the aims, timing and personnel, 
constraints, survey sampling strategy, methodology and coverage of the test excavation. 

• Section 8 – Aboriginal cultural heritage assessment: outlines the methodology for conducting an 
Aboriginal cultural heritage assessment and the identified heritage values, based on 
stakeholder consultation.  

• Section 9 – Significance assessment: full assessment of significance based on consultation with 
stakeholders following the review of this ACHAR and the ATR.  
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• Section 10 – Impact assessment: discussion of how the proposed works will impact the 
identified Aboriginal site and how to mitigate against the loss of heritage value. 

• Section 11 – Management and mitigation measures: Outlines the proposed method of mitigating 
against loss of cultural value. 

• Section 12 – Recommendations: summary of recommendations for further investigations and 
mitigation against loss of heritage values.  

• Section 13 – References 
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Figure 1.1: Location of the study area 
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Figure 1.2: Project framework 
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Figure 1.3: Change of design 
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2.0 LEGISLATIVE CONTEXT 

2.1.1 National Parks and Wildlife Act 1974 

The National Parks and Wildlife Act 1974 (NPW Act), administered by OEH provides statutory 
protection for all Aboriginal ‘objects’ (consisting of any material evidence of the Aboriginal occupation 
of NSW) under Section 90 of the NPW Act, and for ‘Aboriginal Places’ (areas of cultural significance 
to the Aboriginal community) under Section 84. 

The protection provided to Aboriginal objects applies irrespective of the level of their significance or 
issues of land tenure. However, areas are only gazetted as Aboriginal Places if the Minister is 
satisfied that sufficient evidence exists to demonstrate that the location was and/or is, of special 
significance to Aboriginal culture. 

The NPW Act was amended in 2010 and as a result the legislative structure for seeking permission to 
impact on heritage items has changed. A Section 90 permit is now the only Aboriginal Heritage 
Impact Permit (AHIP) available and is granted by OEH. Various factors are considered by OEH in the 
AHIP application process, such as site significance, Aboriginal consultation requirements, ESD 
principles, project justification and consideration of alternatives. The penalties and fines for damaging 
or defacing an Aboriginal object have also increased. 

As this project is considered State significant development (refer to section 2.1.4) permits issued 
under the NPW Act are not required. 

2.1.2 Native Title Act 1994  

The Native Title Act 1994 was introduced to work in conjunction with the Commonwealth Native Title 
Act 1993. Native Title claims, registers and Indigenous Land Use Agreements are administered under 
the Act.  

One registered Native Title claim has been identified for the study area (Table 2.1). 

Table 2.1: Schedule of Native Title Determination applications 

Tribunal ID Name Date lodged Registration status 

NC2017/003 South Coast People 3 August 2017 Accepted for registration 31 January 
2018 

2.1.3 Aboriginal Lands Right Act 1983 

The Aboriginal Land Rights Act 1983 (ALR Act) established Aboriginal Land Councils (at State and 
Local levels). These bodies have a statutory obligation under the ALR Act to: 

(a) take action to protect the culture and heritage of Aboriginal persons in the council’s area, subject 
to any other law, and 

(b) promote awareness in the community of the culture and heritage of Aboriginal persons in the 
council’s area. 

There are no Registered Aboriginal Owners pursuant to Division 3 of the ALR Act for the project study 
area. The study area is within the boundary of the Gandangara Local Aboriginal Land Council (LALC). 
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2.1.4 Environmental Planning & Assessment Act 1979 

Part 3A was repealed by the Environmental Planning and Assessment Amendment (Part 3A Repeal) 
Act 2011 (Part 3A Repeal Act), which commenced on 1 October 2011.  Under the Part 3A Repeal 
Act, projects deemed to be ‘transitional Part 3A projects will continue to be subject to Part 3A of the 
EP&A Act (as in force immediately before the repeal and as modified by the Part 3A Repeal Act). 
Transitional Part 3A projects include certain projects that were the subject of an existing approval 
under Part 3A. 

As the Badgerys Creek Quarry and Brick Making Facility has a Project Approval that was granted 
under Part 3A of the EP&A Act, it is a transitional Part 3A project. The provisions of Part 3A (as in 
force immediately prior to its repeal) continue to be applicable to the Project. Therefore, the project is 
proposed to be assessed under s75W of the repealed Part 3A. 

The transitional arrangements in the EP&A Act were repealed by the Environmental Planning and 
assessment Bill 2017. This moved transitional Part 3A projects to the current State significant 
development and State significant infrastructure pathways, and applications to modify such projects 
will no longer be made under Section 75W. This modification application has been made within the 
transitional timeframe and is not affected by the above arrangements. 

However, the test excavation methodology was guided by the Code of Practice for Archaeological 
Investigation of Aboriginal objects in New South Wales (Code of Practice) (DECCW 2010b). Previous 
archaeological test excavations, within the wider region, were completed under the Code of Practice. 
Therefore, it is an applicable framework to use for comparative analysis of archaeological findings 
within the current test excavation. 

 Commonwealth legislation 

2.2.1 Environment Protection and Biodiversity Conservation Act 1999 

The Environment and Heritage Legislation Amendment Act (No.1) 2003 amends the Environment 
Protection and Biodiversity Conservation Act 1999 (EPBC Act) to include ‘national heritage’ as a 
matter of National Environmental Significance and protects listed places to the fullest extent under the 
Constitution. It also establishes the National Heritage List (NHL) and the Commonwealth Heritage List 
(CHL). 

The Australian Heritage Council Act 2003 (AHC Act) establishes a heritage advisory body - the 
Australian Heritage Council (AHC), to the Minister for the Environment and Heritage and retains the 
Register of the National Estate (RNE). 

The Australian Heritage Council (Consequential and Transitional Provisions) Act 2003 repeals the 
Australian Heritage Commission Act 1975, amends various Acts as a consequence of this repeal and 
allows the transition to the current heritage system. 

Together, the above three Acts provide protection for Australia’s natural, Indigenous and non-
Indigenous heritage. The features include: 

• A new NHL of places of national heritage significance 
• A new CHL of heritage places owned or managed by the Commonwealth 
• The creation of the AHC, an independent expert body to advise the Minster on the listing and 

protection of heritage places 
• Continued management of the Register of the National Estate (RNE). 

National Heritage List  



CSR Advanced Manufacturing Hub 
MOD4 – Aboriginal Cultural Heritage Assessment Report 

 

  Page 12 
 

The NHL is a list of places with outstanding heritage value to the nation, including places which have 
Indigenous heritage values. The heritage values of these places are so important are that they are 
protected under the EPBC Act. This means that a person cannot take an action that has, will have, or 
is likely to have, a significant impact on the national heritage values of a national heritage place 
without the approval of the Australian Government Minister for the Environment and Energy. It is a 
criminal offence not to comply with this law and there are significant penalties. There are no places 
listed on the NHL within the study area. 

Commonwealth Heritage List  

The CHL is a list of places managed or owned by the Australian Government. There are no places 
listed on the CHL within the study area.  

Register of the National Estate  

The Register of the National Estate (RNE) is an evolving record of Australia’s natural, cultural and 
Aboriginal heritage places that are worth keeping for the future. The AHC compiles and maintains the 
RNE under the Australian Heritage Council Act 2003. Places on the RNE that are in Commonwealth 
areas, or subject to actions by the Australian Government, are protected under the EPBC Act by the 
same provisions that protect Commonwealth heritage places (see above). 

Following amendments to the Australian Heritage Council Act 2003, the RNE was frozen on 
19 February 2007, meaning no new places can be added, or removed. From 2012 all references to 
the RNE were removed from the EPBC Act and the AHC Act. The RNE is now maintained on a non-
statutory basis as a publicly available archive. No Aboriginal sites were listed for Badgerys Creek on 
the RNE. 

2.2.2 Aboriginal and Torres Strait Islander Heritage Protection Act 1984 

The Commonwealth Aboriginal and Torres Strait Islander Heritage Protection Act 1984 (ATSIHP Act), 
deals with Aboriginal cultural property (intangible heritage) in a wider sense. Such intangible heritage 
includes any places, objects and folklore that ‘are of particular significance to Aboriginals in 
accordance with Aboriginal tradition’. These values are not currently protected under the NPW Act. 

There is no cut-off date and the ATSIHP Act may apply to contemporary Aboriginal cultural property 
as well as ancient sites. The ATSIHP Act takes precedence over state cultural heritage legislation 
where there is conflict. The Commonwealth Minister who is responsible for administering the ATSIHP 
Act can make declarations to protect these areas and objects from specific threats of injury or 
desecration. The responsible Minister may make a declaration under Section 10 of the 
Commonwealth Act in situations where state or territory laws do not provide adequate protection of 
intangible heritage. 

Where an Aboriginal individual or organisation is concerned that intangible values within the proposal 
are not being adequately protected they can apply to the Minister for a declaration over a place. No 
intangible places were identified during any stage of the heritage investigations undertaken by 
Artefact Heritage. 
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3.0 CONSULTATION 

Aboriginal community consultation has been conducted in accordance with the Consultation 
Requirements.  A consultation log has been maintained which details all correspondence with the 
registered Aboriginal parties for the project (Appendix 1). Full records of consultation have also been 
provided in Appendix 2.  

 Registration of Aboriginal parties 

In accordance with step 4.1.2 of the Consultation Requirements, Artefact Heritage corresponded with 
the following organisations by letter and email on the 6 June 2018 requesting the details of Aboriginal 
people who may hold cultural knowledge relevant to determining the Aboriginal significance of 
Aboriginal objects and/or places within the local area: 

• Greater Sydney Local Land Services 

• Liverpool City Council 

• Native Title Service Corporation  

• Gandangara LALC 

• Office of Environment and Heritage – Parramatta Office 

• National Native Title Tribunal 

• Office of the Registrar, Aboriginal Land Rights Act 1983 

In addition to this, and in accordance with Step 4.1.3 of the Consultation Requirements, an 
advertisement was placed in Liverpool City Champion Advertisement on the 13 June 2018, inviting 
the participation of Aboriginal people who may hold cultural knowledge relevant to determining the 
Aboriginal significance of Aboriginal objects and/or places within the local area. 

In accordance with Step 4.1.3 of the Consultation Requirements, on the 21 June 2018, emails or 
letters were sent to all Aboriginal persons or organisations identified through advertisement or through 
responses from agencies contacted as part of Step 4.1.2. In accordance with Step 4.2 the letters 
provided details about the location and nature of the proposal, as well as an invitation to register as 
an Aboriginal stakeholder.  

Additional consultation details have been removed for public exhibition 
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4.0 ENVIRONMENTAL CONTEXT 

The following information is primarily derived from Artefact Heritage (2018b). 

 Geomorphology and geology 

The study area is located within the central portion of the Cumberland Plain, a large low-lying and 
gently undulating landform in the Sydney Basin. The formation of the basin began between 300 to 
250 million years ago when river deltas gradually replaced the ocean that had extended as far west 
as Lithgow (Pickett and Alder 1997). The oldest, Permian layers of the Sydney Basin consist of 
marine, alluvial and deltaic deposits that include shales and mudstone overlain by Coal Measures. 

The geology of the study area is characterised by the Triassic Wianamatta group which consists of 
black to dark grey shale and laminate on top of medium to coarse-grained quartz sandstone, very 
minor shale and laminate. The landforms are a result of the weathering of local bedrock. The 
underlying geology is the Hawkesbury sandstone that was laid down as river sediments and is 
described as medium to course grained quartz sandstone, this is overlain by the finer sedimentary 
material caps of Ashfield Shale. Hawkesbury Sandstone weathers to form thin, sandy soils with low 
water-retaining qualities.  

 Soils 

The western portion of the study area is comprised of the Blacktown Residual Soil Landscape which 
has shallow to moderately deep, hard setting mottled texture contrast soils, red and brown podzolic 
soils on crests grading to yellow podzolic soils on lower slopes and in drainage lines (Figure 4.1).  

The eastern portion of the study area comprises the South Creek Soil Landscape, an alluvial 
environment characterised by floodplains, valley flats and drainage depressions. The soils are often 
very deep, layered sediments over bedrock or relic soils. Plastic clays or structured loams occur in 
and immediately adjacent to drainage lines. Red and yellow podzolic soils are most common on 
terraces with small areas of structured grey clays, leached clay and yellow solodic soils (Bannerman 
and Hazelton 1990).  

 Hydrology and landforms 

The study area is located 900 m east of Badgerys Creek, a second order stream. South Creek is 
approximately 640 m to the east, with the south of the study area bordered by a small ephemeral 
drainage channel associated with South Creek. The study area is located above the maximum 
probable flood plain (Figure 4.2).  

The study area incorporates two landform elements including a hill crest, and slope. The north 
western portion is the highest location within the study area, it forms part of the low undulating hill 
crests between the two major water courses. From this point, the study area generally slopes in a 
south easterly direction towards South Creek. The slope is gradual with the lowest area located at the 
south eastern portion of the study area. There is a gradual incline towards the creek line, indicating a 
previous lower slope formation. 

 Vegetation 

The study area would have once been covered by Alluvial Woodland. This community was 
characterised by a canopy, composed of Eucalyptus amplifolia (Cabbage Gum) and E. moluccana 
(Grey Box). Beneath the canopy, the ground cover was dominated by a mix of exotic and native 
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species including Microlaena stipoides (Weeping Grass), Sida rhombifolia (Paddy’s Lucerne), Einadia 
trigonos and Paspalum dilatatum (Paspalum). Within the study area, Alluvial Woodland occurs in a 
landscape modified by agricultural practices (i.e. grazing) and is in moderate condition. This condition 
class also occurs within the centre of the study area and south eastern margins. Moderate condition 
Alluvial Woodland has experienced grazing and is in a disturbed state with a high portion of exotic 
species within the ground cover. There is also a ‘high’ condition class in the north eastern margin 
along South Creek. This condition is relatively intact and forms the largest patch of vegetation within 
the study area. A total of 8.75 ha of Alluvial Woodland occurred in the study area, comprising 17.5 per 
cent of the study area.  

 Land use 

Exploration to the west of Sydney Cove began soon after initial colonisation, as it was found that the 
sandstone soils of coastal Sydney were unsuited for cultivation (Austral 2011). The Cumberland 
Plain, with its rich alluvial soils, offered better conditions for farming and land was cleared in the 
Cumberland Plain as early as the 1790s (Austral 2011).  

The study area is located within a zone that has historically been characterised as rural in nature. The 
dominant activities within the vicinity from the nineteenth century onwards have been a mix of 
agricultural pursuits, including pastoralism, wheat and maize cropping and dairy farming. Ploughing 
works, associated with pastoralism, would typically impact the soil profile to a depth of approximately 
300 mm. 

The north west section of the study area contains a brick residence with introduced species of willow 
and pine trees. Earthworks have occurred as the land has been built up and landscaping has 
occurred. The study area is generally cleared of native vegetation except for the remnant vegetation 
comprising mature native gums in the centre of the study area. While there is evidence of extensive 
grazing practices the surface doesn’t appear to have been ploughed but due to the lack of structural 
integrity provided by vegetation, the erosional prone soil of the slopes would have been affected by 
sheet wash and animal trampling over time. 
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Figure 4.1: Soil landscapes within the study area  
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Figure 4.2: Flood mapping, study area outlined in red (Source: CSR) 
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5.0 ARCHAEOLOGICAL CONTEXT 

Assumptions about Aboriginal land use patterns are made on the basis of archaeological information 
gained from the local area, from observations made by colonists and settlers after settlement of the 
area, and from information known about available natural resources. The following information is 
primarily derived from Artefact Heritage (2018b). 

 Aboriginal ethnohistorical context 

The study area is located near the boundaries of two Aboriginal language groups, Dharawal and 
Gundungurra (Tindale 1974). The Dharawal are placed in the area from the south side of Botany Bay 
and Port Hacking to north of the Shoalhaven River and inland to Campbelltown, Camden and Bargo. 
They are thought to have ranged further north into the Liverpool region, the boundaries defined today 
can only be used as indicative (Attenbrow 2010). The Gundungurra are described as occupying the 
southern rim of the Cumberland Plain, west of the Georges River, including a boundary area with the 
Dharawal in the Camden and Bargo locality. 

As traditional territorial boundaries were fluid it is uncertain which group(s) occupied the study area 
(Peterson 1976). The current state of knowledge about the fluidity of tribal boundaries is based partly 
on studies of contemporary Aboriginal communities in northern and central Australia who were less 
affected by European colonisation, and partly on observations of tribal groups to the west and south-
west of Sydney who had been severely affected by the disconnection from their lands cause by 
European colonisation (Thomson 1985).  

There are also ethno-historical observations made by early explorers and settlers in the region, who 
first came into contact with the Aboriginal people of these areas in the 18th and 19th century. Wilson, 
during a 1798 expedition through the region, observed that people were wearing large skin cloaks. 
When James Backhouse travelled to the region in 1836, he noted that skin cloaks were still worn, but 
some European clothes and blankets were also used, and that ceremonies such as tooth avulsion 
were also practised (Koettig 1981). 

In the early 1800s, relationships between the Aboriginal people of the area and the European settlers 
were in general amicable. Karskens (2010) notes several examples of close relationships between 
land owners and local Aboriginal people, including John Kennedy who gave the Dharawal protection 
on Teston Farm at Appin in later, not so peaceful, times (Karskens 2010). Relations between 
Aboriginal people and colonists did not remain amicable. A sustained drought during 1814 and 1815, 
and continued disenfranchisement of Aboriginal people from the land lead to tensions between 
farmers and Aboriginal people who remained to the southwest of Sydney. Aboriginal people were 
accused of stealing corn and potatoes and spearing cattle. A number of farmers were killed on their 
properties. In a dispatch Governor Macquarie wrote that, 

The Native Blacks of this country…have lately broken out in open hostility against 
the British Settlers residing on the banks of the River Nepean near the Cow 
Pastures.  

Aboriginal people were targeted, and it was ordered that Aboriginal men be strung from trees when 
they were killed as an example (Turbet 2011: 234).  

In 1816, the tensions culminated in the Appin massacre when Aboriginal people where pursued by a 
detachment led by Captain James Wallis. Fourteen Aboriginal people of the Dharawal nation were 
shot or driven over a cliff to their deaths by the soldiers. The bodies of two of the Aboriginal men were 
strung up at the site (Turbet 2011).  
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Overall the devastation of the Aboriginal culture did not come about through war with the British, but 
instead through disease and forced removal from traditional lands. It is thought that during the 1789 
smallpox epidemic over half of the Aboriginal people of the Sydney region died. This loss of life meant 
that some of the Aboriginal groups who lived away from the coastal settlement of Sydney may have 
disappeared entirely before Europeans could observe them or record their clan names (Karskens 
2010: 452). 

Into the nineteen and twentieth century’s descendants of the Gundungurra and Dharawal groups 
continued to live across the southern margin of the Cumberland Plain along with Aboriginal people 
from other areas of NSW. 

 Regional archaeological context 

The archaeological understanding of the early Aboriginal settlement of the Sydney Basin and 
surrounds is constantly expanding and developing. The oldest evidence of human occupation in the 
vicinity of the study area comes from Cranebrook Terrace, located 20 km north west of the study area 
(Attenbrow 2010: 18-20). Cranebrook Terrace has been dated to 41,700 years Before Present (BP) 
(ANU-4016). 

The existing archaeological record is limited to certain materials and objects that were able to 
withstand degradation and decay. As a result, the most common type of Aboriginal objects remaining 
in the archaeological record are stone artefacts. Archaeological analyses of these artefacts in their 
contexts have provided the basis for the interpretation of change in material culture over time. 
Technologies used for making tools changed, along with preference of raw material. Different types of 
tools appeared at certain times, for example ground stone hatchets are first observed in the 
archaeological record around 4,000 years BP in the Sydney region (Attenbrow 2010: 102). It is 
argued that these changes in material culture were an indication of changes in social organisation 
and behaviour.  

The Eastern Regional Sequence was first developed by McCarthy in 1948 to explain the typological 
differences he was seeing in stone tool technology in different stratigraphic levels during excavations 
such as Lapstone Creek near the foot of the Blue Mountains (McCarthy 1948). The sequence had 
three phases that corresponded to different technologies and tool types (the Capertian, Bondaian and 
Eloueran). The categories have been refined through the interpretation of further excavation data and 
radiocarbon dates (Hiscock and Attenbrow 2005; JMDCHM  2005). It is now thought that prior to 
8,500 years BP tool technology remained fairly static with a preference for silicified tuff, quartz and 
some unheated silcrete. Bipolar flaking was rare with unifacial flaking predominant. No backed 
artefacts have been found of this antiquity.  

After 8,500 years BP silcrete was more dominant as a raw material, and bifacial flaking became the 
most common technique for tool manufacture. From about 4,000 years BP to 1,000 years BP backed 
artefacts appear more frequently. Tool manufacture techniques become more complex and bipolar 
flaking increases (JMDCHM 2006). It has been argued that from 1,400 to 1,000 years before contact 
there is evidence of a decline in tool manufacture. This reduction may be the result of decreased tool 
making, an increase in the use of organic materials, changes in the way tools were made, or changes 
in what types of tools were preferred (Attenbrow 2010:102). The reduction in evidence coincides with 
the reduction in frequency of backed blades as a percentage of the assemblage.  

After European colonisation Aboriginal people of the Cumberland Plain often continued to 
manufacture tools, sometimes with new materials such as bottle glass or ceramics. There are a 
number of sites in Western Sydney where flaked glass has been recorded, for example at Prospect 
(Ngara Consulting 2003) and Oran Park (JMDCHM 2007). 
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 Registered Aboriginal sites  

The location of Aboriginal sites is considered culturally sensitive information. It is advised that 
this information, including the AHIMS data appearing on the heritage map for the proposal be 
removed from this report if it is to enter the public domain. 

An extensive search of the Aboriginal Heritage Information Management System (AHIMS) database 
was undertaken on the 5 March 2018 for sites registered within the following coordinates: 

GDA 1994 MGA 56 292250 -- 294250 E 
 6245998 -- 6247998 N 
Buffer 1000 m 
Number of sites  30 
AHIMS Search ID 331827 

The distribution of recorded sites within the AHIMS search area is shown in Figure 5.1. The search 
located 30 registered sites within the vicinity of the study area, and no sites within the study area. At 
the time this AHIMS search was completed BCBW18 AS 01 (AHIMS ID 45-5-5162) had not been 
recorded, and therefore, has not been included in the AHIMS search map (Figure 5.1).  

The frequency of recorded site types is summarised in Table 5.1 below.  

Table 5.1: Frequency of site features within the AHIMS extensive search results 

Site Feature Frequency Per cent (%) 

Artefact 27 90 

Modified Tree (Carved or 
Scarred) 

2 6.6 

Art (Pigment or Engraved) 1 3.33 

Total  30 100 
 

The most frequent site feature in the search area is artefact site (n=27, 90 per cent). There are no 
previously registered Aboriginal sites recorded within the study area, only BCBW18 AS 01 (AHIMS ID 
45-5-5162) was recorded as part of this study. The closest previously registered site is South Creek 
(AHIMS ID 45-5-0213), located 500 m to the east of the study area. 

South Creek (AHIMS ID 45-5-0213) 

This site was recorded by Ms Laila Haglund in 1978 as ‘artefacts’ and was described to be located on 
a ploughed low lying peninsula, at the loop formed by South Creek. Deep waterholes were also 
observed in the bends. Artefacts of flaked stone were scattered all over the ploughed area.  The 
recorded coordinates place the site on the western bank of South Creek, however from the 
description it can be determined there is a coordinate error and that the probable real location is 
further east on the opposite bank of South Creek. The exact location was unable to be determined 
and as a result the site was not able to be relocated. Co-ordinate errors are common on the AHIMS 
database, particularly for sites recorded in AGD. 
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Figure 5.1: Previously recorded sites identified in AHIMS search (sites recorded during this study not mapped)  

Map removed for public exhibition 
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 Local archaeological context 

A full description of previous studies was provided in the ATR (Artefact Heritage 2018b). Table 5.2 
provides a summary of previous studies within close proximity of the study area. It was found that low 
density artefact scatters, primarily comprised of silcrete will be associated with crest landform within 
the Badgerys Creek area. Previous surveys have identified that surface artefact sites will most likely 
occur downstream from main creek lines.  

Table 5.2: Summary of key studies 

Author and date Title 

Navin Officer Heritage 
Consultants 2016 Western Sydney Airport 

AECOM 2011 Boral Badgerys Creek Aboriginal Heritage Assessment – Addendum 

AECOM 2010 Boral Bricks Aboriginal Heritage Impact Assessment 

Navin Officer Heritage 
Consultants 1997 

Environmental Impact Assessment for the Second Sydney Airport  

Brayshaw 1995 Elizabeth Drive Upgrade Archaeological Survey for Aboriginal Sites 

Haglund 1978 Archaeological Survey of Area Considered for Second Airport 
Southern Zone 

 Predictive model 

Archaeological investigation across the Cumberland Plain has been comprehensive over the past 30 
years, including survey, excavation and desktop analysis studies. This varied and intensive 
investigation has led to the development and continual refinement of a predictive model for Aboriginal 
occupation within the region.   

The Cumberland Plain has been extensively studied due to the growth demand of the ever-increasing 
Sydney population. Regional studies have been done on the large Growth Centres of the North West 
and South West of the Cumberland Plain, west of Sydney Basin. White and McDonald (2010) have 
contributed to the debate over site prediction by discussing the nature of Aboriginal site distribution, 
interpreted through lithic analysis of excavated sites in the Rouse Hill Development Area (White and 
McDonald 2010). The Rouse Hill Development Area is located about 15 km north of the current study 
area, the watercourses in the development area (Caddies Creek and Second Ponds Creek) derive 
from the same source as South Creek, Hawkesbury River, and are of a similar stream order. The Soil 
landscapes are also reflective of those in the current study are, South Creek Soil Landscape along 
the high order watercourses and associated remnant Blacktown Soil Landscape. The study gave rise 
to the commonly referred Stream Order Model which provides a sound basis for archaeological 
investigations in the Cumberland plain. The paper provides a spatial and distributive analysis of 
Aboriginal objects in relation to freshwater resources and along varying landform units. The findings 
of this study highlighted the relationship between proximity to freshwater and landscape with 
archaeological evidence of Aboriginal occupation. The study found that artefact densities were most 
likely to be greatest on terraces and lower slopes within 100 m of freshwater resources (White and 
McDonald 2010). The predictive model identified that ridgelines and crests located between drainage 
lines will contain archaeological evidence though usually representative of background scatter (White 
and McDonald 2010).   
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While White and McDonald’s (2010) predictive model can be seen as an indicative model of the 
archaeology of the Cumberland Plain, a more recent study has been conducted by Godden Mackay 
and Logan (GML 2012) at the East Leppington Precinct. The study utilised the Stream Order Model 
developed by White and McDonald (2010) in their investigations and three different and 
complementary models to explain their findings. The Stream Order Model is a regional based model 
and doesn’t consider the small scale intra-landform variations that can affect the predictions of this 
model.   

Owen and Cowie (2017) describe three other models that can be used to more accurately describe 
archaeological probability within the landscape. Economic Resource Model, Activity Overprinting 
Model and Domiciliary Spacing Model. The Economic Resource Model focuses on the resource 
zones, confluences of creeks are considered high resource zones due to the richness in flora and 
fauna. The model suggests that the evidence of Aboriginal activities will decrease with distance from 
theses resource rich nodes. Activity Overprinting Model was used to explain the density of sites at 
increasing distances from the creek and Domiciliary Spacing Model was used to describe the features 
and spatial variation of a site.   

In conjunction with these models, an understanding of the soil landscape and the nature and 
prevalence of cultural material within these contexts is important in the predictive model process. 
Deposits that contain cultural material are likely to exist within both Blacktown soil landscapes and 
South Creek soil landscapes however, these are generally not stratified. Blacktown soils retrieve 
cultural material in A Horizon deposits which generally extend approximately 300 mm below the 
ground surface. Stratified archaeological deposits are likely to be located within the South Creek soil 
landscape. These stratified deposits area most likely to exist within raised embankments where 
environmental forces, such as flash flooding, are less likely to have impacted Aboriginal cultural 
material situated on the ground surface. The deposits may have a vertical distribution that parallels 
alluvial deposition over time. The NSW Soil and Land Information System produced a technical report 
outlining the results of a core sample taken approximately 1.3 km north of the current study area, 
along the alluvial flats of South Creek. The results show that the South Creek soils extends to a depth 
of 2 m in this area and may parallel the depth of deposit within the study area.   

Every predictive model has its limitations and constraints and should be used as a guiding factor for 
future investigation and be used as a bridging tool to further current understanding of the Cultural 
environment.  

Based on the recorded AHIMS sites, previous studies and the environmental context, predictions can 
be made on the type of Aboriginal archaeological evidence potentially present within the current study 
area. This evidence could be found in the form of certain site types:  

• Open artefact scatters or isolated finds – this was the most common site feature from the AHIMS 

search and is the most prevalent source of evidence of Aboriginal occupation that has influenced 

the predictive models for many studies. The visibility of these sites is dependent on surface 

visibility and exposure and are affected by the nature of the soil landscape. The erosional nature 

of the Blacktown soils within the study areas suggest that possible deposits are susceptible to 

erosion, yet the depositional nature of permanent watercourses such as the South Creek soils 

gives rise to the probability of intact occupational records in the deep stratigraphic layers. Using 

the Stream Order Model and Economic Resource model we can assume there is a high likelihood 

for sites. Previous surveys within the wider area have identified that surface artefact sites will most 

likely occur downstream from main creek lines. 
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• Culturally modified scar trees – while extensive clearing occurred post-European contact these 

sites may occur in any pockets of mature native trees.  

• Grinding grooves – these sites occur on sandstone outcroppings usually along waterways, 

swamps or water pans. The presence of these sites will be dependent on the availability of 

suitable sandstone sources. The underlying geology of the Soil Landscapes in the study area is 

the Wianamatta Group which contains the Minchinbury Sandstone, a fine to medium grained 

quartz Sandstone. Grinding grooves have been found along South Creek and Badgerys Creek. 

• Sub-surface artefact sites – low density assembles, primarily composed of silcrete will be 

associated with Crest landforms in the Badgerys Creek area. 
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6.0 ARCHAEOLOGICAL SURVEY 

 Aims 

The aims of the archaeological survey were as follows:  

• cover a representative sample of the study area that will potentially be impacted by the proposed 

works 

• record any Aboriginal objects observed during the survey 

• to liaise with RAP representatives regarding the proposed works and the archaeological potential 

of the study area 

• to verify test excavation, transect locations with the RAP representatives, as outlined in the 

methodology (Artefact Heritage 2018a). 

 Timing and personnel 

The archaeological survey was conducted on 20 August 2018. Personnel and timing for the 
archaeological survey are presented in Table 6.1. 

Table 6.1: Timing and personnel for the archaeological survey 

Participant Organisation Role Date of participation 

Ryan Taddeucci Artefact Heritage Senior Heritage 
Consultant 20 August 2018 

Julia McLachlan  Artefact Heritage Heritage Consultant 20 August 2018 

Cameron Mackay Artefact Heritage Archaeologist  20 August 2018 

Paul Boyd  Didge Nguawal Clan RAP  20 August 2018 

Daniel Chalker  

Cubbitch Barta 
Native Title 
Claimants Aboriginal 
Corporation  

RAP  20 August 2018 

Fred Trgwlynn Darug Land 
Observations 

RAP  20 August 2018 

Jeff Hickey  
Kamilaroi-
Yankuntatjara 
Working Group 

RAP  20 August 2018 

 

 Survey strategy and methodology 

The ATR area was divided into nine survey units (SUs), based on landform and access, these units 
were numbered SU1 – SU9 (Figure 6.1). The majority of SU4 – SU9 is contained within the study 
area.  
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The survey units were traversed on foot. A handheld Global Positioning System (GPS) was used to 
track the path of the survey team and record the coordinates of survey transects. The coordinate 
system projection used for all site recording was GDA94 MGA 56. 

The survey was conducted with seven people traversing the area spaced 15 m apart. All ground 
exposures were examined for Aboriginal objects (stone artefacts, imported shell, or other traces of 
Aboriginal occupation). Old growth trees were examined for signs of cultural scarring and marking.  

A photographic record was kept during the survey. Photographs were taken to record aspects of 
survey units including vegetation and disturbance. Scales were used for photographs where 
appropriate. 

All visible surfaces were inspected, and old growth native trees were similarly targeted for evidence of 
cultural modification. Local landforms, evidence of land use history and previous research was used to 
inform assessments of archaeological potential. Full survey of SU1 was unachievable due to access 
restrictions to the property. Overall the visibility was low due to grass cover. Exposures were present 
in areas worn down by animal and livestock movement. Due the dryness of the landscape dust was 
also a factor that contributed to the low visibility. Survey results and recommendations 

The survey identified one new Aboriginal site within the study area, Badgerys Creek Brick Works 18 
(BCBW18) Isolated Find (IF) 01 (AHIMS ID Pending). The survey also resulted in the identification of 
an uprooted tree with cultural heritage values. Further details regarding the tree have been included 
in section 8.3. See Figure 6.2 for the location of the identified site and tree.  
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Figure 6.1: Survey units relative to the study area 
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Figure 6.2: Location of sites identified through the survey 
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7.0 ARCHAEOLOGICAL TEST EXCAVATION 

 Aims 

The aims of the archaeological test excavation were:  

• Adequately identify the nature of any subsurface archaeological deposits, including preliminary 
comparisons with results of other subsurface archaeological investigations in the area. 

• Assess the scientific significance of any archaeological deposits identified during the excavation, 
following the assessment of test excavation results. 

• Provide an opportunity for registered Aboriginal stakeholders to comment on the Aboriginal 
cultural heritage values of the study area 

• Provide the proponent with recommendations on opportunities to avoid impact and future 
requirements for further archaeological investigation where required. 

 Timing and personnel  

Archaeological test excavations were conducted, concurrently with the MOD3 excavations, across 
five days from 20 August to 24 August 2018. Table 7.1 provides details of timing and personnel 
involved in the test excavation. 

Table 7.1: Test excavation personnel and timing 

Personnel Organisation Role Dates 

Vanessa Edmonds Artefact Heritage Principal 23 August 2018 

Ryan Taddeucci Artefact Heritage Excavation supervisor 20 August – 24 August  

Julia McLachlan Artefact Heritage Excavation supervisor 20 August – 24 August 

Anna Darby Artefact Heritage Excavation assistant 20 August – 24 August 

John Sokalik Artefact Heritage Archaeologist 20 August – 24 August 

Amad Ghareb Artefact Heritage Archaeologist 20 August – 24 August 

Cameron MacKay Artefact Heritage Archaeologist 20 August – 24 August 

Paul Boyd Didge Ngunawal Clan 
(DNC) Site officer 20 August 2018 

Adam King  Didge Ngunawal Clan 
(DNC) Site officer 21 August – 24 August 

Fred Trewlynn Darug Land 
Observations (DLO) Site officer 20 August – 24 August 
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Personnel Organisation Role Dates 

Jeff Hickey  Kamilaroi-Yankuntatjara 
Working Group Site officer 20 August – 24 August 

Daniel Chalker  
Cubbitch Barta Native 
Title Claimants 
Aboriginal Corporation  

Site officer 20 August – 22 August 

Ebony Chalker 
Cubbitch Barta Native 
Title Claimants 
Aboriginal Corporation  

Site officer 23 August – 24 August 

 

 Test excavation strategy and methodology 

Archaeological test excavation was undertaken to investigate the archaeological potential of various 
landforms across the study area. A comprehensive description of the test excavation program is 
provided in the ATR (Artefact Heritage 2018b) (Appendix 3). 

Eight east-west oriented transects were placed across the ATR area to characterise the 
archaeological deposit of the landforms across the ATR area (Figure 7.5). The entirety of transects 
1,2, 4,5 and 8 are located within the study area with only half of transect 3 located within the study 
area.   

The number of test pits (TPs) per transect is summarised in Table 7.2. All TPs were spaced 25 m 
apart, with the exception of TP4L, which was spaced 30 m from TP4K to capture the terrace 
landform. All TPs were aligned so that the northern edge followed the alinement of the associated 
transect.   

Table 7.2: Transects and pit counts 

Transect Test pit count 

1 10 

2 12 

3 10 (5 within study area) 

4 12 

5 9 

8 11 

Total 64 

 

Where unusual archaeological features were encountered, the TPs were expanded. At TP8G a 
hearth with burnt clay heat retainers was identified in the northwest corner. As a result, TP8G was 
expanded in a clockwise direction, beginning in the west. The subsequent TPs were labelled TP8G2-
3. TP1H was expanded to the north to determine the full extent of a high concentration of artefacts 
that was identified in situ.  
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All retrieved deposit from each test pit was placed in buckets and transported to a sieve area. The 
majority of the retrieved deposit was dry sieved using 3 mm sieves. After the identification of the 
hearth in TP8G, all subsequent material from that deposit was dry sieved to prevent damage or 
contamination of material that may be suitable for further analysis.   

 Results of test excavation 

The ATR resulted in the identification of three subsurface sites BCBW18 AS 01 (AHIMS ID 45-5-
5162), BCBW18 AS 02 (AHIMS ID 45-5-5164) and BCBW18 AS 03 (AHIMS ID 45-5-5163).  BCBW18 
AS 02 (AHIMS ID 45-5-5164) featured a heat retainer hearth. BCBW18 AS 01 (AHIMS ID 45-5-5162) 
was not located within the current study area and has been assessed in the MOD 3 ACHAR (Artefact 
Heritage 2018c). Post excavation analysis found that the three sites formed an archaeological 
complex. The complex is likely the result of repeated occupation by small groups who engaged in 
lower residential mobility and higher logistical mobility. Artefact manufacturing and activities 
associated with a clay heat retainer hearth would have occurred within the wider area (Artefact 
Heritage 2018b).  

Two charcoal samples were obtained from the excavation of the hearth and were sent to the Waikato 
Radiocarbon Dating Laboratory for Accelerator Mass Spectrometry (AMS) dating. One of the samples 
was found to be unsuitable for the carbon dating process. However, the other sample yielded a result 
of 2056 +/- 20 BP (Wk-48125).  

Figure 7.1: Remnants of the in situ hearth, 
TPG1-4 (Photographed by A. Darby, 24 
August 2018) 

 

Figure 7.2: Flake fragment from TP8G4, spit 1 
(Photographed by A. Darby, 3 September 
2018) 

 
Figure 7.3: Burnt clay heat retainers from 
TP8G1, spit 3 (Photographed by A. Darby, 3 
September 2018) 

 

Figure 7.4: View north from TP8E 
(Photographed by A. Darby, 24 August 2018) 
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Figure 7.5: Location of test pits  
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Figure 7.6: Location of sites within extent of MOD4 

Map removed for public exhibition 
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8.0 ABORIGINAL CULTURAL HERITAGE ASSESSMENT 

 Methodology 

The cultural assessment in this report includes information collected through desktop assessment, 
consultation during the survey and through the consultation period for the RAP review of the ATR 
(Artefact Heritage 2018b). This information was collected by Ryan Taddeucci (Senior Heritage 
Consultant, Artefact Heritage). 

 Cultural landscape 

The World Heritage Convention of United Nations Educational, Scientific and Cultural Organisation 
(UNESCO) defines a cultural landscape as one which has ‘powerful religious, artistic or cultural 
associations of the natural element rather than material cultural evidence, which may be insignificant 
or even absent’ (UNESCO 1991). The relationship between Aboriginal Australians and the land is 
conceived in spiritual terms rather than primarily in material terms (Andrews et al 2006). Aboriginal 
cultural knowledge has been defined as: 

Accumulated knowledge which encompasses spiritual relationships, relationships 
with the natural environment and the sustainable use of natural resources, and 
relationships between people, which are reflected in language, narratives, social 
organisation, values, beliefs and cultural laws and custom (Andrews et al 2006). 

Aboriginal cultural knowledge was traditionally bequeathed through oral traditions from generation to 
generation. Within all Aboriginal communities there was a time of dislocation and upheaval associated 
with the arrival of colonial settlers. This widespread disruption resulted in much of the detailed 
knowledge and understanding of many of the elements of the cultural landscape being lost from the 
Aboriginal community, nonetheless many Aboriginal people maintain a strong connection to the land 
of their ancestors and collectively possess a wealth of knowledge passed down through the 
generations. 

 Identified Aboriginal cultural values 

8.3.1 BCBW18 Tree  

One cultural site BCBW18 Tree was recorded during the survey. The cultural site is potentially a 
modified tree located at GDA 94 Zone 56 293231.93 m E 6246983.39 m S (Figure 8.1). 

The tree is likely a white box (E. Albens) and features two branches which have fused together to 
form a ring. The tree was located on a lower slope 300 m north west of South Creek. The tree had 
been uprooted and the branches cut above the fusion. The total length of the ring was 980 mm with a 
width of 220 mm. The fusion was located 2 m from the base of the tree.  

Mr D Chalker (Site Officer, Cubbitch Barta) noted that the branches of this species of tree do not bind 
naturally, and suggested that the branches had been artificially cut and bound to create the fusion (Mr 
D Chalker 2018, pers.comm, 20 August).  

The AHIMS does not recognise ring trees as an archaeological site type, as there is no evidence that 
they have been artificially modified by humans. Although the tree is not considered to meet the criteria 
to be deemed an archaeological site, Mr. D. Chalker (Site Officer, Cubbitch Barta) mentioned that 
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trees with fused branches are considered to be of cultural significance to Aboriginal people (Mr D 
Chalker 2018, pers.comm, 20 August).  

Aboriginal people have assigned a cultural value to ring trees, and therefore the site has been 
recorded and reported as a cultural site. The tree contributes towards the cultural significance of the 
study area and the AHIMS sites identified as part of this assessment. The tree is not subject to the 
legislation discussed in section 2.0. 

Figure 8.1: Close up of BCBW18 Tree 
(Photographed by J. McLachlan, 20 August 
2018) 

Figure 8.2: View southeast of BCBW18 Tree 
(J. McLachlan, 20 August 2018) 

  

Figure 8.3: View northeast of BCBW18 Tree (J. 
McLachlan, 20 August 2018)  

 

 

 

 

8.3.2 Summary 

Table 8.1 provides a summary of the Aboriginal cultural heritage values associated with the study 
area.  

Table 8.1: Cultural heritage values identified for the study area and surroundings: 

Cultural heritage value Description Source 

Archaeological evidence of 
Aboriginal occupation 

Aboriginal people have expressed a strong view 
that sites and deposits associated with the 
archaeological record of Aboriginal occupation at 
Badgerys Creek were of high cultural value to 
Aboriginal people.  

Navin Officer 
Heritage 
Consultants 2016 
 
Justine Coplin 
(Darug Custodian 
Aboriginal 
Corporation) 
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Cultural heritage value Description Source 

Badgerys Creek 

The area is regarded as having characteristics 
which would have made it of significance in the 
traditional life of Aboriginal people of the pre-
colonial past and, as such it should be retained in 
as natural state as possible 
The intangible cultural values of the landscape 
and its surviving biota were valued for their 
association with traditional culture and lore, and 
the sense of the place and social identity derived 
from them. 

Navin Officer 
Heritage 
Consultants 2016 
 
Justine Coplin 
(Darug Custodian 
Aboriginal 
Corporation) 

Heat retainer hearth 
Clay heat retainers are of very high spiritual and 
cultural significance to Aboriginal people, as they 
form a direct link to the Aboriginal past. 

Artefact Heritage 
2017 

Ring tree 

Both culturally modified trees and trees with 
naturally occurring rings are significant to 
Aboriginal people as trees with natural rings may 
have been used in similar ways. Ring trees may 
have been used as territory boundary markers 

Office of Aboriginal 
Affairs Victoria 
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9.0 SIGNIFICANCE ASSESSMENT 

A total of three Aboriginal archaeological sites have been identified throughout a combination of 
pedestrian survey and subsurface testing (Figure 7.6). A significance assessment of the scientific, 
social, historic and aesthetic values of the study area is included below.  

 Significance assessment criteria 

An assessment of the cultural heritage significance of an item or place is required in order to form the 
basis of its management. The Guide (OEH 2011: 10) provides guidelines, in accordance with the 
Burra Charter (Australia ICOMOS 2013) for significance assessment with assessments being 
required to consider the following criteria: 

• Social values – does the area have a strong or special association with a particular community 
or cultural group for social, cultural or spiritual reasons 

• Historic values – is the area important to the cultural or natural history of the local area and/or 
region and/or state 

• Scientific values - does the area have the potential to yield information that will contribute to an 
understanding of the cultural and natural history of the local area and/or region and/or state 

• Aesthetic values – is the area important in demonstrating aesthetic characteristics in the local 
area and/or region and/or state. 

Scientific values should be considered in light of the following criteria: 

• Research potential - does the evidence suggest any potential to contribute to an understanding 
of the area and/or region and/or state’s natural and cultural history? 

• Representativeness - how much variability (outside and/or inside the subject area) exists, what 
is already conserved, how much connectivity is there? 

• Rarity - is the subject area important in demonstrating a distinctive way of life, custom, process, 
land-use, function or design no longer practised? Is it in danger of being lost or of exceptional 
interest? 

• Education potential - does the subject area contain teaching sites or sites that might have 
teaching potential? 

It is important to note that heritage significance is a dynamic value. 

 Significance assessment 

9.2.1 Social and cultural value 

The Consultation Requirements specifies that the social or cultural value of a place must be identified 
through consultation with Aboriginal people.  

Mr D Chalker (Site Officer, Cubbitch Barta) noted that BCBW18 Tree (cultural site) is of cultural 
significance to Aboriginal people (Mr D Chalker 2018, pers.comm, 20 August).  

BCBW18 AS-02 (AHIMS ID Pending), BCBW18 AS-03 (AHIMS ID Pending), and BCBW18 IF-01 
(AHIMS ID Pending) have moderate social significance as part of the wider cultural landscape and as 
physical evidence of the use of the area by Aboriginal people. 
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9.2.2 Historic value 

Historic values refer to the association of the place with aspects of Aboriginal history. Historic values 
are not necessarily reflected in physical objects, but may be intangible and relate to memories, stories 
or experiences.  

The study area is not known to be associated with any people, events or activities of historical 
importance to the Aboriginal community. The relatively small assemblage size recovered within the 
study area suggests that it was not the location of any significant event or activity in the pre-contact or 
post-contact past. At this level of assessment, the study area is considered not to be of historic 
significance. 

9.2.3 Aesthetic value 

This refers to the ‘sensory’ value of a place, and can include aspects such as form, texture, and 
colour, and can also include the smell and sound elements associated with use or experience of a site 
(Australian ICOMOS 2000). Aesthetic significance can be closely linked to the social value of a site. 

The study area is considered to be of moderate aesthetic value based on proximity to aesthetically 
pleasing features such as the creek and trees. 

9.2.4 Scientific value 

BCBW18 AS 02 (AHIMS ID 45-5-5164) 

BCBW18 AS 02 (AHIMS ID 45-5-5164) is a low-density subsurface artefact scatter and hearth 
located on an intact landform. The site features a clay heat retainer hearth, which is extremely rare 
within the regional context. The intact nature of the deposit presents an opportunity to use the 
obtained carbon dates to contribute towards a regional sequence of artefact assemblages. Due to the 
high research potential and rarity of the site, BCBW18 AS 02 (AHIMS ID 45-5-5164) is considered to 
be of high scientific significance.  

BCBW18 AS 03 (AHIMS ID 45-5-5163) 

BCBW18 AS 03 (AHIMS ID 45-5-5163) is a high density subsurface artefact scatter located on an 
intact landform. The site does not feature any especially significant artefact types or raw materials but 
is unusual due to the high concentration of artefacts in a small area. The presence of a multiple 
platform core indicates that the site could be a reduction area, however no debris was identified to 
support this conclusion. The site is also significant due to its association with BCBW18 AS 02 (AHIMS 
ID 45-5-5164) and its associated hearth feature. However, as the site is located in a medium risk 
flood area, the archaeological integrity of the site has been impacted and the spatial distribution of 
artefacts compromised. Therefore, the BCBW18 AS 03 (AHIMS ID 45-5-5163) is considered to be of 
low significance.  

BCBW18 IF 01 (AHIMS ID 45-5-5165) 

BCBW18 IF 01 (AHIMS ID 45-5-5165) is an isolated surface artefact located in a moderately 
disturbed context. Due to the lack of archaeological integrity the site is considered to be of low 
scientific significance.  

A summary of the archaeological significance of sites identified during survey and test excavation is 
presented in Table 9.1.  
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Table 9.1: Summary of archaeological significance 

Site name 
(AHIMS ID) 

Research 
potential Representativeness Rarity Education 

potential 
Overall 

significance 
assessment 

BCBW18 AS 02 
(AHIMS ID 45-5-5164) High Moderate High High High 

BCBW18 AS 03 
(AHIMS ID 45-5-5163) Low Low Low Low Low 

BCBW18 IF 01 
(AHIMS ID 45-5-5165) Low Low Low Low Low 

 

 Statement of significance 

The study area contains Aboriginal sites which range from high to low scientific significance. All 
Aboriginal sites are considered to be of social and cultural significance to the contemporary Aboriginal 
community as part of an increasingly rare archaeological resource providing a tangible connection to 
the pre-contact Aboriginal people of the area. No specific historical values were identified during the 
assessment. However, the study area is considered to be a moderate aesthetic significance. 
Therefore, the study area is considered to be of moderate significance. 
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10.0 IMPACT ASSESSMENT 

 Proposed development 

CSR propose to construct a grid connected solar farm within the study area. This will allow energy 
security through a more diverse energy mix, initiate a clean renewable energy source on-site, reduce 
the greenhouse gas emissions that contribute to global warming and improve the land utilisation on 
the eastern flank, outside of the approved project boundary. Details are unavailable for the design of 
the solar farm, but it is likely to comprise solar panels on poles with a concrete pad at the base.  

 Potential Aboriginal heritage impact 

The current test excavation program has provided evidence for the presence of Aboriginal objects 
throughout the study area. A summary of the impacts to sites identified during test excavation and 
additional survey is provided in Table 10.1. This assessment is based on the impact area, which 
includes the areas required for construction of the proposed solar farm. 

CSR has indicated a preference towards conserving portions of BCBW18 AS 02 (AHIMS ID 45-5-
5164) for artefact reburial. This impact assessment is based on the understanding that a 10 m 
exclusion zone will be established around the hearth in BCBW18 AS 02 (AHIMS ID 45-5-5164). 

Table 10.1: Impact assessment 

Site name (AHIMS ID) Type of harm Degree of harm Consequence of harm 

BCBW18 AS 02 (AHIMS 
ID 45-5-5164) 

Direct Partial Partial loss of value 

BCBW18 AS 03 (AHIMS 
ID 45-5-5163) 

None None No loss of value 

BCBW18 IF 01 (AHIMS ID 
45-5-5165) 

Direct Total Total loss of value 

10.2.1 Mitigation measures 

As BCBW18 AS 03 (AHIMS ID 45-5-5163) will not be impacted by the proposed works, no further 
archaeological investigations are recommended.   

The proposed works are likely to impact the majority of the geographic extent of BCBW18 IF 01 
(AHIMS ID 45-5-5165) and a significant portion of BCBW18 AS 02 (AHIMS ID 45-5-5164)..  

BCBW18 AS 02 (AHIMS ID 45-5-5164) has been assessed as being of high significance due to the 
rarity of the hearth feature within the local context. The remainder of BCBW18 AS 02 (AHIMS ID 45-
5-5164) is a low density artefact scatter, with low archaeological potential. However, as CSR will be 
conserving the hearth feature within a 10 m conservation area, no further archaeological 
investigations are recommended.  

BCBW18 IF 01 (AHIMS ID 45-5-5165) is an isolated artefact. Identified within a disturbed context it 
has been assessed as being of low archaeological significance. It is recommended that the artefact at 
BCBW18 IF 01 (AHIMS ID 45-5-5165) be collected.  



CSR Advanced Manufacturing Hub 
MOD4 – Aboriginal Cultural Heritage Assessment Report 

 

  Page 41 
 

 Ecologically Sustainable Development principles 

In accordance with the guide, Ecologically Sustainable Development principles have been considered 
in preparation of this ACHAR, including options to avoid impacts to Aboriginal cultural heritage, 
assessment of unavoidable impacts, identification of mitigation and management measures, and 
taking account of Aboriginal community views. The principles of Ecologically Sustainable 
Development are detailed in the NSW Protection of the Environment Administration Act 1991. 
Ecologically Sustainable Development principles relevant to assessment of the current proposal as it 
relates to Aboriginal cultural heritage are considered below.  

10.3.1 The integration principle 

Decision-making processes should effectively integrate both long term and short term economic, 
environmental, social and equitable considerations (the integration principle). The proposal would 
comply with the Integration Principle in regard to Aboriginal heritage. The Aboriginal heritage values 
have been considered as part of the planning process for the proposed works.  

Development and implementation of a Heritage Interpretation Strategy for Aboriginal cultural heritage 
values of the study area will assist in complying with the integration principle. 

10.3.2 The precautionary principle 

If there are threats of serious or irreversible environmental damage, lack of full scientific confidence 
should not be used as a reason for postponing measures to prevent environmental degradation (the 
precautionary principle).  

The combination of predictive models and the results of the test excavation have been used to assess 
the probable nature of the archaeological record within the study area. It has been assessed that 
there is low potential for further, intact archaeological material to be present within the study area.  

The proposal adheres to the precautionary principle, in that test excavation has adequately 
characterised the archaeological deposit and distribution within the impact area.  

10.3.3 The principle of intergenerational equity 

The present generation should ensure that the health, diversity and productivity of the environment is 
maintained or enhanced for the benefit of future generations (the principle of intergenerational equity).  

The proposed works would adhere, as close as possible, to the principle of intergenerational equity by 
collating scientific and cultural information on former Aboriginal occupation of the study area through 
the archaeological survey and test excavation. The development and implementation of a Heritage 
Interpretation Strategy in consultation with the RAPs will enhance the proposal and benefit future 
generations. The conservation of the hearth would ensure that Aboriginal resources are preserved for 
the education and benefit of future generations.  

10.3.4 Conservation of biodiversity 

Cultural values of biodiversity are intertwined with the lives of Aboriginal people and their use of the 
landscape. Biological impacts of the proposal are considered in the separate technical report. 
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10.3.5 Cumulative impacts 

A cumulative impact is an impact on Aboriginal cultural heritage resulting from the incremental impact 
of the action/s of a development when added to other past, present and reasonably foreseeable 
future actions. There are 30 registered Aboriginal sites within an approximate 2 km buffer of the study 
area. Most of the registered sites are located to the west of the study area, between Badgerys Creek 
and South Creek. All of those sites impacted by the proposal have been assessed in light of their 
relationship to the archaeological landscape as a whole and their removal will result in a cumulative 
impact. 

Of these 30 sites, 90 per cent are Artefact sites and, therefore, are considered common. Contour 
mapping indicates that these AHIMS sites are located on a similar landform and elevation to BCBW18 
AS 02 (AHIMS ID 45-5-5164), BCBW18 AS 03 (AHIMS ID 45-5-5163), and BCBW18 IF 01 (AHIMS 
ID 45-5-5165). BCBW18 AS 02 (AHIMS ID 45-5-5164), and BCBW18 IF 01 (AHIMS ID 45-5-5165) 
will be impacted by the proposal and have been assessed in light of their relationship to the 
archaeological landscape as a whole. Impact to BCBW18 IF 01 (AHIMS ID 45-5-5165) and BCBW18 
AS 02 (AHIMS ID 45-5-5164) will not result in a cumulative impact, as low-density artefact scatters 
are typical of the Cumberland Plain and CSR propose to conserve the hearth feature which forms the 
most scientifically significant aspect of BCBW18 AS 02 (AHIMS ID 45-5-5164). While BCBW18 AS 02 
(AHIMS ID 45-5-5164) does include a hearth, which is rare in the regional context, it will not be 
impacted by the proposed works. 

The assessment of cumulative impacts is based on the AHIMS search data in section 5.3. The 
AHIMS search listed 30, valid, registered sites within 2 km of the study area. If the majority of those 
AHIMS sites are destroyed, then artefact sites would no longer be common to the area.  
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Figure 10.1: Location of sites in relation to impact area  

Map removed for public exhibition 
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11.0 MANAGEMENT AND MITIGATION MEASURES 

The overall guiding principle for cultural heritage management is that where possible Aboriginal sites 
should be conserved. 

CSR has amended the site development plans to conserve the entire extent of the hearth feature 
within BCBW18 AS 02 (AHIMS ID 45-5-5164) with a 10 m permanently fenced buffer.  

Where unavoidable impacts occur then measures to mitigate and manage impacts are proposed. 
Mitigation measures primarily concern preserving the heritage values of sites beyond the physical 
existence of the site. The most common methods involve detailed recording of Aboriginal objects, 
archaeological test and salvage excavations, artefact analysis and, where appropriate, reburial of 
Aboriginal objects in a location determined by the registered Aboriginal parties.  

Mitigation measures vary depending on the assessment of archaeological significance of a particular 
Aboriginal site and are based on its research potential, rarity, representatives and educational value. 
In general, the significance of a site would influence the choice of preferred conservation outcomes 
and appropriate mitigation measures, usually on the following basis: 

• Low archaeological significance- Conservation where possible, but usually no mitigation required if 

impacts are unavoidable.  

• Moderate archaeological significance- Conservation where possible. If conservation is not 

practicable, salvage excavations or similar mechanisms determined in consultation with the 

Aboriginal community may be necessary.  

• High archaeological significance- conservation as a priority. Only if all practicable alternatives 

have been exhausted would impacts be considered justified. Comprehensive salvage excavations 

may be necessary.  

Test excavations have removed most of the Aboriginal cultural heritage material within the study area. 
Therefore, no further archaeological investigations will be required.  

 Salvage excavations 

BCBW18 AS 02 (AHIMS ID 45-5-5164) featured an extremely low density of artefacts which was 
consistent across the entirety of the site. No areas of artefact concentration were identified. Further 
archaeological investigations are only likely to retrieve the same densities of artefact, if any, and 
would not contribute to a greater understanding of archaeological records for the study area. The 
heath feature is unusual within the regional context and will be investigated further. However, as CSR 
propose to conserve the hearth feature, no archaeological knowledge will be lost. Therefore, salvage 
excavation is not recommended within BCBW18 AS 02 (AHIMS ID 45-5-5164). 

BCBW18 AS 03 (AHIMS ID 45-5-5163) will not be impacted by the proposed works. Therefore, no 
further archaeological investigations will be required.  

 Discovery of human remains 

If any human remains are discovered and/or harmed in, on or under the land, the following actions 
must be taken: 

• Do not further move or disturb these remains 
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• Immediately cease all works at the particular location 

• Secure the area so as to avoid further harm to the remains 

• Notify the NSW police 

• Notify OEH’s Environment Line on 131 555 as soon as practicable and provide any available 

details of the remains and their location 

• Not recommence any work at the particular location unless authorised in writing by OEH. 

 Changes to the proposed works 

This ACHAR is based upon the most recent information made available to Artefact Heritage as of the 
date of preparation of this report. Any changes made to the proposal should be assessed by an 
archaeologist in consultation with the registered Aboriginal stakeholder groups. Any changes that may 
impact on Aboriginal sites not assessed during the current study may warrant further investigation 
and result in changes to the recommended management and mitigation measures.  

 Management of Aboriginal objects 

Consultation with the RAPs as part of this assessment has indicated that appropriate long-term 
management strategy for the artefacts retrieved from the test excavation is that, all retrieved material 
be reburied on site at a location that has been reserved for no future impact. Further information 
regarding the consultation process and the location of the reburial is included in the ACHARs 
(Artefact Heritage 2018b and c). 

CSR has amended the site development plans to conserve the entire extent of the hearth feature 
within BCBW18 AS 02 (AHIMS ID 45-5-5164) with a 10 m permanently fenced buffer. CSR have 
proposed that all artefacts retrieved during survey and subsurface test excavation for both MOD3 and 
MOD4 be reburied within the hearth exclusion zone. 

 Heritage Interpretation Strategy 

Impacts can be further mitigated through interpretation that acknowledges the Aboriginal occupation 
and utilisation of the study area. In consultation with RAPs, a Heritage Interpretation Strategy must be 
prepared, and implemented, which addresses the cultural significance of this location within the 
Darug landscape and the archaeological finds from the study area. Methods of incorporating identified 
Aboriginal heritage values into the design process could include interpretive displays and artistic 
elements within the new premises, and external elements such as paving components and plantings, 
providing information on Aboriginal land-use and life-ways within the study area and surrounds. 
Samples or reconstructions of the archaeological finds could be considered for incorporation into the 
internal interpretive elements. 

Any strategy for interpretation must be developed in consultation with the RAPs.  

 Ongoing consultation with Aboriginal stakeholder groups 

Consultation with the registered Aboriginal stakeholders would continue throughout the life of the 
project, as necessary. Ongoing consultation with registered Aboriginal stakeholders will take place 
throughout all facets of the project, including reburial of retrieved artefacts and in the event of any 
unexpected Aboriginal objects being identified during works. To keep consultation current, the 
registered Aboriginal parties should be sent an update on the project every six months until CSR 
receives approval of MOD4. 
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12.0 RECOMMENDATIONS 

The following recommendations are based on consideration of: 

• Statutory requirements under the NPW Act 

• The results of the ACHAR and ATR 

• The interests of the Aboriginal stakeholder groups 

• The likely impacts of the proposed development. 

It was found that: 

• Three Aboriginal sites identified during the survey and test excavation were found to be located 

within the study area; BCBW18 IF 01 (AHIMS ID 45-5-5165), BCBW18 AS 02 (AHIMS ID 45-5-

5164) and BCBW18 AS 03 (AHIMS ID 45-5-5163))  

• The significance assessment found that BCBW18 IF 01 (AHIMS ID 45-5-5165) and BCBW18 AS 

03 (AHIMS ID 45-5-5163) are of low significance, while BCBW18 AS 02 (AHIMS ID 45-5-5164) is 

of high significance 

• The proposed development will have a total impact, with total loss of value on BCBW18 IF 01 

(AHIMS ID 45-5-5165) 

• The proposed development will have a partial impact, with partial loss of value on BCBW18 AS 02 

(AHIMS ID 45-5-5164)  

• BCBW18 AS 03 (AHIMS ID 45-5-5163) will not be impacted by the proposed works 

The following recommendations are made: 

• To keep consultation current, the registered Aboriginal parties should be sent an update on the 

project every six months until CSR receives approval of MOD4  

• Collection of the surface artefact at BCBW18 IF 01 (AHIMS ID 45-5-5165) should be conducted 

concurrently with the reburial 

• A conservation area with a 10 m buffer must be placed around the hearth feature portion of 

BCBW18 AS 02 (AHIMS ID 45-5-5164) 

• Following completion of archaeological investigation, analysis and reporting, the assemblage 

retrieved from the test excavation should be reburied on site. Reburial should occur within the 

conservation area of BCBW18 AS 02 (AHIMS ID 45-5-5164). Reburial should be undertaken in 

accordance with consultation with the RAPs  

• A Heritage Interpretation Strategy must be prepared for the study area in consultation with 

Aboriginal stakeholders. This plan would include methods of incorporating identified Aboriginal 

heritage values into the design process, such as use of native vegetation in replanting, use of local 

Aboriginal place names and interpretative signage providing information on Aboriginal land-use 

within the study area and surrounding area. This recommendation is in line with the Ecologically 

Sustainable Development principles described in section 10.3. 
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EXECUTIVE SUMMARY 

In October 2016, CSR Building Products Limited (CSR) acquired Boral Bricks Pty Limited (Boral) 
brick business along the eastern seaboard of Australia and with it, the Badgerys Creek Brick Making 
Facility Site (‘the Site’). Project Approval (PA10_0014) was given for the existing site (PA10-0014) 
under section 75W of the Environmental Planning and Assessment Act 1979 and previous 
archaeological investigations were conducted by AECOM (2010) as part of that approval. 

CSR now proposes to expand the site with the extension of the brick making facility and construction 
of a roof products manufacturing facility (Modification [MOD] 3) and establishment of a grid connected 
solar farm (Modification [MOD] 4).  

To satisfy the heritage requirements of PA10_0014, Artefact Heritage Services Pty Ltd (Artefact 
Heritage) was engaged by Element Environment (Element), on behalf of CSR Building Products 
Limited (CSR), to undertake a desktop assessment and site inspection of a large area (the 
investigation area), as depicted in Figure 1.2, which encompasses the study area. The assessment 
found that areas of Aboriginal archaeological potential are located within the proposed impact area. 
Subsequently, Artefact Heritage was engaged by Element, on behalf of CSR, to prepare a 
methodology (Artefact Heritage 2018a) for an archaeological survey and test excavation within the 
study area.  

The results of the due diligence assessment are incorporated into this Archaeological Technical 
Report (ATR). This document presents the methodology, results, and analysis of the archaeological 
survey and archaeological test excavation program that was undertaken within the study area. This 
assessment has been completed in support of an Environmental Assessment for the study area. 

The objectives of the survey program were to: 

• Identify and report Aboriginal sites within the study area and to assess the archaeological 

significance of any sites recorded. 

• To liaise with RAP representatives regarding the proposed works and the archaeological potential 

of the study area 

• To liaise with RAP representatives regarding the effectiveness of the placement of the proposed 

test excavation transects, as outlined in the methodology (Artefact Heritage 2018a). 

The objectives of the test excavation program were to: 

• Adequately identify the nature of any subsurface archaeological deposits, including preliminary 

comparisons with results of other subsurface archaeological investigations in the area. 

• Assess the scientific significance of any archaeological deposits identified during the excavation, 

following the assessment of test excavation results. 

• Provide an opportunity for registered Aboriginal stakeholders to comment on the Aboriginal 

cultural heritage values of the study area 

• Provide the proponent with recommendations on opportunities to avoid impact and future 

requirements for further archaeological investigation where required.   

It was found that: 
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• Three new subsurface sites (BCBW18 AS 01 (AHIMS ID 45-5-5162), BCBW18 AS 02 (AHIMS ID 

45-5-5164) and BCBW18 AS 03 (AHIMS ID 45-5-5163)) were identified during subsurface testing:  

o BCBW18 AS 01 (AHIMS ID 45-5-5162) is a low-density artefact scatter and was assessed 

as being of low scientific significance 

o BCBW18 AS 02 (AHIMS ID 45-5-5164) is a low-density artefact scatter with a heat 

retainer hearth feature. This site type is considered rare and of high research potential. 

o BCBW18 AS 03 (AHIMS ID 45-5-5163) is a high-density artefact scatter that is considered 

to be of low scientific significance.  

• One newly recorded surface site (BCBW18 IF 01 (AHIMS ID 45-5-5165)) was identified during the 

survey. 

It is therefore recommended that: 

• An Aboriginal Cultural Heritage Assessment Report (ACHAR) must be prepared in compliance 

with the Aboriginal heritage requirements of PA10_0014. 

• Collection of surface artefacts across BCBW18 IF 01 (AHIMS ID 45-5-5165) must be conducted 

prior to the commencement of the proposed works 

• A conservation area with a 10 m buffer be placed around the hearth feature portion of BCBW18 

AS 02 (AHIMS ID 45-5-5164)  

• Long term arrangements for the management of excavated artefacts, involve reburial within the 

location specified in the ACHARs for MOD3 and MOD4 (Artefact Heritage 2018b and 2018c). 
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1.0 INTRODUCTION  

1.1 Project description 

In October 2016, CSR Building Products Limited (CSR) acquired Boral Bricks Pty Limited (Boral) 
brick business along the eastern seaboard of Australia and with it, the Badgerys Creek Brick Making 
Facility Site (‘the Site’), which is strategically placed in the Western Sydney Priority Growth Area and 
borders on the proposed Western Sydney Airport precinct. Project Approval (PA10_0014) was given 
for the existing site under section 75W of the Environmental Planning and Assessment Act 1979 and 
previous archaeological investigations were conducted by AECOM (2010) as part of that approval. 

CSR now proposes the construction of a roof products manufacturing facility (Modification [MOD] 3) 
and establishment of a grid connected solar farm (Modification [MOD] 4). The project is known as the 
CSR Advanced Manufacturing Hub.  

MOD3 will involve: 

• Advanced Manufacturing - Brick Production  

o Removal of most of the existing brick manufacturing equipment and replacement with new 

brick manufacturing equipment in the existing brick making facility 

o Increase in the building footprint of the existing brick making facility 

o Increase in the building footprint of the existing administration building 

o A NATA (National Association of Testing Authorities) Accredited Advanced Testing 

Laboratory 

o Extension to the existing visitor’s carpark 

o An innovation centre 

o A weighbridge 

o Factory staff parking 

o A new access road to the factory staff parking area and for bulk material deliveries and 

dispatch 

o New rainwater tanks 

o A battery store 

• Advanced Manufacturing - Roof Products Production  

o Construction and operation of a roof products manufacturing facility on CSR owned land 

outside the approved project boundary, immediately east of Pit 4 

o Modification to the approved project boundary to include the proposed roof products 

manufacturing facility, located on the adjacent property 

o The processing of sandstone (overburden material not used in brick production) for use in 

the manufacture of roof products on-site 

• General  

o Re-commence operations at the site as approved in the Project Approval (PA10_0014), 

and expel the current mothballed status of the site 

o Amendment to the extent of Pit 5 to include a 200 m buffer zone to neighbouring 

residential properties required under the Mining Act 1992 
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o An increase in the importation of raw materials from off-site for use in both the brick 

making and roof products manufacturing facilities 

o Modifications to the approved noise bunds. 

MOD4 will involve: 

• The dewatering of Pit 1 

• Continued extraction of clay material in Pit 1 to a depth of 35 m 

• The importation of Virgin Excavated Natural Material (VENM) to backfill Pit 1 and potentially other 

pits, to rehabilitate the site and facilitate future development 

• The establishment of a grid connected solar farm. This will allow energy security through a more 

diverse energy mix, initiate a clean renewable energy source on-site, reduce the greenhouse gas 

emissions that contribute to global warming and improve the land utilisation on the eastern flank, 

outside of the approved project boundary. 

1.2 Study area 

This report focuses on land at 235 Martin Road in the suburb of Badgerys Creek approximately 41 
kilometres (km) west of the Sydney Central Business District (Figure 1.1). The land is adjacent to the 
existing Badgerys Creek Quarry and Brickmaking Facility which is currently nonoperational. 

The study area includes portions of: 

• Lot 1 DP981161 

• Lot 54 DP3050 

• Lot 55 DP3050 

• Lot 56 DP3050 

• Lot 57 DP3050 

• Lot 58 DP3050 

• Lot 59 DP3050 

The study area is located within the Liverpool Local Government Area (LGA) and within the 
boundaries of the Gandangara Local Aboriginal Land Council (LALC). The study area is within the 
Parish of Bringelly and County of Cumberland. 

The study area measures 940 metres (m) north-south by 560 m east-west and has a total area of 
approximately 37.4 hectares (ha). The study area is bound by Inghams Chicken to the south, South 
Creek to the east, Australian Native Landscapes and rural residential properties to the north and the 
existing Badgerys Creek Quarry and Brickmaking Facility to the west.  

1.3 Background to this assessment 

Artefact Heritage Services Pty Ltd (Artefact Heritage) was engaged by Element Environment 
(Element), on behalf of CSR, to undertake a desktop assessment and site inspection of a large area 
(the investigation area), as depicted in Figure 1.2, which encompasses the study area. The 
assessment found that areas of Aboriginal archaeological potential are located within the proposed 
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impact area. Subsequently, Artefact Heritage prepared a methodology (Artefact Heritage 2018a) for 
an archaeological survey and test excavation within the study area.  

The results of the due diligence assessment are incorporated into this Archaeological Technical 
Report (ATR). This document presents the methodology, results, and analysis of the archaeological 
survey and archaeological test excavation program that was undertaken within the study area. This 
assessment has been completed in support of an Environmental Assessment for the study area. 

The objectives of the survey program were to: 

• Cover a representative sample of the study area that will potentially be impacted by the proposed 

works 

• Record any Aboriginal objects observed during the survey 

• to liaise with RAP representatives regarding the proposed works and the archaeological potential 

of the study area 

• To verify test excavation, transect locations with the RAP representatives, as outlined in the 

methodology (Artefact Heritage 2018a). 

The objects of the test excavation program were to: 

• Adequately identify the nature of any subsurface archaeological deposits, including preliminary 

comparisons with results of other subsurface archaeological investigations in the area. 

• Assess the scientific significance of any archaeological deposits identified during the excavation, 

following the assessment of test excavation results. 

• Provide an opportunity for registered Aboriginal stakeholders to comment on the Aboriginal 

cultural heritage values of the study area 

• Provide the proponent with recommendations on opportunities to avoid impact and future 

requirements for further archaeological investigation where required.   

1.4 Project approval framework 

To realise the full potential of the site and allow it to meet the strategic needs of the brick, roof 
products and other building product manufacturing businesses, CSR requires modifications to the 
existing Project Approval (PA10_0014). CSR are proposing three separate modifications (MOD 2, 
MOD3 and MOD4) to their Project Approval (PA10_0014), under section 75W of the Environmental 
Planning and Assessment Act 1979 (EP&A Act). MOD 2 has already received Project Approval and 
requires no further archaeological assessment. 

Desktop assessment of the eastern portion proposed under MOD3 and MOD4, identified areas of 
Aboriginal archaeological potential. Secretary’s Environmental Assessment Requirements (SEARs) 
have been issued for MOD3 (MP10_0014 MOD3). 

The SEARs and where they are addressed in this report are summarised in Table 1.1. 
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Table 1.1: Secretary’s Environmental Assessment requirements 

SEAR Section 

The EIS must identify and describe the Aboriginal 
cultural heritage values that exist across the whole 
area that will be affected by the development and 
document these in the EIS. This may include the 
need for surface survey and test excavation. The 
identification of cultural heritage values should be 
guided by the Guide to investigating, assessing 
and reporting on Aboriginal cultural heritage in 
NSW (OEH 2011) and consultation with OEH 
regional officers. 

This will be addressed in the ACHARs (Artefact 
Heritage 2018b and c) 

Where Aboriginal cultural heritage values are 
identified, consultation with Aboriginal people 
must be undertaken and documented in 
accordance with the Aboriginal cultural heritage 
consultation requirements for proponents 2010 
(DECCW). The significance of cultural heritage 
values for Aboriginal people who have a cultural 
association with the land must be documented in 
the EIS. 

Section 3.0 Aboriginal stakeholder consultation 

Impacts on Aboriginal cultural heritage values are 
to be assessed and documented in the EIS. The 
EIS must demonstrate attempts to avoid impact 
upon cultural heritage values and identify any 
conservation outcomes. Where impacts are 
unavoidable, the EIS must outline measures 
proposed to mitigate impacts. Any objects 
recorded as part of the assessment must be 
documented and notified to OEH. 

Section 10.0 Impact assessment 
Section 11.0 Management and mitigation 

 

Separate SEARs have not been issued for MOD4, however, the Department of Planning and 
Environment commented that cumulative impacts within and between MOD3 and MOD4 be 
assessed.  

As this project is being assessed under 75W of the Environmental Planning & Assessment Act 1979 
permits issued under the National Parks & Wildlife Act 1974 (NPW Act), principally an Aboriginal 
Heritage Impact Permit (AHIP) under Section 90 of the NPW Act will not be required. 

The archaeological assessment will be conducted in accordance with the following approvals and 
guidelines: 

• Secretary’s Environmental Assessment Requirements (SEARs) (MP10_ 0014 MOD3) issued 15 

December 2017. 

• Department of Planning & Environment comments issued 17 January 2018. 

• Aboriginal cultural heritage consultation requirements for proponents 2010 (Consultation 

Requirements) (Department of Environment, Climate Change & Water [DECCW] 2010a). 

• The guide to investigating, assessing and reporting on Aboriginal cultural heritage in NSW (the 

Guide) (Office of Environment & Heritage [OEH] 2011). 
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The test excavations were generally conducted in accordance with: 

• Code of Practice for Archaeological Investigation of Aboriginal objects in New South Wales (Code 

of Practice) (DECCW 2010b). 

1.5 Report authorship  

This report was prepared by Ryan Taddeucci (Senior Heritage Consultant, Artefact Heritage) and 
Anna Darby (Graduate Heritage Consultant, Artefact Heritage), with management input and review 
from Vanessa Edmonds (Principal, Artefact Heritage).  

Vanessa has graduate and post graduate qualifications in Aboriginal archaeology and 
palaeoanthropology and over 30 years of experience in cultural heritage management throughout 
Australia. Vanessa is a Full Member of the Australian Association of Consulting Archaeologists Inc. 

Ryan has a Bachelor of Arts with Honours in Archaeology and a Master of Museum Studies. Ryan 
has six years archaeological consulting experience in NSW, Queensland and Western Australia. 

Anna has a Bachelor of Science with Honours in Archaeology. In the past three years. Anna has been 
engaged in a number of archaeological excavations in the greater Sydney area and outback NSW. 

Table 1.2 outlines the full list of contributors and their role in the completion of this report. 

Table 1.2: List of contributors 

Contributor Task Qualification Position Experience 

Vanessa 
Edmonds 

• Management 
input and 
technical review 
of this document 

• Direction of test 
excavation 

• Bachelor of Arts 
• Master of Letters 

Principal, Artefact 
Heritage 

30+ years 

Anna Darby • Preparation of 
this report 
(Chapter 1-6)  

• Bachelor of 
Science (Hons) 

Heritage Consultant, 
Artefact Heritage 

3 years 

Ryan 
Taddeucci 

• Preparation of 
this report 
(Chapter 7-12) 

• Supervision of 
field survey 

• Artefact 
cataloguing and 
analysis 

• Bachelor of Arts 
(Hons) 

• Master of Museum 
Studies 

Senior Heritage 
Consultant, Artefact 
Heritage 

6 years 

Julia 
McLachlan 

• Supervision of 
test excavation 

• Bachelor of Arts 
(Hons) 

Heritage Consultant, 
Artefact Heritage 

3 years 

Jennifer 
Norfolk 

• Production of 
section 
drawings 

• Bachelor of 
Marine Science 

• Master of Science 

Heritage Consultant, 
Artefact Heritage 

4 years 
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1.6 Consultation 

Consultation was conducted in accordance with the Office of Environment and Heritage (OEH) 
Consultation Requirements. The consultation process resulted in 19 registrations of interest from 
Aboriginal persons or organisations. Comprehensive consultation information is provided in the 
associated Aboriginal Cultural Heritage Assessment Reports (ACHAR) for this project (Artefact 
Heritage 2018b and c). 

Section 3.0 provides a full list of those registered Aboriginal parties (RAPs) that participated in the test 
excavation program. 
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Figure 1.1: Location of the study area 
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Figure 1.2: Project framework 
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2.0 STATUTORY REQUIREMENTS 

2.1 State legislation  

 National Parks and Wildlife Act 1974  

The NPW Act, administered by the OEH provides statutory protection for all Aboriginal ‘objects’ 
(consisting of any material evidence of the Aboriginal occupation of NSW) under Section 90 of the 
Act, and for ‘Aboriginal Places’ (areas of cultural significance to the Aboriginal community) under 
Section 84. 

The protection provided to Aboriginal objects applies irrespective of the level of their significance or 
issues of land tenure. However, areas are only gazetted as Aboriginal Places if the Minister is 
satisfied that sufficient evidence exists to demonstrate that the location was and/or is, of special 
significance to Aboriginal culture. 

The NPW Act was amended in 2010 and as a result the legislative structure for seeking permission to 
impact on heritage items has changed. A Section 90 permit is now the only Aboriginal Heritage 
Impact Permit (AHIP) available and is granted by the OEH. Various factors are considered by OEH in 
the AHIP application process, such as site significance, Aboriginal consultation requirements, ESD 
principles, project justification and consideration of alternatives. The penalties and fines for damaging 
or defacing an Aboriginal object have also increased. 

As this project is considered a State Significant Development (refer to section 2.1.4) permits issued 
under the NPW Act are not required.  

 Native Title Act 1994  

The Native Title Act 1994 was introduced to work in conjunction with the Commonwealth Native Title 
Act 1993. Native Title claims, registers and Indigenous Land Use Agreements are administered under 
the Act.  

One registered Native Title claim has been identified during the consultation process for the Liverpool 
LGA (Table 2.1). The current study area is not located within the boundaries of the Native Title Claim 
(NC 2017/003). 

Table 2.1: Schedule of Native Title Determination applications 

Tribunal ID Name Date lodged Registration status 

NC2017/003 South Coast People 3 August 2017 Accepted for registration 31 January 
2018 

 Aboriginal Lands Right Act 1983 

The Aboriginal Land Rights Act 1983 (ALR Act) established Aboriginal Land Councils (at State and 
Local levels). These bodies have a statutory obligation under the ALR Act to: 

(a) take action to protect the culture and heritage of Aboriginal persons in the council’s area, subject 
to any other law, and 

(b) promote awareness in the community of the culture and heritage of Aboriginal persons in the 
council’s area. 
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The study area is within the boundary of the Gandangara LALC. 

The ALR Act also provides for a LALC to claim certain unused Crown Land within its boundary. The 
study area is held under freehold title and therefore cannot be subject to a claim under ALR Act. 

 Environmental Planning & Assessment Act 1979 

Part 3A was repealed by the NSW Environmental Planning and Assessment Amendment (Part 3A 
Repeal) Act 2011 (Part 3A Repeal Act), which commenced on 1 October 2011.  Under the Part 3A 
Repeal Act, projects deemed to be ‘transitional Part 3A projects will continue to be subject to Part 3A 
of the EP&A Act (as in force immediately before the repeal and as modified by the Part 3A Repeal 
Act).  Transitional Part 3A projects include certain projects that were the subject of an existing 
approval under Part 3A. 

As the site has a Project Approval that was granted under Part 3A of the Environmental Planning & 
Assessment Act 1979 (EP&A Act), it is a transitional Part 3A project. The provisions of Part 3A (as in 
force immediately prior to its repeal) continue to be applicable to the Project. Therefore, the project is 
proposed to be assessed under s75W of the repealed Part 3A. 

The transitional arrangements in the EP&A Act were repealed by the Environmental Planning and 
Assessment Bill 2017. This moved transitional Part 3A projects to the current State significant 
development and State significant infrastructure pathways, and applications to modify such projects 
will no longer be made under Section 75W. This modification application has been made within the 
transitional timeframe and is not affected by the above arrangements. 

However, the test excavation methodology was guided by the Code of Practice. Previous 
archaeological test excavations, within the wider region, were completed under the Code of Practice. 
Therefore, it is an applicable framework to use for comparative analysis of archaeological findings 
within the current test excavation. 

2.2 Commonwealth legislation 

 Environment Protection and Biodiversity Conservation Act 1999 

The Environment and Heritage Legislation Amendment Act (No.1) 2003 amends the Environment 
Protection and Biodiversity Conservation Act 1999 (EPBC Act) to include ‘national heritage’ as a 
matter of National Environmental Significance and protects listed places to the fullest extent under the 
Constitution.  It also establishes the National Heritage List (NHL) and the Commonwealth Heritage 
List (CHL). 

The Australian Heritage Council Act 2003 (AHC Act) establishes a new heritage advisory body – the 
Australian Heritage Council (AHC), to the Minister for the Environment and Heritage and retains the 
Register of the National Estate (RNE). 

The Australian Heritage Council (Consequential and Transitional Provisions) Act 2003 repeals the 
Australian Heritage Commission Act 1975, amends various Acts as a consequence of this repeal and 
allows the transition to the current heritage system. 

Together the above three Acts provide protection for Australia’s natural, Indigenous and non-
Indigenous heritage.  The new features include: 

• A new NHL of places of national heritage significance. 

• A new CHL of heritage places owned or managed by the Commonwealth. 
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• The creation of the AHC, an independent expert body to advise the Minster on the listing and 

protection of heritage places. 

• Continued management of the Register of the National Estate (RNE). 

National Heritage List  

The NHL is a list of places with outstanding heritage value to our nation, including places overseas. 
So important are the heritage values of these places that they are protected under the EPBC Act. 
This means that a person cannot take an action that has, will have, or is likely to have, a significant 
impact on the national heritage values of a national heritage place without the approval of the 
Australian Government Minister for the Environment and Heritage. It is a criminal offence not to 
comply with this law and there are significant penalties. There are no places listed on the NHL within 
the study area. 

Commonwealth Heritage List  

The CHL is a list of places managed or owned by the Australian Government. There are no places 
listed on the CHL within the study area.  

Register of the National Estate  

The RNE is an evolving record of Australia’s natural, cultural and Aboriginal heritage places that are 
worth keeping for the future. The AHC compiles and maintains the RNE under the Australian Heritage 
Council Act 2003.  Places on the RNE that are in Commonwealth areas, or subject to actions by the 
Australian Government, are protected under the EPBC Act by the same provisions that protect 
Commonwealth heritage places (see above). 

Following amendments to the Australian Heritage Council Act 2003, the RNE was frozen on 19 
February 2007, meaning no new places can be added, or removed. From 2012 all references to the 
RNE were removed from the EPBC Act and the AHC Act. The RNE is now maintained on a non-
statutory basis as a publicly available archive. No Aboriginal sites were listed for Badgerys Creek on 
the RNE. 

 Aboriginal and Torres Strait Islander Heritage Protection Act 1984 

The Commonwealth Aboriginal and Torres Strait Islander Heritage Protection Act 1984 (ATSIHP Act), 
deals with Aboriginal cultural property (intangible heritage) in a wider sense. Such intangible heritage 
includes any places, objects and folklore that ‘are of particular significance to Aboriginals in 
accordance with Aboriginal tradition’. These values are not currently protected under the NPW Act. 

There is no cut-off date and the ATSIHP Act may apply to contemporary Aboriginal cultural property 
as well as ancient sites. The ATSIHP Act takes precedence over state cultural heritage legislation 
where there is conflict. The Commonwealth Minister who is responsible for administering the ATSIHP 
Act can make declarations to protect these areas and objects from specific threats of injury or 
desecration. The responsible Minister may make a declaration under Section 10 of the 
Commonwealth Act in situations where state or territory laws do not provide adequate protection of 
intangible heritage. 

Where an Aboriginal individual or organisation is concerned that intangible values within the proposal 
are not being adequately protected, they can apply to the Minister for a declaration over a place. No 
intangible places were identified during previous heritage assessments.  
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3.0 ABORIGINAL STAKEHOLDER CONSULTATION 

Consultation for this ATR has been conducted by Artefact Heritage in line with the Consultation 
Requirements (DECCW 2010b). The full consultation details and records for the study area are 
provided in the ACHARs (Artefact Heritage 2018b and c). 

3.1 Registration of Aboriginal parties 

In accordance with step 4.1.2 of the Consultation Requirements, Artefact Heritage corresponded with 
the following organisations by letter and email on the 6 June 2018 requesting the details of Aboriginal 
people who may hold cultural knowledge relevant to determining the Aboriginal significance of 
Aboriginal objects and/or places within the local area: 

• Greater Sydney Local Land Services 

• Liverpool City Council 

• Native Title Service Corporation  

• Gandangara LALC 

• Office of Environment and Heritage – Parramatta Office 

• National Native Title Tribunal 

• Office of the Registrar, Aboriginal Land Rights Act 1983 

In addition to this, and in accordance with Step 4.1.3 of the Consultation Requirements, an 
advertisement was placed in Liverpool City Champion Advertisement on the 13 June 2018, inviting 
the participation of Aboriginal people who may hold cultural knowledge relevant to determining the 
Aboriginal significance of Aboriginal objects and/or places within the local area. 

In accordance with Step 4.1.3 of the Consultation Requirements, on the 21 June 2018, emails or 
letters were sent to all Aboriginal persons or organisations identified through advertisement or through 
responses from agencies contacted as part of Step 4.1.2. In accordance with Step 4.2 the letters 
provided details about the location and nature of the proposal, as well as an invitation to register as 
an Aboriginal stakeholder.  

Additional consultation details have been removed for public exhibition 
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4.0 ENVIRONMENTAL BACKGROUND  

4.1 Geomorphology and geology 

The study area is located within the central portion of the Cumberland Plain, a large low-lying and 
gently undulating landform in the Sydney Basin. The formation of the basin began between 300 to 
250 million years ago when river deltas gradually replaced the ocean that had extended as far west 
as Lithgow (Pickett and Alder 1997). The oldest, Permian layers of the Sydney Basin consist of 
marine, alluvial and deltaic deposits that include shales and mudstone overlain by Coal Measures. 

The geology of the study area is characterised by the Triassic Wianamatta group which consists of 
black to dark grey shale and laminate on top of medium to coarse-grained quartz sandstone, very 
minor shale and laminate. The landforms are a result of the weathering of local bedrock. The 
underlying geology is the Hawkesbury sandstone that was laid down as river sediments and is 
described as medium to course grained quartz sandstone, this is overlain by the finer sedimentary 
material caps of Ashfield Shale. Hawkesbury Sandstone weathers to form thin, sandy soils with low 
water-retaining qualities.  

4.2 Soils 

The western portion of the study area is comprised of the Blacktown Residual Soil Landscape which 
has shallow to moderately deep, hard setting mottled texture contrast soils, red and brown podzolic 
soils on crests grading to yellow podzolic soils on lower slopes and in drainage lines (Figure 4.1).  

The eastern portion of the study area comprises the South Creek Soil Landscape, an alluvial 
environment characterised by floodplains, valley flats and drainage depressions. The soils are often 
very deep, layered sediments over bedrock or relic soils. Plastic clays or structured loams occur in 
and immediately adjacent to drainage lines. Red and yellow podzolic soils are most common on 
terraces with small areas of structured grey clays, leached clay and yellow solodic soils (Bannerman 
and Hazelton 1990).  

4.3 Hydrology and landforms 

The study area is located 900 m east of Badgerys Creek, a second order stream. South Creek is 
approximately 250 m to the east, with the south of the study area bordered by a small ephemeral 
drainage channel associated with South Creek. Portions of the study area are located above the 
probable maximum flood level, with the eastern part of the study area within the probable maximum 
flood level and the medium risk flood zone (Figure 4.2).  

The study area incorporates two landform elements including a hill crest, and slope. The north 
western portion is the highest location within the study area, it forms part of the low undulating hill 
crests between the two major water courses. From this point, the study area generally slopes in a 
south easterly direction towards South Creek. The slope is gradual with the lowest area located at the 
south eastern portion of the study area. There is a gradual incline towards the creek line, indicating a 
previous lower slope formation. 

4.4 Vegetation 

The study area would have once been covered by Alluvial Woodland. This community was 
characterised by a canopy, composed of Eucalyptus amplifolia (Cabbage Gum) and E. moluccana 
(Grey Box). Beneath the canopy, the ground cover was dominated by a mix of exotic and native 
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species including Microlaena stipoides (Weeping Grass), Sida rhombifolia* (Paddy’s Lucerne), 
Einadia trigonos and Paspalum dilatatum* (Paspalum). Within the study area, Alluvial Woodland 
occurs in a landscape modified by agricultural practices (i.e. grazing) and is in moderate condition. 
This condition class also occurs within the centre of the study area and south eastern margins. There 
is also a ‘high’ condition class in the north eastern margin along South Creek. This condition is 
relatively intact and forms the largest patch of vegetation within the study area.  A total of 8.75 ha, 
comprising 17.5 per cent, of Alluvial Woodland occurs in the study area.  

4.5 Land use 

Exploration to the west of Sydney Cove began soon after initial colonisation, as it was found that the 
sandstone soils of coastal Sydney were unsuited for cultivation (Austral 2011). The Cumberland 
Plain, with its rich alluvial soils, offered better conditions for farming and land was cleared in the 
Cumberland Plain as early as the 1790s (Austral 2011).  

The study area is located within a zone that has historically been characterised as rural in nature. The 
dominant activities within the vicinity from the nineteenth century onwards have been a mix of 
agricultural pursuits, including pastoralism, wheat and maize cropping and dairy farming. Ploughing 
works, associated with pastoralism, would typically impact the soil profile to a depth of approximately 
300 mm. 

The north west section of the study area contains a brick residence with introduced species of willow 
and pine trees. Earthworks have occurred as the land has been built up and landscaping has 
occurred. The study area is generally cleared of native vegetation except for the remnant vegetation 
around the house and a small cropping of mature native gums in the centre of the study area. While 
there is evidence of extensive grazing practices the surface does not appear to have been ploughed 
but due to the lack of structural integrity provided by vegetation, the erosional prone soil of the slopes 
would have been affected by sheet wash and animal trampling over time. 
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Figure 4.1: Soil landscapes within the study area  
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Figure 4.2: Flood mapping, study area outlined in red (Source: CSR) 
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5.0 ARCHAEOLOGICAL BACKGROUND 

5.1 Ethnohistorical context 

The study area is located near the boundaries of two Aboriginal language groups, Dharawal and 
Gundungurra (Tindale 1974). The Dharawal are placed in the area from the south side of Botany Bay 
and Port Hacking to north of the Shoalhaven River and inland to Campbelltown, Camden and Bargo. 
They are thought to have ranged further north into the Liverpool region, the boundaries defined today 
can only be used as indicative (Attenbrow 2010). The Gundungurra are described as occupying the 
southern rim of the Cumberland Plain, west of the Georges River, including a boundary area with the 
Dharawal in the Camden and Bargo locality. 

As traditional territorial boundaries were fluid it is uncertain which group(s) occupied the study area 
(Peterson 1976). The current state of knowledge about the fluidity of tribal boundaries is based partly 
on studies of contemporary Aboriginal communities in northern and central Australia who were less 
affected by European colonisation, and partly on observations of tribal groups to the west and south-
west of Sydney who had been severely affected by the disconnection from their lands cause by 
European colonisation (Thomson 1985).  

There are also ethno-historical observations made by early explorers and settlers in the region, who 
first came into contact with the Aboriginal people of these areas in the 18th and 19th century. Wilson, 
during a 1798 expedition through the region, observed that people were wearing large skin cloaks. 
When James Backhouse travelled to the region in 1836, he noted that skin cloaks were still worn, but 
some European clothes and blankets were also used, and that ceremonies such as tooth avulsion 
were also practised (Koettig 1981). 

In the early 1800s, relationships between the Aboriginal people of the area and the European settlers 
were in general amicable. Grace Karskens notes several examples of close relationships between 
land owners and local Aboriginal people, including John Kennedy who gave the Dharawal protection 
on Teston Farm at Appin in later, not so peaceful, times (Karskens 2010). Relations between 
Aboriginal people and colonists did not remain amicable. A sustained drought during 1814 and 1815, 
and continued disenfranchisement of Aboriginal people from the land lead to tensions between 
farmers and Aboriginal people who remained to the southwest of Sydney. Aboriginal people were 
accused of stealing corn and potatoes and spearing cattle. A number of farmers were killed on their 
properties. In a dispatch Governor Macquarie wrote that, 

The Native Blacks of this country…have lately broken out in open hostility against 
the British Settlers residing on the banks of the River Nepean near the Cow 
Pastures.  

Aboriginal people were targeted, and it was ordered that Aboriginal men be strung from trees when 
they were killed as an example (Turbet 2011: 234).  

In 1816, the tensions culminated in the Appin massacre when Aboriginal people where pursued by a 
detachment led by Captain James Wallis. Fourteen Aboriginal people of the Dharawal nation were 
shot or driven over a cliff to their deaths by the soldiers. The bodies of two of the Aboriginal men were 
strung up at the site (Turbet 2011).  

Overall the devastation of the Aboriginal culture did not come about through war with the British, but 
instead through disease and forced removal from traditional lands. It is thought that during the 1789 
smallpox epidemic over half of the Aboriginal people of the Sydney region died. This loss of life meant 
that some of the Aboriginal groups who lived away from the coastal settlement of Sydney may have 
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disappeared entirely before Europeans could observe them or record their clan names (Karskens 
2010: 452). 

Into the nineteen and twentieth century’s descendants of the Gundungurra and Dharawal groups 
continued to live across the southern margin of the Cumberland Plain along with Aboriginal people 
from other areas of NSW. 

5.2 Regional context 

The archaeological understanding of the early Aboriginal settlement of the Sydney Basin and 
surrounds is constantly expanding and developing. The oldest evidence of human occupation in the 
vicinity of the study area comes from Cranebrook Terrace, located 20 km north west of the study area 
(Attenbrow 2010: 18-20). Cranebrook Terrace has been dated to 41,700 years Before Present (yBP) 
(ANU-4016). 

The existing archaeological record is limited to certain materials and objects that were able to 
withstand degradation and decay. As a result, the most common type of Aboriginal objects remaining 
in the archaeological record are stone artefacts. Archaeological analyses of these artefacts in their 
contexts have provided the basis for the interpretation of change in material culture over time. 
Technologies used for making tools changed, along with preference of raw material. Different types of 
tools appeared at certain times, for example ground stone hatchets are first observed in the 
archaeological record around 4,000 years Before Present (BP) in the Sydney region (Attenbrow 2010: 
102). It is argued that these changes in material culture were an indication of changes in social 
organisation and behaviour.  

The Eastern Regional Sequence was first developed by McCarthy in 1948 to explain the typological 
differences he was seeing in stone tool technology in different stratigraphic levels during excavations 
such as Lapstone Creek near the foot of the Blue Mountains (McCarthy 1948). The sequence had 
three phases that corresponded to different technologies and tool types (the Capertian, Bondaian and 
Eloueran). The categories have been refined through the interpretation of further excavation data and 
radiocarbon dates (Hiscock and Attenbrow 2005; JMcD CHM1 2005). It is now thought that prior to 
8,500 years BP tool technology remained fairly static with a preference for silicified tuff, quartz and 
some unheated silcrete. Bipolar flaking was rare with unifacial flaking predominant. No backed 
artefacts have been found of this antiquity.  

After 8,500 years BP silcrete was more dominant as a raw material, and bifacial flaking became the 
most common technique for tool manufacture. From about 4,000 years BP to 1,000 years BP backed 
artefacts appear more frequently. Tool manufacture techniques become more complex and bipolar 
flaking increases (JMcD CHM 2006). It has been argued that from 1,400 to 1,000 years before 
contact there is evidence of a decline in tool manufacture. This reduction may be the result of 
decreased tool making, an increase in the use of organic materials, changes in the way tools were 
made, or changes in what types of tools were preferred (Attenbrow 2010:102). The reduction in 
evidence coincides with the reduction in frequency of backed blades as a percentage of the 
assemblage.  

After European colonisation Aboriginal people of the Cumberland Plain often continued to 
manufacture tools, sometimes with new materials such as bottle glass or ceramics. There are a 
number of sites in Western Sydney where flaked glass has been recorded, for example at Prospect 
(Ngara Consulting 2003) and Oran Park (JMcD CHM 2007). 

                                                      
 

1 Jo McDonald Cultural Heritage Management 
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5.3 Previous archaeological investigations 

A number of archaeological investigations have been carried out within and adjacent to the study 
area. These have generally been associated with large land releases and the development of 
infrastructure to service these precincts. The following summary of previous investigations focuses on 
previous studies within the current local context of the Badgerys Creek Bringelly area. 

Western Sydney Airport (Navin Officer Heritage Consultants 2016)  

An Aboriginal Cultural Heritage Assessment and test excavations were conducted on the land owned 
by the Australian Government situated on the west side of Badgerys Creek for the Western Sydney 
Airport. The archaeological assessment incorporated both a survey and test excavation in which 23 
new Aboriginal sites were recorded. Nine sites were registered as surface artefacts and 14 were 
registered as a result of the subsurface testing. The predominant material of these artefacts was 
silcrete. The sites included isolated artefacts, artefact scatters, and grinding grooves. Artefacts were 
found across varying landforms including alluvial flats, slopes, crests, elevated rises, and spur crests.   

Boral Badgerys Creek Aboriginal Heritage Assessment – Addendum (AECOM 2011)  

AECOM was engaged by Boral to undertake a test excavation program following the Aboriginal 
heritage assessment carried out in 2010 (AECOM 2011). The location of the testing area is 
approximately 1.1 km west of the current study area. A total of 30 hand excavated pits were excavated 
in close proximity to the creek line of Badgerys Creek. Four artefacts were retrieved across three 
excavation units. These excavation units were within transect 3, located on a terrace landform 
approximately 50 m east of Badgerys Creek. The artefacts were recorded as BC-EX01-11 (AHIMS ID 
45-5-4099) (Figure 5.1). All artefactual material retrieved consisted of silcrete. Other finds consisted of 
silcrete, mudstone, and quartz was not considered to be artefactual based on the absence of 
diagnostic features and it was concluded that this material had been deposited during fluvial events. 
Artefacts were only retrieved within the flat (alluvial) areas while testing on the slopes did not identify 
any archaeological deposit. The results of the test excavation indicated a low-density archaeological 
deposit associated with Badgerys Creek.  

Boral Bricks Aboriginal Heritage Impact Assessment (AECOM 2010)  

AECOM was engaged by Boral to undertake an Aboriginal Heritage Impact Assessment as part of the 
Environmental Assessment for the expansion and continued use of the quarrying and brick making 
operations at the Badgerys Creek Quarry Site. The assessment area is directly west of the current 
study area and limited to the continued use and expansion of several quarry pits including Pit 3, Pit 4, 
and Pit 5. One Aboriginal site was recorded within a disturbed context during the survey (within the Pit 
5 area) which consisted of an indurated mudstone broken flake (AHIMS ID 45-5-4098) located within 
an exposure on a cattle track approximately 250 m east of Badgerys Creek (Figure 5.1). This 
prompted an additional survey of a section of the Badgerys Creek however, no additional sites were 
found. The report noted that further assessment was not recommended as the proposed development 
did not encroach towards the waterways however, it was noted that higher densities of Aboriginal 
cultural material are likely to be within these areas.  

Environmental Impact Assessment for the Second Sydney Airport (Navin Officer Heritage 
Consultants 1997)  

Navin Officer Heritage Consultants was engaged to conduct an Aboriginal cultural heritage study as 
part of the Environmental Impact Statement for the site options of the second Sydney airport. These 
two sites were located in Badgerys Creek and Holsworthy. The location of the Badgerys Creek site is 
located 1.1 km west of the study area. The study incorporated previous Aboriginal heritage studies 
within the local area, surface survey and oral cultural heritage information discussed with the various 
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groups.  Given the large survey area and landscape variables, the study area was divided into local 
landform units and further subdivided into order of ridgeline and order of stream.  

The study identified that most site types are likely to be located in close proximity to water (within 50 
m). Sites located near permanent water sources are likely to yield high artefact densities comprised of 
complex assemblages.  A total of 110 sites were recording during this survey. It was found that crests 
contain the lowest density of sites and isolated artefacts per square kilometre. Disturbance levels can 
be directly correlated to low archaeological potential. Relatively higher densities have been defined 
for the major watershed ridgeline between the Nepean River and South Creek catchments. However, 
it was noted that the relative sample size within the landform may have skewed the results and further 
research should be required.     

Elizabeth Drive Upgrade Archaeological Survey for Aboriginal Sites (Brayshaw 1995)  

Brayshaw (1995) was engaged by Roads and Traffic Authority to investigate Aboriginal heritage for 
the Elizabeth Drive upgrade as part of the greater Sydney West Airport site. It was found that much of 
the Elizabeth Drive road easement had been disturbed as part of the previous road works. Several 
potential archaeological deposits (PADs) and two artefact scatters were identified north of Elizabeth 
Drive. These were generally associated with the downstream areas of waterbodies including Kemps 
Creek, Badgerys Creek, South Creek, and Cosgroves Creek.  

The sites identified on this survey were found in disturbed context, however were associated with 
waterbodies. No sites were identified to the south of Elizabeth drive within proximity to the current 
study area.   

Archaeological Survey of Area Considered for Second Airport Southern Zone (Haglund 1978)  

Haglund (1978) conducted an archaeological assessment for the environment impact survey for 
Major Airport Needs of Sydney. The full archaeological report is no longer available, and only a partial 
report was obtained. Several sites were registered as part of the large-scale survey. One site (AHIMS 
ID 45-5-0213) is recorded as being within the current study area however, given the discrepancies on 
the coordinate system and the directions provided on the Aboriginal Site Recording Form, is unlikely 
to be present within the current study area but east of South Creek.  

5.4 Registered Aboriginal sites  

The location of Aboriginal sites is considered culturally sensitive information. It is advised that 
this information, including the AHIMS data appearing on the heritage map for the proposal be 
removed from this report if it is to enter the public domain. 

An extensive search of the Aboriginal Heritage Information Management System (AHIMS) database 
was undertaken on the 5 March 2018 for sites registered within the following coordinates: 

GDA 1994 MGA 56 292250 -- 294250 E 
 6245998 -- 6247998 N 
Buffer 1000 m 
Number of sites  30 
AHIMS Search ID 331827 

The distribution of recorded sites within the AHIMS search area is shown in Figure 5.1. The search 
located 30 registered sites within the vicinity of the study area, and no sites within the study area.  

The frequency of recorded site types is summarised in Table 5.1 below.  
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Table 5.1: Frequency of site features within the AHIMS extensive search results 

Site Feature Frequency Per cent  

Artefact 27 90 

Modified Tree (Carved or 
Scarred) 

2 6.6 

Art (Pigment or Engraved) 1 3.33 

Total  30 100 
 

The most frequent site feature in the search area is artefact site (n=27, 90 per cent). There are no 
previously registered Aboriginal sites recorded within the study area. South Creek (AHIMS ID 45-5-
0213), is located on the eastern edge of the study area.  

South Creek (AHIMS ID 45-5-0213) 

This site was recorded by Ms Laila Haglund in 1978 as ‘artefacts’ and was described to be located on 
a ploughed low-lying peninsula, at the loop formed by South Creek. Deep waterholes were also 
observed in the bends. Artefacts of flaked stone were scattered all over the ploughed area.  The 
recorded coordinates place the site on the western bank of South Creek, however from the description 
it can be determined there is a coordinate error and that the probable real location is further east on 
the opposite bank of South Creek. The exact location was unable to be determined and as a result the 
site was not able to be relocated. Co-ordinate errors are common on the AHIMS database, particularly 
for sites recorded in AGD.  
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Figure 5.1: Previously recorded sites identified in AHIMS search (sites recorded during this study not mapped)  

Map removed for public exhibition   
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Figure 5.2: Close up of previously recorded sites identified in AHIMS search (sites recorded during this study not mapped)  

Map removed for public exhibition 
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5.5 Predictive modelling 

Archaeological investigation across the Cumberland Plain has been comprehensive over the past 30 
years, including survey, excavation and desktop analysis studies. This varied and intensive 
investigation has led to the development and continual refinement of a predictive model for Aboriginal 
occupation within the region.   

The Cumberland Plain has been extensively studied due to the growth demand of the ever-increasing 
Sydney population. Regional studies have been done on the large Growth Centres of the North West 
and South West of the Cumberland Plain, west of Sydney Basin. White and McDonald (2010) have 
contributed to the debate over site prediction by discussing the nature of Aboriginal site distribution, 
interpreted through lithic analysis of excavated sites in the Rouse Hill Development Area (White and 
McDonald 2010). The Rouse Hill Development Area is located about 15 km north of the current study 
area, the watercourses in the development area (Caddies Creek and Second Ponds Creek) derive 
from the same source as South Creek, Hawkesbury River, and are of a similar stream order. The soil 
landscapes are also reflective of those in the current study are, South Creek Soil Landscape along 
the high order watercourses and associated remnant Blacktown Soil Landscape. The study gave rise 
to the commonly referred Stream Order Model which provides a sound basis for archaeological 
investigations in the Cumberland plain. The paper provides a spatial and distributive analysis of 
Aboriginal objects in relation to freshwater resources and along varying landform units. The findings 
of this study highlighted the relationship between proximity to freshwater and landscape with 
archaeological evidence of Aboriginal occupation. The study found that artefact densities were most 
likely to be greatest on terraces and lower slopes within 100 m of freshwater resources (White and 
McDonald 2010). The predictive model identified that ridgelines and crests located between drainage 
lines will contain archaeological evidence though usually representative of background scatter (White 
and McDonald 2010).   

While White and McDonald’s (2010) predictive model can be seen as an indicative model of the 
archaeology of the Cumberland Plain, a more recent study has been conducted by Godden Mackay 
and Logan (GML 2012) at the East Leppington Precinct. The study utilised the Stream Order Model 
developed by White and McDonald (2010) in their investigations and three different and 
complementary models to explain their findings. The Stream Order Model is a regional based model 
and doesn’t consider the small-scale intra-landform variations that can affect the predictions of this 
model.   

Owen and Cowie (2017) describe three other models that can be used to more accurately describe 
archaeological probability within the landscape. Economic Resource Model, Activity Overprinting 
Model and Domiciliary Spacing Model. The Economic Resource Model focuses on the resource 
zones, confluences of creeks are considered high resource zones due to the richness in flora and 
fauna. The model suggests that the evidence of Aboriginal activities will decrease with distance from 
theses resource rich nodes. Activity Overprinting Model was used to explain the density of sites at 
increasing distances from the creek and Domiciliary Spacing Model was used to describe the features 
and spatial variation of a site.   

In conjunction with these models, an understanding of the soil landscape and the nature and 
prevalence of cultural material within these contexts is important in the predictive model process. 
Deposits that contain cultural material are likely to exist within both Blacktown Soil Landscapes and 
South Creek Soil Landscapes however, these are generally not stratified. Blacktown soils retrieve 
cultural material in A Horizon deposits which generally extend approximately 300 mm below the 
ground surface. Stratified archaeological deposits are likely to be located within the South Creek Soil 
Landscape. These stratified deposits area most likely to exist within raised embankments where 
environmental forces, such as flash flooding, are less likely to have impacted Aboriginal cultural 
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material situated on the ground surface. The deposits may have a vertical distribution that parallels 
alluvial deposition over time. The NSW Soil and Land Information System produced a technical report 
outlining the results of a core sample taken approximately 1.3 km north of the current study area, 
along the alluvial flats of South Creek. The results show that the South Creek soils extends to a depth 
of two metres in this area and may parallel the depth of deposit within the study area.   

Every predictive model has its limitations and constraints and should be used as a guiding factor for 
future investigation and be used as a bridging tool to further current understanding of the cultural 
environment.  

Based on the AHIMS registered sites, previous studies and the environmental context, predictions 
can be made on the type of Aboriginal archaeological evidence potentially present within the current 
study area. This evidence could be found in the form of certain site types:  

• Open artefact scatters or isolated finds – this was the most common site feature from the AHIMS 

search and is the most prevalent source of evidence of Aboriginal occupation that has influenced 

the predictive models for many studies. The visibility of these sites is dependent on surface 

visibility and exposure and are affected by the nature of the soil landscape. The erosional nature 

of the Blacktown soils within the study areas suggest that possible deposits are susceptible to 

erosion, yet the depositional nature of permanent watercourses such as the South Creek soils 

gives rise to the probability of intact occupational records in the deep stratigraphic layers. Using 

the Stream Order Model and Economic Resource model we can assume there is a high likelihood 

for sites.  

• Culturally modified scar trees – while extensive clearing occurred post-European contact these 

sites may occur in any pockets of mature native trees.  

• Grinding grooves – these sites occur on sandstone outcroppings usually along waterways, 

swamps or water pans. The presence of these sites will be dependent on the availability of 

suitable sandstone sources. The underlying geology of the Soil Landscapes in the study area is 

the Wianamatta Group which contains the Minchinbury Sandstone, a fine to medium grained 

quartz Sandstone. Grinding grooves have been found along South Creek and Badgerys Creek but 

are unlikely to be found in the study area.    

• Sub-surface artefact sites – low density assembles, primarily composed of silcrete will be 

associated with crest landforms. 



CSR Advanced Manufacturing Hub 
Archaeological Technical Report 

  Page 26 
 

6.0 ARCHAEOLOGICAL SURVEY 

6.1 Background 

A preliminary site inspection of the study area was undertaken by Anna Darby (Heritage Consultant, 
Artefact Heritage) and Jennifer Norfolk (Heritage Consultant, Artefact Heritage) on 6 March 2018 in 
accordance with the Due Diligence Code of Practice for the Protection of Aboriginal Objects in New 
South Wales (DECCW 2010c). This inspection resulted in the assessment that the study area is likely 
to contain Aboriginal sites. Therefore, an archaeological survey with the RAPs was recommended.  

6.2 Aims 

The aims of the archaeological survey were as follows:  

• cover a representative sample of the study area that will potentially be impacted by the proposed 

works 

• record any Aboriginal objects observed during the survey 

• to liaise with RAP representatives regarding the proposed works and the archaeological potential 

of the study area 

• to verify test excavation, transect locations with the RAP representatives, as outlined in the 

methodology (Artefact Heritage 2018a). 

6.3 Timing and personnel 

The archaeological survey was conducted on 20 August 2018. Personnel and timing for the 
archaeological survey are presented in Table 6.1. 

Table 6.1: Timing and personnel for the archaeological survey 

Participant Organisation Role Date of participation 

Ryan Taddeucci Artefact Heritage Senior Heritage 
Consultant 20 August 2018 

Julia McLachlan  Artefact Heritage Heritage Consultant 20 August 2018 

Cameron Mackay Artefact Heritage Archaeologist  20 August 2018 

Paul Boyd  Didge Nguawal Clan RAP  20 August 2018 

Daniel Chalker  

Cubbitch Barta 
Native Title 
Claimants Aboriginal 
Corporation  

RAP  20 August 2018 

Fred Trewlynn Darug Land 
Observations 

RAP  20 August 2018 

Jeff Hickey  
Kamilaroi-
Yankuntatjara 
Working Group 

RAP  20 August 2018 
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6.4 Survey strategy and methodology 

The study area was divided into nine survey units (SUs), based on landform and access, these units 
were numbered SU1 – SU9 (Figure 6.27). The overall strategy was to complete a full coverage 
survey, where possible.  

The survey units were traversed on foot, in accordance with the Code of Practice. A handheld Global 
Positioning System (GPS) was used to track the path of the survey team and record the coordinates 
of survey transects. The coordinate system projection used for all site recording was GDA94 MGA 56. 

The survey was conducted with seven people traversing the area spaced 15 m apart. All ground 
exposures were examined for Aboriginal objects (stone artefacts, imported shell, or other traces of 
Aboriginal occupation). Old growth trees were examined for signs of cultural scarring and marking.  

A photographic record was kept during the survey. Photographs were taken to record aspects of 
survey units including vegetation and disturbance. Scales were used for photographs where 
appropriate. Full details of each SU are provided in section 6.5.2 – section 6.5.4. 

6.5 Survey coverage 

 Coverage 

The survey covered two landform units within the study area. A summary of survey coverage is 
outlined in Table 6.2. Landform survey coverage is outlined in Table 6.3. 

All visible surfaces were inspected, and old growth native trees were similarly targeted for evidence of 
cultural modification. Local landforms, evidence of land use history and previous research was used to 
inform assessments of archaeological potential. Full survey of SU1 was unachievable due to access 
restrictions to the property. Overall the visibility was low due to grass cover. Exposures were present 
in areas worn down by animal and livestock movement. Due to the dryness of the landscape dust was 
also a factor that contributed to the low visibility. 

Table 6.2: Effective survey coverage 

Survey unit Landform Survey unit 
area (sq m) Visibility (%) Exposure 

(%) 
Effective 
coverage 

Area (sq m) 

Effective 
coverage 

(%) 

SU1 Crest, slope 8,568 10 50 428 5 

SU2 Crest, slope 46,513 50 10 2325 5 

SU3 Slope 22,685 80 1 181 0.8 

SU4 Slope 49,382 80 1 395.06 0.8 

SU5 Slope 62,050 80 1 496.4 0.8 

SU6 Slope 66,284 80 10 5,302.72 8 

SU7 Slope 73,299 80 1 586.39 0.8 

SU8 Slope 30,378 80 1 243.2 0.8 

SU9 Slope 14,694 80 1 117.55 0.8 
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Table 6.3: Landform survey coverage 

Landform 
Landform 
area (sq 

m) 

Area 
effectively 

surveyed (sq 
m) 

% of landform 
effectively 
surveyed 

Number of 
surface sites Total no. of sites 

Slope 368,468 18,721.32 5.08 1 1 

Crest 5,385 215 4 0 0 

 

 Survey Unit 1 

Survey Unit 1 is located 1.15 km east of Badgerys Creek and 800 m west of South Creek, bordered 
by an unnamed private road. SU1 measures 140 m north-south and 60 m east-west with an area of 
8,568 square metres. Due to access restriction to SU1 a full coverage survey was not practicable. 
SU1 was subject to a sample survey which involved a single transect following the perimeter of SU1.  

Survey Unit 1 is predominantly comprised of a slope landform which inclines towards South Creek in 
the east. The mid-western portion of SU1 is comprised of a crest landform. The majority of the SU 
has been cleared of native vegetation and is currently comprised of open pasture, remnant vegetation 
includes sporadic juvenile and mature trees with occasional shrubberies. The SU was dominated by 
manicured grass, restricting surface exposure. Ground exposure, associated with the driveway to the 
residential structure, was estimated to be 50 per cent.  

A residential structure located in the centre of the SU has been built on top of ground that has been 
artificially elevated by fill.  

Survey Unit 1 was assessed as having low archaeological potential due to the high level of 
disturbance associated with the construction of the residential structure and the modification of the 
landscape. No Aboriginal objects were identified within SU1. In consultation with the RAPs, it was 
determined that SU1 was not an area of PAD due to high disturbance. Therefore, SU1 was not 
subject to test excavations during the subsequent phase of investigations.  

Figure 6.1: View north east of SU1 
(Photographed by A Darby, 6 May 2018)  

Figure 6.2: View north west of SU1 
(Photographed by J McLachlan, 20 August 
2018) 
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 Survey Unit 2 

Survey Unit 2 was located 1.26 km east of Badgerys Creek and 620 m west of South Creek, bordered 
by Martin Road in the northwest. SU2 measures 330 m north-south and 220 m east-west with an area 
of 46,513 square metres. SU2 was subject to a full coverage survey, conducted through 14, north-
south oriented transects spaced 15 m apart.  

Survey Unit 2 was predominantly comprised of a slope landform which drops down towards South 
Creek in the east. The western edge of the SU encompasses an unnamed and unsealed private road. 
A crest landform is located where the private road meets Martin Road. The majority of the SU has 
been cleared of native vegetation and is currently comprised of open pasture, remnant vegetation 
was limited to a small cluster of mature trees located in the middle of SU2. The SU was dominated by 
manicured grass, restricting surface exposure. Ground exposure, associated with vehicle tracks, was 
estimated to be 10 per cent.  

Minor disturbance across the SU was observed, associated with the construction of barbed wire 
fences, the establishment of an underground gas pipeline, and a concrete platform in the mid-west.  

Survey Unit 2 was assessed as having moderate archaeological potential due to the low level of 
disturbance, landform and proximity to South Creek. In consultation with the RAPs, it was determined 
that the planned location of test excavation within SU2, as per the test excavation methodology 
(Artefact Heritage 2018a), was suitable for SU2.  

No Aboriginal objects were identified within SU2. 

Figure 6.3: View south east of survey unit 2 
(Photographed by J McLachlan, 20 August 
2018)  

Figure 6.4: View east of survey unit 2 
(Photographed by J McLachlan, 20 August 
2018)  

  
Figure 6.5: view north of survey unit 2 
(Photographed by J McLachlan, 20 August 
2018)  

Figure 6.6: View east of survey unit 2 
(Photographed by J McLachlan, 20 August 
2018)  
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 Survey Unit 3 

SU3 was located 1.16 km east of Badgerys Creek and 600 m west of South Creek, on an upper slope 
landform. SU3 measures 150 m north-south and 130 m east-west with an area of 22,685 square 
metres. The SU was bordered to the north, west and south by a barbed wired fence and associated 
fence posts. A residential structure on an artificially created earthworks platform was located 
immediately west of the SU. SU3 was subject to a full coverage survey, conducted through seven, 
east-west oriented transects spaced 15 m apart.  

SU3 was comprised of a slope landform which descends towards South Creek in the east. The 
majority of the SU has been cleared of native vegetation and is currently comprised of open pasture. 
At the time of the survey SU3 was being utilised as pastoral land for two horses. The SU was 
dominated by manicured grass, restricting surface exposure. Ground exposure was limited to areas 
surrounding fence posts and was estimated to be one per cent.  

Minor disturbance across the SU was observed, associated with the construction of barbed wire 
fences.  

SU3 was assessed as having moderate archaeological potential due to the low level of disturbance, 
landform and proximity to South Creek. In consultation with the RAPs, it was determined that the 
planned test excavation within SU3 should proceed. However, during the survey waterlogged soils, 
including visible pools of water, were observed along the northern boundary of the SU, and the test 
area stipulated by the test excavation methodology (Artefact Heritage 2018a) was moved further 
north at the request of D. Chalker (Site Officer, Cubbitch Barta). 

No Aboriginal objects were identified within SU3. 

Figure 6.7: View west of survey unit 3 
(Photographed by J McLachlan, 20 August 
2018) 

Figure 6.8 View south of survey unit 3 
(Photographed by J McLachlan, 20 August 
2018) 

  
Figure 6.9: Ground Cover (J McLachlan, 20 
August 2018)  
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 Survey Unit 4 

Survey Unit 4 is located 1.27 km east of Badgerys Creek and 314 m west of South Creek, bordered to 
the north by 230 Martin Road. SU4 measures 135 m north-south and 350 m east-west with an area of 
49,382 square metres. SU4 was subject to full survey coverage, conducted through seven, east-west 
oriented transects spaced 15 m apart.  

SU4 comprised a slope landform which inclines towards South Creek in the east. The majority of the 
SU has been cleared of native vegetation and is currently comprised of open pasture. At the time of 
the survey SU4 was being utilised as pastoral land for two horses. The SU was dominated by 
manicured grass, restricting surface exposure. Ground exposure was limited to areas surrounding 
fence posts and was estimated to be one per cent.  

Minor disturbance across the SU was observed, associated with the construction of barbed wire 
fences.  

Survey Unit 4 was assessed as having moderate archaeological potential due to the low level of 
disturbance. In consultation with the RAPs, it was determined that the planned test excavation within 
SU4 should proceed. However, during the survey waterlogged soils, including visible pools of water, 
were observed along the northern boundary of the SU, and the test area stipulated by the test 
excavation methodology (Artefact Heritage 2018a) was moved further north at the request of the D. 
Chalker (Site Officer, Cubbitch Barta). 

No Aboriginal objects were identified within SU4. 

Figure 6.10: View north of SU4 (Photographed 
by R. Taddeucci, 20 August 2018)  

Figure 6.11: View east west of SU4 
(Photographed by R. Taddeucci, 20 August 
2018) 

 

 

 

 Survey Unit 5 

Survey Unit 5 was located 1.43 km east of Badgerys Creek and 260 m west of South Creek, bordered 
to the north, west and south by a barbed wire fence. SU5 measures 185 m north-south and 350 m 
east-west with an area of 62,050 square metres. SU5 was subject to a full survey coverage, 
conducted through 20, north-south oriented transects spaced 15 m apart.  

Survey Unit 5 was comprised of a slope landform which drops down towards South Creek in the east. 
The majority of the SU has been cleared of native vegetation and is currently comprised of open 
pasture. The SU was dominated by manicured grass, restricting surface exposure. Ground exposure 
was limited to areas surrounding fence posts and was estimated to be one per cent.  
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Minor disturbance across the SU was observed, associated with the construction of barbed wire 
fences.  

Survey Unit 5 was assessed as having moderate archaeological potential due to the low level of 
disturbance. In consultation with the RAPs, it was determined that the planned location of test 
excavation within SU5, as per the test excavation methodology (Artefact Heritage 2018a), was 
suitable for SU5. 

No Aboriginal objects were identified within SU5. 

Figure 6.12: View east of SU5 (Photographed 
by R. Taddeucci, 20 August 2018)  

Figure 6.13: View northeast of SU5 
(Photographed by R. Taddeucci, 20 August 
2018)  

  

Figure 6.14: View north of SU5 (Photographed 
by R. Taddeucci, 20 August 2018)  

Figure 6.15: View south of SU5 (Photographed 
by R. Taddeucci, 20 August 2018)  

  

 

 Survey Unit 6 

Survey Unit 6 was located 1.42 km east of Badgerys Creek and 300 m west of South Creek, bordered 
by Martin Road in the northwest. SU6 measures 260 m north-south and 260 m east-west with an area 
of 66,284 square metres. SU6 was subject to a full survey coverage, conducted through 14, north-
south oriented transects spaced 15 m apart.  

Survey Unit 6 was comprised of a mid-slope landform which drops down towards South Creek in the 
east. The western edge of the SU encompasses an unnamed and unsealed private road. The 
majority of the SU has been cleared of native vegetation and is currently comprised of open pasture. 
The SU was dominated by manicured grass, restricting surface exposure. Ground exposure was 
limited to areas surrounding fence posts and was estimated to be 10 per cent.  

Minor disturbance across the SU was observed, associated with the construction of barbed wire 
fences and vehicle tracks.  
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Survey Unit 6 was assessed as having moderate archaeological potential due to the low level of 
disturbance. In consultation with the RAPs, it was determined that the planned location of test 
excavation within SU5, as per the test excavation methodology (Artefact Heritage 2018a), was 
suitable for SU6. 

One Aboriginal object was identified within SU6 and was recorded as BCBW18 IF 01 (AHIMS ID 45-
5-5165), see section 6.6 for a full description. 

Figure 6.16: View north of SU6 (Photographed 
by R. Taddeucci, 20 August 2018) 

Figure 6.17 View east of SU6 (Photographed 
by R. Taddeucci, 20 August 2018) 

  

Figure 6.18: View west of SU6(Photographed 
by R. Taddeucci, 20 August 2018)  

Figure 6.9: Ground cover (Photographed by R. 
Taddeucci, 20 August 2018) 

 

 

 

 Survey Unit 7 

Survey Unit 7 was located 1.5 km east of Badgerys Creek and 30 m west of South Creek, on a middle 
slope landform. SU7 measures 225 m north-south and 380 m east-west with an area of 73,299 
square metres. The SU was bordered to the north, west and south by a barbed wired fence and 
associated fence posts. SU7 was subject to a full coverage survey, conducted through 21, north-
south oriented transects spaced 15 m apart.  

Survey Unit 7 was comprised of a slope landform which drops down towards South Creek in the east. 
The majority of the SU has been cleared of native vegetation and is currently comprised of open 
pasture. The SU was dominated by manicured grass, restricting surface exposure. Ground exposure 
was limited to areas surrounding fence posts and was estimated to be one per cent. 

Minor disturbance across the SU was observed, associated with the construction of barbed wire 
fences.  
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Survey Unit 7 was assessed as having moderate archaeological potential due to the low level of 
disturbance. In consultation with the RAPs, it was determined that the planned location of test 
excavation within SU5, as per the test excavation methodology (Artefact Heritage 2018a), was 
suitable for SU7. 

No Aboriginal objects were identified within SU7. 

Figure 6.19: View east of SU7 (Photographed 
by R Taddeucci, 20 August 2018) 

Figure 6.20 View west of SU7 (Photographed 
by R Taddeucci, 20 August 2018) 

  

Figure 6.21: Ground cover (Photographed by 
R. Taddeucci, 20 August 2018)  

 

 

 

 

 Survey Unit 8 

Survey Unit 8 was located 1.67 km east of Badgerys Creek and 15 m west of South Creek, bordered 
to the north, west and south by a barbed wire fence. SU8 measures 116.3 m north-south and 256 m 
east-west with an area of 30,378 square metres. SU8 was subject to a full survey coverage, 
conducted through 14, north-south oriented transects spaced 15 m apart. 

Survey Unit 8 was comprised of a slope landform which drops down towards South Creek in the east. 
The majority of the SU has been cleared of native vegetation and is currently comprised of open 
pasture. The SU was dominated by manicured grass, restricting surface exposure. Ground exposure 
was limited to areas surrounding fence posts and was estimated to be one per cent.  

Minor disturbance across the SU was observed, associated with the construction of barbed wire 
fences.  

Survey Unit 8 was assessed as having moderate archaeological potential due to the low level of 
disturbance. In consultation with the RAPs, it was determined that the planned location of test 
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excavation within SU8, as per the test excavation methodology (Artefact Heritage 2018a), was 
suitable for SU8. 

No Aboriginal objects were identified within SU8. 

Figure 6.22: View east of SU8 (Photographed 
by R, Taddeucci, 20 August 2018) 

Figure 6.23 View south of SU8 (Photographed 
by R. Taddeucci, 20 August 2018) 

  

 

 Survey Unit 9 

Survey Unit 9 was located 1.65 km east of Badgerys Creek and 230 m west of South Creek, on a 
lower slope landform. SU9 measures 190 m north-south and 90 m east-west with an area of 14,694 
square metres. The SU was bordered to the north and west by a barbed wired fence and associated 
fence posts. Due to dense vegetation coverage, SU9 was subject to a sample survey coverage which 
involved two transects beginning at the northwest corner, one extending to the east and the other to 
the south.  

Survey Unit 9 was comprised of a lower slope landform which drops down towards South Creek in the 
east. The majority of the SU (approximately 60 per cent) was covered in a moderately dense 
woodland, with the remainder covered in manicured grass. As a result, exposure was low, 
approximately 10 per cent, and was limited to areas surrounding tree roots.  

Minor disturbance across the SU was observed, associated with the construction of barbed wire 
fences.  

No Aboriginal objects were identified within SU9. An uprooted tree with fused branches was located in 
SU9. One cultural site, an uprooted modified tree, was identified (Figure 6.26). Full details regarding 
the cultural site will be provided in the ACHARs (Artefact Heritage 2018b and c). 

Survey Unit 9 was assessed as having moderate archaeological potential due to the low level of 
disturbance. In consultation with the RAPs, it was determined that the planned location of test 
excavation within SU9, as per the test excavation methodology (Artefact Heritage 2018a), was 
suitable for SU8. 
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Figure 6.24: View northeast of SU9 
(Photographed by A. Darby, 22 August 2018) 

Figure 6.25 View east of SU9 (Photographed 
by A. Darby, 22 August 2018) 

  

Figure 6.26: View southwest with potential 
culturally modified tree in foreground 
(Photographed by J McLachlan, 20 August 
2018)  
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Figure 6.27: Survey units within MOD3 
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6.6 Survey results 

One new archaeological site was identified during the survey. A cultural site was also identified and is 
discussed in more detail in the MOD4 ACHAR (Artefact Heritage 2018c). The survey resulted in the 
confirmation that the entirety of the study area is of moderate archaeological potential. This was due 
to the study area demonstrating a low level of disturbance, being located on an archaeological 
sensitive landform and within close proximity to South Creek. 

 BCBW18 IF 01 (AHIMS ID 45-5-5165) 

Site type:  Isolated Find 
Centroid: Removed for public exhibition 
Site Extent:  3 metres x 3 metres 

The site is comprised of a single complete flake of silcrete with three scars on the dorsal surface.  

Figure 6.28: Dorsal side of BCBW18 IF 01 
(Photographed by J McLachlan, 24 August 
2018) 

Figure 6.29: BCBW18 IF 01 (Photographed by 
J McLachlan, 24 August 2018) 
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Figure 6.30: Location of Aboriginal archaeological and cultural sites identified through the survey 

Map removed for public exhibition
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7.0 ARCHAEOLOGICAL TEST EXCAVATION 

Part 3A was repealed by the NSW Environmental Planning and Assessment Amendment (Part 3A 
Repeal) Act 2011 (Part 3A Repeal Act), which commenced on 1 October 2011.  Under the Part 3A 
Repeal Act, projects deemed to be ‘transitional Part 3A projects will continue to be subject to Part 3A 
of the EP&A Act (as in force immediately before the repeal and as modified by the Part 3A Repeal 
Act).  Transitional Part 3A projects include certain projects that were the subject of an existing 
approval under Part 3A. 

As the CSR Advanced Manufacturing Hub has a Project Approval that was granted under Part 3A of 
the EP&A Act, it is a transitional Part 3A project. The provisions of Part 3A (as in force immediately 
prior to its repeal) continue to be applicable to the Project. Therefore, the project is proposed to be 
assessed under s75W of the repealed Part 3A. 

The transitional arrangements in the EP&A Act were repealed by the Environmental Planning and 
Assessment Bill 2017. This moved transitional Part 3A projects to the current State significant 
development and State significant infrastructure pathways, and applications to modify such projects 
will no longer be made under Section 75W. This modification application has been made within the 
transitional timeframe and is not affected by the above arrangements. 

Furthermore, under SSD approval it is not a requirement that test excavation be conducted in 
accordance with the Code of Practice.  

However, the test excavation methodology was guided by the Code of Practice. Previous 
archaeological test excavations, within the wider region, were completed under the Code of Practice. 
Therefore, it is an applicable framework to use for comparative analysis of archaeological findings 
within the current test excavation. 

7.1 Aims  

The aims of the archaeological test excavation are:  

• Adequately identify the nature of any subsurface archaeological deposits, including preliminary 
comparisons with results of other subsurface archaeological investigations in the area. 

• Assess the scientific significance of any archaeological deposits identified during the excavation, 
following the assessment of test excavation results. 

• Provide an opportunity for registered Aboriginal stakeholders to comment on the Aboriginal cultural 
heritage values of the study area 

• Provide the proponent with recommendations on opportunities to avoid impact and future 
requirements for further archaeological investigation where required.   

7.2 Timing and personnel 

The test excavation program was carried out across five days from the 20 August to 24 August 2018. 
Test excavation was directed by Vanessa Edmonds (Principal, Artefact Heritage), supervised by Julia 
McLachlan (Heritage Consultant, Artefact Heritage) and Ryan Taddeucci (Senior Heritage Consultant, 
Artefact Heritage). Table 7.1 lists all participants in the test excavation and their dates of participation. 
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Table 7.1: Participants in the test excavation program 

Name Organisation Role Date 

Vanessa Edmonds Artefact Heritage Principal 23 August 2018 

Ryan Taddeucci Artefact Heritage Excavation supervisor 20 August – 24 August  

Julia McLachlan Artefact Heritage Excavation supervisor 20 August – 24 August 

Anna Darby Artefact Heritage Excavation assistant 20 August – 24 August 

John Sokalik Artefact Heritage Archaeologist 20 August – 24 August 

Amad Ghareb Artefact Heritage Archaeologist 20 August – 24 August 

Cameron MacKay Artefact Heritage Archaeologist 20 August – 24 August 

Paul Boyd Didge Ngunawal Clan 
(DNC) Site officer 20 August 2018 

Adam King  Didge Ngunawal Clan 
(DNC) Site officer 21 August – 24 August 

Fred Trewlynn Darug Land 
Observations (DLO) Site officer 20 August – 24 August 

Jeff Hickey  
Kamilaroi-
Yankuntatjara Working 
Group 

Site officer 20 August – 24 August 

Daniel Chalker  
Cubbitch Barta Native 
Title Claimants 
Aboriginal Corporation  

Site officer 20 August – 22 August 

Ebony Chalker 
Cubbitch Barta Native 
Title Claimants 
Aboriginal Corporation  

Site officer 23 August – 24 August 

 

7.3 Constraints 

There were several constraints which impacted the test excavation program. A series of barbed wired 
fences were located across the study area, which limited the location of excavation units and 
restricted movement of the excavation team across the study area. Two horses occupied a paddock 
in which test excavation was scheduled to occur in, this created a restriction on the timing and 
management of excavation areas. Excavation in the horse paddock could not occur until the last day 
of excavation so that the excavated area could be backfilled immediately after completion.  

At the request of the property tenants, disturbance of the study area was to be kept to a minimum. 
Therefore, the location of the wet sieving station was restricted to the centre of the study area. 
Excavated material had to be carried from the excavation area to the sieving area.  

A gas pipeline was located along the western boundary of the study area, which limited the areas 
where transects could be placed. Dense vegetation was also a major constraint to the placement of 
the baseline. While there was no rainfall during the excavation period, there were a few days with a 
high wind factor. 
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Despite these constraints, all proposed test pits were excavated down to an archaeologically sterile 
deposit and the proposed sampling of the study area was achieved.   

7.4 Sampling strategy 

The study area was comprised of a 37.4 ha area and therefore required the development of a 
sampling strategy. The aim of the sampling strategy was to test the various landforms within the study 
area to produce predictive statements regarding the likely archaeological sensitivity and potential 
across the study area that would facilitate management and mitigation measures related to Aboriginal 
cultural heritage. 

Previous archaeological investigation in the area has identified Aboriginal cultural material in close 
proximity to the creek line, both Badgerys Creek (AECOM 2010) and South Creek (Haglund 1978). 
Landform observations, predictive models and comments made by the RAPs during the survey were 
used to inform the locations of the testing program. 

The areas that were tested incorporated different landforms at varying distances to South Creek to 
test the integrity of subsurface deposits within these contrasting contexts and provide more 
information on Aboriginal land use patterns. 

A total of eight, east-west oriented transects were placed to sample the study area at various 
distances and elevations from South Creek (Figure 7.1).  

The transects were plotted at intervals of approximately 200 m, with some variation due to constraints 
from fences and vegetation. Transect 8 was plotted at the end of the excavation between transect 2 
and 3, due to the higher density of artefactual material obtained from those two transects. Transect 5 
was placed 10 m from the northern boundary of the study area at the request of the RAPs. Transect 6 
was placed in the southern portion of the study area along a slope, while transect 7 was placed 10 m 
from the northern boundary of the study area at the request of the RAPs.  
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Figure 7.1: Excavation transects within the study area 
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7.5 Methodology 

 Test excavation layout  

The start and end points of each transect were plotted in a handheld, non-differential GPS unit. These 
points were marked on the ground with flags and a magnetic compass was used to confirm the 
orientation. A baseline was strung from the start point to the end point, and the northwest corner of 
each excavation unit (hereafter referred to as test pit) was plotted at 25 m intervals along each 
transect. The location of each test pit (TP) was marked with a handheld, non-different GPS. All TPs 
were labelled according to an alpha numeric system, according to the corresponding transect and 
position. The number of TPs per transect is summarised in Table 7.2. All TPs were spaced 25 m 
apart, with the exception of TP4L, which was spaced 30 m from TP4K to capture the terrace. All TPs 
were aligned so that the northern edge followed the alinement of the associated transect.   

Table 7.2: Transects and test pit counts 

Transect Test pit count 

1 10 

2 12 

3 10 

4 12 

5 9 

6 7 

7 6 

8 11 

Total 77 

 

 Excavation procedure 

Test excavation involved hand excavation of 500 mm x 500 mm TPs down to an archaeological 
sterile depth. The first TP in each transect was excavated in arbitrary spits of 50 mm with each 
subsequent TP excavated in arbitrary spits of 100 mm. Where archaeological features were 
encountered excavation of the feature occurred as a single unit. Where unusual deposits were 
encountered TPs were expanded.  

A context sheet for each test pit was completed in the field. Details recorded included date of 
excavation, name of excavators, depth, number of buckets and soil description. A photographic 
record was made for each section wall and base for all TPs. Additionally, a scale drawing of a 
representation section, pH and Munsell soil colour was determined on a representative sample at 
each transect.  

Where unusual archaeological features were encountered, the TPs were expanded. At TP8G a 
hearth with clay heat retainers was identified in the northwest corner. As a result, TP8G was 
expanded in a clockwise direction, beginning in the west. The subsequent TPs were labelled TP8G2-
3. TP1H was expanded to the north to determine the full extent of a high concentration of artefacts 
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that was identified in-situ. Two charcoal samples were retrieved from the hearth feature, they were 
individually wrapped in aluminium foil, to prevent crushing, and placed in labelled bags. The bags 
were left open, to dry the samples and prevent the growth of mould. The position of each sample in 
three dimensional space was recorded.  

All retrieved deposit from each test pit was placed in buckets and transported to a sieve area. All 
retrieved deposit was wet sieved using 3 mm sieves.  

All test pits were back-filled by hand with the clean fill using shovels.  

 Aboriginal objects 

All Aboriginal objects retrieved during the course of test excavation were placed in re-sealable bags 
for further analysis and recording. Once test excavation was completed, the artefact assemblage was 
recorded and stored. This included recording key attributes of material, artefact type, platform type, 
and dimensions, as well as a photographic record of representative artefacts (Table 7.3). All recorded 
information was entered into a Microsoft Excel table with detail linked to the provenance of each 
artefact. Once entered into the Excel table (Appendix 3), the data can be readily supplied with the test 
excavation report.   

All artefacts were stored in double re-sealable snap lock bags. A permanent marker was used to 
record the provenance of the artefacts in each bag in writing on the outside of the bag and on an 
archival grade tag such as Dupont ™ Tyvek ® paper.  

An Aboriginal Site Recording Form will be completed for newly identified sites and submitted to the 
AHIMS registrar as soon as practicable.  

Long-term care and management of the retrieved archaeological assemblage was discussed with 
RAPs through the methodology review process and during fieldwork. The items are temporarily stored 
in a secure cabinet at the Artefact Heritage head office, Pyrmont. Long-term management of the 
excavated artefacts will involve reburial at a location specified in the ACHARs (Artefact Heritage 
2018b and c). 

Table 7.3: Recorded artefact attributes 

Artefact attributes Recorded details 

Site details Site name 

Test pit Location of the northwest corner of the test pit on the X Y grid 

Spit Spit number 

Raw material Raw material type and colour. Raw material types included: basalt, chalcedony, 
chert, dolerite, ironstone, mudstone, quartz, quartzite, silcrete 

Typological class/ 
reduction type 

Debris, complete flake, flake fragment marginal, transverse fragments, 
longitudinal fragments, multiple platform core (MPC), single platform core 
(SPC), core fragment, muller, Other. 

Formal tool type (if 
applicable) 

Backed, blade, tula adze, burren adze, burin, scrapper, retouched, geometric 
microlith  

Dimensions Orientated length, width and thickness of complete flakes 

Cortex Cortex coverage of whole artefact.  
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Artefact attributes Recorded details 

Weight Measured to the 0.1 gram (gm). Artefacts less than 0.05 gm were rounded up 
to 0.05 gm, whilst artefacts greater than 0.05 gm were rounded up to 0.1 gm 
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Figure 7.2: Excavation transects within the study area 
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7.6 Test excavation results 

Based on the landform and artefact distribution from the excavation area, three new artefact scatters 
have been identified across the study area (Figure 7.13). 

 BCBW18 AS 01 (AHIMS ID 45-5-5162) 

Site type:  Artefact Scatter 
Centroid: Removed for public exhibition 
Site Extent:  10 metres x 10 metres 

Badgerys Creek Brick Works 18 Artefact Scatter (BCBW18 AS) 01 (AHIMS ID Pending) is a low-
density artefact scatter situated on an upper slope, 756 m west of South Creek (Figure 7.13). The 
assemblage is comprised of two artefacts, one complete flake of mudstone and one proximal flake 
fragment of silcrete. Both artefacts were obtained from the upper two spits of the deposit (0-200 mm). 
The site is part of a larger archaeological complex which includes BCBW18 AS 02 (AHIMS ID 45-5-
5164) and BCBW18 AS 03 (AHIMS ID 45-5-5163). 

Figure 7.3: Proximal flake fragment of silcrete 
retrieved from spit 1 (Photographed by A 
Darby, 3 September 2018)  

Figure 7.4: Complete flake of mudstone 
retrieved from spit 2 (Photographed by A 
Darby, 3 September 2018) 

  
Figure 7.5: View north of BCBW18 AS 01 
(AHIMS ID 45-5-5162) (Photographed by A 
Darby, 21 August 2018) 

Figure 7.6: View west of BCBW18 AS 01 
(AHIMS ID 45-5-5162) (Photographed by A 
Darby, 21 August 2018)  

Image removed for public exhibition Image removed for public exhibition 
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 BCBW18 AS 02 (AHIMS ID 45-5-5164) 

Site type:  Artefact Scatter and Hearth 
Centroid: Removed for public exhibition 
Site Extent:  930 metres x 144 metres 

BCBW18 AS 02 (AHIMS ID 45-5-5164) is located in the low-medium level flood zone, 50 m above 
sea level on a lower slope, 20 m west of South Creek. Test excavations revealed that the subsurface 
deposit is in situ.  

The subsurface assemblage consists of 21 stone artefacts. The assemblage features five raw 
materials (Figure 7.7), with silcrete being the dominant raw material type (n=15, 71.43 per cent). Four 
artefact types (transverse flake fragments, complete flakes, a multiple platform core, and a piece of 
debris) were present in the assemblage. Debris and cores are indicative of on-site artefact 
manufacturing. All cultural material was retrieved from the upper two spits (0-200 mm).  

A hearth comprising burnt clay heat retainers was located in the centre of the site (Figure 7.13). The 
hearth was associated with one transverse fragment of chert (Figure 7.12). No signs of heat treatment 
were present on the fragment.  

Table 7.4: Summary of artefact raw materials 

Raw material Count Per cent  

Chert 2 9.52 

Mudstone 1 4.76 

Quartz 2 9.52 

Quartzite 1 4.76 

Silcrete 15 71.43 

Total 21 100 

 

Table 7.5: Summary of artefact types 

Type Count Per cent  

Debris 1 4.76 

Complete Flake 13 61.90 

Flake Fragment Proximal 2 9.52 

Flake Fragment Distal 1 4.76 

Flake Fragment Marginal 3 14.29 

Total Transverse fragments 6 28.57 

Core - MPC  1 4.76 
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Type Count Per cent  

Total 21 100.00 

 

Figure 7.7: Remnants of the in situ hearth, 
TPG1-4 (Photographed by A Darby, 24 August 
2018) 

 

Figure 7.8: Flake fragment from TP8G4, spit 1 
(Photographed by A Darby, 3 September 2018) 
 

 
Figure 7.9: Burnt clay heat retainers from 
TP8G1, spit 3 (Photographed by A Darby, 3 
September 2018) 

 

Figure 7.10: View north from TP8E 
(Photographed by A Darby, 24 August 2018) 
 
Image removed for public exhibition 

 

 BCBW18 AS 03 (AHIMS ID 45-5-5163) 

Site type:  Artefact Scatter 
Centroid: Removed for public exhibition 
Site Extent:  10 metres x 10 metres 

BCBW18 AS 03 (AHIMS ID 45-5-5163) is located within the medium flood zone 200 m west of South 
Creek on a lower slope. Test excavations revealed that the subsurface deposit has not been 
disturbed. However, the site is located within the medium flood risk area (Figure 4.2) and it is very 
likely that the archaeological integrity of the deposit has been compromised by frequent inundation.  

Nine subsurface artefacts were retrieved from a 500 mm x 500 mm area. The site only featured two 
raw materials within the assemblage (mudstone and silcrete). The assemblage contained three 
artefact types (complete flakes, transverse flake fragments, and a multiple platform core). No debris 
or longitudinal fragments were identified. Therefore, it is unlikely that the site was the place of artefact 
manufacturing.  
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Table 7.6: Summary of artefact raw materials 

Raw material Count Per cent  

Mudstone 3 33.33 

Silcrete 6 66.67 

Total 9 100 

 

Table 7.7: Summary of artefact types 

Type Count Per cent  

Complete Flake 5 55.56 

Flake Fragment Proximal 1 11.11 

Flake Fragment Distal 1 11.11 

Flake Fragment Marginal 1 11.11 

Total Transverse 
fragments 3 33.33 

Core - MPC  1 11.11 

Total 9 100.00 

 

Figure 7.11: Artefacts from TP5H, spit 3 
(Photographed by A Darby, 3 September 2018) 

 

Figure 7.12: View west across BCBW18 AS 03 
(AHIMS ID 45-5-5163) (Photographed by J 
McLachlan, 24 August 2018) 
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Figure 7.13: Newly identified sites  

Map removed for public exhibition 
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8.0 ANALYSIS AND DISCUSSION 

8.1 Soils, disturbance and features 

Soils across study area were generally comprised of a light brown, silt sediment with an average test 
pit depth of 250 mm. Soil disturbance was limited to minor bioturbation from grass rootlets. A 
summary of soil characteristics across the study area is provided in Table 8.1. 

See Figure 8.1 for a photograph of a representative soil profile for the study area and Figure 8.2: 
Technical drawing of T5H northern profile 

for a representative technical drawing of the deposit.  

Table 8.1: Summary of the soil characteristics 

Layer Description 

A Horizon: 
 

Depth: 0-200 mm 

pH: 6 

Munsell: 10 YR 4/2 Dark greyish brown 

Description: Compact, light brown silt with frequent 
bioturbation from grass rootlets 

B Horizon: 

Depth:200-300 mm 

pH: 6.5 

Munsell: 10 YR 4/3 Brown 

Description: Compact, brown silt coming down on a 
compact red-brown clay.  

 



CSR Advanced Manufacturing Hub 
Archaeological Technical Report 

  Page 54 
 

Figure 8.1: North profile of TP5H (Photographed by A Darby, 24 August 2018) 

 
 
Figure 8.2: Technical drawing of T5H northern profile 
 

 
 

TP4J, TP4K and TP4L were anomalous to the remainder of the study area, as the deposit was much 
deeper and featured a slight transition in the A horizon, interpreted as A1 and A2. The greater depth 
of deposit can be attributed to the TPs being located closer to the flood plain than the remainder of 
the TPs across the study area. The deposit was intact but was much more compact than the other 
deposit encountered across the study area. TP4J also featured frequent inclusions of charcoal. As a 
result, it was interpreted that a burning event had occurred at some point during the soil deposition. 
See Table 8.2 for a summary of the soil characteristics.  

See Figure 8.3 for a photograph of a representative soil profile for the study area and Figure 8.4 for a 
representative technical drawing of the deposit.  
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Table 8.2: Summary of the study area soil characteristics for TP4J 

Layer Description 

A1 Horizon: 
 

Depth: 0-200 mm 

pH: 6 

Munsell: 10 YR 4/2 Dark greyish brown 

Description: Compact, light brown silt with frequent 
bioturbation from grass rootlets 

A2 Horizon: 
 

Depth: 200-500 mm 

pH: 6 

Munsell: 10 YR 5/3 Brown 

Description: Compact, brown silt with charcoal inclusions 

B Horizon: 

Depth:500-600 mm 

pH: 6.5 

Munsell: 10 YR 4/3 Brown 

Description: Compact, brown silt coming down on a 
compact red-brown clay.  

 

Figure 8.3: North profile of TP4J (Photographed by A Darby, 23 August 2018) 
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Figure 8.4: Technical drawing of T4J northern profile 
 

 

 

8.2 Artefact assemblage 

To interpret artefact scatters with a limited chrono-stratigraphic control, a behavioural-assemblage 
matrix has been developed (Table 8.3). This matrix describes assumed relationships between varying 
residential and logistical mobility configurations, group size and stages of artefact reduction. It relies 
on the sampling of artefacts in adjoining assemblages, assuming synchroneity.  

The aim of this matrix is to create interpretive windows into assemblage variability that can inform on 
the likely size of resident groups, their mobility, their duration of site occupancy and the intensity of 
both tool and core reduction. 

The interpretations of the behavioural matrix rely heavily on the establishment of reduction stages. 
Table 8.4 provides a description of each level of reduction.  

To interpret the assemblage within the context of the matrix the following attributes have been 
measured: 

• degree of cortex 
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• platform preparation 

• degree of retouch 

• shape of flakes 

• core rotation 

• number of dorsal scars on flakes 

• proportion of formal implements 

• size of the assemblage. 

For the purposes of the following analysis, only subsurface artefacts have been considered as they 
are subject to less dynamic taphonomic processes that would comprise the spatial integrity of the 
assemblage.  
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Table 8.3: Site occupation category characteristics 

 High residential mobility / Low logistical 
mobility 

Moderate residential mobility / moderate logistical 
mobility 

Low residential mobility / High logistical 
mobility 

Characteristi
cs 

Generally small in size Generally small-medium to medium in size Larger in size 

Generally low number of artefacts Increased assemblage size High assemblage size 

Assemblage orientated towards earlier 
stages of reduction 

Multiple artefact concentrations Multiple concentrations 

Generally limited range of reduction Early and mid-stages of reduction Multiple features (reduction area, artefact 
scatter etc) 

Limited lithological/typological diversity Increased lithological/typological diversity Increased lithological/typological diversity 

Less tertiary reduction Rise in number of grinding/formal implements such as 
blades and adzes. 

Mid to late stage reduction 

Fewer formal tools 
 

Rise in number of grinding/formal 
implements such as blades and adzes. 

Associated 
with 

Small groups of people during periods of 
higher mobility 

Repeat visits of small groups or small aggregations. Larger groups and periods of lower mobility 

Limited number of visitations (one or two) Limited number of visitations Many visitations 

Numbers of 
people (as 
per Binford 
2001: Table 
8.01) 

<16 people, mean of 11 21 - 50 People, mean 31 130 - 350 people, mean 245 
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Table 8.4: Characteristics of each stage of artefact reduction 

Early stages Mid stages Late stages 

Higher proportion of flakes with cortex Lower proportion of flakes with cortex Lower proportion of flakes with cortex - relatively 
few primary pieces (<10%) 

Higher proportion of cortex on flakes Possibly lower proportion of cortex on flakes Possibly lower proportion of cortex on flakes 

Larger artefacts Some large artefacts but some smaller ones 
appearing Increase in number of exhausted cores  

Flakes larger and squarer Increase in number of artefacts with retouch /OHR Some large artefacts but more smaller ones 
appearing 

If core preservation not a feature, then expect more 
single platform cores Flakes becoming more uniform in shape Increase in number of artefacts with retouch /OHR 

and in the proportion of retouch to artefact length 

Minimal platform preparation Flakes will start to tend away from square towards 
longer shapes * Flakes becoming more uniform in shape 

Fewer number of dorsal scars on complete flakes Increase in use of cores means increase in ratio of 
MPC to SPC 

Flakes will start to tend away from square towards 
longer shapes 

Higher proportions of debris Some micro flakes Increase in use of cores means increase in ratio of 
MPC to SPC 

  More micro flakes 

    Rise in number of dorsal scars 
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 Distribution and density 

Of the 77 test pits excavated only 18 test pits yielded artefacts with 32 artefacts retrieved in total. The 
average density of subsurface artefacts across the study area is 1.66 artefacts per square metre. 
TP5H contained nine artefacts which was the highest artefact count from the study area. TP5H had 
an average density of 36 artefacts per square metre. TP5H was not mapped inside the extent of 
BCBW18 AS 02 (AHIMS ID 45-5-5164) as it was not located on the same landform and featured a 
much higher artefact density.  

Table 8.5: Spit counts 

Spit Count Per cent Weight Average artefact weight 

1 11 34.38 14.11 1.28 

2 12 37.50 20.63 1.72 

3 9 28.13 32.91 3.66 

4 0 0.00 0 0 

Total 32 100.00 67.65 2.11 
 

Table 8.6: Summary of artefact counts from the study area 

Pit Count Per cent Weight Average 

1E 1 3.13 1.53 1.53 

1F 1 3.13 0.16 0.16 

1G 3 9.38 0.45 0.15 

1H1 2 6.25 0.4 0.20 

1H2 1 3.13 0.06 0.06 

1I 3 9.38 4.66 1.55 

2F 1 3.13 0.36 0.36 

2G 1 3.13 2.52 2.52 

2H 1 3.13 1.3 1.30 

2I 1 3.13 0.82 0.82 

2J 1 3.13 2.95 2.95 

3D 1 3.13 1.52 1.52 

3I 1 3.13 0.57 0.57 

4C 1 3.13 0.34 0.34 
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Pit Count Per cent Weight Average 

5H 9 28.13 32.91 3.66 

6C 2 6.25 1.23 0.62 

8E 1 3.13 10.18 10.18 

8G 1 3.13 5.69 5.69 

Total 32 100.00 67.65 2.11 
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Figure 8.5: Location of test pits  

Map removed for public exhibition 
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 BCBW18 AS 01 (AHIMS ID 45-5-5162) 

TP6C contained a proximal flake fragment from spit 1 (0 – 100 mm) and a complete flake of 
mudstone from spit 2 (100 – 200 mm).  

Meaningful interpretations relating to artefact size cannot be made from fragmented artefacts, as it is 
difficult to determine the full metrics of an artefact that is incomplete. Artefacts which are the product 
of early stage reduction tend to be short and wide while artefacts that are products of later stage 
reduction tend to be long and thin. The only complete flake in the assemblage measured 14.22 mm in 
length by 10.91 mm in width. With a length/width ratio of 1.3 the artefact is indicative of later stage 
reduction.  

No cortex was noted on either of the artefacts in the assemblage, also indicative of later stage 
reduction.  

 BCBW18 AS 02 (AHIMS ID 45-5-5164) 

8.2.3.1 Raw material  

Five raw material types were identified within the assemblage of BCBW18 AS 02 (AHIMS ID 45-5-
5164), with silcrete being the dominant raw material (n=15, 71.43 per cent). Lesser proportions of 
chert (n=2, 9.52 per cent), quartz (n=2, 9.52 per cent), mudstone (n=1, 4.76 per cent), and quartzite 
(n=1, 4.76 per cent). The range of raw material types within the assemblage is characterised of 
medium range material variation. This type of assemblage is indicative of smaller groups of people 
engaging in repeated occupation of the land.  

A summary of the raw material types recovered from each test area is included in Table 8.7 and 
Figure 8.6.  

Table 8.7: Summary of artefact raw materials 

Raw material Count Per cent  

Chert 2 9.52 

Mudstone 1 4.76 

Quartz 2 9.52 

Quartzite 1 4.76 

Silcrete 15 71.43 

Total 21 100 
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Figure 8.6: Raw materials as proportions (per cent) 

 

8.2.3.2 Artefact types 

The artefact assemblage consisted primarily of complete flakes (n=13, 61.9 per cent) and transverse 
flake fragments (n=6, 28.57 per cent). The assemblage also included a single multiple platform core 
(n=1, 4.76 per cent) and a single piece of debris (n=1, 4.76 per cent). A summary of artefact types is 
located in Table 8.8 and Figure 8.7. The appearance of a multiple platform core (MPC) in the 
assemblage at a higher portion than single platform cores (SPCs) is characteristic of smaller groups 
which engage in repeated occupation of the land.  

The high proportions of transverse flake fragments indicate that the site has been subject to post 
depositional disturbance. However, as the proportion of transverse flake fragments is low, the integrity 
of the site is high.  

Table 8.8: Summary of artefact types 

Type Count Per cent  

Debris 1 4.76 

Complete Flake 13 61.90 

Flake Fragment Proximal 2 9.52 

Flake Fragment Distal 1 4.76 

Flake Fragment Marginal 3 14.29 

Total Transverse fragments 6 28.57 

Core - MPC  1 4.76 
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Type Count Per cent  

Total 21 100.00 

 

Figure 8.7: Distribution by percentage of artefact types 

 

8.2.3.3 Size 

The average weight of the artefacts within the assemblage was 1.6 grams (g). On average the chert 
artefacts were the heaviest, weighing 3.61 g with quartzite having the lowest average weight of 0.34 g. 
The multiple platform core had the highest average weight (10.18 g) with the complete flakes having 
the lowest average weight of 0.85 g. See Figure 8.8 and Figure 8.9 for a visual representation of the 
average weights for each raw material and artefact type.  

Overall, the average size of the artefacts within the assemblage is medium range, which is indicative 
of smaller groups which engage in repeated occupation of the land.  
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Figure 8.8: Average weight by raw material type 

 

Figure 8.9: Average weight by artefact type 

 

8.2.3.4 Cortex 

A total of three artefacts were identified as possessing remnant terrestrial cortex, which accounts for. 
16.67 per cent of the assemblage. The mean remnant cortex was 53.33 per cent.  

Table 8.9: Summary of artefact cortex 

  

N
um

ber 

M
ax%

 

M
in%

 

M
ean %

 

SD
 

All artefacts with cortex 3 80 40 53.33 23.09 
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8.2.3.5 Reduction stages 

A total of two artefacts featured markers of intentional secondary stage reduction, as they featured 
less than 100 per cent cortex of the dorsal side and at least one scar. One artefact was identified to 
be the product of tertiary stage reduction, as it featured retouch.  

Meaningful interpretations relating to artefact size cannot be made from fragmented artefacts, as it is 
difficult to determine the full metrics of an artefact that is incomplete. Artefacts which are the product 
of early stage reduction tend to be short and wide while artefacts that are products of later stage 
reduction tend to be long and thin. Across the BCBW18 AS 02 (AHIMS ID 45-5-5164), the mean 
length for the complete flakes was 11.32 mm and the mean width was 11.32 mm. When the 
length/width ratio of complete flakes is greater than 1, an artefact is likely the product of latter stage 
reduction; ratios below 1 are likely the result of early stage reduction. The average length/width ratio 
across the site is 1.08. This indicates that artefacts across the site tend to be the product of later 
stages of reduction. See Table 8.10 for a summary of the dimensions of complete flakes within the 
assemblage.  

Across the site the complete flakes comprised of quartzite and silcrete tended to have a length 
greater than their width, indicative of later stage reduction. While complete flakes comprised of chert, 
mudstone and quartz tended to have a width greater than their length, indicative of early stage 
reduction. See Figure 8.10 for a visual representation of the dimensions for each raw material type. 

Overall, the artefacts within the assemblage are characteristic of medium level reduction, indicative of 
smaller groups that engage in repeated occupation of the land.  

Table 8.10: Summary of artefact dimensions 

  

N
um

ber 

M
ean 

M
ax 

M
in 

SD
 

Complete Flake Length 13 11.32 26.25 4.89 6.06 

Complete Flake Width 13 11.32 25.41 5.53 5.50 

Complete Flake Thickness 13 3.43 9.79 1.23 2.36 

Complete Flake Length/Width Ratio  1.08 2.49 0.49 0.52 
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Figure 8.10: Average dimensions of complete flakes across the study area 

 

8.2.3.6 Aboriginal hearth 

TP8G1 exposed a feature of burnt clay heat retainers in the northwest corner at a depth of 200 mm, 
extending down to a depth of 350 mm. The clay base of the deposit had been baked and the deposit 
contained small fleckings of charcoal. The entirety of the hearth was not excavated, and the full extent 
is unknown. The soils which surrounded the hearth were consistent with those identified across the 
study area, see Table 8.11 and Figure 8.11 for full details.  

Hearths were used by Aboriginal people for cooking. Dating of previously identified hearths found that 
these features were used over the last 1,000 years, and that before this time Aboriginal people 
cooked using different techniques (GML 2016). 

Studies from outside of Sydney have found that many groups of Aboriginal people used hearths to 
cook rhizomes, which were used as a primary source of food (GML 2016). However, a recent study 
from East Leppington, 10,5 km northwest of the study area, found that hearths with clay heat 
retainers were used to cook meat, or plants outside their flowering season (GML 2016). This evidence 
has been interpreted as heat retainers are used to roast foods.  

Two charcoal samples retrieved from the hearth, were submitted to the University of Waikato for 
Accelerator Mass Spectrometry (AMS) radiocarbon dating. One of the samples was found to be 
unsuitable for the AMS dating process. However, the other sample yielded a result of 2,05620 BP 
(Wk-48125).  

Table 8.11: Summary of the soil characteristics for the hearth 

Layer Description 

A Horizon: 
 

Depth: 0-200 mm 

pH: 6 
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Layer Description 

Munsell: 10 YR 4/2 Dark greyish brown 

Description: Compact, light brown silt with frequent 
bioturbation from grass rootlets 

B Horizon: 

Depth:200-300 mm 

pH: 6.5 

Munsell: 10 YR 4/3 Brown 

Description: Compact, brown silt coming down on a 
compact red-brown clay.  

 

Figure 8.11: Western profile 
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Figure 8.12: Plan drawing of the hearth feature 

 

 BCBW18 AS 03 (AHIMS ID 45-5-5163) 

8.2.4.1 Raw material  

Two raw material types were identified within the assemblage of BCBW18 AS 03 (AHIMS ID 45-5-
5163), with silcrete being the dominant raw material (n=6, 66.67 per cent). The range of raw material 
types within the assemblage is characterised of low range material variation.  

A summary of the raw material types recovered from each test area is included in Table 8.7 and 
Figure 8.6.  

Table 8.12: Summary of artefact raw materials 

Raw material Count Per cent  

Mudstone 3 33.33 

Silcrete 6 66.67 
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Raw material Count Per cent  

Total 9 100 

 

8.2.4.2 Artefact types 

The artefact assemblage consisted primarily of complete flakes (n=5, 55.56 per cent) and transverse 
flake fragments (n=3, 33.33 per cent). The assemblage also included a multiple platform core (n=1, 
11.11 per cent). A summary of artefact types is located in Table 8.8 and Figure 8.7. The appearance 
of a multiple platform core (MPC) in the assemblage at a higher portion than single platform cores 
(SPCs) is characteristic of smaller groups which engage in repeated occupation of the land.  

The high proportions of transverse flake fragments indicate that the site has been subject to post 
depositional disturbance. However, as the proportion of transverse flake fragments is low, the integrity 
of the site is high. 

Table 8.13: Summary of artefact types 

Type Count Per cent  

Complete Flake 5 55.56 

Flake Fragment Proximal 1 11.11 

Flake Fragment Medial 1 11.11 

Flake Fragment Marginal 1 11.11 

Total Transverse fragments 3 33.33 

Core - MPC  1 11.11 

Total 9 100.00 
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Figure 8.13: Distribution by percentage of artefact types 

 

8.2.4.3 Size 

The average weight of the artefacts within the assemblage was 3.66 grams (g). On average the 
silcrete artefacts were the heaviest, weighing 5.16 g while the mudstone featured an average weight 
of 0.66 g. The multiple platform core had the highest average weight of 29.54 g with the complete 
flakes having the lowest average weight of 0.35 g. See Figure 8.8 and Figure 8.9 for a visual 
representation of the average weights for each raw material and artefact type.  

Overall, the average size of the artefacts within the assemblage is medium range, which is indicative 
of smaller groups which engage in repeated occupation of the land.  

Figure 8.14: Average weight by raw material type 
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Figure 8.15: Average weight by artefact type 

 

8.2.4.4 Cortex 

A total of two artefacts were identified as possessing remnant terrestrial cortex, which accounts for. 
22.22 per cent of the assemblage. The mean remnant cortex was 57.5 per cent, although the average 
cortex for complete flakes was 100 per cent while the multiple platform core only featured an average 
of 15 per cent remnant cortex.  

Table 8.14: Summary of artefact cortex 

  

N
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M
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M
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M
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SD
 

All artefacts with cortex 2 100 15 57.5 60.1040764 

Complete Flakes with cortex 1 100 100 100 0 

MPCs with Cortex 1 15 15 15 0 

 

8.2.4.5 Reduction stages 

One complete flake was identified as the product of primary stage reduction, as 100 per cent of the 
dorsal surface was covered in remnant cortex. A total of two artefacts featured markers of intentional, 
secondary stage reduction, as they featured less than 100 per cent cortex of the dorsal side and at 
least one scar. One artefact was identified to be the product of tertiary stage reduction, as it featured 
retouch.  

Meaningful interpretations relating to artefact size cannot be made from fragmented artefacts, as it is 
difficult to determine the full metrics of an artefact that is incomplete. Artefacts which are the product 
of early stage reduction tend to be short and wide while artefacts that are products of later stage 
reduction tend to be long and thin. Across BCBW18 AS 03 (AHIMS ID 45-5-5163), the mean length 
for the complete flakes was 9.35 mm and the mean width was 11.08 mm. When the length/width ratio 
of complete flakes is greater than 1, an artefact is likely the product of latter stage reduction; ratios 
below 1 are likely the result of early stage reduction. The average length/width ratio across the site is 
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0.87. This indicates that artefacts across the site tend to be the product of early stages of reduction. 
See Table 8.10 for a summary of the dimensions of complete flakes within the assemblage.  

Table 8.15: Summary of artefact dimensions 
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Complete Flake Length 5 9.35 15.28 4.49 4.12 

Complete Flake Width 5 11.08 18.52 5.59 5.14 

Complete Flake Thickness 5 2.20 3.37 1.36 0.85 

Complete Flake Length/Width Ratio  0.87 1.19 0.60 0.22 

 

8.3 Site integrity 

Across the study area deposits were generally comprised of a thin humic layer overlaying a 200 -300 
mm layer of undisturbed silt, coming down on compact clay interpreted as degraded bedrock. Open 
areas are subjected to dynamic post depositional processes which significantly compromise the 
archaeological integrity of the deposit.  

No evidence of disturbance to the deposit was noted during the excavation and flood mapping 
indicates that BCBW18 AS 01 (AHIMS ID 45-5-5162) is located outside the flood zone. Therefore, 
BCBW18 AS 01 (AHIMS ID 45-5-5162) is considered to be of high archaeological integrity. However, 
flood mapping has indicated that BCBW18 AS 03 (AHIMS ID 45-5-5163) is located in the medium risk 
flood zone, with BCBW18 AS 02 (AHIMS ID 45-5-5164) located predominantly across the low risk 
flood zone. Periodic inundation of the sites would compromise the archaeological integrity of the sites 
by impacting the spatial distribution of the artefacts within the assemblage.   

8.4 Comparative analysis 

Table 8.16 and Figure 8.16 provides an overview of artefact density for all three sites identified across 
the study area.  

Across the three sites the area was likely a place of repeated occupation by a small, mobile group.  

Table 8.16: Comparative artefact density between subsurface assemblages within the study 
area 

Site Artefact count Mean artefact density 

BCBW18 AS 01 (MOD3) 2 8 

BCBW18 AS 02 (MOD4) 21 6 

BCBW18 AS 03 (MOD4) 9 36 
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Figure 8.16: Artefact density across the study area 

 

 Raw materials 

Across the three sites, a total of five raw materials were identified (chert, mudstone, quartz, quartzite 
and, silcrete). It was found that BCBW18 AS 01 (AHIMS ID 45-5-5162) and BCBW18 AS 03 (AHIMS 
ID 45-5-5163) featured only mudstone and chert, in similar proportions (Table 8.17). BCBW18 AS 02 
(AHIMS ID 45-5-5164) contained all five raw materials with silcrete appearing in similar proportions to 
BCBW18 AS 01 (AHIMS ID 45-5-5162) and BCBW18 AS 03 (AHIMS ID 45-5-5163).  

The proportions of mudstone within BCBW18 AS 02 (AHIMS ID 45-5-5164) were much lower to 
accommodate equal proportions of mudstone, chert, quartz, and quartzite. Quartzite and quartz are 
very hard raw material types with aesthetic values. Chert is a softer material than quartz and quartzite 
but is valued for its aesthetics.  

Based on the raw material types, it is likely that BCBW18 AS 02 (AHIMS ID 45-5-5164) was a place 
of more permanent occupation. The people who utilised the area engaged in greater logistical mobility 
to obtain a greater variety of raw materials. The lower variation of raw materials in the BCBW18 AS 
01 (AHIMS ID 45-5-5162) and BCBW18 AS 03 (AHIMS ID 45-5-5163) assemblage is indicative of 
ephemeral use of the landscape by a small group of high mobile individuals. However, within the 
context of all three sites, BCBW18 AS 01 (AHIMS ID 45-5-5162) and BCBW18 AS 03 (AHIMS ID 45-
5-5163) are likely the result of logistical movement out from BCBW18 AS 02 (AHIMS ID 45-5-5164). 
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Table 8.17: Comparative percentage raw materials across the study area 

 

 Artefact types 

Across the three sites, four artefact types were identified (debris, complete flakes, transverse flake 
fragments, and multiple platform cores). It was found that BCBW18 AS 02 (AHIMS ID 45-5-5164) 
featured all four artefact types. The presence of debitage and cores are indicative of on-site artefact 
manufacturing. While BCBW18 AS 03 (AHIMS ID 45-5-5163) also features a multiple platform core 
there is no direct evidence to indicate that artefact manufacturing occurred there, or if it was just a 
place that an exhausted core was discarded. BCBW18 AS 01 (AHIMS ID 45-5-5162) only featured 
two artefact types. Low variation of artefact types in an assemblage are indicative of ephemeral use 
of the landscape by a small group of high mobile individuals.  

Figure 8.17: Comparative percentage of artefact types across the study area 
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 Size 

Comparatively, it was found that BCBW18 AS 01 (AHIMS ID 45-5-5162) and BCBW18 AS 02 (AHIMS 
ID 45-5-5164) were indicative of later stage reduction, while BCBW18 AS 03 (AHIMS ID 45-5-5163) 
was indicative of early stage reduction. Figure 8.18 below illustrates the length width ratios across the 
sites, with standard deviation.  

Figure 8.18: Length/width ratio across the study area 

 

8.5 Aboriginal settlement history 

 Local 

The results of the test excavation demonstrate that the study area holds a significant aspect of wider 
land use activities in the region. BCBW18 AS 02 (AHIMS ID 45-5-5164) and BCBW18 AS 03 (AHIMS 
ID 45-5-5163) are part of a larger archaeological complex which incorporates BCBW18 AS 01 
(AHIMS ID 45-5-5162). The assemblage retrieved from across the complex is indicative of small 
groups engaging in repeated occupation of the area. Archaeological evidence from across the 
complex has indicated that the people who occupied the land engaged in artefact manufacturing 
practices and activities associated with a heat retainer hearth (i.e. heat treatment of artefacts, food 
preparation). Based on the Eastern Regional Sequence the sites were predicted to date from the 
early Holocene. However, the results of the radiocarbon dating found that the area was occupied as 
recently as 2,056  20 BP (Wk-48125). 

 Regional 

Mills points 14 

Mills points 14 (AHIMS ID 52-2-1108) located 25 km south east of the BCBW18 AS 02 (AHIMS ID 45-
5-5164), was dated at 2,16080 BP (Beta-27197). Mills points 14 (AHIMS ID 52-2-1108) is an open 
campsite featuring a hearth associated with the bipolar knapping of quartz. No bipolar knapping was 
observed across the study area, and quartz was only present in low concentrations.  

Boat Harbour 1 
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Boat Harbour 1, located 43.7 km south of the study area, involved the excavation of a disturbed 
midden on the Kurnell Peninsula to further explore the presence of fish hooks in this area. Excavation 
occurred on an exposed vertical face and identified a 1 m deep interspersed shell midden deposits 
and sterile sand beneath 1 m of modern sand. The midden was dominated by Ninella sp and 
Cymatilesta sp. shell in the upper units and pipi and cockles in the lower unit. Bird, mammal and fish 
bone were also present. Several fish hooks and fish hook files were recovered from the upper layers 
and bi-points/bone points from the lower units. Stone artefacts were only found in small numbers and 
dominated by quartz. 

Curracurrang 

At Curracurrang, 42.5 km south east of the study area, charcoal samples were dated to 1,93080 BP 
(2CU5/-). The deposit was associated with backed blades, edge-ground implements, and 'fabricators' 
of Bondaian industry.  

Jamisons Creek 

The closest, dated site to the study area is Jamisons Creek (JC/A3a-12), 18 km north west of the 
study area. The site is dated at 1,590130 BP (SUA-1232). Excavations were undertaken of a large 
body of sand adjacent to Jameson creek. A total of 867 artefacts were recovered from 5.3 square 
metres and resulted in the identification of two broad phases, Bondaian and Capertian. Bondi points, 
bipolar pieces and retouched flakes were all only found in the upper phase. Bone and freshwater 
mussel were also found, as well as worked piece of cockle shell. Artefacts were dominated by chert 
(70 per cent) with lesser proportions of silcrete (<10 per cent), quartz, basalt and quartzite. 
Occupation appeared to occur until the 19th century. Excavations reached depths of 1.4 m.  

Conclusion 

BCBW18 AS 02 (AHIMS ID 45-5-5164) is uncharacteristic of other assemblages dating from 
approximately 2,000 BP. The majority of assemblages from this period feature bi-polar flaking, 
backing, lower portions of silcrete, high portions of quartz, and complex formal tools.  
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9.0 SIGNIFICANCE ASSESSMENT 

9.1 Assessment criteria 

This significance assessment has been undertaken in accordance with the Guide to investigating, 
assessing and reporting on Aboriginal cultural heritage in New South Wales (OEH 2011). 

Archaeological significance refers to the archaeological or scientific importance of a landscape or 
area. This is characterised by using archaeological criteria such as archaeological research potential, 
representativeness and rarity of the archaeological resource and potential for educational values. 
These are outlined below: 

• Research potential: does the evidence suggest any potential to contribute to an understanding of 

the area and/or region and/or state’s natural and cultural history? 

• Representativeness: how much variability (outside and/or inside the subject area) exists, what is 

already conserved, how much connectivity is there? 

• Rarity: is the subject area important in demonstrating a distinctive way of life, custom, process, 

land-use, function or design no longer practised? Is it in danger of being lost or of exceptional 

interest? 

• Education potential: does the subject area contain teaching sites or sites that might have teaching 

potential? 

Cultural values and significance of the study area are discussed in the ACHARs (Artefact Heritage 
2018b and c). 

9.2 Archaeological significance assessment 

The archaeological test excavation program within the study area identified four new sites. 
Assessment of the scientific significance of the artefact site locations considers the following aspects 
of the test excavation results: 

• Presence of a variety of artefact types and raw material types 

• Potential for artefact assemblages to answer questions about raw material sourcing and site use 

• The portions of the study area that have been tested have been assessed to have moderate 

archaeological sensitivity 

• Landforms with steep gradients are unlikely to yield artefacts 

• The remainder of the site showed a low-density scatter across the study area with isolated areas 

of concentrated artefact densities 

A summary of the archaeological significance of sites identified during test excavation is presented in 
Table 9.1.  
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Table 9.1: Significance assessment 

Site name 
(AHIMS ID) 

Research 
potential Representativeness Rarity Education 

potential 
Overall 

significance 
assessment 

BCBW18 AS 01 
(AHIMS ID 45-5-5162) Low Low Low Low Low 

BCBW18 AS 02 
(AHIMS ID 45-5-5164) High Moderate High High High 

BCBW18 AS 03 
(AHIMS ID 45-5-5163) 

Low Low Low Low Low 

BCBW18 IF 01 
(AHIMS ID 45-5-5165) 

Low Low Low Low Low 

 

 BCBW18 AS 01 (AHIMS ID 45-5-5162) 

BCBW18 AS 01 (AHIMS ID 45-5-5162) is a low-density artefact scatter. The assemblage did not 
feature any especially representative or rare artefact types or raw materials. Therefore, the site is 
considered to be of low archaeological significance. 

 BCBW18 AS 02 (AHIMS ID 45-5-5164) 

BCBW18 AS 02 (AHIMS ID 45-5-5164) is a low-density subsurface artefact scatter located on an 
intact landform. The site features a clay heat retainer hearth, which is extremely rare within the 
regional context. The intact nature of the deposit presents an opportunity to use the obtained carbon 
dates to contribute towards a regional sequence of artefact assemblages. Due to the high research 
potential and rarity of the site, BCBW18 AS 02 (AHIMS ID 45-5-5164) is considered to be of high 
scientific significance. However, the remainder of the site is considered to be of low significance and 
potential. 

 BCBW18 AS 03 (AHIMS ID 45-5-5163) 

BCBW18 AS 03 (AHIMS ID 45-5-5163) is a high density subsurface artefact scatter located on an 
intact landform. The site does not feature any especially significant artefact types or raw materials but 
is unusual due to the high concentration of artefacts in a small area. The presence of a multiple 
platform core indicates that the site could be a reduction area, however no debris was identified to 
support this conclusion. The site is also significant due to its association with BCBW18 AS 02 (AHIMS 
ID 45-5-5164) and its associated hearth feature. However, as the site is located in a medium risk 
flood area, the archaeological integrity of the site has been impacted and the spatial distribution of 
artefacts compromised. Therefore, the BCBW18 AS 03 (AHIMS ID 45-5-5163) is considered to be of 
low significance.  

 BCBW18 IF 01 (AHIMS ID 45-5-5165) 

BCBW18 IF 01 (AHIMS ID 45-5-5165) is an isolated surface artefact located in a moderately 
disturbed context. Due to the lack of archaeological integrity the site is considered to be of low 
scientific significance.  
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10.0 IMPACT ASSESSMENT 

10.1 Proposed works 

CSR are proposing various changes to the approved project. Some of these changes are located 
within the approved project boundary on land that was previously assessed and approved for 
disturbance. Other changes are located on CSR owned land, outside and immediately east of the 
approved project boundary, in the area defined as the ‘study area’ in Section 1.2. It is these changes 
that require further ground disturbance that was not assessed under the approved project, that need 
to be assessed for Aboriginal heritage values as part of the proposed MOD3 and MOD4. Works 
proposed in the study area under MOD3 include construction of the roof products manufacturing 
facility.  

MOD3 will include the construction and operation of a roof products manufacturing facility. The new 
roof products manufacturing facility and associated infrastructure would cover a total site area of 
68,000 square metres which would include: 

• Approximately 5810 square metres factory for housing the roof products manufacturing plant 

• The future Monier expansion area covers approximately 2.3 ha 

• Approximately 42,890 square metres concrete hardstand area for the storage of finished products  

• Yard/batten storage shed footprint of approximately 1,000 square metres 

• Guardhouse of approximately 75 square metres 

• Storage Shed and Drivers Amenities of approximately 1,000 square metres 

• Wind tunnel of approximately 100 square metres 

• Three 100,000 litre rainwater tanks 

• 46 light vehicle car parking spaces in a 1,174 square metres bitumen sealed carpark 

• Weighbridge 

• Stormwater basin 

• Access road (1,821 square metres bitumen sealed).  

Under MOD4, CSR propose to construct a grid connected solar farm within the study area. This will 
allow energy security through a more diverse energy mix, initiate a clean renewable energy source 
on-site, reduce the greenhouse gas emissions that contribute to global warming and improve the land 
utilisation on the eastern flank, outside of the approved project boundary. Details are unavailable for 
the design of the solar farm but it is likely to comprise solar panels on poles with a concrete pad at the 
base. 

10.2 Impacts of the proposed works 

The current test excavation program has provided evidence for the presence of Aboriginal objects 
within the study area. A summary of the impacts to sites identified during test excavation and 
additional survey is provided in Table 10.1. This assessment is based on the impact area, which 
includes the areas required for construction of the proposed manufacturing facility, sediment basin, 
and future expansion. 
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CSR has indicated a preference towards conserving portions of BCBW18 AS 02 (AHIMS ID 45-5-
5164) for artefact reburial. This impact assessment is based on the understanding that a 10 m 
exclusion zone will be established around the hearth in BCBW18 AS 02 (AHIMS ID 45-5-5164).  

Further information regarding impact to the Aboriginal archaeological sites identified within the study 
area is located within the ACHARs (Artefact Heritage 2018b and c). 

Table 10.1: Impact assessment 

Site name (AHIMS ID) Type of harm Degree of harm Consequence of harm 

BCBW18 AS 01 (AHIMS 
ID 45-5-5162) 

Direct Total Total loss of value 

BCBW18 AS 02 (AHIMS 
ID 45-5-5164) 

Direct Partial Partial loss of value 

BCBW18 AS 03 (AHIMS 
ID 45-5-5163) 

None None No loss of value 

BCBW18 IF 01 (AHIMS ID 
45-5-5165) 

Direct Total Partial loss of value 
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Figure 10.1: Location of sites in relation to impact area  

Map removed for public exhibition
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11.0 MITIGATION AND MANAGEMENT 

11.1 Guiding principles 

The overall guiding principle for cultural heritage management is that where possible Aboriginal sites 
should be conserved. If conservation is not practicable, measures should be taken to mitigate against 
impacts to Aboriginal sites.  

The nature of the mitigation measures recommended is based on the assessed significance of the 
sites. The final recommendations would also be informed by cultural significance, which will be 
discussed by the Aboriginal community in their responses during the next stage of consultation, 
outlined in the ACHARs (Artefact Heritage 2018b and c). 

11.2 Conservation 

BCBW18 AS 02 (AHIMS ID 45-5-5164) has been assessed as demonstrating high archaeological 
significance due to presence of a clay heat retainer hearth. CSR have stated that a 10 m buffer will be 
established around the hearth feature and have proposed that all artefacts retrieved during survey 
and subsurface test excavation for be reburied within the exclusion zone for the hearth.  

11.3 Surface collection 

To mitigate against the destruction of identified Aboriginal cultural heritage objects, it is recommended 
that the RAPs are provided with the opportunity to conduct a surface collection of BCBW18 IF 01 
(AHIMS ID 45-5-5165) concurrently with the reburial.  

11.4 Salvage excavations 

BCBW18 AS 01 (AHIMS ID 45-5-5162) has been assessed as demonstrating low scientific 
significance due to the extremely low density. It is highly likely that the majority of the assemblage in 
the site area has been removed through the test excavation and therefore, salvage is not 
recommended.  

The majority of BCBW18 AS 02 (AHIMS ID 45-5-5164) will not be impacted by the proposed works. 
The most significant portion of BCBW18 AS 02 (AHIMS ID 45-5-5164), is the hearth feature, which 
will not be impacted by the proposed work and will be protected by a 10 m buffer under the MOD4 
works. The impact area has been comprehensively tested through the test excavation program, which 
found that the highest concentrations of artefacts are located nearest the creekline. Therefore, it is 
unlikely that significant archaeological materials will be retrieved from salvage excavations within the 
impact area. No salvage excavations are recommended for the portions of BCBW18 AS 02 (AHIMS 
ID 45-5-5164), impacted by the works.  

BCBW18 AS 03 (AHIMS ID 45-5-5163) will not be impacted by the proposed works and therefore, 
salvage is not recommended. 

11.5 Long term management of test excavation artefact assemblage 

Consultation with the RAPs as part of this assessment has indicated that appropriate long-term 
management strategy for the artefacts retrieved from the test excavation is that, all retrieved material 
be reburied on site at a location that has been reserved for no future impact. Further information 
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regarding the consultation process and the location of the reburial is included in the ACHARs 
(Artefact Heritage 2018b and c). 

CSR has amended design plans to conserve the entire extent of the hearth feature within BCBW18 
AS 02 (AHIMS ID 45-5-5164) with a 10 m buffer. CSR have proposed that all artefacts retrieved during 
the survey and subsurface test excavation for both MOD3 and MOD4 be reburied within the hearth’s 
exclusion zone. 

11.6 Heritage Interpretation Strategy 

Impacts can be further mitigated through interpretation that acknowledges the Aboriginal occupation 
and utilisation of the study area. In consultation with RAPs, a Heritage Interpretation Strategy must be 
prepared, and implemented, which addresses the cultural significance of this location within the 
Dharawal landscape and the archaeological finds from the study area. Methods of incorporating 
identified Aboriginal heritage values into the design process could include interpretive displays and 
artistic elements within the new premises, and external elements such as paving components and 
plantings, providing information on Aboriginal land-use and life-ways within the study area and 
surrounds. Samples or reconstructions of the archaeological finds could be considered for 
incorporation into the internal interpretive elements. 

Any strategy for interpretation must be developed in consultation with the RAPs.  
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12.0 RECOMMENDATIONS 

The following recommendations are based on consideration of: 

• Statutory requirements under the National Parks and Wildlife Act 1974 as amended 

• The results of this archaeological technical report  

• The interests of the Aboriginal stakeholder groups 

• The likely impacts of the proposed development. 

It was found that: 

• Three new subsurface sites (BCBW18 AS 01 (AHIMS ID 45-5-5162), BCBW18 AS 02 (AHIMS ID 

45-5-5164) and BCBW18 AS 03 (AHIMS ID 45-5-5163)) were identified during subsurface testing:  

o BCBW18 AS 01 (AHIMS ID 45-5-5162) is a low-density artefact scatter and was assessed 

as being of low scientific significance 

o BCBW18 AS 02 (AHIMS ID 45-5-5164) is a low-density artefact scatter with a heat 

retainer hearth feature. This site type is considered rare and of high research potential. 

o BCBW18 AS 03 (AHIMS ID 45-5-5163) is a high-density artefact scatter that is considered 

to be of low scientific significance.  

• One newly recorded surface site (BCBW18 IF 01 (AHIMS ID 45-5-5165)) was identified during the 

survey 

It is therefore recommended that: 

• An Aboriginal Cultural Heritage Assessment Report (ACHAR) must be prepared in compliance 

with the Aboriginal heritage requirements of PA10_0014. 

• Collection of surface artefacts across BCBW18 IF 01 (AHIMS ID 45-5-5165) must be conducted 

prior to the commencement of the proposed works 

• A conservation area with a 10 m buffer be placed around the hearth feature portion of BCBW18 

AS 02 (AHIMS ID 45-5-5164)  

• Long term arrangements for the management of excavated artefacts, involve reburial within the 

location specified in the ACHARs (Artefact Heritage 2018b and c). 
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APPENDIX 1 - GLOSSARY 

Aboriginal cultural heritage: The material (objects) and intangible (mythological places, dreaming 
stories etc) traditions and practices associated with past and present day Aboriginal communities. 

Aboriginal object: Any deposit, object or material evidence (not being a handicraft made for sale), 
including Aboriginal remains, relating to the Aboriginal habitation of NSW. 

Aboriginal place: Any place declared to be an Aboriginal place under s.94 of the National Parks and 
Wildlife Act 1974. 

Aboriginal stakeholders: Members of a local Aboriginal land council, Aboriginal groups or other 
Aboriginal people who have registered their interest with the RTA to be consulted about a proposed 
RTA project or activity 

AHIMS: Acronym for ‘Aboriginal heritage information management system’. AHIMS is a register that 
contains information about NSW Aboriginal heritage, and it is maintained by DECCW. 

Alluvium: A deposit left by the flow of water. It can include sediments of gravel, mud or sand.  

Angular fragment: A flaked piece of stone that does not have characteristic features which allow for 
it to be positively identified as a flake, core or tool. 

Archaeological site: A location that has evidence of past Aboriginal activity (both material and 
mythological/ritual). 

Archaeology: The scientific study of human history, with focus on material remains and ethnographic 
evidence. 

Area of archaeological sensitivity: A part of the landscape that contains demonstrated occurrences 
of cultural material. The precise level of sensitivity will depend on the density and significance of the 
material. 

Artefact: An item of cultural material created by humans. 

Artefact scatter: Where two or more stone artefacts are found within an area of potential 
archaeological deposit or a site.  

Backed blade/ artefact: Bladelets that have one edge blunted by steep retouch to form a back. 

Basalt: A common volcanic rock. It is fine grained (approximately 45-50 per cent silica) and rich in 
iron and magnesium. 

Baseline: A line that is the base for measurement or for construction 

Bedrock: A consolidated rock that is unbroken and un-weathered, located beneath soil or rock 
fragments. 

Bifacial flaking: The removal of flakes from two faces of a single platform. 

Bipolar: A method of flaking stone, especially quartz, where cores are rested upon an anvil during 
flaking.  

Bipolar core: A core used to create bipolar flakes. 

Blade: A stone flake that is at least twice as long as it is wide. 
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Bioturbation: Disturbance in soil profiles caused by living organisms, such as ants and roots. 

Bora ground: These are usually identified as flat, mounded earth rings that were used for Aboriginal 
ceremonial activities. 

Bulb of percussion: A partial cone of force produced when a flake is struck off a core. The cone 
occurs on the ventral (inside surface) of the flake. 

Burials: Burial sites may be composed of a single burial, isolated individuals in a general area, or 
cemeteries containing many individuals. 

Carved/ modified trees: Carved trees exhibit evidence of purposeful removal of bark but differ from 
scarred trees in that geometric patterns and figures are cut into the tree. The motifs of the mid-north 
coast region are mostly linear geometric patterns (Craib and Bonhomme 1995: 27). 

Chalcedony: A mineral with high silica content that has a microcrystalline structure. It is often 
described as ‘waxy’ and can be translucent. It is found in a variety of colours such as white, grey, 
greyish-blue or brown. 

Chert: A fine grained rock composed of cryptocrystalline silica. It exhibits a range of textures and 
colours including red, green or black. Chert is easy to work and retains a sharp edge for an extensive 
period of time before resharpening is required. It has a low to medium fracture toughness. 

Clast: A broken fragment of rock or crystal particle that was created either through erosion or 
weathering. 

Clay: A type of sediment with particles less than 4 microns in size and that is composed of clay 
minerals (Keary 2001: 49). 

Conglomerate: Is a geological term used to describe clasts that are cemented in a fine-grained 
matrix. It is a sedimentary rock. 

Core: A stone piece from which a flake has been removed by percussion (striking it) or by pressure. It 
is identified by the presence of flake scars showing the negative attributes of flakes, from where 
flakes have been removed.  

Cortical platform: This term is used to describe a platform that has cortex present and may indicate 
that the core’s surface (where the flake was struck) was previously un-worked. 

Cortex: The outer weathered surface of stone; if smooth, it can indicate the source of stone was a 
pebble. 

Crushed platform: This term is used to describe a flake that has a damaged platform and where the 
platform’s attributes cannot be recorded as a result.  

Cultural heritage assessment report: A report combining an Aboriginal archaeological assessment 
and Aboriginal cultural assessment, required to be submitted to DECCW for any Part 6 National 
Parks and Wildlife Act 1974 approval or prepared for projects under Section 5.1 of the Environmental 
Planning and Assessment Act 1979 where Aboriginal cultural heritage is identified as a key issue. 

Debitage: Small, unmodified flakes produced as part of the flaking process, but discarded unused. 

Distal: Term of view used to describe the lower portion of a flake in respect to where the striking force 
terminates. 

Distal flake: A broken flake with the presence of a termination and the absence of a platform or 
impact point. 
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Dorsal: The side of a flake that was originally part of the core’s outer surface (often referred to as the 
‘dorsal surface’). 

Easting: This is a measurement used to determine location. The easting is the x-coordinate and 
relates to the vertical lines on a map, which divide east to west. It increases in size when moving 
further east.  

Edge damage: Where the edge of a tool has been used, resulting in microscopic fractures along the 
surface. 

Exposure: The level of ground exposure is based on the whether the landform is eroding, aggrading 
or stable. 

Faceted platform: A faceted platform has three or more flake scars present on its surface. 

Feather termination: A feather termination has a ‘minimal thickness at the distal end and an acute 
angle between the dorsal and ventral surfaces’ (Holdaway and Stern 2008: 129). In appearance, a 
feather termination becomes gradually thinner towards the end of the flake. 

Fine grained siliceous material: A rock that has a high content of silica and that is fine grained in 
appearance without any further identifying characteristics. 

Flake: A stone piece removed from a core by percussion (striking it) or by pressure. It is identified by 
the presence of a striking platform and bulb of percussion, not usually found on a naturally shattered 
stone. 

Flake scar: Often called a ‘negative flake scar’, it is the remnant of a previous flake that was struck 
from the core. This appears on the dorsal surface of a flake.  

Flaked fragment: This is a chipped stone artefact which cannot be classed as a flake, core or 
retouched flake, the reason being that the defining attributes are missing. This often happens when a 
core contains a number of incipient fracture planes. Artefacts that are heavily weathered or which 
have been shattered in a fire are also difficult to categorise. 

Flaked platform: This term is used to describe a platform that has been worked previously; one or 
more flakes were removed prior. 

Floodplain: The area covered by water during a major flood and/or the area of alluvium deposits laid 
down during past floods. 

Fluvial: Pertaining to or produced from a river. 

Focalised platform: A small platform that is intentionally prepared for percussion by overhang 
removal. 

Footprint: The scale, extent or mark that a development makes on the land in relation to its 
surroundings. 

Geometric microliths: Backed at one end, the other end or both, these tools are made on geometric 
shaped flakes, <80 mm maximum dimension. 

Geomorphic: Relating to the structure, shape and development of landforms. 

Hammerstone: A piece of stone used to knock flakes from a core. Evidence of pitting or bashing can 
usually be seen along some part of the margins of this artefact. 
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Hinge termination: A hinge termination occurs ‘when the fracture meets the surface of the core at 
approximately right angles to the longitudinal axis of the flake’ (Holdaway and Stern 2008: 130). This 
can present as a rounded surface that curves downwards at the distal end of a flake. 

Holocene: The Holocene epoch forms part of the late Quaternary period and extends from about 
11,000 years ago to the present day. 

Humic: Soil that contains organic matter (from ‘humus’). 

Igneous: After magma or lava cools and solidifies, it forms igneous rock. This can happen in volcanic 
and plutonic (under the surface of the earth) scenarios. An example of this is basalt. 

In situ: A description of any cultural material that lies undisturbed in its original point of deposition. 

Ironstone: A type of sedimentary rock that contains iron. 

Knapping: The removal of flakes and flaked pieces from a stone core by the use of percussion. 

Layer: In stratigraphy, it is used to describe a horizon (soil, rock, charcoal) that is distinct from its 
surrounds. 

Landform: Description for an area of land based on an assessment of a series of environmental 
characteristics including geology, geomorphology, soils and vegetation. 

Loam: Soil that contains roughly equal concentrations of silt, sand and clay. 

Longitudinally split flake: This is a flake that is broken (split) from the point of percussion (the 
strike) through to the termination. 

Manuport: An unmodified piece of stone transported to a site by humans. 

Medial: Term of view referring to the intermediate section or middle section of a broken flake. 

Medial flake: Absence of proximal and distal margins, but with an identifiable ventral surface. 

Metamorphism: The process where an existing rock (which can be sedimentary or igneous) is 
transformed into another mineral through the application of temperature and pressure. An example of 
this is hornfels. 

Mudstone: A sedimentary rock formed from mud/clay. 

Muller: A large stone artefact which differs in construction depending on the environment. These 
were used as an aide for processing seeds and other low return plant material or ochre.  

Multiple platform core: Is a core with more than one identifiable platform. 

Munsell colour: This is a colour code chart used to standardise colour specifications.  

Non-diagnostic: An amorphous piece of stone that is neither a flake, flaked fragment, core or 
retouched flake. 

Northing: This is a measurement used to determine location. The northing is the y-coordinate and 
relates to the horizontal lines on a map, which divide north to south. It increases in size when moving 
further north.  

Notched tool: Flakes that exhibit a small area of retouch, forming a concave edge on lateral or distal 
margin. 
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Oriented length: This is a measurement taken from the point of impact through to the termination. 

Oriented thickness: This is a measurement taken from where the oriented width and oriented length 
intersect.  

Oriented width: This is a measurement taken across the middle of a flake (halfway between the 
point of impact and the termination). 

Overhang removal: This occurs when a platform is prepared for striking; small flakes are struck 
before a flake is detached, leaving visible scars behind. 

Potential Archaeological Deposit (PAD): A PAD is a location that is considered to have a potential 
for sub-surface cultural material. This is determined from a visual inspection of the site, background 
research of the area and the landform’s cultural importance. 

pH: A measure of the acidity or alkalinity of the soil. Neutral is indicated by a pH of 7, with strongly 
acidic being 0 and strongly basic (alkaline) being 14. The ‘pH’ is said to stand for ‘potential of 
hydrogen’. 

Platform: On a flake, this is a core remnant from where the flake was struck off the core.  

Platform width: This is a measurement taken across the width of a platform between the two lateral 
margins of a flake. 

Platform thickness: This is a measurement taken from the ventral to dorsal surfaces of a flake 
(beginning at the point of impact/percussion). 

Plunge termination: This occurs when the ventral surface ‘curves markedly away from the face of a 
core...and continues directly into the core, removing the base of the core’ (Holdaway and Stern 2008: 
132). This can present as a ‘J’ shape when holding the flake in profile. 

Proximal: Term of view used to describe the upper portion of a flake in respect from where it was 
initially struck off a core. 

Proximal flake: A broken flake with the presence of a platform, but the absence of a termination. 

Pot-lidded: The damage caused by exposure to extreme heat, resulting in a circular depression on 
the surface of a stone artefact. 

Pressure flaking: A process to remove a flake from a core by applying pressure (from a piece of 
wood or bone) along the core’s edge. 

Quarry: In this report, ‘quarry’ can refer to a native source of stone that was mined by Aboriginal 
people in the past. Rock from these sites could be used to make artefacts. 

Quartz: A mineral composed of silica with an irregular fracture pattern. The quartz used in artefact 
manufacture is generally semi-translucent, although it varies from milky white to glassy. Glassy quartz 
can be used for conchoidal flaking, but poorer quality material is more commonly used for block 
fracturing techniques. Quartz can be derived from water worn pebbles, crystalline or vein (terrestrial) 
sources. 

Quartzite: A form of metamorphosed sandstone. It is often white or grey in colour but can occur in 
other shades due to mineral impurities. 

Reduction: the process of fashioning stone from its natural state into tools or weapons by removing 
some parts. 
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Refit: Knapping is a reductive technology. As such, it is possible to ‘refit’ tools back together after 
breakage or knapping (i.e. refitting a proximal and distal flake back together or refitting a flake back to 
the core it was knapped from). 

Resource area: An area of the landscape or part of the environment that provides a resource (be it 
food or material items such as a source of stone for making artefacts) for Aboriginal people. Swamps 
are good examples of rich resource zones. 

Retouch: A flake, flaked piece or core with intentional secondary flaking along one or more edges. 

Sand: A material composed of small grains (0.625-2.0 mm) (Keary 2001: 233). Sand is formed from a 
variety of minerals and rocks, but commonly contains silica, such as quartz. 

Sandstone: Is a sedimentary rock formed from sand-sized grains. 

Scarred trees: Trees that feature Aboriginal derived scars are distinct due to the scar’s oval or 
symmetrical shape and the occasional use of steel, or more rarely, stone axe marks on the scar's 
surface. Scarred trees are identified by the purposeful removal of bark for use in the manufacture of 
artefacts such as containers, shields and canoes. The bark was also used for the construction of 
shelters. Other types of scarring include toeholds cut in the trunks or branches of trees for climbing 
purposes and the removal of bark to indicate the presence of burials in the area. 

Sediment: Is a mineral that has undergone erosion or weathering and that is then deposited via 
aeolian, glacial or fluvial means. 

Sedimentary: Sedimentary rock is formed through the accumulation of sediment deposits that are 
then consolidated. An example of this is mudstone. 

Shale: A sedimentary rock of well-defined layers comprised of small particles (less than 4 microns in 
size) (Keary 2001: 16) sourced from weathered or eroded materials. 

Significant ground disturbance: Means disturbance of (a) the topsoil or surface rock layer of the 
ground; or (b) a waterway, by machinery in the course of grading, excavating, digging, dredging or 
deep ripping, but does not include ploughing other than deep ripping. 

Silt: A sediment with grains ranging from 4.0-62.5 microns in size (Keary 2001: 245). It can be found 
as a soil or in water. 

Single platform core: Is a core with one identifiable platform. 

Scraper: A stone tool, usually with steep retouch along its edges that was ethnographically used to 
make wooden implements or process foods and other resources. 

Silcrete: Soil, clay or sand sediments that have silicified under basalt through groundwater 
percolation. It ranges in texture from very fine grained to coarse grained. At one extreme it is 
cryptocrystalline with very few clasts. It generally has characteristic yellow streaks of titanium oxide 
that occur within a grey and less commonly reddish background. Used for flaked stone artefacts. 

Spit: Refers to an arbitrarily defined strata of soil removed during excavation (often 50 millimetres to 
100 millimetres in depth). 

Step termination: This occurs when a ‘flake terminates abruptly in a right-angle break’ (Holdaway 
and Stern 2008: 130). 

Stratification: The way in which soil forms in layers. 

Stratigraphy: The study of soil stratification (layers) and deposition. 
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Sub-surface testing: An archaeological method used to determine the cultural sensitivity of an area 
by excavating small (0.5 metre x 0.5 metre) pits and recording the stratigraphy, material remains 
(such as stone tools) and disturbance.  

Survey: In archaeological terms, this refers to walking over a surface while studying the location of 
artefacts and landmarks. These are then recorded and photographed. 

Termination: Refers to the shape of the distal end of a flake. 

Tool: A stone flake that has undergone secondary flaking or retouch. 

Usewear: A pattern of wear that is left on a stone artefact due to utilisation. 

Ventral: The side of a flake that was originally attached to the core (often called the ‘ventral surface’). 
Features such as the bulb of percussion are found on this surface of a flake. 

Visibility: Refers to the degree to which the surface of the ground can be observed. This may be 
influenced by natural processes such as wind erosion or the character of the native vegetation, and 
by land use practices, such as ploughing or grading. It is generally expressed in terms of the 
percentage of the ground surface visible for an observer on foot. 
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1 INTRODUCTION 

Todoroski Air Sciences has prepared this report for Element Environment on behalf of CSR Building 

Products Limited (hereafter referred to as the Proponent).  It provides an assessment of the potential 

air quality impacts associated with the proposed modification 4 to the CSR Advanced Manufacturing 

Hub located at Badgerys Creek (hereafter referred to as the Project).  

The Project essentially seeks to import virgin excavated natural material (VENM) to backfill the pit voids 

generated by extraction activities to rehabilitate the site and facilitate future development, dewatering 

of Pit 1 and mine remaining clay to a depth of 35 metres (m), and establish a connected solar farm.  

Specific details on the Project are provided in Section 4.3. 

The Proponent has also concurrently lodged a further separate modification application (Modification 

3) to permit additional changes to the approved project.  The air quality impacts associated with the 

Modification 3 are presented in the Air Quality Impact Assessment CSR Advanced Manufacturing Hub 

Modification 3 (Todoroski Air Sciences, 2018). 

To assess the potential air quality impacts associated with the Project, this report incorporates the 

following aspects: 

 A background and description of the Project; 

 Review of the existing meteorological and air quality environment surrounding the Project site; 

 Description of the dispersion modelling approach used to assess potential air quality impacts;  

 Presentation of the predicted operational air quality levels in the surrounding environment; and 

 Discussion of the potential air quality impacts. 

This air quality assessment has been prepared in general accordance with the NSW Environment 

Protection Authority (EPA) document Approved Methods for the Modelling and Assessment of Air 

Pollutants in New South Wales (NSW EPA, 2017). 

Where relevant, the following documents were also considered in this assessment: 

 

 Generic Guidance and Optimum Model Settings for the CALPUFF Modeling System for Inclusion 

into the 'Approved Methods for the Modeling and Assessments of Air Pollutants in NSW, Australia‘ 

(TRC, 2011) 

 Technical Framework: Assessment and Management of Odour from Stationary Sources in NSW 

(DEC, 2006).  
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2 STUDY REQUIREMENTS 

Formal Secretary's Environmental Assessment Requirements (SEAR’s) was not issued for the MOD 4 

application by the Department of Planning and Environment.  

This air quality assessment has been prepared in general accordance with the request of the Department 

of Planning and Environment (presented in Table 2-1).  

Table 2-1: Department of Planning and Environment requirements  

Requirement Section 

Cumulative assessment of air quality impacts, which includes the expanded operations 

proposed as MOD 3. 
This report 
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3 PROJECT SETTING 

The Project site is located at 235 Martin Road, Badgerys Creek NSW, approximately 15 kilometres (km) 

west of Liverpool and covers an area of approximately 200 hectare (ha).  The local land use surrounding 

the site is comprised of rural residences, quarrying, industrial and agricultural activities.  The western 

boundary of the site borders the Western Sydney Airport development.  

Figure 3-1 presents the location of the Project and the sensitive receptor locations assessed as discrete 

receptors in this study.  The nearest sensitive receptors to the Project are located along Lawson Road 

and Martin Road in Badgerys Creek (Receptors R5 and R9), approximately 40 and 20m respectively to 

the north from the Project boundary.   

Figure 3-2 presents a pseudo three-dimensional visualisation of the topography surrounding the 

Project location. The site topography has been shaped by historic quarrying activities and consists of 

pits, elevated stockpiles and flat areas. The area surrounding the Project site can be characterised as 

relatively flat and gently undulating in places.  The terrain rises approximately 3km away from the Project 

site to the north east.  

 
Figure 3-1: Project location 
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Figure 3-2: Representative view of topography surrounding the Project location 
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4 EXISTING OPERATIONS AND PROPOSED MODIFICATIONS 

4.1 Existing operations 

Boral Bricks Pty Limited (Boral) owned and operated the Badgerys Creek Quarry and Brick Making Facility 

at Badgerys Creek for over 30 years.  

On 27 September 2011, project approval was issued under Section 75J of the EP&A Act for the ongoing 

production of bricks and the expansion of the existing quarrying operations at the Badgerys Creek site. 

Due to uncertain economic conditions and a downturn in residential housing activity, Boral reviewed its 

bricks production capacity in NSW.  Following this review, Boral determined to ‘mothball’ its operations 

at Badgerys Creek effective from 30 March 2012.  Shutting down the site gave Boral the option to review 

its commercial position at a future stage and, if market conditions and business needs allowed, 

recommence production.  During the shutdown period, the Boral Bringelly Brick Making Facility (now 

owned by CSR) supplied the Sydney market. 

Because of the shutdown, Boral was unable to comply with the conditions of approval and applied to 

modify the Project Approval under Section 75W of the EP&A Act.  

Modification application (10_0014 Mod 1) requested that post-March 2012 activities be limited to: 

 Minor maintenance and inspection (e.g. water management, equipment testing); 

 Operation of the retail display facility; and 

 Irregular and occasional dispatch of bricks from the inventory remaining on-site. 

In 2015, Boral and CSR formed a joint venture brick operation called Boral CSR Bricks Pty Ltd. The assets 

held by the respective companies were transferred into the joint venture. At the end of October 2016, 

CSR acquired Boral’s share of the brick operation and with it, the Badgerys Creek Brick Making Facility. 

Modification application (Mod 2) was approved for the following: 

 Exportation of up to 275,000 tonnes of clay per annum; and 

 Use of the sites hardstand storage yard for the temporary storage of finished building products 

from other CSR manufacturing facilities (to cease when MOD3 commences).   

4.1.1 Approved project 

The approved quarrying and brick making activities in Project Approval PA10_0014 include: 

 Extraction of 420,000 tonnes of clay per calendar year; 

 Production of 252,000 tonnes of bricks per calendar year; 

 Extraction of any clay shale or carry out any work in the extraction area no deeper than 35 

metres below the pre-existing natural surface of the ground; 

 Receive 20,000 tonnes of raw material for brick making per calendar year; and 
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 Dispatch more than 275,000 tonnes of raw materials from the site in any calendar year. 

Product from the quarry and brick making facility is approved for transport entirely by road. The Project 

Approval limits the number of truckloads/heavy vehicle movements that can exit the site per day to:  

 A maximum of 60 laden brick trucks entering and exiting the site (i.e. 120 movements) Monday 

to Friday; and, 

 A maximum of 20 laden brick trucks entering and exiting the site (i.e. 40 movements) on 

Saturdays.  

4.1.2 Approved quarrying activities 

Approved quarrying activities involve the eastward progression of Pit 3 (where quarrying had already 

commenced), followed by the establishment of Pit 4 and then Pit 5. The establishment of a new pit 

involves the following works: 

 Exploratory core drilling to a depth of 35 m below ground surface (bgs) across a 50m square 

grid; 

 Assessment of cores for suitability for brick making; 

 If the core is suitable, the area is fenced off and appropriate signage placed around the area; 

 Removal of overburden and topsoil; 

 Breaking up raw materials using a bulldozer with ripping attachment; 

 Collection of raw materials with an excavator and placement into a 40-tonne dump truck; 

 Transport and deposit of raw materials to the Raw Materials Stockpile area to the south of the 

brick making facility; 

 Transport and deposit of unusable material to either the Central Stockpile or to an open void 

(Pit 2); and, 

 Creation of new stormwater drainage systems and/or drainage pathways (where required) to 

be incorporated into and consistent with the Water Management Plan for the site. 

Upon completion of quarrying in the nominated areas, the disturbed area would be rehabilitated. 

4.1.3 Brick production 

The primary machinery and equipment involved in the approved brick manufacturing process includes: 

 Clay preparation equipment (crushing and grinding); 

 Brick forming and handling equipment; 

 Gas-fired kiln; 

 Brick dryer; 
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 Brick unloading machine (Dehacker); and 

 Compressor building. 

The brick manufacturing process is generally described as follows: 

 The as-mined clay material is crushed from <500 mm to <2 mm through a crushing process.  

Water is added during the process to take the material from 6-10% moisture content to 10-

12% moisture content. 

 To make bricks, the crushed raw material has more water added to bring the mixture to 13-14% 

and is then extruded.  Various textures, sands, frits and clay suspensions are applied to the clay 

column to add aesthetic appeal.  The extruded column is cut into brick sized units and stacked 

on kiln or dryer cars.  These cars pass through a tunnel dryer over the course of two days during 

which the moisture content is reduced to <1%. 

 The kiln cars stacked with dry bricks are then fed into the entrance of the gas-fired tunnel kilns 

at the rate of one car approximately every 60 minutes.  One kiln car holds approximately 6500 

bricks (or 18 brick stacks) stacked with gaps between them to allow the hot air to circulate 

between them and fire evenly. The stock is then raised to above 1000oC and cooled back to 

room temperature in less than two days.  Waste heat is drawn from the kiln in the cooling stage 

and is used to dry the bricks in the dryer. 

 The fired stock is unloaded from the kiln car and packaged into brick packs by the Dehacker 

before being driven along a conveyor to be transported to the storage yard for dispatch. All 

equipment is housed within the brick making facility with the exception of the unloading 

conveyor and exhaust stacks. 

Previous additions and alterations to the brick making facility were approved by Liverpool City Council 

to enable an increase in the efficiency of the existing brick making process.  The additions and alterations 

included a dust collector, air receiver and brick dipping tanks.  The additions and alterations were aimed 

at reducing dust in the brick making process and reducing the incidence of cracking in bricks, hence 

yielding a higher quantity and quality of product for export.  

4.1.4 Transport of raw materials and finished product 

Raw materials required for brick making which cannot be extracted on-site, were imported by truck and 

stockpiled in the Raw Materials Stockpile area to the south of the brick making facility.  

The brick product storage yard is located to the north-east of the brick making facility. Forklifts load the 

bricks from the yard on to trucks for transport off-site.  

4.1.5 Stockpiles 

Stockpile areas within the site include: 

 Raw material stockpiles situated in the centre of the site, which provided the feedstock for the 

brick manufacturing process; 
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 Overburden stockpiles which contain upper level excavated materials that were not suitable for 

brick manufacturing; 

 Unusable material stockpiles which contain deeper level excavated material that was not 

suitable for brick making, but may be suitable in the future if upgrades were made to the clay 

preparation equipment; and 

 Rehabilitated stockpiles in the far west and along the southern boundary of the site. 

4.1.6 Operating hours 

Approved operating hours for the site are outlined in detail in Table 4-1. 

Table 4-1: Approved operating hours 

Activity Day Time 

Quarrying operations (excluding removal of 

overburden, truck arrival, loading and 

dispatch) 

Monday-Saturday 

Sunday and public holidays 

7:00am to 6:00pm 

None 

Removal of overburden and construction of 

noise bunds 

Monday-Friday 

Saturday 

Sunday and public holidays 

7:00am to 6:00pm 

8:00am to 1:00pm 

None 

Brick making facility and storage yard Monday-Sunday 24 hours 

Truck arrival and dispatch (excluding finished 

building products) 

Monday-Friday 

Saturday 

Sunday and public holidays 

6:00am to 10:00pm 

6:00am to 6:00pm 

None 

Truck arrival and dispatch (finished building 

products only) 

Monday-Saturday 

Sunday and public holidays 

7:00am to 10:00pm 

None 

Maintenance 

At any time, provided that these activities are not audible at any 

privately-owned residence outside of permissible hours for quarrying 

operations 

 

4.2 Modification 3 

A separate application has been made to permit or allow the following key additional development or 

changes to the approved project as Modification 3 (MOD3): 

4.2.1 Advanced Manufacturing - Brick Production 

 Removal of most of the existing brick manufacturing equipment and replacement with new 

brick manufacturing equipment in the existing brick making facility;  

 Increase in the building footprint of the existing brick making facility;  

 Increase in the building footprint of the existing administration building; 

 Production of 300,000 tonnes of bricks per calendar year; 

 A NATA (National Association of Testing Authorities) Accredited Advanced Testing Laboratory; 

and, 

 Other ancillary infrastructure.  
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4.2.2 Advanced Manufacturing - Roof Products Production 

 Construction and operation of a roof products manufacturing facility on CSR owned land, 

outside the approved project boundary, immediately east of Pit 4;  

 Modification to the approved project boundary to include the proposed roof products 

manufacturing facility, located on the adjacent property;  

 The processing of sandstone (overburden material not used in brick production) for use in the 

manufacture of roof products on-site;  

 Production of 132,000 tonnes of roof products per calendar year; 

 Importation of 124,000 tonnes per annum of raw materials from off-site for use in roof products 

manufacturing; and, 

 Importation of 8,000 tonnes per annum of finished roof products. 

4.2.3 General 

 Re-commence operations at the site as approved in the Project Approval (PA10_0014), and 

expel the current mothballed status of the site; 

 Amendment to the extent of Pit 5 to include a 200m buffer zone to neighbouring residential 

properties required under the Mining Act 1992; and, 

 Modifications to the approved noise bunds.  

4.3 Proposed Modification 4  

CSR is now seeking to modify the Project Approval (10_0014) to permit or allow the following key 

additional development or changes to the approved project as Modification 4: 

 The dewatering of Pit 1; 

 Continued extraction of clay material in Pit 1 to a depth of 35 m;  

 The importation of a maximum of 1,488,000 tonnes per annum of Virgin Excavated Natural 

Material (VENM) to backfill Pit 1 and potentially other pits, to rehabilitate the site and facilitate 

future development; and 

 The establishment of a grid connected solar farm. This will allow energy security through a more 

diverse energy mix, initiate a clean renewable energy source on-site, reduce the greenhouse 

gas emissions that contribute to global warming and improve the land utilisation on the eastern 

flank, outside of the approved project boundary. 

An indicative site layout of MOD 4 is shown in Figure 4-1. 
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4.3.1 Comparison against approved project 

A comparison of the approved operations at the site and the proposed modification to the approved 

project and proposed Modification 3 is set out in Table 4-2 and Table 4-3. 

Table 4-2: Comparison of approved project and proposed MOD 4 

Aspect 
Existing Project 

Approval 

Proposed Modification 

3 (yet to be approved) 

Proposed Modification 

4 

Variance to Approved 

Project 

Brick 

Production 

252,000 tonnes of 

bricks per calendar year 

300,000 tonnes of 

bricks per calendar year 
Nil 

48,000 tonnes of bricks 

per calendar year in 

Modification 3 

Roof 

Products 

Production 

Nil 
132,000 tonnes of roof 
products per calendar 
year 

Nil 

Increased production of 
132,000 roof products 
per calendar year in 
Modification 3 

Quarrying 

Extract 420,000 tonnes 

of clay shale per 

calendar year 

No change No change Nil 

Receiving 

raw 

materials 

Receive 20,000 tonnes 

of raw materials for 

brick production per 

calendar year 

Importation of 215,000 
tonnes of raw materials 
for brick production 
and 124,000 tonnes for 
roof product 
production per 
calendar year 

No change 

Increase of 319,000 
tonnes of imported raw 
materials for brick and 
roof product 
production per 
calendar year in 
Modification 3. 

Dispatching 

of raw 

materials 

Dispatch more than 

275,000 tonnes of raw 

materials from the site 

per calendar year 

No change No change Nil 

Truck 

Movements 

 

Maximum of 60 laden 

brick trucks (i.e. 120 

vehicle movements) 

exiting the site per day 

Monday to Friday 

Maximum of 272 heavy 

vehicles exiting the site 

per day Monday to 

Friday 

Maximum of 200 laden 
trucks exiting the site 
per day Monday to 
Friday 

Combined Increase of 
412 heavy vehicles 
exiting the site per day 
Monday to Friday in 
Modification 3 and 4 

Maximum of 20 laden 

brick trucks (i.e. 40 

vehicle movements) 

exiting the site per day 

on Saturday 

Maximum of 79 heavy 

vehicles exiting the site 

per day on Saturday 

Maximum of 100 laden 
trucks entering and 
existing the site per day 
on Saturday 

Combined Increase of 
159 heavy vehicles 
exiting the site per day 
on Saturday for 
Modification 3 and 4 

Duration of 

Project 

Approval 

27 September 2031 

30 years from date of 

approval of 

Modification 3 

No change 

As the quarry and brick 
making facility would 
have been in a 
mothballed state over 
the first six years of the 
Project Approval and 
the Project Approval is 
only for a 20- year 
period, CSR wishes to 
include an extension of 
the Project Approval 
duration to 30 years 
and requests that the 
30 years commences 
from the date of the 
approval of 
Modification 3   
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Table 4-3: Comparison of approved hours of operation and proposed MOD 4 

Activity 
Existing Project 

Approval 

Proposed 

Modification 3 (yet 

to be approved) 

Proposed 

Modification 4 

Variance to Approved 

Project 

Quarrying operations 

(excluding removal of 

overburden, truck 

arrival, loading and 

dispatch) 

Monday-Saturday 

7:00am to 6:00pm 

Sunday and public 

holidays  

None 

Monday-Saturday 

7:00am to 6:00pm 

Sunday and public 

holidays  

None 

Monday-Saturday 

7:00am to 6:00pm 

Sunday and public 

holidays  

None 

No change 

Removal of 

overburden and 

construction of noise 

bunds 

Monday-Friday 

7:00am to 6:00pm 

Saturday 

8:00am to 1:00pm 

Sunday and public 

holidays 

None 

Monday-Friday 

7:00am to 6:00pm 

Saturday 

8:00am to 1:00pm 

Sunday and public 

holidays 

None 

Monday-Friday 

7:00am to 6:00pm 

Saturday 

8:00am to 1:00pm 

Sunday and public 

holidays 

None 

No change 

Brick making facility 

and storage yard 

Monday-Sunday 

24 hours 

Monday-Sunday 

24 hours 

N/A 
No change 

Roof products 

manufacturing facility 

and storage yard 

Nil 
Monday-Sunday 

24 hours 

N/A Roof products 

manufacturing facility and 

storage yard to operate 24 

hours Monday-Sunday 

Truck arrival and 

dispatch (excluding 

finished building 

products i.e. raw 

materials) 

Monday-Friday 

6:00am to 

10:00pm 

Saturday 

6:00am to 6:00pm 

Sunday and public 

holidays 

None 

Monday-Friday 

6:00am to 10:00pm 

Saturday 

6:00am to 6:00pm 

Sunday and public 

holidays 

None 

Monday-Friday 

6:00am to 10:00pm 

Saturday 

6:00am to 6:00pm 

Sunday and public 

holidays 

None 

No change 

Truck arrival and 

dispatch (finished 

building products 

only) 

Monday-Saturday 

7:00am to 

10:00pm 

Sunday and public 

holidays 

None 

Monday-Friday 

5:00am to 10:00pm 

Saturday 

6:00am to 6:00pm 

Sunday and public 

holidays 

None 

Monday-Friday  

5:00am to 10:00pm  

Saturday  

6:00am to 6:00pm  

Sunday and public 

holidays  

None 

Deliveries and dispatch to 

be extended by one hour 

earlier in the morning to 

allow finished product 

trucks (Mod 3) to arrive at 

site at 5:00am, load, and 

be ready for dispatch at 

6:00am 

Truck arrival and 

dispatch (VENM 

Importation) 

Nil  N/A Monday - Sunday 

7:00am – 6:00pm  

Importation of VENM to 

backfill open voids.  

Sales Selection / Cash 

Sales 
Nil 

Monday-Saturday 

6:00am to 6:00pm 

Sunday and public 

holidays 

None 

  
Additional operating hours 

for sales selection and cash 

sales activities for finished 

brick products 

Customer Display 

Centre 
Nil 

Monday-Sunday 

8:00am to 5:00pm 

Public Holidays 

None 

N/A 
Additional operating hours 

for finished brick products 

customer display centre 
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Figure 4-1: Indicative MOD4 site layout 
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5 AIR QUALITY CRITERIA 

Air quality criteria are benchmarks set to protect the general health and amenity of the community in 

relation to air quality.  The sub-sections below identify the potential air emissions generated by the 

Project and the applicable air quality criteria.  

5.1 NSW EPA impact assessment criteria 

Table 5-1 summarises the air quality goals that are relevant to this assessment as outlined in the NSW 

EPA document Approved Methods for the Modelling and Assessment of Air Pollutants in New South Wales 

(NSW EPA, 2017).  

The air quality goals for total impact relate to the total pollutant burden in the air and not just the 

pollutants from the Project.  Consideration of background pollutant levels needs to be made when using 

these goals to assess potential impacts.  

Table 5-1: NSW EPA air quality impact assessment criteria 

Pollutant Averaging Period Percentile Impact Criterion Application 

TSP Annual 100 Total 90 µg/m3 Sensitive receptors 

PM10 
Annual 100 Total 25 µg/m3 Sensitive receptors 

24 hour 100 Total 50 µg/m3 Sensitive receptors 

PM2.5 
Annual 100 Total 8 µg/m3 Sensitive receptors 

24 hour 100 Total 25 µg/m3 Sensitive receptors 

Deposited dust Annual 
100 Incremental 2 g/m2/month Sensitive receptors 

100 Total 4 g/m2/month Sensitive receptors 

Sulfur dioxide 
(SO2) 

10 minutes 100 Total 712 µg/m3 Sensitive receptors 

1 hour 100 Total 570 µg/m3 Sensitive receptors 

24 hour 100 Total 228 µg/m3 Sensitive receptors 

Annual 100 Total 60 µg/m3 Sensitive receptors 

Nitrogen 
dioxide (NO2) 

1 hour 100 Total 246 µg/m3 Sensitive receptors 

Annual 100 Total 62 µg/m3 Sensitive receptors 

Hydrogen 
fluoride (HF) 

90 days 100 Total 10.5 µg/m3 20.25 µg/m3 Sensitive receptors 

30 days 100 Total 10.84 µg/m3 20.4 µg/m3 Sensitive receptors 

7 days 100 Total 11.7 µg/m3 20.8 µg/m3 Sensitive receptors 

24 hours 100 Total 12.9 µg/m3 21.5 µg/m3 Sensitive receptors 

Chlorine (Cl) 1 hour  99.9 Incremental 0.05 mg/m3  Boundary 

Sulfur trioxide 
(SO3) as sulfuric 

acid (H2SO4) 
1 hour 99.9 Incremental 0.018 mg/m3 Boundary 

Odour 
1 hour peak to 

mean corrected 
99  Incremental 2 OU Sensitive receptors 

Source: NSW EPA, 2017 
1 General land use, which includes all areas other than specialised land use 
2 Specialised land use, which includes all areas with vegetation sensitive to fluoride, such as grape vines and stone fruit 

µg/m³ = micrograms per cubic metre 

g/m²/month = grams per square metre per month 

5.2 NSW Voluntary Land Acquisition and Mitigation Policy (VLAMP) 

Part of the NSW VLAMP dated September 2018 describes the NSW Government’s policy for voluntary 

mitigation and land acquisition to address particulate matter impacts from state significant mining, 

petroleum and extractive industry developments. 
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Voluntary mitigation rights may apply per the VLAMP where, even with best practice management, the 

development contributes to exceedances of the criteria in Table 5-2 at any residence on privately 

owned land or workplace. 1 

Table 5-2: Particulate matter mitigation criteria 

Pollutant Averaging period Mitigation criterion Impact type 

PM2.5 Annual 8µg/m³* Human health 

PM2.5 24 hour 25µg/m³** Human health 

PM10 Annual 25µg/m³* Human health 

PM10 24 hour 50µg/m³** Human health 

TSP Annual 90µg/m³* Amenity 

Deposited dust Annual 2g/m²/month** 4g/m²/month* Amenity 

Source: NSW Government (2018b) 

*Cumulative impact (i.e. increase in concentration due to the development plus background concentrations due to all other sources). 

**Incremental impact (i.e. increase in concentrations due to the development alone), with zero allowable exceedances of the criteria over the life of 

the development. 

Voluntary acquisition rights may apply per the VLAMP where, even with best practice management, the 

development contributes to exceedances of the criteria in Table 5-3 at any residence on privately 

owned land, workplace or on more than 25 per cent of any privately owned land where there is an 

existing dwelling or where a dwelling could be built under existing planning controls (vacant land).  

Table 5-3: Particulate matter acquisition criteria 

Pollutant Averaging period Acquisition criterion Impact type 

PM2.5 Annual 8µg/m³* Human health 

PM2.5 24 hour 25µg/m³** Human health 

PM10 Annual 25µg/m³* Human health 

PM10 24-hour 50µg/m³** Human health 

TSP Annual 90µg/m³* Amenity 

Deposited dust Annual 2g/m²/month** 4g/m²/month* Amenity 

Source: NSW Government (2018b) 

*Cumulative impact (i.e. increase in concentration due to the development plus background concentrations due to all other sources). 

**Incremental impact (i.e. increase in concentrations due to the development alone), with up to five allowable exceedances of the criteria over the 

life of the development. 

5.3 Protection of the Environment Operations Act 1997 

The general obligations of the Protection of the Environment Operations Act, 1997 and the Regulations 

made under the Act (namely the Protection of the Environment Operations (Clean Air) Regulation, 2010) 

would be followed at the Project.  The Project would operate in accordance with the relevant regulatory 

framework for air quality to ensure compliance with this legislation. 

 

  

                                                      
1 Where any exceedance would be unreasonably detrimental to workers health or carrying out of the business.  
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6 EXISTING ENVIRONMENT 

This section describes the existing environment including the climate and ambient air quality in the area 

surrounding the Project. 

6.1 Local climatic conditions 

Long-term climatic data from the Bureau of Meteorology (BoM) weather station at Badgerys Creek 

Automatic Weather Station (AWS) (Site No. 067108) were used to characterise the local climate in the 

proximity of the Project.  The Badgerys Creek AWS is located approximately 1.5km west of the Project.   

Table 6-1 and Figure 6-1 present a summary of data from the Badgerys Creek station collected over 

an approximate 14 to 23 year period for the various meteorological parameters.   

The data indicate that January is the hottest month with a mean maximum temperature of 30.1 degrees 

Celsius (ºC) and July is the coldest month with a mean minimum temperature of 4.1ºC.   

Rainfall exhibits variability and seasonal fluctuations across the year.  The data indicate that February is 

the wettest month with an average rainfall of 98.5 millimetres (mm) over 7.3 days and July is the driest 

month with an average rainfall of 22.6mm over 3.7 days.   

Humidity levels exhibit variability and seasonal flux across the year.  Mean 9am humidity levels range 

from 62 per cent (%) in October to 84% in June.  Mean 3pm humidity levels range from 44% in August 

and September to 56% in June.   

Mean 9am wind speeds range from 8.4 kilometres per hour (km/h) in March to 11.8km/h in October.  

Mean 3pm wind speeds range from 13.7km/h in June to 19.9km/h in October.   

 
Table 6-1: Monthly climate statistics summary – Badgerys Creek AWS 

Parameter Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Ann. 

Temperature 

Mean max. temp. (oC) 30.1 28.8 26.9 24.1 20.8 17.8 17.5 19.2 22.6 24.9 26.4 28.5 24.0 

Mean min. temp. (oC) 17.1 17.1 15.3 11.5 7.7 5.6 4.1 4.7 7.7 10.5 13.5 15.5 10.9 

Rainfall 

Rainfall (mm) 79.4 98.5 81.3 49.4 37.0 61.4 22.6 35.4 33.2 53.8 69.0 57.1 680.9 

No. of rain days (≥1mm) 7.0 7.3 7.4 5.7 3.8 5.5 3.7 3.4 4.7 5.7 7.0 6.6 67.8 

9am conditions 

Mean temp.  (oC) 21.8 21.2 19.0 17.3 13.7 10.5 9.8 11.7 15.5 18.1 19.1 20.9 16.6 

Mean R.H. (%) 73 80 83 76 80 84 81 72 66 62 69 69 75 

Mean W.S. (km/h) 9.4 8.7 8.4 9.8 9.6 9.1 9.6 10.6 11.7 11.8 11.0 9.8 10.0 

3pm conditions 

Mean temp.  (oC) 28.1 26.9 25.3 22.4 19.4 16.7 16.1 17.9 21.0 22.8 24.3 26.5 22.3 

Mean R.H. (%) 49 55 55 52 53 56 50 44 44 45 50 48 50 

Mean W.S. (km/h) 17.9 15.9 14.5 14.4 13.9 13.7 15.4 17.8 19.2 19.9 18.9 18.5 16.7 

Source: Bureau of Meteorology, 2018 (accessed November 2018) 
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Figure 6-1: Monthly climate statistics summary – Badgerys Creek AWS 

 

6.2 Local meteorological conditions 

The Badgerys Creek (AWS) has been used to represent local meteorological conditions that would be 

experienced at the Project site.  The Badgerys Creek AWS is located approximately 1.5km west of the 

Project.  Annual and seasonal windroses prepared from data collected for the 2014 calendar year are 

presented in Figure 6-2.  The 2014 calendar year was selected as the meteorological year for the 

dispersion modelling based on analysis of long-term data trends in meteorological data recorded for 

the area, as outlined in Appendix A. 

Analysis of the windroses shows that on an annual basis, winds are predominately from the southwest 

sector.  During summer there is are high percentage of winds from the north-northeast to east-south-

east sectors and southwest. In autumn, winter and spring prevailing winds the highest percentage of 

winds come from the southwest and west-southwest.  

The windroses show a wind distribution pattern which is typical of the expected patterns for this area 

considering the location of the station in relation to local terrain features.  
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Figure 6-2: Annual and seasonal windroses for Badgerys Creek AWS (2014) 
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6.3 Ambient air quality 

The main sources of air pollutants in the area surrounding the Project include emissions from local 

anthropogenic activities (such as motor vehicle exhaust and domestic wood heaters), industrial activities 

and agricultural activities.  

This section reviews the available ambient air quality monitoring data sourced from on-site monitoring 

and other available ambient air quality monitors operated by the NSW Office of Environment and 

Heritage (OEH) and the Western Sydney Airport. 

6.3.1 Onsite Monitoring 

A high volume air sampler (HVAS) is operated on-site to measure ambient 24-hour average PM10 levels. 

Figure 6-3 provides a summary of the available measured 24-hour average PM10 data from October 

2016 to March 2018.  

A review of Figure 6-3 maximum 24-hour average PM10 concentrations recorded at the station found 

concentrations to be below the relevant criterion of 50µg/m³ during the review period.  

 
Figure 6-3: 24-hour average PM10 monitoring data - HVAS 

 

The site also operates four dust deposited monitors and Table 6-2 provides a summary of the measured 

annual average dust deposition data for 2017.  The results indicate that dust deposition levels are below 

the relevant criterion of 4g/m²/month and indicate dust deposition levels are generally good in the 

vicinity of the Project.   

 

Table 6-2: Summary of measured dust deposition 

ID Location Annual average insoluble solids (g/m²/month) 

D1 Martin Rd near resident 0.9 

D2 Hay shed 1.5 

D3 Bundwall near Inghams 1.4 
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ID Location Annual average insoluble solids (g/m²/month) 

D4 Old house 1.7 

 

6.3.2 NSW OEH Monitoring 

The available PM10 monitoring data from the nearest air quality monitors operated by the NSW OEH 

have been reviewed and are summarised in Table 6-3.  Recorded 24-hour average PM10 concentrations 

are presented graphically in Figure 6-4. 

A review of Table 6-3 indicates that the annual average PM10 concentrations at Bringelly, St Marys and 

Liverpool were below the relevant criterion of 25µg/m³.  The maximum 24-hour average PM10 

concentrations recorded at these stations exceed the relevant criterion of 50µg/m³ at times during the 

review period.   

Examination of the potential cause of the elevated PM10 levels indicates that they typically coincide with 

regional dust events and bushfires which affect a wide area, for example as indicated by other air quality 

monitoring stations in the surrounding region also recording elevated levels on such days.  At other 

times, potential sources such as local agricultural sources, industrial activity and other sources may have 

contributed to periods of elevated PM10 levels.  

Table 6-3: Summary of PM10 levels from NSW OEH monitoring (µg/m³) 

Year Bringelly St Marys  Liverpool 

Annual average 

2013 17.0 16 21 

2014 16.6 16.7 19.1 

2015 15.8 15 18.5 

2016 16.9 16.1 19.6 

2017 19.8 16.2 20.8 

Maximum 24-hour average 

2013 97.2 93.0 98.5 

2014 42.6 45.0 40.8 

2015 57.0 53.0 68.6 

2016 61.6 100.2 68.7 

2017 83.7 49.8 74.0 

Number of days above criterion (50 µg/m3) 

2013 3 2 3 

2014 0 0 0 

2015 1 1 1 

2016 3 3 3 

2017 6 0 2 
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Figure 6-4: 24-hour average PM10 concentrations – NSW OEH 

 

A summary of the available PM2.5 monitoring data from the NSW OEH monitoring stations is presented 

in Table 6-4.  Recorded 24-hour average PM2.5 concentrations are presented graphically in Figure 6-5. 

A review of Table 6-4 indicates that the annual average PM2.5 concentrations at Liverpool were above 

the relevant criterion of 8µg/m³ for the period reviewed.  The annual average levels of PM2.5 

concentrations for the Bringelly and St Marys monitors were below the relevant criterion of 8µg/m³ for 

the 2017 period.  

The maximum 24-hour average PM2.5 concentrations recorded at the monitoring stations were found 

to exceed the relevant criterion of 25µg/m³ at times during the review period.   

Recorded 24-hour average PM2.5 concentrations are presented graphically in Figure 6-5.  A seasonal 

trend in 24-hour average PM2.5 concentrations for the monitoring stations can be seen in Figure 6-5 

with elevated levels occurring in the cooler months.  This is opposite to the seasonal trend for PM10 

concentrations which has elevated levels during the warmer months.   
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Table 6-4: Summary of PM2.5 levels from NSW OEH monitoring (µg/m³) 

Year Bringelly St Marys  Liverpool 

Annual average 

2013 - - 9.4 

2014 - - 8.6 

2015 - - 8.5 

2016 - - 8.7 

2017 7.5 7 8.9 

Maximum 24-hour average 

2013 - - 73.8 

2014 - - 24.3 

2015 - - 32.2 

2016 21.6 93.2 50.8 

2017 52.5 38.2 56.4 

Number of days above criterion (25 µg/m3) 

2013 - - 2 

2014 - - 0 

2015 - - 2 

2016 0 5 4 

2017 2 3 3 

 

 
Figure 6-5: 24-hour average PM2.5 concentrations – NSW OEH 
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A summary of the available SO2 monitoring data from the NSW OEH monitoring stations is presented 

in Table 6-5.  A review of Table 6-5 indicates that the annual, 24-hour and 1-hour average SO2 

concentrations at the monitoring stations were below the relevant criterion of 60µg/m³, 228µg/m³ and 

570µg/m³, respectively.   

Table 6-5: Summary of SO2 levels from NSW OEH monitoring (µg/m³) 

Year Bringelly Liverpool 

Annual average 

2013 0.7 - 

2014 0.7 - 

2015 0.4 - 

2016 0.6 - 

2017 0.7 2.9 

Maximum 24-hour average 

2013 5.7 - 

2014 8.6 - 

2015 2.9 - 

2016 5.7 5.7 

2017 5.7 8.6 

Maximum 1-hour average 

2013 31.5 - 

2014 25.7 - 

2015 20.0 - 

2016 17.2 20.0 

2017 25.7 31.5 

 

A summary of the available NO2 monitoring data from the NSW OEH monitoring stations is presented 

Table 6-6.  A review of Table 6-6 indicates that the annual and 1-hour average NO2 concentrations at 

the monitoring stations were below the relevant criterion of 62µg/m³ and 246µg/m³, respectively.   

Table 6-6: Summary of NO2 levels from NSW OEH monitoring (µg/m³) 

Year Bringelly St Marys  Liverpool 

Annual average 

2013 10.3 10.3 22.6 

2014 8.2 8.2 20.5 

2015 8.2 8.2 20.5 

2016 10.3 8.2 24.6 

2017 10.3 8.2 24.6 

Maximum 1-hour average 

2013 75.9 75.9 114.8 

2014 51.3 63.6 90.2 

2015 55.4 65.6 123.0 

2016 61.5 86.1 96.4 

2017 73.8 75.9 131.2 
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6.3.3 Western Sydney Airport Monitoring 

Ambient PM10 and PM2.5 baseline monitoring has been undertaken in the vicinity of the site for the 

Western Sydney Airport using a Dust Master Pro 7200 real time particle counter.  Figure 6-6 presents 

the Western Sydney Airport baseline monitoring locations.  

The PM10 and PM2.5 baseline monitoring data have been obtained from various Western Sydney Airport 

– air quality and noise monitoring reports (GHD 2017a, 2017b, 2017c, 2018a, 2018b, 2018c and 

2018d). 

Recorded 24-hour average PM10 and PM2.5 concentrations are presented graphically in Figure 6-7 and 

Figure 6-8, respectively.  The graphs indicate that the 24-hour average PM10 and PM2.5 concentrations 

exceed the relevant criterion on occasion for the Northern, Southern and Western monitoring sites 

during the review period.  The Eastern monitoring site is closest to the Project and indicates much lower 

levels compared to the other monitoring sites.   

 
Figure 6-6: Western Sydney Airport baseline monitoring locations 
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Figure 6-7: Western Sydney Airport baseline 24-hour PM10 monitoring data  

 

 
Figure 6-8: Western Sydney Airport baseline 24-hour PM2.5 monitoring data 

 

6.3.4 Estimated background air quality levels 

In correlation with the meteorological data set used, the 2014 calendar year air quality monitoring data 

were selected to represent background concentrations at the Project site.  
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The NSW OEH Bringelly monitoring station, located approximately 1.7km southeast of the Project is 

considered generally most representative of the background levels in the vicinity of the site for the 2014 

calendar year.  We note that the measured HVAS data and Western Sydney Airport Eastern monitor 

data are lower than the NSW OEH Bringelly levels over the relevant monitoring periods.  Thus the use 

of the NSW OEH monitoring data provide a conservative estimate of background levels in the vicinity 

of the Project site. 

In the absence of available data, estimates of the annual average background TSP and deposited dust 

concentrations have been determined from a relationship between PM10, TSP and deposited dust 

concentrations and the measured PM10 levels.   

This relationship assumes that an annual average PM10 concentration of 25µg/m3 corresponds to a TSP 

concentration of 90µg/m3 and a dust deposition value of 4g/m2/month.  This assumption is based on 

the NSW EPA air quality impact criteria.  

Applying this relationship with the applied annual average PM10 concentration of 16.6µg/m3 indicates 

an approximate annual average TSP concentration and deposition value of 59.8g/m³ and 

2.7g/m2/month, respectively. 

We note that the NSW OEH Bringelly and St Marys monitoring stations did not record PM2.5 data in the 

2014 calendar year, however have available data for the 2017 calendar year.  The NSW OEH Liverpool 

site has data for both periods, however due to differences in local land use and proximity to local sources 

are not considered to be suitably representative with regard to background PM2.5 concentrations for 

the Project site.   

To estimate background PM2.5 concentrations for the Project site, we assumed the ratio of the average 

level at the Bringelly and St Marys monitoring stations during 2017 to the Liverpool monitoring station 

would be similar for the 2014 period.  This results in an estimated background PM2.5 concentration of 

7µg/m³. 

A summary of the background concentrations applied in this assessment are outlined in Table 6-7.  

Table 6-7: Summary of background pollutant concentrations 

Pollutant Averaging Period Units Concentration  

TSP Annual µg/m³ 59.8 

PM10 
Annual µg/m³ 16.6 

24 Hour µg/m³ 42.6 

PM2.5 
Annual µg/m³ 7 

24 Hour µg/m³ 24.3 

Deposited dust Annual g/m²/month 2.7 

NO2 
Annual µg/m³ 8.2 

1 Hour µg/m³ 51.3 

SO2 

Annual µg/m³ 0.7 

24 Hour µg/m³ 8.6 

1 Hour µg/m³ 25.7 
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7 POTENTIAL CONSTRUCTION DUST EMISSIONS 

The Project requires the construction of various infrastructure and associated facilities including the 

construction of the solar farm and associated infrastructure.  These construction activities associated 

with the Project have the potential to generate dust emissions.  

Potential construction dust emissions will be primarily generated from material handling, vehicle 

movements and windblown dust from exposed areas.  The operation of construction vehicles and plant 

will also generate exhaust emissions.  

The potential particulate impacts due to these activities is difficult to accurately quantify on any given 

day due to the short sporadic periods of dust generating activity which may occur over the construction 

time frame.  The sources of construction dust are temporary in nature and will only occur during the 

construction period.  

The total amount of dust generated from the construction process is unlikely to be significant given the 

nature of the activities.  As these activities would be generally located away from the sensitive receptors, 

any potential dust impacts would be unlikely to be discernible beyond the existing levels of dust in the 

area surrounding the Project.  Given that the activities would occur for a limited period, no significant 

or prolonged effect at any off-site receptor is predicted to arise due to the construction activity.  

To ensure dust generation is controlled during the construction activities and the potential for off-site 

impacts is reduced, appropriate (operational and physical) mitigation measures in Table 7-1 will be 

implemented as necessary. 

Table 7-1: Construction dust mitigation measures 

Source Mitigation measure 

General 

Activities to be assessed during adverse weather conditions and modified as required (e.g. cease 

activity where reasonable levels of visible dust cannot be maintained) 

Engines of on-site vehicles and plant to be switched off when not in use 

Vehicles and plant are to be fitted with pollution reduction devices where practicable 

Vehicles are to be maintained and serviced according to manufacturer’s specifications 

Visual monitoring of construction activities is to be undertaken to identify dust generation 

Hauling material 

Active haul roads are to be kept moist 

Public and private sealed haul roads are to be cleaned regularly 

Construction vehicle traffic is to be restricted to designated routes 

Construction speed limits are to be enforced  

Vehicle loads are to be covered when travelling off-site 

A wheel wash or rumble grids are to be established near exit points from construction sites onto 

public roads, to minimise mud/ dirt track out 

Material handling Drop heights from loading and handling equipment are to be reduced as much as practical 

Exposed areas / 

stockpiles 

The extent of exposed surfaces and stockpiles is to be kept to a minimum 

Exposed areas and stockpiles are to be dampened with water as far as is practicable if dust 

emissions are visible  

Disturbed areas are to be rehabilitated as soon as practicable after completion of works and in a 

staged manner 
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8 DISPERSION MODELLING APPROACH 

8.1 Introduction 

The following sections are included to provide the reader with an understanding of the model and 

modelling approach applied for the assessment.  

The CALPUFF model is an advanced "puff" model which can deal with the effects of complex local terrain 

on the dispersion meteorology over the entire modelling domain in a three-dimensional, hourly varying 

time step.  CALPUFF is an air dispersion model approved by NSW EPA for use in air quality impact 

assessments. The model setup used is in general accordance with methods provided in the NSW EPA 

document Generic Guidance and Optimum Model Setting for the CALPUFF Modeling System for Inclusion 

into the 'Approved Methods for the Modeling and Assessments of Air Pollutants in NSW, Australia 

(TRC, 2011). 

8.2 Modelling methodology 

8.2.1 Meteorological modelling 

The meteorological modelling methodology applied a ‘hybrid’ approach which includes a combination 

of prognostic model data from The Air Pollution Model (TAPM) with surface observations from 

surrounding weather stations for input in the CALMET model.   

The centre of analysis for TAPM was 33deg53.5min south and 150deg45min east (292330mE, 

6247576mN).  The simulation involved an outer grid of 30km, with three nested grids of 10km, 3km and 

1km with 35 vertical grid levels. 

The CALMET modelling used a nested approach where the 3D wind field from the coarser grid outer 

domain is used as the initial guess (or starting) field for the finer grid inner domain.  This approach has 

several advantages over modelling a single domain.  Observed surface wind field data from the near 

field as well as from far field monitoring sites can be included in the model to generate a more 

representative 3D wind field for the modelled area.  Off domain terrain features for the finer grid domain 

can be allowed to take effect within the finer domain, as would occur in reality.  Also, the coarse scale 

wind flow fields give a better set of starting conditions with which to operate the finer grid run. 

The CALMET outer domain was run on a 30 x 30km area with a 0.6km grid resolution, refined for an 

inner domain on a 10 x 10km area with a 0.1km grid resolution.   

The 2014 calendar year was selected as the meteorological year for the dispersion modelling based on 

analysis of long-term data trends in meteorological data recorded for the area.  Further detail on the 

selection of the meteorological year is outlined in Appendix A.   

The available meteorological data for January 2014 to December 2014 from relevant BoM 

meteorological monitoring sites were included in the simulation. Table 8-1 outlines the parameters 

used from each station.   
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Table 8-1: Surface observation stations 

Weather Stations 
Parameters 

WS WD CH CC T RH SLP 

Badgerys Creek (BoM) (Station No. 067108)        

Bringelly (OEH)        

Horsley Park Equestrian Centre AWS (BoM) (Station No. 067119)        

Holsworthy Aerodrome (BoM) (Station No. 066161)        

Camden Airport (BoM) (Station No. 068192)        

Penrith Lakes (BoM) (Station No. 067113)        

Bankstown Airport (BoM) (Station No. 066137)        

Campbelltown (Mount Annan) (BoM) (Station No. 068257)        
WS = wind speed, WD= wind direction, CH = cloud height, CC = cloud cover, T = temperature, RH = relative humidity, SLP = station level pressure 

The seven critical parameters used in the CALMET modelling are presented in Table 8-2.  

Table 8-2: Seven critical parameters used in CALMET 

Parameter Value 

TERRAD 10 

IEXTRP -4 

BIAS (NZ) -1, -0.5, -0.25, 0, 0, 0, 0, 0 

R1 and R2 5,5 2,2 

RMAX1 and RMAX2 10,10 5,5 

 

The outputs of the CALMET modelling are evaluated using visual analysis of the wind fields and 

extracted data. 

Figure 8-1 presents a visualisation of the wind field generated by CALMET for a single hour of the 

modelling period. The wind fields are seen to follow the terrain well and indicate the simulation 

produces realistic fine scale flow fields (such as terrain forced flows) in surrounding areas.   
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Figure 8-1: Example of the wind field for one of the 8,760 hours of the year that are modelled 

CALMET generated meteorological data were extracted from a point within the CALMET domain and 

are represented in Figure 8-2 and Figure 8-3. 

Figure 8-2 presents the annual and seasonal windroses from the CALMET data.  The CALMET modelling 

results reflect the expected wind distribution patterns of the area based on consideration of the 

measured data and the expected terrain effects on the prevailing winds.   

Figure 8-3 includes graphs of the temperature, wind speed, mixing height and stability classification 

over the modelling period and is consistent with the conditions expected to occur in the area.  

It is considered that the CALMET modelling reflects the expected wind distribution patterns of the area 

as determined based on the available measured data and the expected terrain effects on the prevailing 

winds. 
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Figure 8-2: Windroses from CALMET extract (cell ref 5551) 
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Figure 8-3: Meteorological analysis of CALMET extract (cell ref 5551)
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8.2.2 Air dispersion modelling 

The CALPUFF dispersion model, in conjunction with a CALMET generated meteorological data file, was 

applied to provide predictions of the ground level concentrations of pollutants based on the estimated 

emissions from the activities.  

8.3 Modelling scenarios 

This assessment considers two operational scenarios to represent the activities at the Project. The 

scenarios selected were chosen to represent potential worst-case impacts in regard to the quantity of 

material extracted in each year, the location of the operations occurring on-site and the potential to 

generate dust at the surrounding sensitive receptors.   

The key activity at the Project can be separated into the extraction activities, VENM importation, brick 

making operations and roof products manufacturing operations.  The operation of the solar farm is not 

a significant source of air pollutants and has not been considered further in this assessment.   

The extraction activities at the Project are the same as the approved production rate of 420,000 tonnes 

of clay per calendar year.  Activity would be limited to one pit at a time to occur as a campaign basis 

over a period of approximately 132 days per year.  VENM importation of a maximum of 1,488,000 tonnes 

per annum would occur follow the complete extraction of each pit and occurs all year round.  

Figure 8-4 indicates the location of each of the pits relative to sensitive receptors. As the production 

rate of clay and importation of VENM material is limited in each calendar year, the potential worst-case 

operating scenarios from a dust generation perspective, have been identified based on the proximity to 

the nearest receptors. The worst case scenarios arise for extraction activity in Pit 4 and VENM 

emplacement in Pit 3 for the receptors located to the east of the Project and with extraction activity in 

Pit 5 and VENM emplacement in Pit 4 with receptors to the north and east of the Project.  

In the Pit 4 scenario burden is removed from Pit 4 and emplaced in Pit 2 and clay is extracted from Pit 

4 and transported to the clay/ raw materials stockpile area. The imported VENM material is delivered to 

the site and backfilled in Pit 3.  

In the Pit 5 scenario burden is removed from Pit 5 and emplaced in Pit 4, clay is extracted from Pit 5 and 

taken to the clay/ raw materials stockpile area. The imported VENM is delivered to the site and backfilled 

in Pit 4. In this scenario, Pit 1, 2 and 3 are assumed to be rehabilitated.        

Figure 8-5 and Figure 8-6 provide the indicative site layouts for the Pit 4 and Pit 5 scenarios 

respectively.  

The modelling assumes the maximum production rate of activity for brick making and roof products 

manufacturing operations of 300,000 tonnes of bricks and 132,000 tonnes of roof products per calendar 

year, and that operations occur 24-hours per day, seven days per week. 

8.3.1 Alternate haul routes 

Alternate haul route scenarios have been considered as an option to optimise travel on the Project site.  

The haul route options include reducing the overall length of the main haul road which travels around 

Pit 1 to follow more direct route between Pit 1.  
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These haul route options are included in the modelling scenarios as follows: 

For the Pit 4 scenario: 

 an alternate shortened VENM haul route, 

For the Pit 5 scenario: 

 alternate shortened burden, raw materials and VENM haul routes,  

Shortening of the haul distance significantly reduces dust emissions generated from hauling.  

Figure 8-7 to Figure 8-8 provide the indicative site layouts for the alternative Pit 4 and Pit 5 haul route 

scenarios.  

 

 



  34 

 

17030670_CSR_BadgerysCreek_MOD4_190225.docx 

 

 
Figure 8-4: Pit locations  
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Figure 8-5: Indicative Pit 4 operating scenario  
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Figure 8-6: Indicative Pit 5 operating scenario 
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Figure 8-7: Indicative Pit 4 operating scenario - alternate haul route option 
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Figure 8-8: Indicative Pit 5 operating scenario - alternate haul route option 
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8.4 Emissions estimation 

For the modelled scenarios, dust emission estimates have been calculated by analysing the various types 

of dust generating activities taking place and utilising suitable emission factors.  

For the purpose of this assessment it is assumed that activity associated with MOD3 has been approved.  

Activities associated with operation of the Project have the potential to generate dust emissions from 

various activities including; extraction activities, loading/unloading of material, vehicles travelling on-

site, and windblown dust generated from stockpiles.   

Dust emission estimates for the Project have been calculated by analysing the various types of dust 

generating activities taking place and utilising suitable emission factors sourced from both locally 

developed (NPI 2012 and 2014) and US EPA developed documentation (US EPA 1998, US EPA 2006a, 

US EPA 2006b and US EPA 2011).  

Detailed calculations of the dust emission estimates are provided in Appendix B.   

8.4.1 Best practice operational dust mitigation measures 

The site has considered the possible range of air quality mitigation measures that are feasible and can 

be applied to achieve a standard of extraction operation consistent with current best practice for the 

control of dust emissions from mines in NSW, as outlined in the NSW EPA document, NSW Coal Mining 

Benchmarking Study: International Best Practice Measures to Prevent and/or Minimise Emissions of 

Particulate Matter from Coal Mining, prepared by Katestone Environmental (Katestone Environmental, 

2010).   

A summary of the key current dust controls, which would continue to be applied for the Project, is shown 

in Table 8-3.  A control level of 75% for watering of unpaved haul routes has been applied in the dust 

emission estimates shown in the following sections.  

Table 8-3: Best practice dust mitigation measures 

Activity  Dust Control 

General 

 Modify activities during periods of high visible dust 

 Modify activities during high winds 

Hauling on unsealed roads  

 Watering unpaved roads 

 Regular cleaning of paved roads with sweeper 

 Site speed restriction is 15kmh 

 Shut down engines when vehicles are idle over prolonged periods 

 Covering of all loads leaving the site 

Loading/unloading material 

 Minimise drop heights 

 Water spray used where required on unloading activities 
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Activity  Dust Control 

Wind erosion on overburden 

emplacements, stockpiles and 

exposed surfaces 

 Shaping of stockpiles where practical to avoid strong wind flows 

and smooth gradients to reduce turbulence at surface 

 Rehabilitation long-term stockpiles and disturbed soil surfaces by 

revegetation as soon as practical  

 Watering of active stockpiles when required  

Road grading  Watering grader routes during grading 

 

8.4.2 Extraction activities  

The estimated dust emissions for activities associated with the extraction activities are presented in As 

the extraction activities occur over a period of approximately 132 days per year, but it is not known 

which period of the year this may be, the estimated emission rates have been adjusted (up by 365/132) 

over each day of a full year in order to correctly model the maximum 24-hour average impacts. 

Table 8-4 and Table 8-5 for the Pit 4 and Pit 5 extraction scenarios respectively.   

As the extraction activities occur over a period of approximately 132 days per year, but it is not known 

which period of the year this may be, the estimated emission rates have been adjusted (up by 365/132) 

over each day of a full year in order to correctly model the maximum 24-hour average impacts. 

Table 8-4: Estimated annual TSP emission rate for extraction activities Pit 4 (kg/year) 

Activity 

TSP emissions 

Annual  
Modelled emissions 

for 24-hour impacts 

Removal of topsoil / burden in Pit 4 (excavator)   224  650  

Loading burden to haul truck   224  650 

Hauling burden to Pit 2 (unpaved)   7,342  21,278  

Unloading burden at Pit 2   224   650  

Compactor in Pit 2 (bulldozer)   1,153   5,259  

Bulldozer for breaking up clay/ raw materials in Pit 4  1,153   5,259  

Loading clay/ raw material to haul truck   113  313  

Haul materials to raw materials stockpile area (unpaved)   6,160   17,034  

Unloading clay/ raw materials to stockpile area  113  313  

FEL shaping stockpiles  113   516  

Grading haul roads   3,326   15,175  

Wind erosion Pit 1  10,455   10,455  

Wind erosion Pit 2  2,975   2,975  

Wind erosion Pit 3  7,565   7,565  

Wind erosion Pit 4 5,950 5,950 

Total emissions 47,091 94,042 

 

Table 8-5: Estimated annual TSP emission rate for extraction activities Pit 5 (kg/year) 

Activity 

TSP emissions 

Annual  
Modelled emissions 

for 24-hour impacts 

Removal of topsoil / burden in Pit 5(excavator)   235  650  
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Activity 

TSP emissions 

Annual  
Modelled emissions 

for 24-hour impacts 

Loading burden to haul truck   235  650  

Hauling burden to Pit 4 (unpaved)   13,747  38,013  

Unloading burden at Pit 4   235  650  

Compactor in Pit 4 (bulldozer)  1,153   5,259  

Bulldozer for breaking up clay/ raw materials in Pit 5  1,153   5,259  

Loading clay/ raw material to haul truck   113  313  

Haul materials to raw materials stockpile area (unpaved)   25,257  69,840  

Unloading clay/ raw materials to stockpile area  113   313 

FEL shaping stockpiles  113   313 

Grading haul roads   3,326   15,175  

Wind erosion Pit 4 11,050 11,050 

Wind erosion Pit 5 4,760 4,760 

Total emissions 61,491 152,245 

8.4.2.1 Alternate haul route option 

The estimated dust emissions for activities associated with the extraction activities and alternate haul 

route option are presented in Table 8-8 for the Pit 5 alternate haul route scenario.   

Table 8-6: Estimated annual TSP emission rate for extraction activities Pit 5 – Alternate haul route option (kg/year) 

Activity 

TSP emissions 

Annual  
Modelled emissions 

for 24-hour impacts 

Removal of topsoil / burden in Pit 5 (excavator)   235  650  

Loading burden to haul truck   235  650  

Hauling burden to Pit 4 (unpaved)  8,798 24,329 

Unloading burden at Pit 4   235  650  

Compactor in Pit 4 (bulldozer)  1,153   5,259  

Bulldozer for breaking up clay/ raw materials in Pit 5  1,153   5,259  

Loading clay/ raw material to haul truck   113  313  

Haul materials to raw materials stockpile area (unpaved)  8,624 23,848 

Unloading clay/ raw materials to stockpile area   113   313 

FEL shaping stockpiles  113   313 

Grading haul roads   3,326   15,175  

Wind erosion Pit 4 11,050 11,050 

Wind erosion Pit 5 4,760 4,760 

Total emissions  39,908 92,772 

 

8.4.3 Brick making facility 

The estimated dust emissions for activities associated with the brick making facility are presented in 

Table 8-7.   

Raw materials used in the brick making facility are sourced from the on-site stockpiles (145,000 tonnes 

per annum) and off-site suppliers (up to 215,000 tonnes per annum).  Bricks produced from the facility 

are stored in the existing hardstand area and delivered off-site by trucks travelling on paved roads from 

the entrance of the site. Up to 330,000 tonnes of bricks are dispatched from the site per calendar year. 

Table 8-7: Estimated annual TSP emission rate for the brick making facility (kg/year) 

Loading clay material from stockpile to box feeder 39  
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Hauling raw materials from off-site (paved)   2,379  

Unloading raw materials from off-site to stockpile   270  

Loading raw materials to box feeder  270  

Hauling brick products off-site (paved)   3,000  

Load clay/ raw material to truck from stockpile for dispatch off-site   74  

Truck haulage of clay offsite (unpaved)   1,434  

Truck haulage of clay offsite (paved)   3,294  

Raw material and burden stockpile wind erosion   15,130  

Total emissions 25,890 

 

8.4.4 Roof products manufacturing facility 

The estimated dust emissions for activities associated with roof products manufacturing are presented 

in Table 8-8.  The facility makes very low levels of dust per unit of production largely because the facility 

makes cement tiles, and the material used is deposited into underground hoppers and handled by 

conveyors or in a sealed system (cement), or has water added to it. 

Incoming raw materials include 96,000 tonnes per annum of sand, 24,000 tonnes per annum of cement 

and flyash, and approximately 4,000 tonnes per annum of liquid products (slurry sand and slurry 

cement).  

It is assumed that five truck loads per week of sand used in the roof product manufacturing is generated 

from the extraction activities.  Reject tiles may either be hauled off-site for recycling or be crushed on 

site for reuse.  It is conservatively assumed in the modelling that reject tiles are both transported off-

site and crushed on-site. This double counts the very small emissions from handling the tile rejects. 

Table 8-8: Estimated annual TSP emission rate for roof products manufacturing facility (kg/year) 

Activity TSP emissions 

Hauling raw materials (paved)   462  

Hauling incoming roof products (paved)   31  

Crushing sandstone in raw materials stockpile  5  

Loading sandstone to truck  10  

Hauling sand (unpaved)  49  

Hauling sand (paved)  94  

Unloading sand to ground bins   106  

Unloading cement/flyash to silos   12  

Hauling finished roof products (paved)   789  

Loading reject tiles to bunker   8  

Crushing reject tiles   4  

Total emissions 1,568  
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8.4.5 VENM importation 

The estimated dust emissions for activities associated with the importation of VENM material are 

presented in Table 8-9 and Table 8-10 for the Pit 4 and Pit 5 scenarios respectively.   

Table 8-9: Estimated annual TSP emission rate for VENM importation Pit 4 (kg/year)  

Activity TSP emissions 

 Hauling VENM on-site   142,294  

 Unloading VENM to Pit 3  1,867  

 Compactor backfilling/shaping VENM    18,802  

Total emissions 162,963 

 

Table 8-10: Estimated annual TSP emission rate for VENM importation Pit 5 (kg/year) 

Activity TSP emissions 

 Hauling VENM on-site  144,627 

 Unloading VENM to Pit 4 1,867 

Compactor backfilling/shaping VENM 18,802 

Total emissions  165,295  

 

8.4.5.1 Alternate haul route option - VENM importation 

The estimated dust emissions for activities associated with the alternate haul route options for the 

importation of VENM material are presented in Table 8-11 and Table 8-12 for the Pit 4 and Pit 5 

scenarios, respectively.   

Table 8-11: Estimated annual TSP emission rate for extraction activities Pit 4 – Alternate haul route option (kg/year) 

Activity TSP emissions 

 Hauling VENM on-site (unpaved) 95,640 

 Unloading VENM to Pit 3 1,867 

Compactor backfilling/shaping  VENM (dozer)  18,802 

Total emissions 116,309 

 

Table 8-12: Estimated annual TSP emission rate for extraction activities Pit 5 – Alternate haul route option (kg/year) 

Activity TSP emissions 

 Hauling VENM on-site (unpaved) 97,973 

 Unloading VENM to Pit 4 1,867 

Compactor backfilling/shaping  VENM (dozer)  18,802 

Total emissions 118,642 

 

8.4.6 Stack emissions  

Air emissions from the Project would also arise from various stack emission points at the brick making 

facility and roof product manufacturing facility. Table 8-13 and Table 8-14 provide the modelling 

parameters for each stack associated with the brick making facility and roof product manufacturing 

facility respectively.   
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The model included consideration of potential "building" wake effects on air dispersion which arise due 

to the effect of winds passing over the buildings within and around the Project site.  The PRIME 

algorithm is used to model building downwash effects. 

Table 8-13: Brick making facility stack modelling parameters 

Source X coordinate (m) Y coordinate (m) Height (m) Diameter (m) Exit temp (K) Exit velocity (m/s) 

Kiln 1 292349 6247228 41 1.42 385.8 22.3 

Kiln 2 292355 6247232 41 1.42 385.8 22.3 

Dryer 1 292369 624714 13 0.98 305 6.5 

Dryer 2 292379 6247126 13 0.98 305 6.5 

Dryer 3 292381 6247122 13 0.98 305 6.5 

Dryer 4 292388 6247126 13 0.98 305 6.5 

Dryer 5 292376 6247146 13 0.98 305 6.5 

 

Table 8-14: Roof products manufacturing facility stack modelling parameters 

Source X coordinate (m) Y coordinate (m) Height (m) Diameter (m) Exit temp (K) Exit velocity (m/s) 

Burner 1 293194 6247279 12 0.37 383 2.5 

Burner 2 293195 6247279 12 0.31 383 2.5 

Process 1 293146 6247280 11 0.56 318 15 

Process 2 293146 6247279 11 0.56 318 15 

Process 3 293151 6247278 11 0.56 318 15 

Process 4 293168 6247275 11 0.56 318 15 

Process 5 293186 6247272 11 0.56 318 15 

 

The emission rates for the kiln stacks and dryer stacks at the brick making facility are based on the 

expected stack concentrations from historical stack emissions testing for other similar facilities provided 

by the Proponent as well as stack emissions testing conducted for the existing facility (EML, 2010 & 

EML, 2011).   

The estimated stack emission rates used in this assessment for the brick making facility are presented 

in Table 8-15.  We note that estimated stack emissions of PM2.5 were conservatively assumed to be 

100% of PM10 for the purpose of this assessment.   

Table 8-15: Estimated stack emission rates – Brick making facility 

Stack Pollutant Emission rate (g/s) or (OU/s) 

Kiln 1 & Kiln 2 

TSP 0.97 

PM10 0.23 

PM2.5 0.23 

SO2 2.0 

NOx 2.85 

HF 0.95 

Cl 0.005 

SO3 0.06 

Odour 29726 

Dryers 1- 5 

TSP 0.019 

PM10 0.013 

PM2.5 0.013 

SO2 0.0007 

NOx 0.018 

HF 0.0001 
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Stack Pollutant Emission rate (g/s) or (OU/s) 

Cl 0.0002 

SO3 0.01 

Odour 683 

 

The estimated emission rates for the burner stacks and process stacks at the roof products 

manufacturing facility are based on NPI emission factors (NPI, 2011) and for the process stacks, the 

estimated concentrations were assumed to be similar to the dryer stack concentrations from the brick 

making facility and this would be conservative.  

The estimated stack emission rates used in this assessment for the roof products manufacturing facility 

are presented in Table 8-16. 

Table 8-16: Estimated stack emission rates – Roof products manufacturing facility 

Stack Pollutant Emission rate (g/s) or (OU/s) 

Burner 1 & Burner 2 

TSP 0.0034 

PM10 0.0034 

PM2.5 0.001 

SO2 0.0053 

NOx 0.058 

Process 1- 5 

TSP 0.014 

PM10 0.01 

PM2.5 0.01 

SO2 0.0005 

NOx 0.013 

HF 0.0001 

Cl 0.0001 

SO3 0.0073 

Odour 493 

 

It has been conservatively assumed that all NOx is converted to NO2 for all sources.  

8.4.7 Emissions from other nearby operations 

There are two facilities identified in the vicinity of the site which may contribute to local dust levels; 

Australian Native Landscapes (ANL) located at 210 Martin Road, Badgerys Creek and a Resource 

Recovery Facility at 25 Martin Road, Badgerys Creek. 

Activities at the ANL facility include processing, handling, movement and storage of compost and 

garden products. It is noted that compost products have a relatively high moisture content thus would 

have a low potential for windblown dust emissions and from handling of the material and hence dust 

emissions from the ANL facility are anticipated to be low. 

The Resource Recovery Facility at 25 Martin Road processes 50,000 tonnes per annum of construction 

and demolition waste and 10,000 tonnes per annum of green waste material.  On-site activities include 

the transfer, sorting, stockpiling and processing (crushing or mulching/chipping) of materials. The 

Resource Recovery Facility is located over 1km from the Project site and therefore it is unlikely that any 

dust emissions from the site would have a tangible cumulative impact at the receptors located near the 

Project.  
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We note that the local monitoring data presented in Section 6 indicate that the existing air quality 

levels, which include the contribution from the existing facilities, were generally lower than the levels 

measured at the NSW OEH monitoring stations located further afield.  Thus using the higher levels 

recorded at the NSW OEH monitoring stations to represent background air quality levels would account 

for any potential small contribution from the existing facilities nearby.  
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9 DISPERSION MODELLING RESULTS  

The dispersion model predictions for each of the assessed scenarios are presented in this section.  The 

results presented include those for the operation in isolation (incremental impact) and cumulative 

impacts with background levels.  

9.1 Dust modelling predictions 

The dispersion model predictions presented in this section include those for the operation of the Project 

in isolation (incremental impact) and the operation of the Project with consideration of other sources 

(total (cumulative) impact).  The results show the predicted: 

 Maximum 24-hour average PM2.5 and PM10 concentrations; 

 Annual average PM2.5 and PM10 concentrations; 

 Annual average TSP concentrations; and,  

 Annual average dust (insoluble solids) deposition rates.  

It is important to note that when assessing impacts per the maximum 24-hour average levels, the 

predictions are based on the highest predicted 24-hour average concentrations modelled at each grid 

(or discrete receptor) point in the modelling domain. At each point, this is the worst day (i.e. a 24-hour 

period) in the annual modelling period.  The predictions thus do not represent just one particular day, 

but a combination of all of the worst case days at every point. Thus the extent of the predicted impacts 

is a large overestimation of what would actually occur on any single day. 

Associated isopleth diagrams of the dispersion modelling results are presented in Appendix C.  Table 

9-1 and Table 9-2 present the predicted incremental particulate dispersion modelling results at each 

of the assessed sensitive receptor locations for the Pit 4 and Pit 5 modelling scenarios respectively.   

The results in Table 9-1 and Table 9-2 indicate the Project would be below the relevant incremental 

criteria at the assessed receptor locations in both scenarios, with the exception of maximum 24-hour 

average PM10 impacts for the Pit 5 scenario.   

The predicted maximum 24-hour average PM2.5 and PM10 levels are based on activity occurring all year 

round, whereas this would only occur on a campaign basis over 132 days in the year.   

The results in Table 9-2 indicate that a number of receptors are predicted to experience levels above 

the cumulative 24-hour average PM10 criteria of 50µg/m³ for the Pit 5 scenario.  An analysis of the 

number of days that the 50µg/m³ would be exceeded at these receptors is presented in Table 9-3. 
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Table 9-1: Incremental particulate dispersion modelling results for sensitive receptors – Pit 4 scenario 

Receptor ID 

PM2.5  

(µg/m³) 

PM10  

(µg/m³) 

TSP  

(µg/m³) 

DD 

(g/m²/month) 

24-hour 

average 

Annual 

average 

24-hour 

average 

Annual 

average 

Annual 

average 

Annual  

average 

NSW EPA Air Quality Impact Criteria / VLAMP 

25 - 50 - - 2 

R5 5.9 0.6 41.5 3.8 10.0 0.4 

R9 5.9 0.8 42.3 4.9 14.5 0.7 

R11 4.4 0.2 26.0 0.9 2.3 0.1 

R12 4.6 0.2 27.5 1.0 2.4 0.1 

R12a 5.3 0.2 31.2 1.1 2.7 0.1 

R13 4.4 0.2 26.7 1.0 2.5 0.1 

R14 4.2 0.2 25.6 1.0 2.5 0.1 

R15 3.7 0.2 22.3 0.9 2.2 0.1 

R25 5.1 0.6 36.2 3.9 11.1 0.5 

R26 5.6 0.6 38.7 3.3 8.6 0.3 

R27 5.0 0.5 34.3 2.7 7.0 0.3 

R28 5.2 0.5 36.0 2.9 7.5 0.3 

R29 4.3 0.4 29.3 2.1 5.3 0.2 

R30 3.9 0.3 26.8 1.9 4.6 0.2 

R31 4.7 0.4 32.4 2.5 6.2 0.2 

R32 3.9 0.4 26.0 1.9 4.8 0.2 

R34 3.3 0.3 21.7 1.6 4.0 0.1 

R35 3.6 0.4 24.1 2.3 5.9 0.3 

R42 5.5 0.6 38.7 3.3 8.6 0.3 

R43 4.4 0.4 30.0 2.2 5.4 0.2 

R44 3.2 0.3 22.1 1.4 3.4 0.1 

R45 3.3 0.3 22.2 1.4 3.5 0.1 

R46 2.7 0.3 17.9 1.4 3.3 0.1 

 

Table 9-2: Incremental particulate dispersion modelling results for sensitive receptors – Pit 5 scenario 

Receptor ID 

PM2.5  

(µg/m³) 

PM10  

(µg/m³) 

TSP  

(µg/m³) 

DD 

(g/m²/month) 

24-hour 

average 

Annual 

average 

24-hour 

average 

Annual 

average 

Annual 

average 

Annual  

average 

NSW EPA Air Quality Impact Criteria / VLAMP 

25 - 50 - - 2 

R5 8.4 0.8 55.1 5.1 13.2 0.6 

R9 8.9 1.0 56.2 6.3 18.1 0.9 

R11 3.9 0.2 26.6 0.9 2.1 0.1 

R12 4.2 0.2 28.8 0.9 2.2 0.1 

R12a 4.5 0.2 30.7 1.0 2.4 0.1 

R13 4.7 0.2 31.6 1.0 2.3 0.1 

R14 4.9 0.2 32.2 1.0 2.4 0.1 

R15 4.5 0.2 29.3 0.9 2.1 0.1 

R25 7.7 0.8 48.4 5.0 14.0 0.7 

R26 8.1 0.7 52.1 4.2 10.8 0.4 

R27 7.3 0.6 46.4 3.5 8.8 0.3 

R28 7.4 0.6 49.2 3.8 9.7 0.4 

R29 6.1 0.5 39.5 2.6 6.6 0.3 

R30 5.5 0.4 36.5 2.3 5.6 0.2 
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Receptor ID 

PM2.5  

(µg/m³) 

PM10  

(µg/m³) 

TSP  

(µg/m³) 

DD 

(g/m²/month) 

24-hour 

average 

Annual 

average 

24-hour 

average 

Annual 

average 

Annual 

average 

Annual  

average 

NSW EPA Air Quality Impact Criteria / VLAMP 

25 - 50 - - 2 

R31 6.7 0.5 44.5 3.1 7.8 0.3 

R32 5.2 0.4 35.1 2.4 6.0 0.2 

R34 4.4 0.4 29.7 2.0 4.9 0.2 

R35 5.1 0.5 32.4 2.9 7.4 0.3 

R42 7.9 0.7 51.6 4.4 11.1 0.5 

R43 6.3 0.5 41.7 2.7 6.7 0.3 

R44 4.5 0.3 31.6 1.7 4.1 0.1 

R45 4.4 0.3 30.7 1.7 4.2 0.2 

R46 3.6 0.3 24.6 1.7 4.0 0.2 

 

Table 9-3: Analysis for Pit 5 scenario – predicted number of days above incremental PM10 24-hour average 50µg/m³ 
criteria 

Receptor ID Number of days over 50µg/m³ 

R5 2 

R9 3 

R26 1 

R42 2 

 

The cumulative (total) impact is the impact associated with the operation of the Project combined with 

the ambient background levels in Section 5.3.4.  The predicted cumulative annual average PM2.5, PM10, 

TSP and dust deposition levels due to the Project for the Pit 4 and Pit 5 modelling scenarios are shown 

in Table 9-4 and Table 9-5, respectively.  

Cumulative 24-hour average PM2.5 and PM10 impacts need to be assessed differently to annual average 

values because there are 365 days in the year with different levels of impact and also different 

background levels on each day. Cumulative 24-hour impacts are considered in detail in Section 7.2. 

The results in Table 9-4 and Table 9-5 indicate that the predicted levels would be below the relevant 

annual average particulate criteria at the assessed receptor locations for both modelling scenarios.  

Table 9-4: Cumulative annual average particulate dispersion modelling results for sensitive receptors – Pit 4 scenario 

Receptor ID 

PM2.5  

(µg/m³) 

PM10  

(µg/m³) 

TSP  

(µg/m³) 
DD (g/m²/month) 

NSW EPA Air Quality Impact Criteria / VLAMP 

8 25 90 4 

R5 7.6 20.4 69.8 3.1 

R9 7.8 21.5 74.3 3.4 

R11 7.2 17.5 62.1 2.8 

R12 7.2 17.6 62.2 2.8 

R12a 7.2 17.7 62.5 2.8 

R13 7.2 17.6 62.3 2.8 

R14 7.2 17.6 62.3 2.8 

R15 7.2 17.5 62.0 2.8 

R25 7.6 20.5 70.9 3.2 
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Receptor ID 

PM2.5  

(µg/m³) 

PM10  

(µg/m³) 

TSP  

(µg/m³) 
DD (g/m²/month) 

NSW EPA Air Quality Impact Criteria / VLAMP 

8 25 90 4 

R26 7.6 19.9 68.4 3.0 

R27 7.5 19.3 66.8 3.0 

R28 7.5 19.5 67.3 3.0 

R29 7.4 18.7 65.1 2.9 

R30 7.3 18.5 64.4 2.9 

R31 7.4 19.1 66.0 2.9 

R32 7.4 18.5 64.6 2.9 

R34 7.3 18.2 63.8 2.8 

R35 7.4 18.9 65.7 3.0 

R42 7.6 19.9 68.4 3.0 

R43 7.4 18.8 65.2 2.9 

R44 7.3 18.0 63.2 2.8 

R45 7.3 18.0 63.3 2.8 

R46 7.3 18.0 63.1 2.8 

 

Table 9-5: Cumulative annual average particulate dispersion modelling results for sensitive receptors – Pit 5 scenario 

Receptor ID 

PM2.5  

(µg/m³) 

PM10  

(µg/m³) 

TSP  

(µg/m³) 
DD (g/m²/month) 

NSW EPA Air Quality Impact Criteria / VLAMP 

8 25 90 4 

R5 7.8 21.7 73.0 3.3 

R9 8.0 22.9 77.9 3.6 

R11 7.2 17.5 61.9 2.8 

R12 7.2 17.5 62.0 2.8 

R12a 7.2 17.6 62.2 2.8 

R13 7.2 17.6 62.1 2.8 

R14 7.2 17.6 62.2 2.8 

R15 7.2 17.5 61.9 2.8 

R25 7.8 21.6 73.8 3.4 

R26 7.7 20.8 70.6 3.1 

R27 7.6 20.1 68.6 3.0 

R28 7.6 20.4 69.5 3.1 

R29 7.5 19.2 66.4 3.0 

R30 7.4 18.9 65.4 2.9 

R31 7.5 19.7 67.6 3.0 

R32 7.4 19.0 65.8 2.9 

R34 7.4 18.6 64.7 2.9 

R35 7.5 19.5 67.2 3.0 

R42 7.7 21.0 70.9 3.2 

R43 7.5 19.3 66.5 3.0 

R44 7.3 18.3 63.9 2.8 

R45 7.3 18.3 64.0 2.9 

R46 7.3 18.3 63.8 2.9 
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9.2 Assessment of Total (Cumulative) 24-hour average PM2.5 and PM10 

Concentrations 

An assessment of total (cumulative) 24-hour average PM2.5 and PM10 impacts was undertaken in 

accordance with the methods outlined in the Approved Methods for the Modelling and Assessment of Air 

Pollutants in New South Wales (NSW EPA, 2017).   

The NSW EPA applies a Level 2 contemporaneous assessment approach where the measured 

background levels are added to the day's corresponding predicted dust level from the Project.  Ambient 

(background) PM10 and PM2.5 concentration data corresponding with the year of modelling (2014 

calendar year) from the NSW OEH monitoring sites at Bringelly and Liverpool respectively have been 

applied in this case to represent the prevailing background levels in the vicinity of the Project and 

representative sensitive receptor locations. 

Table 9-6 and Table 9-7 provide a summary of the findings from the Level 2 assessment at 

representative receptor locations for the Pit 4 and Pit 5 scenarios respectively. Detailed tables of the 

assessment results are provided in Appendix D.  

The results in Table 9-6 and Table 9-7 indicate that there may be a number of additional exceedances 

of the PM10 and PM2.5 criteria as a result of the Project.  

Table 9-6: NSW EPA contemporaneous assessment - maximum number of additional days above 24-hour average 
criterion – Pit 4 scenario 

Receptor ID PM2.5 PM10 

R5 0 4 

R9 1 3 

R12a 0 1 

R26 0 3 

 
Table 9-7: NSW EPA contemporaneous assessment - maximum number of additional days above 24-hour average 

criterion – Pit 5 scenario 

Receptor ID PM2.5 PM10 

R5 1 5 

R9 2 7 

R12a 0 1 

R26 1 4 

 
To demonstrate the effectiveness of the implementation of reactive measures at the Project, the 

dispersion modelling was re-run to consider the effects of temporarily pausing extraction activities 

during the periods of elevated dust predicted to occur at the most affected sensitive receptor locations.  

Only the extraction activities which can be controlled by the Project’s reactive management are ceased 

in the model, and dust from other sources such as wind erosion, the brick making facility, roof products 

manufacturing facility and VENM importation still occur in the modelling. 

The effect of this measure is demonstrated in the time series plots for receptors R9 in Figure 9-1 and 

Figure 9-2 respectively.   

The yellow bars in the figures show the predicted additional levels due to the Project above background 

levels (i.e. the yellow sections of the bars indicate the amount of increased dust predicted for the Pit 5 

scenario using the 2014 meteorology).  The blue bars show the existing background levels as measured 
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by the OEH Bringelly and Liverpool monitors in 2014.  The top of the bars indicate the predicted 

cumulative level associated with the Project and background combined.  

The results in the figures indicate that with the implementation of temporary pausing of extraction 

activities, the predicted exceedances of air quality criteria could be averted at this location.  

The effectiveness of these measures can be further enhanced on a case-by-case basis if required.  

Enhancements include a more comprehensive active real-time or predictive management system for 

dust which would permit some pre-planning of any temporary cessation of activities, increased watering 

or re-scheduling of certain activities. Through such measures, the potential impacts in the surrounding 

environment can be minimised further. 
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Figure 9-1: Time series plots comparing predicted PM10 impacts at Receptor 9 with and without reactive measures for extraction activities - Pit 5 scenario 
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Figure 9-2: Time series plots comparing predicted PM2.5 impacts at Receptor 9 with and without reactive measures for extraction activities - Pit 5 scenario 
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9.3 Dust impacts on more than 25 per cent of privately-owned land 

The potential for dust impacts due to the Project to extend over more than 25 per cent of any privately-

owned land, have been evaluated using the predicted pollutant dispersion contours.  

Figure 9-3 presents the extent of the 6th highest 24-hour average PM10 level (50µg/m³) due to the 

Project for both the Pit 3 and Pit 5 scenarios combined.  The 6th highest 24-hour average PM10 level was 

found to have the greatest extent of any of the other assessed dust metrics and hence represents the 

most impacting parameter for the relevant assessment criteria in Table 5-3.  

The isopleth in Figure 9-3 indicates there is no privately-owned land parcels for which the relevant 

assessment criteria would be exceeded for the 6th rank over more than 25 per cent of the land.   

 
Figure 9-3: Predicted 6th rank 24-hour average PM10 level 

 

9.4 Other pollutants 

A summary of the maximum cumulative impacts of SO2, NO2 and HF at sensitive receptors is shown in 

Table 9-8.  The predicted cumulative SO2 and NO2 levels based on applying the estimated background 

levels in Section 6.3.  The modelling predictions indicate they would be below the relevant criteria at 

all sensitive receptor locations  

Table 9-9 provides a summary of the predicted incremental impacts of chlorine, sulfuric acid and odour 

from the Project at the site boundary and sensitive receptors. No exceedances of the criteria for these 
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pollutants are predicted at any sensitive receptors or the site boundary due to emissions from the 

Project. 

Pollutant concentration isopleths showing the spatial distribution of the predicted incremental impacts 

associated with the Project over the modelling domain are presented in Appendix C.  

Table 9-8: Maximum dispersion modelling results - SO2, NO2, and HF 

Pollutant 
Averaging 

period 

Maximum 

incremental 

impact at 

receptor 

Background 

concentration 

Maximum 

cumulative 

impact at 

receptor 

Criteria Units 

SO2 

1 hour 56.3 25.7 82 570 µg/m3 

24 hour 4.8 8.6 13.4 228 µg/m3 

Annual 0.8 0.7 1.5 60 µg/m3 

NO2 
1 hour 81.0 51.3 132.3 246 µg/m3 

Annual 1.2 8.2 9.4 62 µg/m3 

HF 24 hours 2.3 - - 2.9 µg/m3 

-No background data available 

Table 9-9: Dispersion modelling results – chlorine, sulfuric acid and odour 

Pollutant 
Averaging 

period 
Percentile 

Maximum incremental 

impact at boundary 

Maximum incremental 

impact at receptor 
Criteria Units 

Cl 1 hour 99.9th 0.00008 0.00008 0.05 mg/m3 

H2SO4 1 hour 99.9th 0.0012 0.0012 0.018 mg/m3 

Odour 
1 hour peak to 

mean corrected 
99th <1 <1 2 OU 

 

9.5 Modelling predictions for alternative haul route option 

This section presents the predicted impacts for optional scenarios as described in Section 0 for selected 

receptors that are likely to be the most affected.  

9.5.1 Pit 4 scenario 

Table 9-10 and Table 9-11 summarise the predicted incremental and cumulative impacts associated 

with the alternative haul route Pit 4 scenario.  The results in Table 9-10 and Table 9-11 indicate the 

Project would be below the relevant air quality impact criteria at the assessed receptor locations. 

As expected, relative to the predictions for the proposed haul route (refer to Table 9-1 and Table 9-4), 

the dust levels arising with the alternative haul route are lower.   

Table 9-10: Incremental particulate dispersion modelling results for sensitive receptors – Pit 4 scenario – alternate haul 
routes 

Receptor ID 

PM2.5  

(µg/m³) 

PM10  

(µg/m³) 

TSP  

(µg/m³) 

DD 

(g/m²/month) 

24-hour 

average 

Annual 

average 

24-hour 

average 

Annual 

average 

Annual 

average 

Annual  

average 

Air Quality Impact Criteria 

- - - - - 2 

R5 5.9 0.6 41.3 3.5 9.1 0.4 

R9 5.6 0.8 41.1 4.6 13.7 0.7 

R12a 4.8 0.2 26.9 1.0 2.4 0.1 



  57 

 

17030670_CSR_BadgerysCreek_MOD4_190225.docx 

 

Receptor ID 

PM2.5  

(µg/m³) 

PM10  

(µg/m³) 

TSP  

(µg/m³) 

DD 

(g/m²/month) 

24-hour 

average 

Annual 

average 

24-hour 

average 

Annual 

average 

Annual 

average 

Annual  

average 

Air Quality Impact Criteria 

- - - - - 2 

R26 5.5 0.5 37.4 3.0 7.8 0.3 

 

Table 9-11: Cumulative annual average particulate dispersion modelling results for sensitive receptors – Pit 4 scenario – 
alternate haul routes 

Receptor ID 

PM2.5  

(µg/m³) 

PM10  

(µg/m³) 

TSP  

(µg/m³) 
DD (g/m²/month) 

Air Quality Impact Criteria 

8 25 90 4 

R5 7.6 20.1 68.9 3.1 

R9 7.8 21.2 73.5 3.4 

R12a 7.2 17.6 62.2 2.8 

R26 7.5 19.6 67.6 3.0 

 

Table 9-12 presents a summary of the findings from the Level 2 assessment of cumulative 24-hour 

average PM10 and PM2.5 impacts at the selected receptor locations for the alternative haul route Pit 4 

scenario. 

The results in Table 9-12 indicate that the use of the alternate haul route has a positive effect in reducing 

the predicted number of additional days above the 24-hour average criterion compared to the proposed 

haul route.  

Table 9-12: NSW EPA contemporaneous assessment - maximum number of additional days above 24-hour average 
criterion – Pit 4 scenario – alternate haul routes 

Receptor ID PM2.5 PM10 

R5 0 3 

R9 1 3 

R12a 0 1 

R26 0 3 

 

The use of the alternate haul routes have a positive effect in would reducing dust impacts from the 

operation of the site and decrease the number of additional exceedances of the 24-hour average criteria.  

9.5.2 Pit 5 scenario 

Table 9-13 and Table 9-14 summarise the predicted incremental and cumulative impacts associated 

with the alternative haul route Pit 5 scenario.  The results in Table 9-13 and Table 9-14 indicate the 

Project would be below the relevant air quality impact criteria at the assessed receptor locations. 

In comparison to the modelling predictions for the proposed haul route (refer to Table 9-2 and Table 

9-5), the predicted levels using the alternative haul route are lower as expected. 
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Table 9-13: Incremental particulate dispersion modelling results for sensitive receptors – Pit 5 scenario – alternate haul 
routes 

Receptor ID 

PM2.5  

(µg/m³) 

PM10  

(µg/m³) 

TSP  

(µg/m³) 

DD 

(g/m²/month) 

24-hour 

average 

Annual 

average 

24-hour 

average 

Annual 

average 

Annual 

average 

Annual  

average 

Air Quality Impact Criteria 

- - - - - 2 

R5 7.4 0.7 48.0 4.4 11.3 0.5 

R9 7.9 1.0 46.7 5.6 16.2 0.9 

R12a 3.6 0.2 22.5 0.9 2.0 0.1 

R26 7.2 0.6 43.2 3.6 9.3 0.4 

 

Table 9-14: Cumulative annual average particulate dispersion modelling results for sensitive receptors – Pit 5 scenario – 
alternate haul routes 

Receptor ID 

PM2.5  

(µg/m³) 

PM10  

(µg/m³) 

TSP  

(µg/m³) 
DD (g/m²/month) 

Air Quality Impact Criteria 

8 25 90 4 

R5 7.7 21.0 71.1 3.2 

R9 8.0 22.2 76.0 3.6 

R12a 7.2 17.5 61.8 2.8 

R26 7.6 20.2 69.1 3.1 

 

Table 9-15 presents a summary of the findings from the Level 2 assessment of cumulative 24-hour 

average PM10 and PM2.5 impacts at the selected receptor locations for the alternative haul route Pit 5 

scenario. 

The results in Table 9-15 indicate that the use of the alternate haul route has a positive effect in reducing 

the predicted number of additional days above the 24-hour average criterion compared to the proposed 

haul route.  

Table 9-15: NSW EPA contemporaneous assessment - maximum number of additional days above 24-hour average 
criterion – Pit 5 scenario – alternate haul routes 

Receptor ID PM10 PM2.5 

R5 4 1 

R9 5 1 

R12a 0 0 

R26 4 0 

 

The use of the alternate haul routes have a positive effect in reducing dust impacts from the operation 

of the site and decrease the number of additional exceedances of the 24-hour average criteria.  
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10 MITIGATION AND MANAGEMENT 

The site will continue to operate in accordance with the Badgerys Creek Quarry and Brick Making Facility 

– Air Quality and Greenhouse Gas Management Plan (APP, 2013).  

This management plan is to be updated to include new activities included in the modification such as 

the VENM importation and reviewed to ensure best practice techniques are being applied.  

All stacks associated with the sites operation have been designed with consideration of the 

requirements per the Protection of the Environment Operations Act 1997 and the Protection of the 

Environment Operations (Clean Air) Regulation (2010).  

As per the Badgerys Creek Quarry and Brick Making Facility – Air Quality and Greenhouse Gas 

Management Plan (APP, 2013), the Reactive Dust Management Program is to be implemented during 

the extraction campaigns.  The Reactive Dust Management Program employs portable ambient air 

quality samplers in locations downwind of the extraction activity, between the site and the receptors.   

Operators receive an alert when PM10 levels exceed: 

 80µg/m³ (15-minute average period) – Warning level requiring actions such as additional water 

suppression and review of activity; and, 

 100 µg/m3 (15-minute average period) – Critical level requiring suspension of extraction 

operations whilst continuing to implement measures at the Warning level. 
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11 SUMMARY AND CONCLUSIONS 

This report has assessed the potential worst-case air quality impacts associated with the proposed CSR 

Advanced Manufacturing Hub Modification 4.   

Air dispersion modelling using the CALPUFF model was used, with generally conservative assumptions 

to predict the potential for off-site air quality impacts in the surrounding area due to the Project.   

It is predicted that all the assessed air pollutants generated by the operation of the Project would comply 

with the applicable assessment criteria at the sensitive receptors with the exception of short-term (24-

hour average) PM10 and PM2.5 levels for the both the Pit 4 and Pit 5 scenarios.    

A modelling scenario with the reactive dust management strategy (i.e. suspending extraction activities 

during a small number of periods with adverse weather conditions) indicated that the reactive dust 

management strategy of responding to changes in dust levels and weather conditions would ensure 

dust levels are kept below the levels predicted in this assessment, and therefore within acceptable 

criteria.  

The use of an alternative haul route for the Project would reduce dust impacts, and is an effective means 

to minimise the overall dust generated whilst optimising the site travel distances.  

Given the conservative nature of the modelling assessment, it is anticipated that application of the 

existing Air Quality and Greenhouse Gas Management Plan (2013), would result in actual dust levels 

lower than the levels predicted.  

Overall, the assessment demonstrates that the operation of the Project would not cause any 

unacceptable air quality impact in the surrounding environment. 
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Appendix A 

Selection of Meteorological Year 
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Selection of meteorological year 

The 2014 calendar year has been selected as the meteorological year for the dispersion modelling based 

on an analysis of the latest five years of meteorological data and wind patterns which reflect those 

patterns experienced in latest five years.   

A statistical analysis of the latest five years of meteorological data from the nearest BoM weather station 

with suitable available data, Badgerys Creek AWS, is presented in Table A-1.  The standard deviation of 

five years of meteorological data spanning 2013 to 2017 was analysed against the mean measured wind 

speed, wind direction, temperature and relative humidity.   

The analysis indicates that 2014 is closest to the average for wind speed, 2014 is the closest to the 

average wind direction, 2016 is the closest to the average for temperature and 2013 is closest for relative 

humidity.   

Figure A-1 shows the frequency distributions for wind speed, wind direction, temperature and relative 

humidity of the 2014 year compared with the mean of the 2013 to 2017 data set. The 2014 year data 

appears to be well aligned with the mean data for wind speed and wind direction which are the most 

critical parameters for dispersion.  

Therefore, based on this analysis it was determined that 2014 is generally representative of the long-

term trends compared to other years and is thus suitable for the purpose of modelling.  

Table A-1: Statistical analysis results of standard deviation from mean five year meteorological data at Badgerys Creek 
AWS 

Year Wind speed Wind direction Temperature Relative humidity 

2013 0.25 0.17 0.13 0.18 

2014 0.14 0.15 0.19 0.23 

2015 0.38 0.21 0.19 0.28 

2016 0.47 0.27 0.09 0.21 

2017 0.52 0.24 0.28 0.33 

 



  A-2 

 

17030670_CSR_BadgerysCreek_MOD4_190225.docx 

 

 
Figure A-1: Frequency distribution of meteorological parameters 

 

Annual and seasonal windroses prepared from data collected for the 2014 calendar year are presented 

in Figure A-2. 

A five year annual and seasonal windrose for the Badgerys Creek AWS spanning 2013 to 2017 is 

presented in Figure A-3.  The windrose indicates little variation when compared to the individual year 

presented in Figure A-2 for the 2014 period. This further suggests that the 2014 calendar year is 

representative of the available data and is a suitable period for modelling. 
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Figure A-2: Annual and seasonal windroses for Badgerys Creek AWS (2014) 
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Figure A-3: Annual and seasonal windroses for Badgerys Creek AWS (2013-2017)
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Emissions calculations  

The dust emissions from the extraction activities have been estimated from the operational pit scenario 

descriptions provided by the Proponent and have been combined with emissions factor equations that 

relate to the quantity of dust emitted from particular activities based on intensity, the prevailing 

meteorological conditions and composition of the material being handled.  

Emission factors and associated controls have been sourced from the National Pollutant Inventory 

Emission Estimation Technique Manuals (NPI 2012 and NPI 2014) and US EPA AP42 Emission Factors 

(US EPA 1998, US EPA 2006a, US EPA 2006b, and US EPA 2011).  

 
Table C-1: Emission factor equations 

Activity Emission factor equation Variable 

Bulldozers 𝐸𝐹𝑇𝑆𝑃 = 2.6 ×  (
𝑠1.2

𝑀1.3) 𝑘𝑔 ℎ𝑟⁄ /𝑣𝑒ℎ𝑖𝑐𝑙𝑒 
s = surface material silt content (%) 

M = moisture content (%) 

Material handling/ 

loading/ unloading 
𝐸𝐹𝑇𝑆𝑃 = 𝑘 × 0.0016 ×  (

𝑈

2.2

1.3 𝑀

2

1.4

⁄ )  𝑘𝑔/𝑡𝑜𝑛𝑛𝑒 

ktsp = 0.74 

U = wind speed (m/s) 

M = moisture content (%) 

Hauling on 

unsealed surfaces 𝐸𝐹𝑇𝑆𝑃 =  0.2819 × 𝑘 ×  (
𝑠

12
)

𝑎

 ×  (
𝑊

3
)

𝑏

 𝑘𝑔/𝑉𝐾𝑇 

kTSP = 4.9  

s = surface material silt content (%) 

W = average weight of vehicles (tonnes) 

aTSP = 0.7 

bTSP = 0.45 

 

75% control factor for watering applied 

Hauling on paved 

surfaces 
𝐸𝐹𝑇𝑆𝑃 =  

𝑘 ×  (𝑠𝐿)0.91  ×  (𝑊)1.02

1000
 𝑘𝑔/𝑉𝐾𝑇 

ktsp = 3.23 (g/VKT) 

sL = road surface silt loading (g/m²) 

W = average weight of vehicles (tons) 

Wind erosion  𝐸𝐹𝑇𝑆𝑃 = 850 𝑘𝑔 ℎ𝑎⁄ /𝑦𝑒𝑎𝑟 - 

Grading 𝐸𝐹𝑇𝑆𝑃 = 0.0034 × 𝑆2.5 𝑘𝑔/𝑉𝐾𝑇 S = vehicle speed (km/hr) 

Unload sand to 

ground bin 
𝐸𝐹𝑇𝑆𝑃 = 0.0011 𝑘𝑔/𝑡𝑜𝑛𝑛𝑒 - 

Unloading 
cement/flyash to 

silos  

𝐸𝐹𝑇𝑆𝑃 = 0.0005 𝑘𝑔/𝑡𝑜𝑛𝑛𝑒 - 

Crushing reject tiles 𝐸𝐹𝑇𝑆𝑃 = 0.0006 𝑘𝑔/𝑡𝑜𝑛𝑛𝑒 - 
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Table B-2: Emissions inventory – Roof products manufacturing facility 

 

Table B-3: Emissions inventory – Brick making facility 

 
 

ACTIVITY
TSP 

emission 

(kg/y)

PM10 

emission 

(kg/y)

PM25 

emission 

(kg/y)

Intensity Units

Emission 

Factor - 

TSP

Emission 

Factor - 

PM10

Emission 

Factor - 

PM25

Units
Variable 

1
Units

Variable 

2
Units

Variable 

3
Units

Variable 

4 - TSP

Variable 

4 - PM10

Variable 

4 - PM25
Units

Variable 

5
Units

DUST 

CONTROLS

Hauling raw materials (paved) 462              89                21               124,000     t/yr 0.004           0.001            0.0002         kg/t 28              t/load 0.5              km/trip 2                 S.L. (g/m²) 0.205         0.039         0.010           kg/VKT 32              Ave GMV (tonnes)

Hauling incoming roof products (paved) 31                6                   1                  8,000          t/yr 0.004           0.001            0.0002         kg/t 20              t/load 0.5              km/trip 2                 S.L. (g/m²) 0.157         0.030         0.007           kg/VKT 24              Ave GMV (tonnes)

Crushing sandstone in raw material stockpile 5                   2                   0.1              7,800          t/yr 0.00060       0.00027        0.00002       kg/t

Loading sandstone to truck 10                5                   0.5              7,800          t/yr 0.0013         0.0006          0.0001         kg/t               1.1 

 mean 

WS 

m/s/2.2 

^1.3 

2.0              
 moisture 

content % 

Hauling sand to ground bins unpaved 49                10                1                  7,800          t/yr 0.025           0.005            0.001           kg/t 31              t/load 0.8              km/trip 5                 silt content % 0.968         0.207         0.021           kg/VKT 34              Ave GMV (tonnes) 75                        

Hauling sand to ground bins paved 94                18                4                  7,800          t/yr 0.012           0.002            0.001           kg/t 31              t/load 1.7              km/trip 2                 S.L. (g/m²) 0.219         0.042         0.010           kg/VKT 34              Ave GMV (tonnes)

Unloading sand to ground bins 106              49                8                  96,000        t/yr 0.0011         0.00051        0.00008       kg/t

Unloading cement/flyash to silos 12                4                   1                  24,000        t/yr 0.00050       0.00017        0.00004       kg/t

Hauling finished roof products (paved) 789              151              37               132,000     t/yr 0.006           0.001            0.0003         kg/t 22              t/load 0.8              km/trip 2                 S.L. (g/m²) 0.162         0.031         0.008           kg/VKT 25              Ave GMV (tonnes)

Loading reject tiles to bunker 8                   4                   0.4              6,600          t/yr 0.0013         0.0006          0.0001         kg/t               1.1 

 mean 

WS 

m/s/2.2 

^1.3 

2.0              
 moisture 

content % 

Crushing reject tiles 4                   2                   0.1              6,600          t/yr 0.00060       0.00027        0.00002       kg/t

Total 1,568          340              75               

ACTIVITY
TSP 

emission 

(kg/y)

PM10 

emission 

(kg/y)

PM25 

emission 

(kg/y)

Intensity Units

Emission 

Factor - 

TSP

Emission 

Factor - 

PM10

Emission 

Factor - 

PM25

Units
Variable 

1
Units

Variable 

2
Units

Variable 

3
Units

Variable 

4 - TSP

Variable 

4 - PM10

Variable 

4 - PM25
Units

Variable 

5
Units

DUST 

CONTROLS

Hauling raw materials (paved) 462              89                21               124,000     t/yr 0.004           0.001            0.0002         kg/t 28              t/load 0.5              km/trip 2                 S.L. (g/m²) 0.205         0.039         0.010           kg/VKT 32              Ave GMV (tonnes)

Hauling incoming roof products (paved) 31                6                   1                  8,000          t/yr 0.004           0.001            0.0002         kg/t 20              t/load 0.5              km/trip 2                 S.L. (g/m²) 0.157         0.030         0.007           kg/VKT 24              Ave GMV (tonnes)

Crushing sandstone in raw material stockpile 5                   2                   0.1              7,800          t/yr 0.00060       0.00027        0.00002       kg/t

Loading sandstone to truck 10                5                   0.5              7,800          t/yr 0.0013         0.0006          0.0001         kg/t               1.1 

 mean 

WS 

m/s/2.2 

^1.3 

2.0              
 moisture 

content % 

Hauling sand to ground bins unpaved 49                10                1                  7,800          t/yr 0.025           0.005            0.001           kg/t 31              t/load 0.8              km/trip 5                 silt content % 0.968         0.207         0.021           kg/VKT 34              Ave GMV (tonnes) 75                        

Hauling sand to ground bins paved 94                18                4                  7,800          t/yr 0.012           0.002            0.001           kg/t 31              t/load 1.7              km/trip 2                 S.L. (g/m²) 0.219         0.042         0.010           kg/VKT 34              Ave GMV (tonnes)

Unloading sand to ground bins 106              49                8                  96,000        t/yr 0.0011         0.00051        0.00008       kg/t

Unloading cement/flyash to silos 12                4                   1                  24,000        t/yr 0.00050       0.00017        0.00004       kg/t

Hauling finished roof products (paved) 789              151              37               132,000     t/yr 0.006           0.001            0.0003         kg/t 22              t/load 0.8              km/trip 2                 S.L. (g/m²) 0.162         0.031         0.008           kg/VKT 25              Ave GMV (tonnes)

Loading reject tiles to bunker 8                   4                   0.4              6,600          t/yr 0.0013         0.0006          0.0001         kg/t               1.1 

 mean 

WS 

m/s/2.2 

^1.3 

2.0              
 moisture 

content % 

Crushing reject tiles 4                   2                   0.1              6,600          t/yr 0.00060       0.00027        0.00002       kg/t

Total 1,568          340              75               
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Table B-4: Emissions inventory – Extraction activities Pit 4 scenario 

 

ACTIVITY
TSP 

emission 

(kg/y)

PM10 

emission 

(kg/y)

PM25 

emission 

(kg/y)

Intensity Units

Emission 

Factor - 

TSP

Emission 

Factor - 

PM10

Emission 

Factor - 

PM25

Units
Variable 

1
Units

Variable 

2
Units

Variable 

3
Units

Variable 

4 - TSP

Variable 

4 - PM10

Variable 

4 - PM25
Units

Variable 

5
Units

DUST 

CONTROLS

Removal of topsoil / burden in Pit 4 (excavator) 224             106            11               178,772     t/yr 0.0013     0.0006       0.0001     kg/t                 1.1 
 mean WS 

m/s/2.2 ^1.3 
2                   

 moisture 

content % 

Loading burden to haul truck 224             106            11               178,772     t/yr 0.0013     0.0006       0.0001     kg/t                 1.1 
 mean WS 

m/s/2.2 ^1.3 
2                   

 moisture 

content % 

Hauling burden to stockpile (unpaved) 7,342         1,887         189            178,772     t/yr 0.164        0.042         0.004        kg/t 39                t/load 2.8               km/trip 5.0               
 silt 

content % 
2.288         0.588           0.059          kg/VKT 40                

 Ave GMV 

(tonnes) 
75                    

Unloading burden at Pit 2 224             106            11               178,772     t/yr 0.0013     0.0006       0.0001     kg/t                 1.1 
 mean WS 

m/s/2.2 ^1.3 
2                   

 moisture 

content % 

Compactor in Pit 2 (bulldozer) 1,153         204            115            660             hrs/yr 1.75 0.31 0.17 kg/hr 5.0               silt content % 6                   
 moisture 

content % 

Bulldozer for breaking up clay/ raw materials in Pit 4 1,153         204            115            660             hrs/yr 1.75 0.31 0.17 kg/hr 5.0               silt content % 6                   
 moisture 

content % 

Loading clay/ raw material to haul truck 113             54               5                 420,000     t/yr 0.0003     0.0001       0.00001   kg/t                 1.1 
 mean WS 

m/s/2.2 ^1.3 
6                   

 moisture 

content % 

Haul materials to raw materials stockpile area (unpaved) 6,160         1,583         158            420,000     t/yr 0.059        0.015         0.002        kg/t 39                t/load 1.0               km/trip 5.0               
 silt 

content % 
2.288         0.588           0.059          kg/VKT 40                

 Ave GMV 

(tonnes) 
75                    

Unloading clay/ raw materials to stockpile area 113             54               5                 420,000     t/yr 0.0003     0.0001       0.00001   kg/t                 1.1 
 mean WS 

m/s/2.2 ^1.3 
6                   

 moisture 

content % 

FEL shaping stockpiles 113             54               5                 420,000     t/yr 0.0003     0.0001       0.0000     kg/t                 1.1 
 mean WS 

m/s/2.2 ^1.3 
6                   

 moisture 

content % 

Grading haul roads 3,326         1,149         106            5,280          km/yr 0.630        0.218         0.020        kg/vkt 8                  speed of graders in km/h

Wind erosion pit 1 10,455       5,228         784            12                ha 850           425             64              kg/ha/yr

Wind erosion pit 2 2,975         1,488         223            4                  ha 850           425             64              kg/ha/yr

Wind erosion pit 3 7,565         3,783         567            9                  ha 850           425             64              kg/ha/yr

Wind erosion pit 4 5,950         2,975         446            7                  ha 850           425             64              kg/ha/yr

Total 47,091       18,978      2,753         
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Table B-5: Emissions inventory – Extraction activities Pit 5 scenario 

 
 

Table B-6: Emissions inventory – VENM importation Pit 4 scenario 

 

Table B-7: Emissions inventory – VENM importation Pit 5 scenario 

 
 

ACTIVITY
TSP 

emission 

(kg/y)

PM10 

emission 

(kg/y)

PM25 

emission 

(kg/y)

Intensity Units

Emission 

Factor - 

TSP

Emission 

Factor - 

PM10

Emission 

Factor - 

PM25

Units
Variable 

1
Units

Variable 

2
Units

Variable 

3
Units

Variable 

4 - TSP

Variable 

4 - PM10

Variable 

4 - PM25
Units

Variable 

5
Units

DUST 

CONTROLS

Removal of topsoil / burden in Pit 5 (excavator) 235             111            11               187,455        t/yr 0.0013     0.0006       0.0001      kg/t               1.1 
 mean WS 

m/s/2.2 ^1.3 
2                 

 moisture 

content % 

Loading burden to haul truck 235             111            11               187,455        t/yr 0.0013     0.0006       0.0001      kg/t               1.1 
 mean WS 

m/s/2.2 ^1.3 
2                 

 moisture 

content % 

Hauling burden to Pit 4 (unpaved) 13,747       3,532        353            187,455        t/yr 0.293       0.075         0.008         kg/t 39              t/load 5.0             km/trip 5.0                silt content % 2.288          0.588           0.059          kg/VKT 40                
 Ave GMV 

(tonnes) 
75                   

Unloading burden at Pit 4 235             111            11               187,455        t/yr 0.0013     0.0006       0.0001      kg/t               1.1 
 mean WS 

m/s/2.2 ^1.3 
2                 

 moisture 

content % 

Compactor in Pit 4 (bulldozer) 1,153         204            115            660                hrs/yr 1.75 0.31 0.17 kg/hr 5.0             silt content % 6                 
 moisture 

content % 

Bulldozer for breaking up clay/ raw materials in Pit 5 1,153         204            115            660                hrs/yr 1.75 0.31 0.17 kg/hr 5.0             silt content % 6                 
 moisture 

content % 

Loading clay/ raw material to haul truck 113             54              5                 420,000        t/yr 0.0003     0.0001       0.00001    kg/t               1.1 
 mean WS 

m/s/2.2 ^1.3 
6                 

 moisture 

content % 

Haul materials to raw materials stockpile area (unpaved) 25,257       6,490        649            420,000        t/yr 0.241       0.062         0.006         kg/t 39              t/load 4.1             km/trip 5.0                silt content % 2.288          0.588           0.059          kg/VKT 40                
 Ave GMV 

(tonnes) 
75                   

Unloading clay/ raw materials to stockpile area 113             54              5                 420,000        t/yr 0.0003     0.0001       0.00001    kg/t               1.1 
 mean WS 

m/s/2.2 ^1.3 
6                 

 moisture 

content % 

FEL shaping stockpiles 113             54              5                 420,000        t/yr 0.0003     0.0001       0.0000      kg/t               1.1 
 mean WS 

m/s/2.2 ^1.3 
6                 

 moisture 

content % 

Grading haul roads 3,326         1,149        106            5,280            km/yr 0.630       0.218         0.020         kg/vkt 8                speed of graders in km/h

Wind erosion pit 4 11,050       5,525        829            13                  ha 850           425             64               kg/ha/yr

Wind erosion pit 5 4,760         2,380        357            6                     ha 850           425             64               kg/ha/yr

Total 61,491       19,979      2,574         

ACTIVITY
TSP 

emission 

(kg/y)

PM10 

emission 

(kg/y)

PM25 

emission 

(kg/y)

Intensity Units

Emission 

Factor - 

TSP

Emission 

Factor - 

PM10

Emission 

Factor - 

PM25

Units
Variable 

1
Units

Variable 

2
Units

Variable 

3
Units

Variable 

4 - TSP

Variable 

4 - PM10

Variable 

4 - PM25
Units

Variable 

5
Units

DUST 

CONTROLS

Hauling VENM on-site (unpaved) 146,960     37,762      3,776         1,488,000 tonnes/year0.395        0.102         0.010        kg/t 36                t/load 6.3               km/trip 5.0               
 silt 

content % 
2.257         0.580           0.058          kg/VKT 38                Ave GMV (tonnes) 75                    

Unloading VENM to Pit 3 1,867         883            88               1,488,000 tonnes/year0.0013     0.0006       0.0001     kg/t                 1.1 
 mean WS 

m/s/2.2 ^1.3 
2                   moisture content %

Compactor backfilling/shaping  VENM (dozer) 18,802       3,718         1,880         2,581          hrs/year 7.28          1.44 0.73 kg/hr/vehicle 5.0               silt content % 2                   moisture content %

Total 167,628     42,362      5,745         

ACTIVITY
TSP 

emission 

(kg/y)

PM10 

emission 

(kg/y)

PM25 

emission 

(kg/y)

Intensity Units

Emission 

Factor - 

TSP

Emission 

Factor - 

PM10

Emission 

Factor - 

PM25

Units
Variable 

1
Units

Variable 

2
Units

Variable 

3
Units

Variable 

4 - TSP

Variable 

4 - PM10

Variable 

4 - PM25
Units

Variable 

5
Units

DUST 

CONTROLS

Hauling VENM on-site (unpaved) 144,627     37,162      3,716         1,488,000 tonnes/year0.389        0.100         0.010        kg/t 36                t/load 6.2               km/trip 5.0               
 silt 

content % 
2.257         0.580           0.058          kg/VKT 38                Ave GMV (tonnes) 75                    

Unloading VENM to Pit 4 1,867         883            88               1,488,000 tonnes/year0.0013     0.0006       0.0001     kg/t                 1.1 
 mean WS 

m/s/2.2 ^1.3 
2                   moisture content %

Compactor backfilling/shaping  VENM (dozer) 18,802       3,718         1,880         2,581          hrs/year 7.28          1.44 0.73 kg/hr/vehicle 5.0               silt content % 2                   moisture content %

Total 165,295     41,763      5,685         
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Table B-8: Emissions inventory – Extraction activities Pit 5 scenario – alternate haul routes 

 

Table B-9: Emissions inventory – VENM importation Pit 4 scenario – alternate haul routes 

 

Table B-10: Emissions inventory – VENM importation Pit 5 scenario – alternate haul routes 

 

ACTIVITY
TSP 

emission 

(kg/y)

PM10 

emission 

(kg/y)

PM25 

emission 

(kg/y)

Intensity Units

Emission 

Factor - 

TSP

Emission 

Factor - 

PM10

Emission 

Factor - 

PM25

Units
Variable 

1
Units

Variable 

2
Units

Variable 

3
Units

Variable 

4 - TSP

Variable 

4 - PM10

Variable 

4 - PM25
Units

Variable 

5
Units

DUST 

CONTROLS

Removal of topsoil / burden in Pit 5 (excavator) 235             111            11               187,455        t/yr 0.0013     0.0006       0.0001      kg/t               1.1 
 mean WS 

m/s/2.2 ^1.3 
2                 

 moisture 

content % 

Loading burden to haul truck 235             111            11               187,455        t/yr 0.0013     0.0006       0.0001      kg/t               1.1 
 mean WS 

m/s/2.2 ^1.3 
2                 

 moisture 

content % 

Hauling burden to Pit 4 (unpaved) 8,798         2,261        226            187,455        t/yr 0.188       0.048         0.005         kg/t 39              t/load 3.2             km/trip 5.0                silt content % 2.288          0.588           0.059          kg/VKT 40                
 Ave GMV 

(tonnes) 
75                   

Unloading burden at Pit 4 235             111            11               187,455        t/yr 0.0013     0.0006       0.0001      kg/t               1.1 
 mean WS 

m/s/2.2 ^1.3 
2                 

 moisture 

content % 

Compactor in Pit 4 (bulldozer) 1,153         204            115            660                hrs/yr 1.75 0.31 0.17 kg/hr 5.0             silt content % 6                 
 moisture 

content % 

Bulldozer for breaking up clay/ raw materials in Pit 5 1,153         204            115            660                hrs/yr 1.75 0.31 0.17 kg/hr 5.0             silt content % 6                 
 moisture 

content % 

Loading clay/ raw material to haul truck 113             54              5                 420,000        t/yr 0.0003     0.0001       0.00001    kg/t               1.1 
 mean WS 

m/s/2.2 ^1.3 
6                 

 moisture 

content % 

Haul materials to raw materials stockpile area (unpaved) 8,624         2,216        222            420,000        t/yr 0.082       0.021         0.002         kg/t 39              t/load 1.4             km/trip 5.0                silt content % 2.288          0.588           0.059          kg/VKT 40                
 Ave GMV 

(tonnes) 
75                   

Unloading clay/ raw materials to stockpile area 113             54              5                 420,000        t/yr 0.0003     0.0001       0.00001    kg/t               1.1 
 mean WS 

m/s/2.2 ^1.3 
6                 

 moisture 

content % 

FEL shaping stockpiles 113             54              5                 420,000        t/yr 0.0003     0.0001       0.0000      kg/t               1.1 
 mean WS 

m/s/2.2 ^1.3 
6                 

 moisture 

content % 

Grading haul roads 3,326         1,149        106            5,280            km/yr 0.630       0.218         0.020         kg/vkt 8                speed of graders in km/h

Wind erosion pit 4 11,050       5,525        829            13                  ha 850           425             64               kg/ha/yr

Wind erosion pit 5 4,760         2,380        357            6                     ha 850           425             64               kg/ha/yr

Total 39,909       14,433      2,020         

ACTIVITY
TSP 

emission 

(kg/y)

PM10 

emission 

(kg/y)

PM25 

emission 

(kg/y)

Intensity Units

Emission 

Factor - 

TSP

Emission 

Factor - 

PM10

Emission 

Factor - 

PM25

Units
Variable 

1
Units

Variable 

2
Units

Variable 

3
Units

Variable 

4 - TSP

Variable 

4 - PM10

Variable 

4 - PM25
Units

Variable 

5
Units

DUST 

CONTROLS

Hauling VENM on-site (unpaved) 95,640       24,575      2,458         1,488,000 tonnes/year0.257        0.066         0.007        kg/t 36                t/load 4.1               km/trip 5.0               
 silt 

content % 
2.257         0.580           0.058          kg/VKT 38                Ave GMV (tonnes) 75                    

Unloading VENM to Pit 3 1,867         883            88               1,488,000 tonnes/year0.0013     0.0006       0.0001     kg/t                 1.1 
 mean WS 

m/s/2.2 ^1.3 
2                   moisture content %

Compactor backfilling/shaping  VENM (dozer) 18,802       3,718         1,880         2,581          hrs/year 7.28          1.44 0.73 kg/hr/vehicle 5.0               silt content % 2                   moisture content %

Total 116,309     29,176      4,426         

ACTIVITY
TSP 

emission 

(kg/y)

PM10 

emission 

(kg/y)

PM25 

emission 

(kg/y)

Intensity Units

Emission 

Factor - 

TSP

Emission 

Factor - 

PM10

Emission 

Factor - 

PM25

Units
Variable 

1
Units

Variable 

2
Units

Variable 

3
Units

Variable 

4 - TSP

Variable 

4 - PM10

Variable 

4 - PM25
Units

Variable 

5
Units

DUST 

CONTROLS

Hauling VENM on-site (unpaved) 97,973       25,174      2,517         1,488,000 tonnes/year0.263        0.068         0.007        kg/t 36                t/load 4.2               km/trip 5.0               
 silt 

content % 
2.257         0.580           0.058          kg/VKT 38                Ave GMV (tonnes) 75                    

Unloading VENM to Pit 4 1,867         883            88               1,488,000 tonnes/year0.0013     0.0006       0.0001     kg/t                 1.1 
 mean WS 

m/s/2.2 ^1.3 
2                   moisture content %

Compactor backfilling/shaping  VENM (dozer) 18,802       3,718         1,880         2,581          hrs/year 7.28          1.44 0.73 kg/hr/vehicle 5.0               silt content % 2                   moisture content %

Total 118,641     29,775      4,486         
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Appendix C 

Isopleth Diagrams
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Figure C-1: Predicted incremental maximum 24-hour average PM2.5 concentrations Pit 4 (µg/m³)  

 

 
Figure C-2: Predicted incremental annual average PM2.5 concentrations Pit 4 (µg/m³)  
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Figure C-3: Predicted incremental maximum 24-hour average PM10 concentrations Pit 4 (µg/m³) 

 

 
Figure C-4: Predicted incremental annual average PM10 concentrations Pit 4 (µg/m³) 
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Figure C-5: Predicted incremental annual average TSP concentrations Pit 4 (µg/m³) 

 

 
Figure C-6: Predicted incremental annual average dust deposition levels Pit 4 (g/m²/month) 
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Figure C-7: Predicted incremental maximum 24-hour average PM2.5 concentrations Pit 5 (µg/m³) 

 

 
Figure C-8: Predicted incremental annual average PM2.5 concentrations Pit 5 (µg/m³) 
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Figure C-9: Predicted incremental maximum 24-hour average PM10 concentrations Pit 5 (µg/m³) 

 

 
Figure C-10: Predicted incremental annual average PM10 concentrations Pit 5 (µg/m³) 
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Figure C-11: Predicted incremental annual average TSP concentrations Pit 5 (µg/m³) 

 

 
Figure C-12: Predicted incremental annual average dust deposition levels Pit 5 (g/m²/month) 
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Figure C-13: Predicted incremental maximum 1-hour average SO2 concentrations (µg/m³) 

 

 
Figure C-14: Predicted incremental maximum 1-hour average NO2 concentrations (µg/m³) 
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Figure C-15: Predicted incremental maximum 24-hour average hydrogen fluoride concentrations (µg/m³) 

 

 
Figure C-16: Predicted incremental 99.9th percentile 1-hour average chlorine concentrations (mg/m³) 
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Figure C-17: Predicted incremental 99.9th percentile 1-hour average sulfuric acid concentrations (mg/m³) 

 

 
Figure C-18: Predicted incremental 99th percentile 1-hour average odour concentrations (OU) 
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Appendix D 

Further detail regarding 24-hour PM2.5 and PM10 analysis 
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Further detail regarding 24-hour average PM2.5 and PM10 analysis 

The analysis below provides a cumulative 24-hour PM2.5 and a 24-hour PM10 impact assessment in 

accordance with the NSW EPA Approved Methods; refer to the worked example on Page 46 to 47 of 

the Approved Methods. 

The background level is the ambient level at the OEH Liverpool monitoring station for PM2.5 and at the 

Bringelly monitoring station for PM10. 

The predicted increment is the predicted level to occur at the receptor due to the Project.  

The total is the sum of the background level and the predicted level.  The totals may have minor 

discrepancies due to rounding. 

Each table assesses one receptor. The left half of the table examines the cumulative impact during the 

periods of highest background levels and the right half of the table examines the cumulative impact 

during the periods of highest contribution from the project. 

The green shading represents days ranked per the highest background level but below the criteria.   

The blue shading represents days ranked per the highest predicted increment level but below the 

criteria.  

The orange shading represents days where the measured background level is already over the criteria.  

Any value above the PM2.5 criterion of 25µg/m³ or above the PM10 criterion of 50µg/m³ is in bold red. 

Tables D-1 to D-16 show the predicted maximum cumulative levels at the assessed receptor locations 

surrounding the Project.  
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Table D-1: 24-hour average PM10 concentration – for Pit 4 scenario – R5 

Ranked by Highest to Lowest Background Concentration 
Ranked by Highest to Lowest Predicted Incremental 

Concentration 

Date 

Measured 

background 

level 

Predicted 

increment 

Total 

cumulative 

24-hr 

average 

level 

Date 

Measured 

background 

level 

Predicted 

increment 

Total 

cumulative 

24-hr 

average 

level 

19/05/2014 42.6 1.8 44.4 13/06/2014 19.0 41.5 60.5 

2/01/2014 41.8 2.2 44.0 2/07/2014 20.9 36.1 57.0 

10/02/2014 36.8 4.7 41.5 24/05/2014 29.3 30.7 60.0 

31/12/2014 36.1 0.5 36.6 20/06/2014 22.2 29.1 51.3 

23/05/2014 34.2 0.0 34.2 11/06/2014 10.6 28.0 38.6 

6/08/2014 33.7 7.3 41.0 10/04/2014 15.4 24.6 40.0 

17/12/2014 33.4 4.2 37.6 13/07/2014 16.0 22.0 38.0 

6/10/2014 33.3 1.3 34.6 21/06/2014 13.9 19.7 33.6 

15/11/2014 32.7 3.6 36.3 1/06/2014 8.8 18.0 26.8 

26/05/2014 32.4 1.3 33.7 10/06/2014 8.9 17.6 26.5 

 

Table D-2: 24-hour average PM10 concentration – for Pit 4 scenario – R9 

Ranked by Highest to Lowest Background Concentration 
Ranked by Highest to Lowest Predicted Incremental 

Concentration 

Date 

Measured 

background 

level 

Predicted 

increment 

Total 

cumulative 

24-hr 

average 

level 

Date 

Measured 

background 

level 

Predicted 

increment 

Total 

cumulative 

24-hr 

average 

level 

19/05/2014 42.6 2.4 45.0 10/06/2014 8.9 42.3 51.2 

2/01/2014 41.8 4.5 46.3 1/06/2014 8.8 38.1 46.9 

10/02/2014 36.8 2.8 39.6 4/04/2014 8.9 36.9 45.8 

31/12/2014 36.1 0.3 36.4 13/06/2014 19.0 36.8 55.8 

23/05/2014 34.2 0.0 34.2 28/03/2014 - 33.1 33.1 

6/08/2014 33.7 15.0 48.7 5/06/2014 9.0 32.1 41.1 

17/12/2014 33.4 1.5 34.9 2/07/2014 20.9 25.2 46.1 

6/10/2014 33.3 0.9 34.2 24/05/2014 29.3 24.7 54.0 

15/11/2014 32.7 0.9 33.6 27/07/2014 13.3 22.0 35.3 

26/05/2014 32.4 4.7 37.1 21/06/2014 13.9 21.1 35.0 

- No data 
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Table D-3: 24-hour average PM10 concentration – for Pit 4 scenario – R12a 

Ranked by Highest to Lowest Background Concentration 
Ranked by Highest to Lowest Predicted Incremental 

Concentration 

Date 

Measured 

background 

level 

Predicted 

increment 

Total 

cumulative 

24-hr 

average 

level 

Date 

Measured 

background 

level 

Predicted 

increment 

Total 

cumulative 

24-hr 

average 

level 

19/05/2014 42.6 2.2 44.8 25/05/2014 23.7 31.2 54.9 

2/01/2014 41.8 1.0 42.8 14/06/2014 11.5 22.7 34.2 

10/02/2014 36.8 0.0 36.8 2/06/2014 9.1 16.7 25.8 

31/12/2014 36.1 0.0 36.1 24/06/2014 9.6 13.2 22.8 

23/05/2014 34.2 3.3 37.5 29/06/2014 7.0 13.0 20.0 

6/08/2014 33.7 1.7 35.4 2/05/2014 14.1 11.1 25.2 

17/12/2014 33.4 0.0 33.4 20/05/2014 28.1 10.4 38.5 

6/10/2014 33.3 0.3 33.6 30/07/2014 11.9 10.2 22.1 

15/11/2014 32.7 0.0 32.7 3/05/2014 6.5 8.9 15.4 

26/05/2014 32.4 0.9 33.3 26/06/2014 26.1 8.9 35.0 

 

Table D-4: 24-hour average PM10 concentration – for Pit 4 scenario – R26 

Ranked by Highest to Lowest Background Concentration 
Ranked by Highest to Lowest Predicted Incremental 

Concentration 

Date 

Measured 

background 

level 

Predicted 

increment 

Total 

cumulative 

24-hr 

average 

level 

Date 

Measured 

background 

level 

Predicted 

increment 

Total 

cumulative 

24-hr 

average 

level 

19/05/2014 42.6 1.8 44.4 13/06/2014 19.0 38.7 57.7 

2/01/2014 41.8 1.6 43.4 2/07/2014 20.9 33.0 53.9 

10/02/2014 36.8 3.8 40.6 24/05/2014 29.3 27.8 57.1 

31/12/2014 36.1 0.5 36.6 11/06/2014 10.6 24.8 35.4 

23/05/2014 34.2 0.0 34.2 20/06/2014 22.2 24.5 46.7 

6/08/2014 33.7 6.9 40.6 10/04/2014 15.4 21.1 36.5 

17/12/2014 33.4 3.0 36.4 13/07/2014 16.0 20.4 36.4 

6/10/2014 33.3 0.8 34.1 21/06/2014 13.9 18.9 32.8 

15/11/2014 32.7 2.4 35.1 1/06/2014 8.8 18.9 27.7 

26/05/2014 32.4 1.2 33.6 28/03/2014 - 18.0 18.0 

- No data 

 

 

 

 

  



   

 

17030670_CSR_BadgerysCreek_MOD4_190225.docx 

 

Table D-5: 24-hour average PM2.5 concentration – for Pit 4 scenario – R5 

Ranked by Highest to Lowest Background Concentration 
Ranked by Highest to Lowest Predicted Incremental 

Concentration 

Date 

Measured 

background 

level 

Predicted 

increment 

Total 

cumulative 

24-hr 

average 

level 

Date 

Measured 

background 

level 

Predicted 

increment 

Total 

cumulative 

24-hr 

average 

level 

3/07/2014 24.3 0.6 24.9 13/06/2014 16.4 5.9 22.3 

12/10/2014 21.3 0.0 21.3 2/07/2014 15.9 5.7 21.6 

6/08/2014 20.7 0.9 21.6 24/05/2014 11.1 4.6 15.7 

8/07/2014 20.3 0.2 20.5 20/06/2014 17.2 4.3 21.5 

18/05/2014 20.1 1.5 21.6 11/06/2014 14.0 3.9 17.9 

9/08/2014 19.5 0.4 19.9 10/04/2014 8.2 3.6 11.8 

4/07/2014 19.3 0.0 19.3 13/07/2014 7.1 3.5 10.6 

26/05/2014 18.9 0.2 19.1 21/06/2014 14.4 2.7 17.1 

10/05/2014 18.8 0.2 19.0 11/04/2014 5.3 2.6 7.9 

5/08/2014 18.3 1.6 19.9 15/10/2014 5.1 2.6 7.7 

 

Table D-6: 24-hour average PM2.5 concentration – for Pit 4 scenario – R9 

Ranked by Highest to Lowest Background Concentration 
Ranked by Highest to Lowest Predicted Incremental 

Concentration 

Date 

Measured 

background 

level 

Predicted 

increment 

Total 

cumulative 

24-hr 

average 

level 

Date 

Measured 

background 

level 

Predicted 

increment 

Total 

cumulative 

24-hr 

average 

level 

3/07/2014 24.3 1.1 25.4 13/06/2014 16.4 5.9 22.3 

12/10/2014 21.3 0.4 21.7 10/06/2014 5.9 5.3 11.2 

6/08/2014 20.7 2.0 22.7 1/06/2014 9.2 5.2 14.4 

8/07/2014 20.3 1.6 21.9 28/03/2014 4.5 5.1 9.6 

18/05/2014 20.1 2.0 22.1 4/04/2014 3.9 4.7 8.6 

9/08/2014 19.5 0.7 20.2 5/06/2014 5.7 4.4 10.1 

4/07/2014 19.3 0.2 19.5 2/07/2014 15.9 4.1 20.0 

26/05/2014 18.9 1.1 20.0 24/05/2014 11.1 3.8 14.9 

10/05/2014 18.8 0.3 19.1 21/06/2014 14.4 3.3 17.7 

5/08/2014 18.3 2.0 20.3 27/07/2014 15.5 3.2 18.7 
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Table D-7: 24-hour average PM2.5 concentration – for Pit 4 scenario – R12a 

Ranked by Highest to Lowest Background Concentration 
Ranked by Highest to Lowest Predicted Incremental 

Concentration 

Date 

Measured 

background 

level 

Predicted 

increment 

Total 

cumulative 

24-hr 

average 

level 

Date 

Measured 

background 

level 

Predicted 

increment 

Total 

cumulative 

24-hr 

average 

level 

3/07/2014 24.3 0.2 24.5 25/05/2014 12.9 5.3 18.2 

12/10/2014 21.3 0.1 21.4 14/06/2014 13.1 3.7 16.8 

6/08/2014 20.7 0.3 21.0 2/06/2014 11.9 2.8 14.7 

8/07/2014 20.3 0.4 20.7 24/06/2014 3.1 2.3 5.4 

18/05/2014 20.1 0.8 20.9 29/06/2014 4.2 2.3 6.5 

9/08/2014 19.5 0.8 20.3 2/05/2014 8.7 1.9 10.6 

4/07/2014 19.3 0.8 20.1 20/05/2014 12.9 1.8 14.7 

26/05/2014 18.9 0.2 19.1 30/07/2014 4.6 1.7 6.3 

10/05/2014 18.8 0.9 19.7 17/07/2014 11.4 1.6 13.0 

5/08/2014 18.3 0.0 18.3 26/06/2014 10.2 1.5 11.7 

 

Table D-8: 24-hour average PM2.5 concentration – for Pit 4 scenario – R26 

Ranked by Highest to Lowest Background Concentration 
Ranked by Highest to Lowest Predicted Incremental 

Concentration 

Date 

Measured 

background 

level 

Predicted 

increment 

Total 

cumulative 

24-hr 

average 

level 

Date 

Measured 

background 

level 

Predicted 

increment 

Total 

cumulative 

24-hr 

average 

level 

3/07/2014 24.3 0.6 24.9 13/06/2014 16.4 5.6 22.0 

12/10/2014 21.3 0.1 21.4 2/07/2014 15.9 5.2 21.1 

6/08/2014 20.7 0.8 21.5 24/05/2014 11.1 4.4 15.5 

8/07/2014 20.3 0.2 20.5 20/06/2014 17.2 3.6 20.8 

18/05/2014 20.1 1.3 21.4 11/06/2014 14.0 3.5 17.5 

9/08/2014 19.5 0.3 19.8 13/07/2014 7.1 3.4 10.5 

4/07/2014 19.3 0.0 19.3 10/04/2014 8.2 3.2 11.4 

26/05/2014 18.9 0.2 19.1 21/06/2014 14.4 2.8 17.2 

10/05/2014 18.8 0.1 18.9 11/04/2014 5.3 2.6 7.9 

5/08/2014 18.3 1.4 19.7 1/06/2014 9.2 2.5 11.7 
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Table D-9: 24-hour average PM10 concentration – for Pit 5 scenario – R5 

Ranked by Highest to Lowest Background Concentration 
Ranked by Highest to Lowest Predicted Incremental 

Concentration 

Date 

Measured 

background 

level 

Predicted 

increment 

Total 

cumulative 

24-hr 

average 

level 

Date 

Measured 

background 

level 

Predicted 

increment 

Total 

cumulative 

24-hr 

average 

level 

19/05/2014 42.6 2.7 45.3 13/06/2014 19.0 55.1 74.1 

2/01/2014 41.8 4.1 45.9 2/07/2014 20.9 54.7 75.6 

10/02/2014 36.8 6.6 43.4 20/06/2014 22.2 48.8 71.0 

31/12/2014 36.1 0.4 36.5 24/05/2014 29.3 43.4 72.7 

23/05/2014 34.2 0.0 34.2 11/06/2014 10.6 42.1 52.7 

6/08/2014 33.7 15.3 49.0 10/06/2014 8.9 37.1 46.0 

17/12/2014 33.4 5.3 38.7 10/04/2014 15.4 32.9 48.3 

6/10/2014 33.3 1.5 34.8 1/06/2014 8.8 32.3 41.1 

15/11/2014 32.7 4.5 37.2 28/03/2014 - 31.0 31.0 

26/05/2014 32.4 2.7 35.1 4/04/2014 8.9 27.4 36.3 

- No data 

 
Table D-10: 24-hour average PM10 concentration – for Pit 5 scenario – R9 

Ranked by Highest to Lowest Background Concentration 
Ranked by Highest to Lowest Predicted Incremental 

Concentration 

Date 

Measured 

background 

level 

Predicted 

increment 

Total 

cumulative 

24-hr 

average 

level 

Date 

Measured 

background 

level 

Predicted 

increment 

Total 

cumulative 

24-hr 

average 

level 

19/05/2014 42.6 3.2 45.8 13/06/2014 19.0 56.2 75.2 

2/01/2014 41.8 5.2 47.0 10/06/2014 8.9 53.2 62.1 

10/02/2014 36.8 5.0 41.8 4/04/2014 8.9 50.9 59.8 

31/12/2014 36.1 0.7 36.8 1/06/2014 8.8 49.4 58.2 

23/05/2014 34.2 0.1 34.3 28/03/2014 - 46.9 46.9 

6/08/2014 33.7 21.9 55.6 24/05/2014 29.3 42.1 71.4 

17/12/2014 33.4 2.4 35.8 2/07/2014 20.9 41.0 61.9 

6/10/2014 33.3 1.0 34.3 5/06/2014 9.0 40.3 49.3 

15/11/2014 32.7 1.1 33.8 11/04/2014 12.2 32.8 45.0 

26/05/2014 32.4 5.5 37.9 21/06/2014 13.9 32.8 46.7 

- No data 
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Table D-11: 24-hour average PM10 concentration – for Pit 5 scenario – R12a 

Ranked by Highest to Lowest Background Concentration 
Ranked by Highest to Lowest Predicted Incremental 

Concentration 

Date 

Measured 

background 

level 

Predicted 

increment 

Total 

cumulative 

24-hr 

average 

level 

Date 

Measured 

background 

level 

Predicted 

increment 

Total 

cumulative 

24-hr 

average 

level 

19/05/2014 42.6 3.7 46.3 25/05/2014 23.7 30.7 54.4 

2/01/2014 41.8 0.9 42.7 14/06/2014 11.5 20.7 32.2 

10/02/2014 36.8 0.0 36.8 20/05/2014 28.1 13.1 41.2 

31/12/2014 36.1 0.0 36.1 28/07/2014 16.3 12.7 29.0 

23/05/2014 34.2 5.7 39.9 2/06/2014 9.1 11.3 20.4 

6/08/2014 33.7 2.5 36.2 21/04/2014 18.2 10.5 28.7 

17/12/2014 33.4 0.0 33.4 15/07/2014 21.4 10.4 31.8 

6/10/2014 33.3 0.3 33.6 10/05/2014 28.1 10.3 38.4 

15/11/2014 32.7 0.0 32.7 24/01/2014 12.7 10.2 22.9 

26/05/2014 32.4 0.8 33.2 26/04/2014 16.6 9.7 26.3 

 

Table D-12: 24-hour average PM10 concentration – for Pit 5 scenario – R26 

Ranked by Highest to Lowest Background Concentration 
Ranked by Highest to Lowest Predicted Incremental 

Concentration 

Date 

Measured 

background 

level 

Predicted 

increment 

Total 

cumulative 

24-hr 

average 

level 

Date 

Measured 

background 

level 

Predicted 

increment 

Total 

cumulative 

24-hr 

average 

level 

19/05/2014 42.6 2.3 44.9 2/07/2014 20.9 52.1 73.0 

2/01/2014 41.8 3.0 44.8 13/06/2014 19 49.8 68.8 

10/02/2014 36.8 4.5 41.3 20/06/2014 22.2 41.7 63.9 

31/12/2014 36.1 0.3 36.4 24/05/2014 29.3 39.4 68.7 

23/05/2014 34.2 0.0 34.2 11/06/2014 10.6 35.5 46.1 

6/08/2014 33.7 13.0 46.7 10/06/2014 8.9 31.7 40.6 

17/12/2014 33.4 3.4 36.8 1/06/2014 8.8 29.8 38.6 

6/10/2014 33.3 1.0 34.3 10/04/2014 15.4 28.3 43.7 

15/11/2014 32.7 2.7 35.4 28/03/2014 - 27.7 27.7 

26/05/2014 32.4 2.0 34.4 13/07/2014 16 25.3 41.3 

19/05/2014 42.6 2.3 44.9 2/07/2014 20.9 52.1 73.0 

- No data 
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Table D-13: 24-hour average PM2.5 concentration – for Pit 5 scenario – R5 

Ranked by Highest to Lowest Background Concentration 
Ranked by Highest to Lowest Predicted Incremental 

Concentration 

Date 

Measured 

background 

level 

Predicted 

increment 

Total 

cumulative 

24-hr 

average 

level 

Date 

Measured 

background 

level 

Predicted 

increment 

Total 

cumulative 

24-hr 

average 

level 

3/07/2014 24.3 0.9 25.2 2/07/2014 15.9 8.4 24.3 

12/10/2014 21.3 0.1 21.4 13/06/2014 16.4 7.6 24.0 

6/08/2014 20.7 2.1 22.8 20/06/2014 17.2 7.4 24.6 

8/07/2014 20.3 0.6 20.9 24/05/2014 11.1 6.4 17.5 

18/05/2014 20.1 2.1 22.2 11/06/2014 14.0 6.1 20.1 

9/08/2014 19.5 0.8 20.3 10/06/2014 5.9 5.2 11.1 

4/07/2014 19.3 0.1 19.4 10/04/2014 8.2 4.8 13.0 

26/05/2014 18.9 0.4 19.3 1/06/2014 9.2 4.5 13.7 

10/05/2014 18.8 0.5 19.3 28/03/2014 4.5 4.3 8.8 

5/08/2014 18.3 2.1 20.4 4/04/2014 3.9 3.9 7.8 

3/07/2014 24.3 0.9 25.2 2/07/2014 15.9 8.4 24.3 

 

Table D-14: 24-hour average PM2.5 concentration – for Pit 5 scenario – R9 

Ranked by Highest to Lowest Background Concentration 
Ranked by Highest to Lowest Predicted Incremental 

Concentration 

Date 

Measured 

background 

level 

Predicted 

increment 

Total 

cumulative 

24-hr 

average 

level 

Date 

Measured 

background 

level 

Predicted 

increment 

Total 

cumulative 

24-hr 

average 

level 

3/07/2014 24.3 1.3 25.6 13/06/2014 16.4 8.9 25.3 

12/10/2014 21.3 0.4 21.7 28/03/2014 4.5 7.0 11.5 

6/08/2014 20.7 3.1 23.8 10/06/2014 5.9 6.8 12.7 

8/07/2014 20.3 1.7 22.0 1/06/2014 9.2 6.8 16.0 

18/05/2014 20.1 2.4 22.5 4/04/2014 3.9 6.8 10.7 

9/08/2014 19.5 1.0 20.5 2/07/2014 15.9 6.6 22.5 

4/07/2014 19.3 0.2 19.5 24/05/2014 11.1 6.6 17.7 

26/05/2014 18.9 1.2 20.1 5/06/2014 5.7 5.6 11.3 

10/05/2014 18.8 0.4 19.2 11/04/2014 5.3 5.1 10.4 

5/08/2014 18.3 2.6 20.9 21/06/2014 14.4 5.1 19.5 
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Table D-15: 24-hour average PM2.5 concentration – for Pit 5 scenario – R12a 

Ranked by Highest to Lowest Background Concentration 
Ranked by Highest to Lowest Predicted Incremental 

Concentration 

Date 

Measured 

background 

level 

Predicted 

increment 

Total 

cumulative 

24-hr 

average 

level 

Date 

Measured 

background 

level 

Predicted 

increment 

Total 

cumulative 

24-hr 

average 

level 

3/07/2014 24.3 0.2 24.5 25/05/2014 12.9 4.5 17.4 

12/10/2014 21.3 0.1 21.4 14/06/2014 13.1 2.9 16.0 

6/08/2014 20.7 0.4 21.1 20/05/2014 12.9 2.1 15.0 

8/07/2014 20.3 0.3 20.6 28/07/2014 12.6 2.0 14.6 

18/05/2014 20.1 0.8 20.9 21/04/2014 10.0 1.8 11.8 

9/08/2014 19.5 1.0 20.5 10/05/2014 18.8 1.7 20.5 

4/07/2014 19.3 1.1 20.4 15/07/2014 12.6 1.7 14.3 

26/05/2014 18.9 0.2 19.1 26/04/2014 10.9 1.5 12.4 

10/05/2014 18.8 1.7 20.5 24/01/2014 6.1 1.5 7.6 

5/08/2014 18.3 0.0 18.3 2/06/2014 11.9 1.4 13.3 

 

Table D-16: 24-hour average PM2.5 concentration – for Pit 5 scenario – R26 

Ranked by Highest to Lowest Background Concentration 
Ranked by Highest to Lowest Predicted Incremental 

Concentration 

Date 

Measured 

background 

level 

Predicted 

increment 

Total 

cumulative 

24-hr 

average 

level 

Date 

Measured 

background 

level 

Predicted 

increment 

Total 

cumulative 

24-hr 

average 

level 

3/07/2014 24.3 0.8 25.1 2/07/2014 15.9 8.1 24.0 

12/10/2014 21.3 0.1 21.4 13/06/2014 16.4 7.0 23.4 

6/08/2014 20.7 1.7 22.4 20/06/2014 17.2 6.4 23.6 

8/07/2014 20.3 0.4 20.7 24/05/2014 11.1 6.1 17.2 

18/05/2014 20.1 1.7 21.8 11/06/2014 14 5.2 19.2 

9/08/2014 19.5 0.5 20.0 10/06/2014 5.9 4.5 10.4 

4/07/2014 19.3 0.0 19.3 10/04/2014 8.2 4.2 12.4 

26/05/2014 18.9 0.3 19.2 1/06/2014 9.2 4.1 13.3 

10/05/2014 18.8 0.3 19.1 13/07/2014 7.1 4.0 11.1 

5/08/2014 18.3 1.6 19.9 28/03/2014 4.5 3.8 8.3 
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Note 

All materials specified by Wilkinson Murray Pty Limited have been selected solely on the basis of acoustic performance.  

Any other properties of these materials, such as fire rating, chemical properties etc. should be checked with the suppliers 

or other specialised bodies for fitness for a given purpose. The information contained in this document produced 

by Wilkinson Murray is solely for the use of the client identified on the front page of this report. Our client becomes the 

owner of this document upon full payment of our Tax Invoice for its provision. This document must not be used for any 

purposes other than those of the document’s owner. Wilkinson Murray undertakes no duty to or accepts any responsibility 

to any third party who may rely upon this document. 

 

 

Quality Assurance 

Wilkinson Murray operates a Quality Management System which complies with the requirements of 

AS/NZS ISO 9001:2015.  This management system has been externally certified by SAI Global and 

Licence No. QEC 13457 has been issued. 
 

 

AAAC 

This firm is a member firm of the Association of Australasian Acoustical Consultants and the work here 

reported has been carried out in accordance with the terms of that membership. 

 
 

Celebrating 50 Years in 2012 

Wilkinson Murray is an independent firm established in 1962, originally as Carr & Wilkinson.   

In 1976 Barry Murray joined founding partner Roger Wilkinson and the firm adopted the name which 

remains today.  From a successful operation in Australia, Wilkinson Murray expanded its reach into Asia 

by opening a Hong Kong office early in 2006.  Today, with offices in Sydney, Newcastle, Wollongong, 

Orange, Queensland and Hong Kong, Wilkinson Murray services the entire Asia-Pacific region.   
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GLOSSARY OF ACOUSTIC TERMS 

Most environments are affected by environmental noise which continuously varies, largely as a result of road 

traffic.  To describe the overall noise environment, a number of noise descriptors have been developed and 

these involve statistical and other analysis of the varying noise over sampling periods, typically taken as 15 

minutes.  These descriptors, which are demonstrated in the graph below, are here defined. 

Maximum Noise Level (LAmax) – The maximum noise level over a sample period is the maximum level, 

measured on fast response, during the sample period. 

LA1 – The LA1 level is the noise level which is exceeded for 1% of the sample period.  During the sample 

period, the noise level is below the LA1 level for 99% of the time. 

LA10 – The LA10 level is the noise level which is exceeded for 10% of the sample period.  During the sample 

period, the noise level is below the LA10 level for 90% of the time.  The LA10 is a common noise descriptor 

for environmental noise and road traffic noise. 

LA90 – The LA90 level is the noise level which is exceeded for 90% of the sample period.  During the sample 

period, the noise level is below the LA90 level for 10% of the time.  This measure is commonly referred to as 

the background noise level. 

LAeq – The equivalent continuous sound level (LAeq) is the energy average of the varying noise over the 

sample period and is equivalent to the level of a constant noise which contains the same energy as the 

varying noise environment.  This measure is also a common measure of environmental noise and road traffic 

noise. 

ABL – The Assessment Background Level is the single figure background level representing each assessment 

period (daytime, evening and night time) for each day.  It is determined by calculating the 10th percentile 

(lowest 10th percent) background level (LA90) for each period. 

RBL – The Rating Background Level for each period is the median value of the ABL values for the period 

over all of the days measured.  There is therefore an RBL value for each period – daytime, evening and 

night time. 

Typical Graph of Sound Pressure Level vs Time 

 

 

 

 

20 

25 

30 

35 

40 

45 

50 

55 

60 

0:00 3:00 6:00 9:00 12:00 15:00 

Monitoring or Survey Period (5 sec samples) 

So
un

d 
Pr

es
su

re
 L

ev
el

 (d
B

A
) L Amax 

L A1 

L A10 

L Aeq 

L A50 

L A90 



CSR ADVANCED MANUFACTURING HUB  PAGE 1 

NOISE IMPACT ASSESSMENT - MOD 4  REPORT NO. 17199-M4   VERSION B 

 

 

 

 

1 INTRODUCTION 

1.1 Background 

In October 2016, CSR Building Products Limited (CSR) acquired Boral Bricks Pty Limited (Boral) 

brick business along the eastern seaboard of Australia and with it, the Badgerys Creek Brick 

Making Facility site (‘the site’), which is strategically placed in the Western Sydney Priority Growth 

Area and borders on the proposed Western Sydney Airport precinct.   

To realise the full potential of the Badgerys Creek site and to allow the site to meet the strategic 

needs of their brick, roof products and other building product manufacturing businesses, CSR 

requires modifications to the existing Project Approval (PA10_0014). CSR are proposing three 

separate modifications to their Project Approval as outlined in the following sections.  

1.2 Modification 2 

The existing Project Approval did not allow for the exportation of material extracted on-site. Due 

to recent and forecasted closure of many quarries in the region, reducing the availability of raw 

materials, CSR needed to be able to export raw material (clay) from the site. This was important 

for the sustainability of CSR’s brick manufacturing business and to ensure an immediate and 

ongoing supply of raw material to other CSR brick factories.  

Although the existing Project Approval allowed for the storage of finished brick products in the 

hard stand storage yard, to the east of the brick factory, this storage area would not be used for 

the storage of bricks manufactured at the site, until planning approval had been granted for the 

upgrade of the existing brick factory and the upgrade has been completed (refer to Modification 

3). In the interim CSR urgently required additional finished product storage capacity in the greater 

Sydney region and therefore wished to make use of this valuable space for the temporary storage 

of finished building products from other CSR manufacturing facilities e.g. autoclaved aerated 

concrete panels or roof products. 

As the ability to export clay from the Badgerys Creek site and temporarily store finished building 

products is was as a matter of urgency, CSR has lodged a separate modification application under 

Section 75W of the Environmental Planning & Assessment Act 1979 (EP&A Act) for these two 

activities. 

CSR recently obtained planning approval for Modification 2 from the Department of Planning and 

Environment (DP&E) on 5 May 2018. 

1.3 Modification 3 

CSR has also concurrently lodged a further separate modification application (Modification 3) to 

permit the following additional changes to the approved project: 

1.3.1 Advanced Manufacturing - Brick Production  

• Removal of most of the existing brick manufacturing equipment and replacement with new 

brick manufacturing equipment in the existing brick making facility;  

• Increase in the building footprint of the existing brick making facility;  

• Increase in the building footprint of the existing administration building;  
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• A NATA (National Association of Testing Authorities) Accredited Advanced Testing 

Laboratory; 

• Extension to the existing visitor’s carpark;  

• An innovation centre; 

• A weighbridge;   

• Factory staff parking; 

• A new access road to the factory staff parking area and for bulk material deliveries and 

dispatch;  

• New rainwater tanks. 

A separate, detailed noise assessment has been prepared for Modification 3.  

1.3.2 Advanced Manufacturing - Roof Products Production  

• Construction and operation of a roof products manufacturing facility on CSR owned land, 

outside the approved project boundary, immediately east of Pit 4;  

• Modification to the approved project boundary to include the proposed roof products 

manufacturing facility, located on the adjacent property; and 

• The processing of sandstone (overburden material not used in brick production) for use in 

the manufacture of roof products on-site. 

1.3.3 General  

• Re-commence operations at the site as approved in the Project Approval (PA10_0014), and 

expel the current mothballed status of the site; 

• Amendment to the extent of Pit 5 to include a 200m buffer zone to neighbouring residential 

properties required under the Mining Act 1992; 

• An increase in the importation of raw materials from off-site for use in both the brick 

making and roof products manufacturing facilities; and 

• Modifications to the approved noise bunds. 

1.4 Modification 4 

CSR is now seeking to modify the Project Approval (10_0014) to permit or allow the following 

additional development or changes to the approved project: 

• The dewatering of Pit 1; 

• Continued extraction of clay material in Pit 1 to a depth of 35 m;  

• The importation of Virgin Excavated Natural Material (VENM) to backfill Pit 1 and potentially 

other pits, to rehabilitate the site and facilitate future development; and 

• The establishment of a grid connected solar farm. This will allow energy security through 

a more diverse energy mix, initiate a clean renewable energy source on-site, reduce the 

greenhouse gas emissions that contribute to global warming and improve the land 

utilisation on the eastern flank, outside of the approved project boundary. 
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1.4.1 Martin Road-Elizabeth Drive Intersection Upgrade 

The traffic impact assessment for the proposed modification assessed impacts on the operation 

and safety of the existing Martin Road-Elizabeth Drive intersection with the heavy and light vehicle 

traffic associated with the CSR operations. The traffic impact assessment concluded that the level 

of delay in Martin Road would result in unsafe traffic conditions at the intersection with large 

heavy vehicles forcing their way into Elizabeth Drive due to the level of vehicle delay. To address 

these unsafe traffic conditions, traffic signal control of the intersection would be required. 

1.5 The Applicant  

CSR Building Products Limited is the Applicant for the proposed modification. As CSR owns the 

land on which the modification to the existing Project Approval is proposed, landowner consent 

is not required.  

CSR is an international building and construction materials group, headquartered in North Ryde, 

Australia. CSR’s competitive position is underpinned by being a market leader in production and 

supply of building products for residential and commercial construction markets in Australia and 

New Zealand. Notable products produced by CSR include Gyprock plasterboard, Hebel, insulation, 

bricks and pavers, roof tiles and glass. 

1.6 Site Description 

As described in the Environmental Assessment – Continuation of Operations – Quarry and Brick 

Making Facility, Badgerys Creek (AECOM, 2010), the site is located at 235 Martin Road in the 

suburb of Badgerys Creek within Liverpool Local Government Area (LGA). Badgerys Creek is 

approximately 41 km south west of Sydney and 17 km west of Liverpool. Badgerys Creek is 

currently a small community comprising rural residences, agricultural activities, quarrying and 

industry. The locality supports many small rural residential holdings and a limited number of 

larger agricultural properties, agricultural enterprises (chicken farms, nurseries), composting and 

resource recovery facilities and market gardens. The region falls within the Western Sydney 

Priority Growth Area under the new Sydney Metropolitan Strategy A Plan for Growing Sydney 

(December 2014). The proposed Western Sydney Airport precinct lies to the west of the site. The 

regional context of the site is shown in Figure 1-1. 

The site and surrounds are zoned RU1 - Primary Production zone under the Liverpool Local 

Environmental Plan (LEP) 2008. 

The approximately 200-hectare (ha) site is bound by Badgerys Creek to the west, Ingham’s 

Chicken to the south, South Creek to the east and Australian Native Landscapes and rural 

residential properties to the north (refer to the local context of the site in Figure 1-2). Sensitive 

residential receivers are also presented in Figure 1-2 and excludes residences that have/will be 

demolished in preparation for the new Western Sydney Airport. The Blue Mountains National Park 

is approximately 16 km to the west of the site. 

The underlying topography of the site is relatively flat, however historical quarrying activities on 

the site have substantially altered the natural landform with various voids and elevated stockpiles 

present in the western part of the site. The most prominent of these landforms is a rehabilitated 

stockpile in the far west of the site, known as the ‘Western Stockpile’. This stockpile of unusable 

material is approximately 200 m x 125 m, with an average height of 10m and has been 

revegetated with native grasses and trees. Other significant landforms on the site include the raw 
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material stockpile in the centre of the site, as well as unusable materials stockpiles in the south 

and centre of the site. 

Existing voids on the site comprise Pits 1, 2 and 3. The largest of these, Pit 1, is in the west of 

the site and is used as the main water storage for the site. Pit 2, adjacent to Pit 1 is complete 

and was previously partially backfilled and rehabilitated. Pit 3 is an active pit where quarry 

campaigns were focused, prior to the site being mothballed. Three large sediment basins are in 

the north and east of the site, along with two smaller dams near these basins.  

Remaining land at the site is vacant, of which areas to the north and east of the brick making 

facility are leased for livestock grazing. The site is generally cleared of native vegetation except 

for the creek lines and some isolated stands of trees scattered across the site.  

Access to the site is via a private road off Martin Road which runs off Elizabeth Drive (a designated 

B-double route). The internal road network consists of several unsealed haul roads.  
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Figure 1-1 Regional Context 
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Figure 1-2 Local Context 
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2 EXISTING OPERATIONS 

2.1 Operational and Planning Approval History 

Boral Bricks Pty Limited (Boral) owned and operated the Badgerys Creek Quarry and Brick Making 

Facility at Badgerys Creek for over 30 years.  

On 27 September 2011, project approval was issued under Section 75J of the EP&A Act for the 

ongoing production of bricks and the expansion of the existing quarrying operations at the 

Badgerys Creek site. 

Due to uncertain economic conditions and a downturn in residential housing activity, Boral 

reviewed its bricks production capacity in NSW. Following this review, Boral determined to 

‘mothball’ its operations at Badgerys Creek effective from 30 March 2012. Shutting down the site 

gave Boral the option to review its commercial position at a future stage and, if market conditions 

and business needs allow, recommence production. During the shutdown period, the Boral 

Bringelly Brick Making Facility (now owned by CSR) supplied the Sydney market. 

Because of the shutdown, Boral was unable to comply with the conditions of approval and applied 

to modify the Project Approval under Section 75W of the EP&A Act.  

Modification application (10_0014 Mod 1) requested that post-March 2012 activities be limited 

to: 

• Minor maintenance and inspection (e.g. water management, equipment testing); 

• Operation of the retail display facility; and 

• Irregular and occasional dispatch of bricks from the inventory remaining on-site. 

In 2015, Boral and CSR formed a joint venture brick business called Boral CSR Bricks Pty Ltd. The 

assets held by the respective companies were transferred into the joint venture. At the end of 

October 2016, CSR acquired Boral’s share of the brick business and with it, the Badgerys Creek 

Brick Making Facility. 

2.2 Approved Project 

The approved quarrying and brick making activities, outlined in the Project Approval are to: 

• Extract 420,000 tonnes of clay per calendar year; 

• Produce 252,000 tonnes of bricks per calendar year;  

• Extract any clay shale or carry out any work in the extraction area no deeper than 35 

metres below the pre-existing natural surface of the ground;  

• Receive 20,000 tonnes of raw material for brick making per calendar year; and 

• Dispatch more than 275,000 tonnes of raw materials from the site in any calendar year. 

Product from the quarry and brick making facility is approved for transport entirely by road. The 

Project Approval limits the number of truckloads/heavy vehicle movements that can exit the site 

per day to:  

• A maximum of 60 laden brick trucks (i.e. 120 movements), Monday to Friday; and 

• A maximum of 20 laden brick trucks (i.e. 40 movements) on Saturdays. 
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Figure 2-1 Approved Project 
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2.3 Quarry Activities 

Approved quarrying activities involve the eastward progression of Pit 3 (where quarrying had 

already commenced), followed by the establishment of Pit 4 and then Pit 5. The establishment of 

a new pit involves the following works: 

• Exploratory core drilling to a depth of 35 m below ground surface (bgs) across a 50 m 

square grid; 

• Assessment of cores for suitability for brick making; 

• If the core is suitable, the area is fenced off and appropriate signage placed around the 

area; 

• Removal of overburden and topsoil; 

• Breaking up raw materials using a bulldozer with ripping attachment; 

• Collection of raw materials with an excavator and placement into a 40-tonne dump truck; 

• Transport and deposit of raw materials to the Raw Materials Stockpile area to the south of 

the brick making facility; 

• Transport and deposit of unusable material to either the Central Stockpile or to an open 

void (Pit 2); and 

• Creation of new stormwater drainage systems and/or drainage pathways (where required) 

to be incorporated into and consistent with the Water Management Plan for the site. 

Upon completion of quarrying in the nominated areas, the disturbed area would be rehabilitated. 

2.3.1 Brick Production 

The primary machinery and equipment involved in the approved brick manufacturing process 

includes: 

• Clay preparation equipment (crushing and grinding); 

• Brick forming and handling equipment; 

• Gas-fired kiln; 

• Brick dryer; 

• Brick unloading machine (Dehacker); and 

• Compressor building. 

The brick manufacturing process is generally described as follows: 

• The as-mined clay material is crushed from -500 mm to -2 mm through a crushing process.  

Water is added during the process to take the material from 6-10% moisture content to 

10-12% moisture content. 

• To make bricks, the crushed raw material has more water added to bring the mixture to 

13-14% and is then extruded.  Various textures, sands, frits and clay suspensions are 

applied to the clay column to add aesthetic appeal.  The extruded column is cut into brick 

sized units and stacked on kiln or dryer cars.  These cars pass through a tunnel dryer over 

the course of two days during which the moisture content is reduced to <1%. 

• The kiln cars stacked with dry bricks are then fed into the entrance of the gas-fired tunnel 

kilns at the rate of one car approximately every 60 minutes. One kiln car holds 
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approximately 6500 bricks (or 18 brick stacks) stacked with gaps between them to allow 

the hot air to circulate between them and fire evenly. The stock is then raised to above 

1000oC and cooled back to room temperature in less than two days.  Waste heat is drawn 

from kiln in the cooling stage and is used in the dryer to dry the bricks; and 

• The fired stock is unloaded from the kiln car and packaged into brick packs by the Dehacker 

before being driven along a conveyor to be transported to the storage yard for dispatch. 

All equipment is housed within the brick making facility with the exception of the unloading 

conveyor and exhaust stacks. 

Previous additions and alterations to the brick making facility were approved by Liverpool City 

Council to enable an increase in the efficiency of the existing brick making process. The additions 

and alterations included a dust collector, air receiver and brick dipping tanks. The additions and 

alterations were aimed at reducing dust in the brick making process and reducing the incidence 

of cracking in bricks, hence yielding a higher quantity and quality of product for export.  

2.3.2 Transport of Raw Materials and Finished Product 

Raw materials required for brick making that cannot be extracted on site, were imported by truck 

and stockpiled in the Raw Materials Stockpile area to the south of the brick making facility.  

The brick product storage yard is located to the north-east of the brick making facility. Forklifts 

loaded the bricks from the yard on to trucks for transport off site.  

2.3.3 Stockpiles 

Stockpile areas within the site include: 

• Raw material stockpiles situated in the centre of the site, which provided the feedstock for 

the brick making process; 

• Overburden stockpiles which contain upper level excavated materials that was not suitable 

for brick making; 

• Unusable material stockpiles which contain deeper level excavated material that was not 

suitable for brick making, but may be suitable in the future if upgrades were made to the 

clay preparation equipment; and 

• Rehabilitated stockpiles in the far west and along the southern boundary of the site. 

2.3.4 Operating Hours and Workforce 

Approved operating hours for the site are outlined in detail in Table 2-1.  
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Table 2-1 Approved Operating Hours 

Activity Day Time 

Quarrying operations (excluding removal of 

overburden, truck arrival, loading and dispatch) 

Monday-Saturday 

Sunday and public holidays 

7:00am to 6:00pm 

None 

Removal of overburden and construction of noise 

bunds 

Monday-Friday 

Saturday 

Sunday and public holidays 

7:00am to 6:00pm 

8:00am to 1:00pm 

None 

Brick making facility and storage yard Monday-Sunday 24 hours 

Truck arrival and dispatch (excluding finished 

building products) 

Monday-Friday 

Saturday 

Sunday and public holidays 

6:00am to 10:00pm 

6:00am to 6:00pm 

None 

Truck arrival and dispatch (finished building 

products only) 

Monday-Saturday 

Sunday and public holidays 

7:00am to 10:00pm 

None 

Maintenance 

At any time, provided that these activities are not 

audible at any privately-owned residence outside of 

permissible hours for quarrying operations 

 
At the height of previous operations, there were 56 people employed in the brick making facility 

and 20 in the administration/sales office. Up to ten contractors worked two to four months per 

annum on a campaign basis to complete the quarrying activities.  

2.3.5 Environmental Protection Licence 

The Protection of the Environment Operations Act 1997 provides for an integrated system of 

licensing and contains a core list of activities requiring Environmental Protection Licences (EPL) 

from the NSW Environment Protection Authority (EPA). The activities are called ‘scheduled 

activities’ and are listed in Schedule 1 of the Act. 

The site currently operates under EPL No. 684, for the scheduled activities of ceramic works, 

extractive activities and mining for minerals. 

2.3.6 Environmental Management 

An Environmental Management Strategy and the following associated management plans were 

previously prepared in accordance with PA10_0014: 

• Environmental Management Strategy; 

• Noise Management Plan; 

• Air Quality & Greenhouse Gas Management Plan; 

• Water Management Plan which includes: 

o Site Water Balance; 

o Surface Water Management Plan; and 
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o Ground Water Management Plan. 

• Aboriginal Heritage Management Plan;  

• Transport Management Plan;  

• Waste Management Plan; 

• Rehabilitation Strategy; and 

• Rehabilitation Management Plan. 

The Environmental Management Strategy and associated management plans will need to be 

reviewed, revised and submitted to the DP&E for approval, prior to recommencing operations at 

the site.  
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3 PROPOSED MODIFICATIONS 

3.1 Description of Modifications 

CSR is seeking to modify the Project Approval (10_0014) to permit or allow the following 

additional development or changes to the approved project: 

• The dewatering of Pit 1; 
• Continued extraction of clay material in Pit 1 to a depth of 35 m;  

• The importation of VENM to backfill Pit 1 and potentially other pits, to rehabilitate the site 

and facilitate future development; and 

• The establishment of a grid connected solar farm. This will allow energy security through 

a more diverse energy mix, initiate a clean renewable energy source on-site, reduce the 

greenhouse gas emissions that contribute to global warming and improve the land 

utilisation on the eastern flank, outside of the approved project boundary.  

3.2 Dewatering and Backfill of Pit 1  

The GSC has recommended that consideration be given to backfilling empty pits/voids on site, to 

facilitate the future redevelopment of the site as part of the proposed “Aerotropolis Strategy” for 

the area. Therefore, CSR intend to progressively backfill Pit 1 and the remainder of the pits, after 

the extraction of remaining clay and sandstone resource.  

Prior to backfilling Pit 1 the existing void will be dewatered, and the water disposed of by 

alternative methods that will be evaluated during the EA process. Consideration will be given to:  

• The suitability and feasibility of reuse on site (process water and dust suppression), 

irrigation; 

• Use by other parties (dust suppression at the proposed Western Sydney Airport and other 

neighbouring sites); and  

• Discharge to Badgerys Creek and/or South Creek. 

After dewatering Pit 1, CSR will investigate whether suitable clay material remains in Pit 1 and 

may extract this remaining clay to a maximum depth of 35m. 

The importation of VENM (predominantly from Sydney construction projects) is proposed to 

backfill Pit 1, and where possible, other pits/voids on site. Approximately 2,050,000 m3 of material 

is required to backfill Pit 1. The rate of backfilling of Pit 1 will be dependent on existing overburden 

and interburden stockpiles, and specifically the availability of suitable VENM material. Fill material 

will be hauled to and dumped in the pit, after which an excavator will spread the material evenly 

in the void. The material will be compacted to 200-300mm layers by a Pad Foot Compactor. To 

aid compaction and reduce the potential for generating dust, a water tanker will apply water to 

the compacted areas.  

Until redevelopment associated with the Aerotropolis takes place, voids that have been returned 

to natural ground level will be levelled and grassed to manage against erosion, the creation of 

dust and improve the aesthetic impact of the site. 

Pit 1 currently forms an integral part of the site’s water management system detaining surface 

water run-off from the site. Therefore, a new water management strategy, allowing water to 

drain off site, will be developed in the assessment of Modification 4 and will be presented in the 

associated EA. 
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3.3 Solar Farm  

CSR, along with all large manufacturers in Australia, is experiencing significant increases in energy 

prices and is forecasting further substantial increases over the coming years.   

Therefore, CSR propose the construction of a 4.5 Megawatt (MW) solar farm, on CSR owned land, 

outside the approved project boundary, between the eastern edge of Pits 3 and 4 and South 

Creek (refer to Figure 3-1). CSR intend to use the generated electricity to supply their brick and 

roof products manufacturing facilities and to feed any surplus electricity back into the grid. 

Approximately one (1) MW of electricity is produced by each hectare of solar farm, and therefore 

the solar farm will extend over an area of 4.5 ha. Part of the land on which the solar farm is 

proposed is flood prone, in low lying areas to the west of South Creek. CSR will investigate tried 

and tested designs where the solar panels are elevated above flood levels, thereby not being 

impacted by flooding and not exacerbating flooding up or downstream. Ultimately, the size of the 

solar farm will be informed by technical studies. 

In the future CSR may also wish to install solar panels on the roofs of the brick and roof product 

factories.  

The proposed solar farm provides an opportunity to: 

• address the aims of the International Paris Agreement on reducing greenhouse gas 

emissions i.e. Australia has committed to reducing greenhouse gas emissions by 26 to 28 

per cent below 2005 levels, by 20301;  

• contribute to the Commonwealth’s renewable energy target;  

• deliver on commitments in the NSW Renewable Energy Action Plan (2013), which promotes 

the development of renewable energy in NSW; and 

• assist the NSW Government, in meeting their NSW Climate Change Policy Framework long-

term objective of achieving net zero emissions by 2050. The Framework recognises the 

importance of reducing greenhouse gas emissions in energy generation, and the 

opportunities which the renewable energy industry offers for the State. 

3.4 Comparison against Approved Project 

A comparison of the approved operations at this site and the proposed modification to the 

approved project is set out in Table 3-1 and Table 3-2. 

 

                                                
1 One of the key initiatives to deliver on this commitment is the Commonwealth Government’s Renewable Energy Target 

(RET). The large-scale component of the scheme encourages investment in renewable energy projects to achieve 33,000 
gigawatt hours (GWh) of additional renewable energy generation by 2020. This would represent around 23.5 per cent of 
Australia's electricity generation. 
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Table 3-1 Comparison of Approved Project and Proposed Modifications 

Aspect 
Existing Project 

Approval 

Proposed Modification 3 

(Yet to be Approved) 
Proposed Modification 4  Variance to Approved Project 

Brick Production 
252,000 tonnes of bricks 

per calendar year 

300,000 tonnes of bricks per 

calendar year 
Nil 

48,000 tonnes of bricks per calendar 

year in Modification 3 

Roof Products 

Production 
Nil 

132,000 tonnes of roof 

products per calendar year 
Nil  

Increased production of 132,000 roof 

products per calendar year in 

Modification 3 

Quarrying 
Extract 420,000 tonnes of 

clay shale per calendar year 
No change No change Nil 

Receival of raw 

materials 

Receive 20,000 tonnes of 

raw materials for brick 

production per calendar 

year 

Importation of 215,000 tonnes 

of raw materials for brick 

production and 124,000 

tonnes for roof product 

production per calendar year 

No change 

Increase of 319,000 tonnes of imported 

raw materials for brick and roof product 

production per calendar year in 

Modification 3. 

Dispatching of raw 

materials 

Dispatch 275,000 tonnes of 

raw materials from the site 

per calendar year 

No change No change Nil 

Truck Movements 

Maximum of 60 laden brick 

trucks (i.e. 120 vehicle 

movements) exiting the site 

per day Monday to Friday 

Maximum of 272 heavy 

vehicles exiting the site per 

day Monday to Friday 

Maximum of 200 laden trucks exiting 

the site per day Monday to Friday 

Combined Increase of 412 heavy 

vehicles exiting the site per day Monday 

to Friday in Modification 3 and 4 

Maximum of 20 laden brick 

trucks (i.e. 40 vehicle 

movements) exiting the site 

per day on Saturday 

Maximum of 79 heavy vehicles 

exiting the site per day on 

Saturday 

Maximum of 100 laden trucks entering 

and existing the site per day on 

Saturday 

Combined Increase of 159 heavy 

vehicles exiting the site per day on 

Saturday for Modification 3 and 4 



CSR ADVANCED MANUFACTURING HUB   PAGE 16 

NOISE IMPACT ASSESSMENT - MOD 4   REPORT NO. 17199-M4   VERSION B 

 

 

Aspect 
Existing Project 

Approval 

Proposed Modification 3 

(Yet to be Approved) 
Proposed Modification 4  Variance to Approved Project 

Duration of Project 

Approval 
27 September 2031 

30 years from date of approval 

of Modification 3 
No change 

As the quarry and brick making facility 

would have been in a mothballed state 

over the first six years of the Project 

Approval and the Project Approval is 

only for a 20-year period, CSR wishes to 

include an extension of the Project 

Approval duration to 30 years and 

requests that the 30 years commences 

from the date of the approval of 

Modification 3   
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Table 3-2 Comparison of Approved Hours of Operation and Proposed Modification 

Activity Existing Project Approval 
Proposed Modification 3 

(Yet to Be Approved) 
Proposed Modification 4 Variance to Approved Project 

Quarrying operations 

(excluding removal of 

overburden, truck arrival, 

loading and dispatch) 

Monday-Saturday 

7:00am to 6:00pm 

Sunday and public holidays  

None 

  No change 

Removal of overburden 

and construction of noise 

bunds 

Monday-Friday 

7:00am to 6:00pm 

Saturday 

8:00am to 1:00pm 

Sunday and public holidays 

None 

  No change 

Brick making facility and 

storage yard 

Monday-Sunday 

24 hours 
 N/A No change 

Roof products 

manufacturing facility 

and storage yard 

Nil 
Monday-Sunday 

24 hours 
N/A 

Roof products manufacturing facility 

and storage yard to operate 24 hours 

Monday-Sunday 

Truck arrival and 

dispatch (excluding 

finished building products 

i.e. raw materials) 

Monday-Friday 

6:00am to 10:00pm 

Saturday 

6:00am to 6:00pm 

Sunday and public holidays 

None 

Monday-Friday 

6:00am to 10:00pm 

Saturday 

6:00am to 6:00pm 

Sunday and public holidays 

None 

Monday-Friday 

6:00am to 10:00pm 

Saturday 

6:00am to 6:00pm 

Sunday and public holidays 

None 

No change 
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Activity Existing Project Approval 
Proposed Modification 3 

(Yet to Be Approved) 
Proposed Modification 4 Variance to Approved Project 

Truck arrival and 

dispatch (finished 

building products only) 

Monday-Saturday 

7:00am to 10:00pm 

Sunday and public holidays 

None 

Monday-Friday 

5:00am to 10:00pm 

Saturday 

6:00am to 6:00pm 

Sunday and public holidays 

None 

Monday-Friday  

5:00am to 10:00pm  

Saturday  

6:00am to 6:00pm  

Sunday and public holidays  

None 

Deliveries and dispatch to be 

extended by one hour earlier in the 

morning to allow finished product 

trucks (Mod 3) to arrive at site at 

5:00am, load, and be ready for 

dispatch at 6:00am 

Truck arrival and 

dispatch (VENM 

Importation) 

Nil  N/A 
Monday - Sunday 

7:00am – 6:00pm  

Importation of VENM to backfill open 

voids.  

Sales Selection / Cash 

Sales 
Nil 

Monday-Saturday 

6:00am to 6:00pm 

Sunday and public holidays 

None 

N/A 
Additional operating hours for sales 

selection and cash sales activities 

Customer Display Centre Nil 

Monday-Sunday 

8:00am to 5:00pm 

Public Holidays 

None 

N/A 
Additional operating hours for 

customer display centre 

 

 



CSR ADVANCED MANUFACTURING HUB  PAGE 19 

NOISE IMPACT ASSESSMENT - MOD 4  REPORT NO. 17199-M4   VERSION B 

 

 

 

 

Figure 3-1 Proposed Solar Farm Layout 
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4 EXISTING ENVIRONMENT 

4.1 Sensitive Receivers 

The nearest and most potentially affected receivers are a number of rural residential properties 

surrounding the site. These receivers have previously been identified in the Noise Assessment 

Addendum Report included in the Responses to Submissions Report for the original Project 

Approval, prepared by AECOM and dated 31 May 2011 and subsequently in the Modification 2 

Environmental Assessment (Element Environment, 2018). These receivers are shown on Figure 

4-1 and summarised in Table 4-1.  

Identified receivers to the west of the Project site, on the opposite side of Badgerys Creek are 

situated on the Western Sydney Airport site. The majority of these dwellings have been 

demolished, and it is understood that none of these buildings would be used as residential 

dwellings in the future. These receivers are identified on Figure 4-1; however, operational noise 

levels associated with the Proposal are not assessed at these receiver locations.   

Receiver R10 is situated on land owned by CSR. Therefore, operational noise levels at R10 have 

not been assessed.  

Review of aerial photography indicates that a second dwelling may be situated on property of 

receiver R12. This dwelling has been identified as receiver R12a and included in this assessment.  

Table 4-1 Sensitive Receivers 

Receiver Address Lot/DP Number 

R5 255 Lawson Road, Badgerys Creek 19 DP 3050 

R7 a Lot 77 Fuller Street, Badgerys Creek 1 DP 838361 

R9 217 Martin Road, Badgerys Creek 3 DP 589918 

R10 b 225 Martin Road, Badgerys Creek 16 DP 28050 

R11 22 Victor Avenue, Kemps Creek 17 DP 28050 

R12 50 Victor Avenue, Kemps Creek 19 DP 28050 

R12a 50 Victor Avenue, Kemps Creek 19 DP 28050 

R13 70 Victor Avenue, Kemps Creek 20 DP 28050 

R14 80 Victor Avenue, Kemps Creek 21 DP 28050 

R15 82 Victor Avenue, Kemps Creek 3 DP 589918 

R25 211 Martin Road, Badgerys Creek 2 DP 589918 

R26 210 Lawson Rd, Badgerys Creek 1 DP 589918 

R27 200 Lawson Road, Badgerys Creek 18 DP 3050 

R28 245 Lawson Road, Badgerys Creek 1 DP 237229 

R29 190 Lawson Road, Badgerys Creek 2 DP 237229 

R30 180 Lawson Road, Badgerys Creek BORAL 

R31 235 Lawson Road, Badgerys Creek 17 DP 3050 

R32 180 Martin Road, Badgerys Creek 2 DP 237229 

R34 170 Lawson Road, Badgerys Creek 3 DP 237229 
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Receiver Address Lot/DP Number 

R35 195 Martin Road, Badgerys Creek 4 DP 589918 

R42 245 Lawson Road, Badgerys Creek 18 DP 3050 

R43 225 Lawson Road, Badgerys Creek 16 DP 3050 

R44 205 Lawson Road, Badgerys Creek 14 DP 3050 

R45 160 Lawson Road, Badgerys Creek 4 DP 237229 

R46 170 Martin Road, Badgerys Creek 1 DP 567860 

R47 a 255 (Lot 60) Longleys Road, Badgerys Creek 1 DP 838361 

R48 a 42 Longleys Road, Badgerys Creek 1 DP 838361 

R53 a 65 Leggo St, Badgerys Creek 1 DP 838361 

a. Dwelling within Western Sydney Airport site and not assessed.  

b. Residence on CSR owned land. 
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Figure 4-1 Sensitive Receivers 
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4.1 Existing Ambient Noise Levels 

In order to quantify the existing ambient noise environment of the area, noise monitoring was 

conducted. Unattended noise monitoring was conducted between 16 June and 2 August 2017 to 

determine the existing ambient noise levels at the most potentially affected residential receivers 

in the area surrounding the site. The monitoring was undertaken at three locations, each 

considered representative of nearby residential receivers, as shown in Figure 4-2 and described 

in Table 4-2. 

Table 4-2 Noise Monitoring Locations 

Location Address 

L1 217 Martin Road, Badgerys Creek 

L2 245 Lawson Road, Badgerys Creek 

L3 48 Victor Avenue, Kemps Creek 

4.1.1 Ambient Noise Monitoring Results 

The noise monitoring equipment used for these measurements consisted of an environmental 

noise logger set to A-weighted, fast response. This equipment is capable of remotely monitoring 

and storing noise level descriptors for later detailed analysis. The equipment calibration was 

checked before and after the survey and no significant drift was noted. 

From the background noise levels (LA90) the Rating Background Levels (RBLs) were determined 

using the methodology recommended in the NSW Noise Policy for Industry (NPfI). In addition to 

RBLs being established for the day, evening and night assessment periods, as defined in the NPfI, 

a “morning shoulder” period has been established to appropriately assess potential noise impacts 

between 5:00am and 7:00am when finished building products are proposed to be transported 

off-site.  

The existing ambient noise levels are presented in Table 4-3 below. Daily plots of the noise logger 

data are presented in Appendix A. 
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Table 4-3 Existing Ambient Noise Levels 

Monitoring location Represented Receivers Time of Day a 
Noise Levels (dBA) 

RBL LAeq 

L1 R9, R25, R35 

Morning shoulder 38 47 

Day 40 50 

Evening 35 43 

Night 34 43 

L2 R5, R26-R32, R34, R42-46 

Morning shoulder 38 45 

Day 37 51 

Evening 36 43 

Night 34 42 

L3 R11-R15 

Morning shoulder 41 47 

Day 38 47 

Evening 38 43 

Night 37 45 

a. Morning shoulder = 5:00am – 7:00am; day = 7:00am – 6:00pm; evening = 6:00pm – 10:00pm; night = 

10:00pm – 5:00am. 
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Figure 4-2 Noise Monitoring Locations 
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5 OPERATIONAL NOISE ASSESSMENT 

5.1 Operational Noise Trigger Levels 

The Noise Policy for Industry (NPfI) (EPA, 2017) provides a framework for assessing 

environmental noise impacts from industrial premises and industrial development proposals in 

New South Wales.  

The NPfI recommends the development of project noise trigger levels, which provide a benchmark 

for assessing a proposal or site. The project noise trigger levels should not be interpreted as 

mandatory noise criteria but, rather, as noise levels that, if exceeded, would indicate a potential 

noise impact on the community.  

The project noise trigger level is the lower value of the project intrusiveness noise level and the 

project amenity noise level. The project intrusiveness noise level assesses the likelihood of noise 

being intrusive above the ambient noise level and is applied to residential receivers only. The 

project amenity noise level ensures the total industrial noise from all sources in the area does not 

rise above a maximum acceptable level.   

5.1.1 Project Intrusiveness Noise Levels 

The intrusiveness noise level is the noise level 5 dBA above the background noise level for each 

time period (daytime, evening or night time) of interest at a residential receiver. The background 

noise level is derived from the measured LA90 noise levels. 

The NPfI stipulates that project intrusiveness noise levels should not be set below 40 dBA during 

the daytime and 35 dBA in the evening and night time. Additionally, the NPfI recommends that 

the project intrusiveness noise level for evening is set at no greater than that for the daytime, 

and that the project intrusiveness level for night time is set at no greater than that for the evening 

and daytime. Although not explicitly stated in the NPfI, Wilkinson Murray considers that limiting 

the intrusiveness noise level in the morning shoulder to no greater than that during the daytime 

is an approach consistent with the intent of the NPfI.  

Intrusiveness noise levels for the project are calculated from the RBLs in Section 4.1 of this report 

and are presented in Table 5-1.  

Table 5-1 Project Intrusiveness Noise Levels 

Receiver Time of Day a RBL 
Project Intrusiveness 

Noise Level (LAeq,15min dBA) 

R9, R25, R35 

Morning shoulder 38 43 

Day 40 45 

Evening 35 40 

Night 34 39 

R5, R26-R32, R34, 

R42-46 

Morning shoulder 38 42 

Day 37 42 

Evening 36 41 

Night 34 39 
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Receiver Time of Day a RBL 
Project Intrusiveness 

Noise Level (LAeq,15min dBA) 

R11-R15 

Morning shoulder 41 43 

Day 38 43 

Evening 38 43 

Night 37 42 

a. Morning shoulder = 5:00am – 7:00am; day = 7:00am – 6:00pm; evening = 6:00pm – 10:00pm; night = 

10:00pm – 5:00am. 

5.1.2 Project Amenity Noise Levels 

Project amenity noise levels aim to set a limit on continuing increases in noise levels from all 

industrial noise sources affecting a variety of receiver types; that is, the ambient noise level in an 

area from all industrial noise sources remains below recommended amenity noise levels.  

The amenity assessment is based on noise criteria specific to land use and associated activities. 

The criteria relate only to industrial-type noise and do not include transportation noise (when on 

public transport corridors), noise from motor sport, construction noise, community noise, blasting, 

shooting ranges, occupational workplace noise, wind farms, amplified music/patron noise. 

The amenity noise level aims to limit continuing increases in noise levels which may occur if the 

intrusiveness level alone is applied to successive development within an area. 

The recommended amenity noise level represents the objective for total industrial noise at a 

receiver location. The project amenity noise level represents the objective for noise from a single 

industrial development at a receiver location. 

To prevent increases in industrial noise due to the cumulative effect of several developments, the 

project amenity noise level for each new source of industrial noise is set at 5dBA below the 

recommended amenity noise level.  

The following exceptions apply to determining the project amenity noise level: 

• For high-traffic areas the amenity criterion for industrial noise becomes the LAeq,period(traffic) 

minus 15dBA. 

• In proposed developments in major industrial clusters.  

• If the resulting project amenity noise level is 10dB or more lower than the existing 

industrial noise level, the project amenity noise level can be set at 10dB below existing 

industrial noise levels if it can be demonstrated that existing industrial noise levels are 

unlikely to reduce over time. 

• Where cumulative industrial noise is not a consideration because no other industries are 

present in, or likely to be introduced into the area, the relevant amenity noise level is 

assigned as the project amenity noise level for the development. 

Amenity noise levels are not used directly as regulatory limits. They are used in combination with 

the project intrusiveness noise level to assess the potential impact of noise, assess mitigation 

options and determine achievable noise requirements. 

The project amenity noise levels are calculated from the recommended amenity noise levels 

presented in Table 5-2.  
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Table 5-2 Recommended Amenity Noise Levels 

Receiver 

Noise 

Amenity 

Area 

Time of Day a Recommended Amenity 

Noise Level (dBA LAeq,period) 

Residential 

Rural 

Day 50 

Evening 45 

Night 40 

Suburban 

Day 55 

Evening 45 

Night 40 

Urban 

Day 60 

Evening 50 

Night 45 

Hotels, motels, caretakers’ 

quarters, holiday 

accommodation, permanent 

resident caravan parks 

See 

column 4 
See column 4 

5dB(A) above the recommended 

amenity noise level for a residence 

for the relevant noise amenity area 

and time of day. 

School classroom-internal All 

Noisiest 1-hour 

period when in 

use 

35 

Hospital ward internal external 
All Noisiest 1-hour 35 

All Noisiest 1-hour 50 

Place of worship-internal All When in use 40 

Area specifically reserved for 

passive recreation (e.g. 

national park) 

All When in use 50 

Active recreation area (e.g. 

school playground, golf course) 
All When in use 55 

Commercial premises All When in use 65 

Industrial premises All When in use 65 

Industrial interface (applicable 

only to residential noise 

amenity areas) 

All All 
Add 5dB(A) to recommended noise 

amenity area 

a. Day = 7:00am – 6:00pm; evening = 6:00pm – 10:00pm; night = 10:00pm – 7:00am. 

Recommended amenity noise levels presented in Table 5-2 above represent the objective for total 

industrial noise at a receiver location. In the case of a single new noise source being proposed, 

the project amenity noise level represents the objective for noise from a single industrial 

development at the receiver location. This is calculated as the recommended amenity noise level 

minus 5dBA.  

Due to different averaging periods for the LAeq,15min and LAeq,period noise descriptors, the values of 

project intrusiveness and amenity noise levels cannot be compared directly when identifying noise 
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trigger levels i.e.; the most stringent values of each category. In order to make a comparison 

between descriptors, the NPfI assumes that the LAeq,15min equivalent of an LAeq,period noise level is 

equal to the LAeq,15min level plus 3dB. 

Table 5-3 Project Amenity Noise Levels 

Noise Amenity 

Area 
Time of Day a 

Recommended 

Amenity Noise 

Level (LAeq,period) 

Project Amenity 

Noise Level 

(LAeq,15min dBA) 

Rural 

Day 50 48 

Evening 45 43 

Night 40 38 

b. Day = 7:00am – 6:00pm; evening = 6:00pm – 10:00pm; night = 10:00pm – 7:00am. 

5.1.3 Project Noise Trigger Levels 

Table 5-4 below shows the project noise levels for sensitive receivers, with the project noise 

trigger levels shown in bold. 

Table 5-4 Project Noise Trigger Levels 

Receiver Time of Day a 

Project 

Intrusiveness 

Noise Levels  

(LAeq,15min 

dBA) 

Project Amenity Noise 

Levels (LAeq,15min dBA) 

R9, R25, R35 

Morning shoulder 43 n/a 

Day 45 48 

Evening 40 43 

Night 39 38 

R5, R26-R32, R34, 

R42-46 

Morning shoulder 42 n/a 

Day 42 48 

Evening 41 43 

Night 39 38 

R11-R15 

Morning shoulder 43 n/a 

Day 43 48 

Evening 43 43 

Night 42 38 

a. Morning shoulder = 5:00am – 7:00am; day = 7:00am – 6:00pm; evening = 6:00pm – 10:00pm; night = 

10:00pm – 5:00am. 
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5.1.4 Maximum Noise Trigger Levels 

Noise sources at night occurring over a short duration have the potential to cause sleep 

disturbance despite complying with project noise trigger levels. The manufacturing facilities are 

intended to operate on a 24-hour basis as required. Therefore, the maximum noise level events 

need to be considered for potential sleep disturbance. 

The NPfI recommends that, where the night time LAmax receiver noise levels from a development 

exceeds 52 dBA or the RBL plus 15 dBA, whichever is the greater, then a more detailed 

assessment of potential sleep disturbance impacts is warranted. Table 5-5 presents the maximum 

noise trigger levels for the receivers identified in this assessment. These noise levels are typically 

addressed at the façade of potentially affected dwellings and should consider multiple storey 

dwellings.  

Table 5-5 Maximum Noise Trigger Levels 

Receiver RBL (dBA) RBL + 15 dBA 

Maximum Noise 

Trigger Level 

(dBA) 

R9, R25, R35 34 49 52 

R5, R26-R32, R34, R42-46 34 49 52 

R11-R15 37 52 52 

 

Additionally, in instances where night time LAeq,15min noise levels exceed 40 dBA or the prevailing 

RBL plus 5 dBA, whichever is the greater, then a detailed assessment of potential sleep 

disturbance impacts is warranted. Since the night time project noise trigger level is less than 40 

dBA for all nearby receivers, compliance with these noise trigger levels will ensure that no further 

assessment of night time LAeq,15min noise levels, with regard to sleep disturbance, would be 

required. 

The Proposal is unlikely to generate additional maximum noise level events in the night time. 

Therefore, the maximum noise level assessment presented in the NIA for Modification 3 

represents the total night time maximum noise level impacts associated with the operation of the 

site, and maximum noise levels have not been assessed further in this assessment.  
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5.2 Operational Noise Modelling Methodology 

5.2.1 Computer Noise Model 

Operational noise emissions associated with the Proposal were modelled using the CadnaA 

acoustic noise prediction software and the CONCAWE noise prediction algorithm. The CONCAWE 

noise propagation model is used around the world and is widely accepted as an appropriate model 

for predicting noise over significant distances. Factors that were addressed in the noise modelling 

are:  

• Equipment noise level emissions and locations; 

• Shielding from ground topography and structures; 

• Noise attenuation due to geometric spreading; 

• Ground absorption; 

• Atmospheric absorption; and, 

• Noise enhancing meteorology.  

 

5.2.2 Ground Topography and Structures 

Within the site, topographical data has been provided by CSR at 1 metre height intervals. Beyond 

the site boundary, 2 metre ground contours from NSW Land and Property Information (LPI) have 

been incorporated in the model.  

The existing topography within the site includes a noise bund along the main driveway, and also 

a partially constructed noise bund in the south eastern corner of the site, near Pit 3.  

As identified in previous noise impact assessments, quarrying activities in Pit 5 have the potential 

to cause exceedances of criteria at sensitive receivers to the north of the site, and a noise bund 

of up to 10 metres in height has been proposed along the northern boundary of the site. The 

noise modelling presented herein includes an 8 metre high noise bund near a section of the 

northern boundary of the site. The location of this bund, which is proposed to be constructed 

prior to quarrying activities occurring in Pit 5, is shown in Figure 5-1.  

Additionally, the noise assessment for Modification 3 identified the need for a 5.5 metre high 

noise barrier in the north eastern corner of the site and a 2 metre high barrier along the top of a 

portion of the existing noise bund that runs along the north side of the existing driveway. These 

proposed barriers are shown in Figure 5-1.  

The existing and proposed structures associated with the brick and roof products facilities are 

also included in the noise model. These structures are shown in Figure 5-1. 
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Figure 5-1 Noise Bunds and Structures 
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5.2.3 Ground Absorption 

A ground absorption factor of 0.75 has been applied to the entire model. This global ground 

absorption value conservatively represents the mix of hard ground (absorption = 0) and soft 

ground (absorption = 1) on and around the site.  

5.2.4 Meteorological Effects 

At relatively large distances from a source, the resultant noise levels at receivers can be influenced 

by meteorological conditions, particularly temperature inversions and gradient winds. Where 

these factors are a feature of an area their effect on resultant noise levels should be taken into 

account.  

Noise enhancing meteorology adopted in this assessment, denoted as “NE” in results tables, are 

described below.  

Temperature Inversions 

Temperature inversions are considered likely to be a feature of the area, particularly during winter 

nights. Therefore, the following default temperature inversion parameters recommended in the 

NPfI have been included in the assessment: 

• Stability category F with 2 m/s winds. 

These parameters have been applied during night time and the morning shoulder period.  

The CadnaA noise modelling software includes a feature that allows the model to be run with the 

“worst-case wind direction”. This option produces the highest noise level for each receiver due to 

noise-enhancing winds and has been used in the modelling.  

Wind 

Prevailing winds have been identified in general accordance with “Fact Sheet D” of the NPfI, 

based on hourly wind speed and direction observations taken during 2017 at the Bringelly Air 

Quality Monitoring Station (AQMS), operated by the NSW Office of Environment and Heritage 

(OEH).  

Table 5-6 presents the percentage of time where light winds up to 3.0 m/s are blowing from a 

particular direction, plus or minus 45 degrees, during the day, evening and night time in each 

season. Where the percentage is 30% or more, denoted in bold text, the winds are considered a 

feature of the area, and should be included in the assessment.  
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Table 5-6 Identification of Prevailing Winds 

Direction 

Percentage of Time 

Summer Autumn Winter Night 

Day Eve Night Day Eve Night Day Eve Night Day Eve Night 

N 21 9 7 16 3 1 18 4 4 21 3 2 

NNE 24 16 7 17 3 2 17 2 4 23 7 2 

NE 25 22 6 16 7 2 11 2 2 24 16 2 

ENE 21 29 4 12 10 4 5 2 2 19 23 3 

E 21 38 5 18 12 5 7 2 2 19 32 3 

ESE 20 45 7 20 13 6 8 4 1 18 34 4 

SE 19 43 10 22 10 6 10 3 1 14 27 5 

SSE 18 41 28 28 24 17 17 14 14 12 29 17 

S 16 35 48 34 46 40 26 40 36 11 32 38 

SSW 13 22 48 35 48 45 33 43 43 10 28 42 

SW 12 14 45 31 46 45 33 46 43 10 26 41 

WSW 7 8 27 23 32 32 28 38 31 9 20 29 

W 6 3 5 10 8 7 17 15 10 7 8 7 

WNW 7 3 3 7 5 2 11 12 3 6 6 3 

NW 8 5 4 9 5 1 14 9 5 10 5 2 

NNW 17 7 6 16 4 1 18 6 4 17 3 2 

Table 5-6 indicates the potential for prevailing winds in the area surrounding the Proposal. 

Therefore, in accordance with the NPfI, the following meteorological conditions have been 

incorporated into the noise model during the daytime and evening: 

• D-class stability; and, 

• 3 m/s wind. 

Similar to the modelling of drainage winds during temperature inversions, winds during the 

daytime and evening are modelled to result in the highest noise levels at each receiver. However, 

it is noted that winds from westerly to east-north-easterly are not prevalent in any period during 

any season. Therefore, noise enhancement due to prevailing winds is unlikely to occur at receivers 

located in an arc from easterly to west-south-westerly of the site. This arc includes receivers on 

Victor Avenue. Therefore, noise-enhanced predicted noise levels during the daytime and evening 

at receivers R11 – R15 will be ignored.  

  



CSR ADVANCED MANUFACTURING HUB  PAGE 35 

NOISE IMPACT ASSESSMENT - MOD 4  REPORT NO. 17199-M4   VERSION B 

 

 

 

 

5.3 Operational Noise Sources 

5.3.1 Source Sound Power Levels 

Sources of operational noise emissions associated with quarrying activities and the production of 

bricks and roof products were described in the NIA for Modification 3. These sources are 

summarised in Table 5-7.  

The additional sources of operational noise emissions associated with Modification 4 comprise the 

following: 

• Trucks associated with the importation of VENM;  

• Inverters and tracker motors used in the solar farm; and,  

• Potential continued mining of Pit 1 if clay resource is found to remain below the current pit 

floor.  

VENM would be imported into the site via truck-and-dogs along the public road network. Up to 

200 truck loads of VENM would be imported to the site, during daytime (7:00am – 6:00pm) hours 

only. 

There would be two inverters, which convert the direct current (DC) produced by the solar panel 

into alternating current (AC) suitable for the electricity grid, and approximately 260 tracker 

motors, which orient the solar panels towards the sun, installed in the solar farm. The sound 

power level of the inverters has been provided by the supplier, while the sound power level of 

the tracker motors has been adopted from an operational noise assessment of a solar farm 

conducted by MAC Acoustic Consultants (MAC Report No. MAC180639RP1, dated 27 August 

2018). The sound power levels of the inverters and tracker motors are presented in Table 5-7.  

Table 5-7 Operational Noise Sources and Sound Power Levels 

Item Description Quantity 
SWL (dBA) 

per item 
Reference 

Brickworks 

Kiln Stack Northern end 2 92 Previous EIS/RtS 

Vent Western side 1 98 Previous EIS/RtS 

Exhaust Middle of roof 3 96 Previous EIS/RtS 

Hydraulics Western side 1 102 Previous EIS/RtS 

Compressor Western side 1 96 Previous EIS/RtS 

Primary Crusher Southern side 1 94 WM database 

Box Feeder Southern side 1 94 WM database 

Mobile Jaw Crusher Sandvik QJ341 1 115 WM database 

Forklift 5 tonne 7 a 99 WM database 

Road Truck e.g. Semi See Table 5-8 103 WM database 

Front End Loader Komatsu WA500 2 107 Previous EIS/RtS 

Roof Products 

Burner exhaust Eastern end 2 78 Manufacturer 

Tile Crusher Northern side 1 94 WM database 
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Item Description Quantity 
SWL (dBA) 

per item 
Reference 

Front End Loader Komatsu WA380 1 107 Previous EIS/RtS 

Forklift Linde HT45T-394 8 99 WM database 

Road Truck e.g. Semi See Table 5-9 103 WM database 

Quarrying 

Grader Cat 140H 1 108 WM database 

Dozer Komatsu D375A-5 1 116 WM database 

Excavator (45t) Komatsu PC450 1 113 Previous EIS/RtS 

Excavator (30t) Komatsu PC300 1 104 WM database 

Compactor Cat 825 1 112 WM database 

Dump Truck Cat 740 5 b 110 WM database 

Water Cart Cat 740 1 110 WM database 

VENM Importation 

Road Trucks Truck and dog 200 per day 103 WM database 

Solar Farm 

Inverter ABB PVS800-57B 2 90 Manufacturer 

Tracker Motor Nextracker NX Horizon 263 78 Consultant’s Report c 

a. One forklift to remain inside at all times.  

b. 3 dump trucks used during normal quarrying operations, 2 additional dump trucks used for engineered fill of 

Pit 2.  

c. MAC Report No. MAC180639RP1 

5.4 Modelled Activities and Assessment Scenarios 

Receiver noise levels associated with the operation of the Proposal have been predicted for a 

range of scenarios. These scenarios include times when quarrying activities are being conducted, 

and times where only the brick and roof products facilities and the solar farm are operating.  

5.4.1 Brick and Roof Product Manufacturing Facilities 

Operating parameters for the brick and roof products manufacturing facilities and associated 

storage yards were described in the NIA for Modification 3, and are summarised below in Table 

5-8 and Table 5-9. The modelled locations of these sources are shown in Figure 5-2.  

Table 5-8 Operational Noise Sources – Brick Making Facility 

Item 
Modelled Source Description 

Morning shoulder a Day a Evening a Night a 

Kiln Stack 

Continuous operations 

Vent 

Exhaust 

Hydraulics 

Compressor 
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Item 
Modelled Source Description 

Morning shoulder a Day a Evening a Night a 

Mobile Jaw Crusher Nil 
Continuous 

operation 
Nil Nil 

Forklift 
6 units operating in 

yard 

6 units operating 

in yard 

6 units operating 

in yard 

3 units 

operating in 

yard 

Road Truck 
15 brick trucks per 

hour 

17 brick trucks 

and 6 raw 

material trucks 

per hour 

13 brick trucks 

and 4 raw 

material trucks 

per hour 

Nil 

Front End Loader 
1 unit in continuous 

operation 

2 units in 

continuous 

operation 

2 units in 

continuous 

operation 

1 unit in 

continuous 

operation 

a. Morning shoulder = 5:00am – 7:00am; day = 7:00am – 6:00pm; evening = 6:00pm – 10:00pm; night = 

10:00pm – 5:00am. 

Table 5-9 Operational Noise Sources – Roof Products Manufacturing Facility 

Item 
Modelled Source Description 

Morning shoulder a Day a Evening a Night a 

Burner Exhaust 
Continuous operations 

Tile Crusher 

Forklift 
8 units operating in 

yard 

8 units operating 

in yard 

8 units operating 

in yard 

8 units 

operating in 

yard 

Road Truck 
14 tile trucks per 

hour  

10 tile trucks, 1 

cement tanker 

and 3 sand 

trucks per hour 

10 tile trucks and 

1 cement tanker 

per hour  

Nil 

Front End Loader Nil 

1 unit in 

continuous 

operation 

1 unit in 

continuous 

operation 

Nil 

a. Morning shoulder = 5:00am – 7:00am; day = 7:00am – 6:00pm; evening = 6:00pm – 10:00pm; night = 

10:00pm – 5:00am. 

5.4.2 Solar Farm 

As described in Section 5.3.1, two inverters and approximately 260 tracker motors would operate 

in the Solar Farm. These items would operate only when the sun is shining, corresponding with 

the morning shoulder, day and evening assessment periods. The locations of the inverters and 

solar trackers are shown in Figure 5-2.  
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Figure 5-2 Modelled Noise Sources – Manufacturing and Solar Farm 
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5.4.3 Quarrying, VENM Importation and Engineered Fill 

Noise impacts associated with quarrying and associated activities would vary as the nature and 

location of the works change over the life of the Proposal. To present the range of potential noise 

impacts over the life of the Proposal, quarrying activities have been modelled in areas of the pits 

that are likely to result in the highest noise levels at sensitive receivers, as follows: 

• The northernmost area of Pit 1; 

• The easternmost area of Pit 3; 

• The northernmost area of Pit 4; and,  

• The easternmost area of Pit 5.  

In the NIA for Modification 3, receiver noise levels associated with raw material extraction (RM) 

were typically greater than those for overburden removal (OB). Therefore, a range of assessment 

scenarios have been presented which involve raw material extraction in the aforementioned 

worst-case locations in the relevant pits, along with VENM importation and engineered filling, 

which generally occur in the previously quarried pit.  

These activities are described below. Figures showing the locations of modelled noise sources for 

each quarrying scenario are included in Appendix B.  

Overburden Removal 

Overburden removal involves the use of a grader and an excavator to strip material and transfer 

it into dump trucks. The dump trucks would then transfer the material to other areas of the site 

as may be needed to back-fill previously quarried areas or to construct noise bunds.  

Overburden removal would commence at the existing ground level and would continue 

downwards to a level approximately 4 metres below the existing ground level. The highest 

receiver noise levels during overburden removal would coincide with activities occurring at the 

existing ground level, where shielding from nearby topography is at a minimum. Accordingly, the 

noise modelling assumes that overburden removal is conducted at the existing ground level.  

At the location where the overburden is placed, it will be spread with a compactor to either fill a 

previously extracted area or to construct noise bunds.  

Raw Material Extraction 

Once the overburden has been removed, and desirable material has been exposed, a dozer would 

be used to rip this material and an excavator would load the material into dump trucks. The dump 

trucks would haul the material from the pit to the raw material stock piles.  

As described previously, overburden would be removed down to approximately 4 metres below 

the existing ground level. Therefore, noise modelling assumes that raw material extraction would 

begin at approximately 4 metres below existing ground level.  

VENM Importation and Engineered Fill 

Road trucks importing VENM onto the site would haul to the appropriate pit and dump material 

in the pit. A compactor and a water cart would be used to achieve the required compaction.  
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Additionally, during the engineering fill of Pit 2, a single excavator would be used to strip 

previously emplaced overburden from the northern third of Pit 2. This material would be loaded 

into one of 2 dump trucks and hauled to the central and southern sections of Pit 2 for compaction.  

5.5 Predicted LAeq,15min Operational Noise Levels 

The predicted LAeq,15min operational noise levels at sensitive receivers for the proposed site 

activities outlined in the preceding sections are presented in Table 5-10 and Table 5-11. Contour 

plots of predicted operational noise levels are presented in Appendix C.  

5.5.1 Operational Noise Levels from Manufacturing and Solar Farm Only 

Table 5-10 presents the predicted LAeq,15min operational noise levels while no quarrying activities 

are being undertaken. As outlined in Section 5.4, these activities can vary across the morning 

shoulder, day, evening and night time assessment periods.  

Review of Table 5-10 indicates that the predicted operational noise levels at sensitive receivers, 

while no quarrying activities are being undertaken, comply with the project noise trigger levels at 

all nearby receivers during both calm and noise-enhancing meteorological conditions.  

5.5.2 Operational Noise Levels from all Operational Activities 

Table 5-11 presents the predicted LAeq,15min operational noise levels at sensitive receivers during 

the various quarrying activities outlined in Section 5.4. As discussed in Section 5.4, quarrying and 

VENM importation activities would occur during daytime hours only.  

Review of Table 5-11 indicates that the predicted operational noise levels at sensitive receivers 

comply with the project noise trigger levels at all nearby receivers during calm meteorological 

conditions.  

During all quarrying scenarios, the daytime project noise trigger levels are exceeded at one or 

more receivers to the north of the site during noise-enhancing meteorological conditions. 

Exceedances are also predicted at receivers to the south-east of the site (R11 – R15); however, 

as discussed in Section 5.2.4, prevailing winds in the area would not result in enhancement of 

noise levels at receivers to the south-east of the site.  
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Table 5-10 Predicted Noise Levels from Manufacturing and Solar Farm Only 

Receiver 

AM Shoulder a Day a Evening a Night a 

Predicted 

Level 
Trigger 

Level 
Complies? 

Predicted 

Level 
Trigger 

Level 
Complies? 

Predicted 

Level 
Trigger 

Level 
Complies? 

Predicted 

Level 
Trigger 

Level 
Complies? 

Calm b NE c Calm b NE c Calm b NE c Calm b NE c 

R5 34 38 42 Yes 35 40 42 Yes 34 39 41 Yes 33 37 38 Yes 

R9 31 35 43 Yes 35 39 45 Yes 31 35 40 Yes 30 34 38 Yes 

R11 32 37 43 Yes 32 37 43 Yes 32 37 43 Yes 28 33 38 Yes 

R12 33 38 43 Yes 33 38 43 Yes 33 38 43 Yes 28 33 38 Yes 

R12a 35 40 43 Yes 35 40 43 Yes 35 40 43 Yes 29 34 38 Yes 

R13 33 38 43 Yes 34 39 43 Yes 33 39 43 Yes 30 35 38 Yes 

R14 33 38 43 Yes 33 38 43 Yes 33 38 43 Yes 29 34 38 Yes 

R15 32 37 43 Yes 32 37 43 Yes 32 37 43 Yes 29 34 38 Yes 

R25 31 35 43 Yes 35 39 45 Yes 31 35 40 Yes 29 34 38 Yes 

R26 31 36 42 Yes 33 38 42 Yes 32 37 41 Yes 31 35 38 Yes 

R27 30 35 42 Yes 32 37 42 Yes 31 36 41 Yes 29 34 38 Yes 

R28 31 35 42 Yes 33 37 42 Yes 31 36 41 Yes 30 35 38 Yes 

R29 28 33 42 Yes 30 35 42 Yes 29 33 41 Yes 27 32 38 Yes 

R30 27 32 42 Yes 29 34 42 Yes 27 32 41 Yes 26 31 38 Yes 

R31 29 34 42 Yes 31 36 42 Yes 30 35 41 Yes 29 34 38 Yes 

R32 27 32 42 Yes 31 36 42 Yes 28 33 41 Yes 26 31 38 Yes 

R34 26 31 42 Yes 30 35 42 Yes 26 31 41 Yes 24 29 38 Yes 

R35 30 35 43 Yes 38 43 45 Yes 30 35 40 Yes 25 30 38 Yes 

R42 32 36 42 Yes 34 38 42 Yes 33 37 41 Yes 31 36 38 Yes 

R43 28 33 42 Yes 30 35 42 Yes 29 34 41 Yes 28 33 38 Yes 

R44 25 30 42 Yes 27 32 42 Yes 25 30 41 Yes 24 29 38 Yes 
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Receiver 

AM Shoulder a Day a Evening a Night a 

Predicted 

Level 
Trigger 

Level 
Complies? 

Predicted 

Level 
Trigger 

Level 
Complies? 

Predicted 

Level 
Trigger 

Level 
Complies? 

Predicted 

Level 
Trigger 

Level 
Complies? 

Calm b NE c Calm b NE c Calm b NE c Calm b NE c 

R45 25 30 42 Yes 28 33 42 Yes 26 31 41 Yes 33 37 38 Yes 

R46 24 29 42 Yes 29 34 42 Yes 25 30 41 Yes 30 34 38 Yes 

a. Morning shoulder = 5:00am – 7:00am; day = 7:00am – 6:00pm; evening = 6:00pm – 10:00pm; night = 10:00pm – 5:00am. 

b. D-class stability, no wind 

c. 3 m/s source to receiver wind during day & evening; F-class stability and 2 m/s source to receiver wind during night & AM shoulder.  

d. Noise enhancement due to wind is not a feature of the area for receivers to the south-east of the site.  

Table 5-11 Predicted Daytime Noise Levels During Manufacturing, Quarrying, VENM Importation and Engineered Fill 

Receiver Trigger Level 

Pit 1 RM Pit 3 RM Pit 4 RM Pit 5 RM 

Predicted Level 
Comp? 

Predicted Level 
Comp? 

Predicted Level 
Comp? 

Predicted Level 
Comp? 

Calm a NE a Calm a NE a Calm a NE a Calm a NE a 

R5 42 41 45 No 41 46 No 35 39 Yes 34 38 Yes 

R9 45 39 41 Yes 39 42 Yes 43 47 No 39 42 Yes 

R11 43 32 37 Yes 36 41 Yes 40 45 c Yes 33 38 Yes 

R12 43 34 39 Yes 37 42 Yes 41 46 c Yes 34 39 Yes 

R12a 43 35 40 Yes 39 43 Yes 42 48 c Yes 36 41 Yes 

R13 43 34 39 Yes 37 42 Yes 41 46 c Yes 34 39 Yes 

R14 43 33 38 Yes 36 41 Yes 40 45 c Yes 33 39 Yes 

R15 43 33 38 Yes 35 41 Yes 40 45 c Yes 33 38 Yes 

R25 45 38 41 Yes 38 42 Yes 43 46 No 38 42 Yes 

R26 42 39 44 No 40 44 No 41 45 No 39 43 No 

R27 42 37 41 Yes 37 42 Yes 38 43 No 36 41 Yes 

R28 42 37 42 Yes 37 42 Yes 37 41 Yes 35 40 Yes 

R29 42 33 38 Yes 34 39 Yes 36 40 Yes 33 38 Yes 
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Receiver Trigger Level 

Pit 1 RM Pit 3 RM Pit 4 RM Pit 5 RM 

Predicted Level 
Comp? 

Predicted Level 
Comp? 

Predicted Level 
Comp? 

Predicted Level 
Comp? 

Calm a NE a Calm a NE a Calm a NE a Calm a NE a 

R30 42 32 37 Yes 32 37 Yes 34 39 Yes 32 37 Yes 

R31 42 35 40 Yes 35 40 Yes 36 41 Yes 34 39 Yes 

R32 42 34 39 Yes 35 40 Yes 37 42 Yes 34 39 Yes 

R34 42 32 37 Yes 33 38 Yes 35 40 Yes 32 37 Yes 

R35 45 39 44 Yes 39 44 Yes 40 45 Yes 39 44 Yes 

R42 42 39 44 No 39 44 No 38 42 Yes 36 41 Yes 

R43 42 34 38 Yes 34 39 Yes 35 40 Yes 33 38 Yes 

R44 42 30 35 Yes 31 36 Yes 32 37 Yes 31 36 Yes 

R45 42 31 36 Yes 31 36 Yes 33 38 Yes 31 36 Yes 

R46 42 30 35 Yes 31 36 Yes 33 38 Yes 30 35 Yes 

a. D-class stability, no wind 

b. 3 m/s source to receiver wind during daytime.  

c. Noise enhancement due to wind is not a feature of the area for receivers to the south-east of the site.  
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5.5.3 Mitigation of Operational Noise Levels 

The preceding section has revealed that exceedances of the daytime project noise trigger levels 

are predicted during noise-enhancing meteorological conditions. These exceedances, which occur 

when all proposed activities are occurring concurrently, are identified at receivers R5, R9, R26, 

R27 and R42.  

The exceedances at R5, R26 and R42 occur during raw material extraction in Pit 1. During this 

stage of quarrying, the noise modelling assumes that the proposed noise bund to the north of Pit 

5 has not yet been constructed. Therefore, it is recommended that this noise bund is constructed 

prior to commencing quarrying activities in Pit 1 and/or Pit 5.  

The exceedances at R9, R25, R26 and R27 are primarily a result of road trucks travelling along 

the VENM haul road and exceedances at one or more of these receivers can occur during any 

stage of quarrying activities. To mitigate these predicted exceedances, the noise barrier in the 

north eastern corner of the site should be increased in height to 6 metres and be extended along 

the northern side of a significant portion of the VENM haul road. With the extended barrier running 

along the VENM haul road, the 2 metre barrier on top of the existing noise bund (recommended 

as mitigation in Modification 3) that runs along the main driveway would no long be required.  

Table 5-12 presents the predicted LAeq,15min operational noise levels at sensitive receivers during 

daytime operations, with the aforementioned mitigation. In summary, these measures are: 

• Constructing the noise barrier to the north of Pit 5 prior to commencing quarrying activities 

in Pit 1 and/or Pit 5; and, 

• Increasing the height of the noise barrier in the north-eastern corner of the site to 6 metres 

and extending it along the VENM haul road, allowing the 2 metre barrier on top of the 

existing noise bund along the driveway to be removed. 

The horizontal alignment of the modified noise barrier is shown in Figure 5-3.  

Review of Table 5-12 indicates that, with the implementation of the above mitigation measures, 

the predicted LAeq,15min operational noise levels comply with the project noise trigger levels at all 

sensitive receivers.  

It is noted that extending the noise barrier along the VENM haul road, as shown in Figure 5-3, 

would be conducted at significant cost, and would resolve predicted exceedances of the daytime 

project noise trigger levels under noise-enhancing meteorological conditions at only four sensitive 

receivers. The barrier would also involve additional construction noise impacts. Accordingly, the 

significant costs associated with extending the bund may not be reasonable, and a more 

reasonable approach may exist to protect the acoustic amenity of these receivers through the 

application of at-receiver treatments.  

The predicted exceedances are 1 dB at R25 and R27 and 3 dB at R9 and R26. If these 

exceedances were not treated, the residual noise impacts would be regarded, in accordance with 

Table 4.1 in the NPfI, as “negligible” (≤2 dBA) and “marginal” (3-5 dBA), respectively. In 

accordance with Table 4.2 of the NPfI, negligible residual noise impacts would not warrant at-

receiver treatments since these impacts would not be discernible by the average listener. 

However, marginal residual impacts would likely be discernible and should therefore be treated 

by providing mechanical ventilation systems to enable windows to be closed without 

compromising internal air quality/amenity.  

 



 

 

Should at-receiver treatments be selected rather than extending the noise barrier along the VENM 

haul road, negotiated agreements with the relevant landowners should be sought and finalised 

prior to the importation of VENM.  

Compliance with the project noise trigger levels has been demonstrated based on the 

implementation of several noise barriers. However, the noise barriers identified in this assessment 

may not represent the most desirable barrier designs based on other factors such as cost and 

ease of construction. Therefore, should more desirable barrier designs be identified during the 

detailed design phase, which are demonstrated to effectively mitigate operational noise levels 

down to the project noise trigger levels, then these alternative barrier designs should be 

incorporated into the Project. For instance, the noise bund to the north of Pit 5 may be extended 

eastwards, parallel to the northern boundary, and joined with the barrier in the north-eastern 

corner of the site, potentially allowing the extended 6 m noise bund along the northern edge of 

the VENM haul road to be omitted. Additionally, the barriers identified in this assessment are each 

modelled at a fixed height. The detailed design process may also identify sections of some noise 

bunds that may be reduced in height without compromising compliance with noise trigger levels.   

5.5.4 Voluntary Land Acquisition and Mitigation Policy 

The Proposal is classified as a State significant mining/extractive industry development and 

therefore, the Voluntary Land Acquisition and Mitigation Policy (VLAMP) must be considered.  

The predicted noise levels associated with the operation of the Proposal comply with the 

established noise trigger levels at all sensitive receivers. Additionally, the predicted noise levels 

associated with the operation of the Proposal do not exceed the acceptable noise level plus 5 dB 

in Table 2.2 of the NPfI on more than 25% of any privately owned land where there is an existing 

dwelling or where a dwelling could be build under existing planning controls.  

Therefore, no voluntary mitigation or land acquisition rights, as prescribed by the VLAMP, would 

be applicable to the Proposal.   
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Table 5-12 Predicted Daytime Noise Levels During Manufacturing, Quarrying, VENM Importation and Engineered Fill – With Mitigation 

Receiver Trigger Level 

Pit 1 RM Pit 3 RM Pit 4 RM Pit 5 RM 

Predicted Level 
Comp? 

Predicted Level 
Comp? 

Predicted Level 
Comp? 

Predicted Level 
Comp? 

Calm a NE a Calm a NE a Calm a NE a Calm a NE a 

R5 42 31 35 Yes 30 35 Yes 35 39 Yes 33 37 Yes 

R9 45 37 40 Yes 37 40 Yes 42 45 Yes 37 40 Yes 

R11 43 32 37 Yes 36 41 Yes 40 45 c Yes 33 38 Yes 

R12 43 34 39 Yes 37 42 Yes 41 46 c Yes 34 39 Yes 

R12a 43 35 40 Yes 39 43 Yes 42 48 c Yes 36 41 Yes 

R13 43 34 39 Yes 37 42 Yes 41 46 c Yes 34 39 Yes 

R14 43 33 38 Yes 36 41 Yes 40 45 c Yes 33 39 Yes 

R15 43 33 38 Yes 35 41 Yes 40 45 c Yes 33 38 Yes 

R25 45 36 40 Yes 37 40 Yes 42 45 Yes 37 40 Yes 

R26 42 32 37 Yes 33 38 Yes 38 42 Yes 33 37 Yes 

R27 42 32 37 Yes 33 38 Yes 36 41 Yes 33 38 Yes 

R28 42 33 37 Yes 33 38 Yes 36 40 Yes 34 39 Yes 

R29 42 31 36 Yes 31 36 Yes 35 40 Yes 32 37 Yes 

R30 42 30 35 Yes 30 36 Yes 33 38 Yes 31 36 Yes 

R31 42 32 37 Yes 32 37 Yes 35 40 Yes 33 38 Yes 

R32 42 31 36 Yes 32 37 Yes 35 40 Yes 32 37 Yes 

R34 42 31 36 Yes 31 37 Yes 34 39 Yes 31 36 Yes 

R35 45 38 43 Yes 39 43 Yes 40 45 Yes 38 43 Yes 

R42 42 33 38 Yes 33 38 Yes 37 41 Yes 35 39 Yes 

R43 42 31 36 Yes 31 36 Yes 34 39 Yes 32 37 Yes 

R44 42 29 34 Yes 29 34 Yes 31 36 Yes 30 35 Yes 

R45 42 29 34 Yes 29 35 Yes 32 37 Yes 30 35 Yes 
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Receiver Trigger Level 

Pit 1 RM Pit 3 RM Pit 4 RM Pit 5 RM 

Predicted Level 
Comp? 

Predicted Level 
Comp? 

Predicted Level 
Comp? 

Predicted Level 
Comp? 

Calm a NE a Calm a NE a Calm a NE a Calm a NE a 

R46 42 29 34 Yes 30 35 Yes 33 38 Yes 30 35 Yes 

a. D-class stability, no wind 

b. 3 m/s source to receiver wind during daytime.  

c. Noise enhancement due to wind is not a feature of the area for receivers to the south-east of the site.  
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Figure 5-3 VENM Haul Road Noise Barrier 
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6 ROAD NOISE ASSESSMENT 

The Proposal will generate additional traffic along the surrounding public road network. The 

increase will be most prominent along Martin Road and will largely be due to heavy vehicles 

hauling VENM to the Proposal site. The traffic generated by the Proposal is significant when 

compared to the existing flows along Martin Road. Accordingly, a detailed assessment of potential 

road noise impact at all sensitive receivers along Martin Road has been conducted.  

Additionally, the Proposal will generate additional traffic on Elizabeth Drive. However, these 

movements will be relatively minor compared to the existing traffic flows on Elizabeth Drive. 

Therefore, a high-level assessment of potential impacts at the most potentially affected receivers 

along Elizabeth Drive has been conducted.  

In addition to traffic associated with VENM importation, traffic will be generated by activities 

proposed under Modification 3. The road noise assessments presented herein consider the total 

impact of traffic generated by both Modification 3 and the Proposal.  

6.1 Martin Road – Elizabeth Drive Intersection Upgrade 

The traffic impact assessment for the proposal has found that the Martin Road – Elizabeth Drive 

intersection would need to be signalised. In addition to the introduction of traffic signals, turning 

lanes at the intersection would be revised.  

The changes to the horizontal alignment of the “through lanes” at the intersection are not 

significant when compared to the setback distance to nearby receivers. Therefore, the 

intersection upgrade would have a negligible effect on road noise from traffic continuing straight 

on Elizabeth Drive.  

CoRTN (Calculation of Road Traffic Noise) is the road noise model approved for use in NSW. This 

model does not account for noise associated with vehicles accelerating and decelerating at 

intersections. These effects are considered unlikely to cause unacceptable road noise impacts at 

nearby receivers, but are not able to be predicted using the approved model. To protect the 

acoustic amenity of receivers potentially affected by road noise impacts associated with the 

intersection upgrade, it is recommended that the existing levels of road noise are quantified prior 

to the upgrade works. In the event that receivers near the intersection complain of increased 

road noise after the upgrade, road noise levels at these receivers should be re-measured. If the 

measurements indicate that the intersection upgrade has caused exceedances of applicable road 

noise criteria, then appropriate architectural treatments should be offered to affected receivers.  

6.2 Road Noise Criteria 

The NSW Road Noise Policy (RNP) (DECCW, 2011) sets out criteria for assessment of noise from 

traffic on public roads. The RNP sets out noise assessment criteria for “freeways”, “arterial”, “sub-

arterial” and “local roads”.  

Martin Road would typically be classified as a local road. However, in addition to standard road 

classifications, the RNP also identifies “principal haulage routes” whereby some local public roads 

servicing industries such as mines and extractive industries carry a different level and mix of 

traffic to typical local roads in residential areas. The RNP advises that the noise criteria for 

principal haulage routes should match those for arterial/sub-arterial roads, noting that they carry 

a different level and mix of traffic to most local roads.  
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Martin Road is an approved B-Double route and, in addition to the CSR site, services other heavy 

traffic generating activities such as the Australian Native Landscapes (ANL) site at 210 Martin 

Road and resource recovery facilities at 25 and 55 Martin Road. As discussed further in Section 

6.3.2, heavy vehicles contribute approximately 43% of the existing traffic flows on Martin Road. 

Therefore, the use of Martin Road is consistent with that of a principal haulage route, and has 

been assessed as such in accordance with the RNP.  

In accordance with the RNP, Elizabeth Drive is considered a sub-arterial road. 

The RNP impact assessment criteria for residential land uses impacted by additional traffic on 

arterial/sub-arterial roads are presented in Table 6-1 

Table 6-1 RNP Impact Assessment Criteria 

Road Category 
Assessment Criteria - dBA 

Day a Night a 

Martin Road 

Principal haulage 

route (arterial/sub-

arterial) 

LAeq, 15 hour 60 

(external) 

LAeq, 9 hour 55 

(external) 

a. Day = 7:00am – 10:00pm; night = 10:00pm – 7:00am 

With regard to the permissible increase in road traffic noise from a land use development the 

RNP states: 

“For existing residences and other sensitive land uses affected by additional traffic on 

existing roads generated by land use developments, any increase in the total traffic 

noise level should be limited to 2 dB above that of the corresponding ‘no build option’.”  

Additionally, the RNP defines a “relative increase criterion” which limits the total increase in road 

noise levels from any development to 12 dB.  

6.3 Road Noise Impacts Along Martin Road 

6.3.1 Sensitive Receivers Potentially Affected by Road Noise 

Road noise impacts associated with traffic generated by the Proposal are assessed at all 

residences adjacent to Martin Road. These receivers are summarised in Table 6-2 and shown in 

Figure 6-1.  

Table 6-2 Road Noise Receivers 

Receiver ID a Address 

RN1 1970 Elizabeth Drive Badgerys Creek 

RN2 10 Martin Road Badgerys Creek 

RN3 30 Martin Road Badgerys Creek 

RN4 40 Martin Road Badgerys Creek 

RN5 50 Martin Road Badgerys Creek 

RN6 55 Martin Road Badgerys Creek 
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Receiver ID a Address 

RN7 50a Martin Road Badgerys Creek 

RN8 60 Martin Road Badgerys Creek 

RN9 65 Martin Road Badgerys Creek 

RN10 70 Martin Road Badgerys Creek 

RN11 80 Martin Road Badgerys Creek 

RN12 90 Martin Road Badgerys Creek 

RN13 100 Martin Road Badgerys Creek 

RN14 110 Martin Road Badgerys Creek 

RN15 75 Martin Road Badgerys Creek 

RN16 120 Martin Road Badgerys Creek 

RN17 85 Martin Road Badgerys Creek 

RN18 140 Martin Road Badgerys Creek 

RN19 150 Martin Road Badgerys Creek 

RN20 160 Martin Road Badgerys Creek 

RN21 170 Martin Road Badgerys Creek 

RN22 (R34) 165 Martin Road Badgerys Creek 

RN23 165A Martin Road Badgerys Creek 

RN24 (R32) 180 Lawson Road Badgerys Creek 

RN25 (R35) 195 Martin Road Badgerys Creek 

RN26 (R25) 211 Martin Road Badgerys Creek 

RN27 (R9) 211a Martin Road Badgerys Creek 

a. Receiver labels in brackets denote receivers identified in construction and operational noise assessments.  
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Figure 6-1 Road Noise Receivers 
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6.3.2 Existing Road Noise Levels and Traffic Volumes 

Wilkinson Murray has undertaken noise monitoring along Martin Road to establish the existing 

traffic noise levels at sensitive receivers and to facilitate validation/calibration of the noise model. 

Unattended noise monitoring, accompanied by contemporaneous traffic counting conducted by 

Austraffic Pty Ltd, was undertaken at two locations along Martin Road between Thursday 16 

August and Thursday 30 August 2018. The noise monitoring and traffic counting locations are 

shown in Figure 6-2. The noise loggers were placed in “free-field” locations.  

The results of the noise monitoring and traffic count surveys are summarised in Table 6-4 and 

Table 6-4, respectively. 

Table 6-3 Existing Traffic Noise Levels 

Monitoring Location Façade/Free-Field 
Day a 

LAeq, 15 hour 

Night a 

LAeq, 9 hour 

L1 Free-field 53.1 47.9 

L2 Free-field 54.1 48.4 

a. Day = 7:00am – 10:00pm; night = 10:00pm – 7:00am.  

Table 6-4 Existing Traffic Volumes 

Location Direction 
Day a Night a 

Light b Heavy b Light b Heavy b 

T1 

Northbound 212 144 11 21 

Southbound 143 152 74 20 

Total 355 296 85 41 

a. Day = 7:00am – 10:00pm; night = 10:00pm – 7:00am.  

b. Light = Austroads vehicle classifications 1 & 2; heavy = Austroads vehicle classifications 3-12.  

The traffic volumes measured during the survey are considered representative of the existing 

conditions along Martin Road, north of the Australian Native Landscapes (ANL) site at 210 Martin 

Road. South of the ANL site, the only potential sources of traffic on Martin Road are three 

residential properties. Therefore, the existing traffic flows and associated road noise levels at 

Martin Road residences south of ANL are assumed to be negligible.  



CSR ADVANCED MANUFACTURING HUB  PAGE 54 

NOISE IMPACT ASSESSMENT - MOD 4  REPORT NO. 17199-M4   VERSION B 

 

 

 

 

Figure 6-2 Traffic Noise and Volume Monitoring Locations 
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6.3.3 Road Noise Modelling Methodology 

The following factors have been considered during the assessment process: 

• Traffic volume and proportions of heavy vehicles; 

• Vehicle speed; 

• Road surface type; 

• Road gradient; 

• Different noise emission levels and source heights; 

• Ground topography; 

• Location of potentially affected receivers; and, 

• Allocation of traffic to different lanes 

Noise levels from the introduced traffic movements were calculated using procedures based on 

the CoRTN (Calculation of Road Traffic Noise) (UK Department of Transport, 1988) prediction 

algorithms. The standard prediction procedures were modified as follows: 

• LAeq values were calculated from the LA10 values predicted by the CoRTN algorithms using the 

well-validated approximation LAeq,1hour = LA10,1hr - 3 (NSW RTA, 2001). It is worth noting the 

predicted LAeq,1hr is equivalent to the LAeq,period as required by the noise criteria since the input 

is the “average” traffic flow per hour over the given daytime and night time periods. 

• Noise source heights were set at 0.5m for cars, 1.5m for heavy vehicle engines and 3.6m for 

heavy vehicle exhausts, representative of typical values for Australian vehicles (Road Traffic 

Noise: Interim Traffic Noise Policy, 1992). 

• Noise from a heavy vehicle exhaust is 8dBA lower than the (steady continuous) noise from 

the engine. 

The model was implemented using SoundPLAN v8.0 using CoRTN Australia (NSW). Table 6-5 

summarises other variables used in the noise model. 

Table 6-5 Variables used for modelling 

Parameter Comment 

Roads Manually generated 

Traffic Speed 60 km/h 

Road surfaces +0dB DGA 

Traffic Volume Current traffic volumes have been provided by Austraffic traffic consultants 

Terrain 2m Contours 

Road Alignment Manually generated 

Noise Barriers Not applicable 

Buildings Manually generated 

Receivers Generated in SoundPLAN at each façade of each noise-sensitive building 

Ground Absorption Ground absorption factor was set to 75% for the entire area 

Façade Correction +2.5 dB in accordance with CoRTN 

Table 6-6 shows the measured and predicted road noise levels at both road noise monitoring 

locations.  
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Table 6-6 Model Validation Results 

Location 
LAeq,15hr dBA LAeq,9hr dBA 

Measured Predicted Difference Measured Predicted Difference 

Logger 1 53.1 53.9 -0.8 47.9 48.7 -0.8 

Logger 2 54.1 53.2 0.9 48.4 48 0.4 

If the difference between measured and predicted results are within 2 dB, they are generally 

considered acceptable given the expected accuracy of standard noise monitoring and modelling 

procedures in conjunction with variability in traffic speeds and variability in pavement wear along 

the whole alignment. Therefore, the model validation results for both locations are considered 

satisfactory.  

6.3.4 Traffic Generated by the Development 

The anticipated traffic movements generated by the development have been provided by the 

client and are summarised in Table 6-7. These values comprise the additional traffic movements 

on Martin Road due to Modification 3 and the Proposal. It should be noted that these traffic 

movements represent the total traffic generated by the Project as it would operate under the 

Proposal and are not incremental to movements allowed under any existing consent.  

Table 6-7 Traffic Movements Generated by the Proposal 

Direction 
Day a Night a 

Light b Heavy b Light b Heavy b 

Northbound 104 447 68 29 

Southbound 147 447 25 44 

a. Day = 7:00am – 10:00pm; night = 10:00pm – 7:00am.  

b. Light = Austroads vehicle classifications 1 & 2; heavy = Austroads vehicle classifications 3-12.  

6.3.5 Predicted Road Noise Levels 

The predicted road noise levels at sensitive receivers are summarised in Table 6-8. Noise levels 

are presented for the existing traffic volumes along Martin Road and for future traffic volumes 

which include traffic generated by the Proposal. These scenarios are termed the “no-build” and 

“build” scenarios, respectively.  

Table 6-8 identifies those receivers where, based on the most affected façade on the property, 

the predicted “build” noise levels exceed the impact assessment criteria, and the increase in road 

noise levels due to the Proposal are greater than 2 dB. When these conditions are met, all 

reasonable and feasible mitigation measures should be implemented to reduce noise levels down 

to the impact assessment criteria.  
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Table 6-8 Predicted Road Noise Levels at the Most Affected Residential Facades 

Receiver 
Predicted LAeq,period Noise Levels 

Criteria Increase 
Exceed  

Criteria? 

Increase > 

2dB? Mitigate? 
Treatment 

Package 
No Build Build 

ID Address Day Night Day Night Day Night Day Night Day Night Day Night 

RN1 1970 Elizabeth 

Drive  

45.6 39.7 51.8 44.2 60 55 6.2 4.5 N N Y Y N Nil 

RN2 10 Martin Road  49.1 43.2 55.2 47.6 60 55 6.1 4.4 N N Y Y N Nil 

RN3 30 Martin Road  46.9 41 53.1 45.5 60 55 6.2 4.5 N N Y Y N Nil 

RN4 40 Martin Road  47.6 41.7 53.7 46.1 60 55 6.1 4.4 N N Y Y N Nil 

RN5 50 Martin Road  55.4 49.5 61.5 53.9 60 55 6.1 4.4 Y N Y Y Y 2 

RN6 55 Martin Road  53.9 48.1 60.1 52.5 60 55 6.2 4.4 N N Y Y N Nil 

RN7 50a Martin Road  38.8 32.9 45.2 37.6 60 55 6.4 4.7 N N Y Y N Nil 

RN8 60 Martin Road  42.2 36.3 48.4 40.8 60 55 6.2 4.5 N N Y Y N Nil 

RN9 65 Martin Road  56.2 50.3 62.4 54.8 60 55 6.2 4.5 Y N Y Y Y 2 

RN10 70 Martin Road  48.8 42.9 55 47.3 60 55 6.2 4.4 N N Y Y N Nil 

RN11 80 Martin Road  41.9 36.0 48.2 40.5 60 55 6.3 4.5 N N Y Y N Nil 

RN12 90 Martin Road  50.7 44.8 56.9 49.2 60 55 6.2 4.4 N N Y Y N Nil 

RN13 100 Martin Road  51.8 45.9 57.9 50.3 60 55 6.1 4.4 N N Y Y N Nil 

RN14 110 Martin Road  57.4 51.6 63.5 55.9 60 55 6.1 4.3 Y Y Y Y Y 2 

RN15 75 Martin Road  54.2 48.4 60.4 52.8 60 55 6.2 4.4 N N Y Y N Nil 

RN16 120 Martin Road  57.8 52.0 63.9 56.3 60 55 6.1 4.3 Y Y Y Y Y 2 

RN17 85 Martin Road  52.6 46.7 58.8 51.2 60 55 6.2 4.5 N N Y Y N Nil 

RN18 140 Martin Road  41.8 35.9 48.2 40.6 60 55 6.4 4.7 N N Y Y N Nil 

RN19 150 Martin Road  45.4 39.5 51.6 44 60 55 6.2 4.5 N N Y Y N Nil 
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Receiver 
Predicted LAeq,period Noise Levels 

Criteria Increase 
Exceed  

Criteria? 

Increase > 

2dB? Mitigate? 
Treatment 

Package 
No Build Build 

ID Address Day Night Day Night Day Night Day Night Day Night Day Night 

RN20 160 Martin Road  47.5 41.6 53.7 46.1 60 55 6.2 4.5 N N Y Y N Nil 

RN21 170 Martin Road  56.0 50.1 62.1 54.5 60 55 6.1 4.4 Y N Y Y Y 2 

RN22 

(R34) 

165 Martin Road  57.5 51.7 63.7 56.1 60 55 6.2 4.4 Y Y Y Y Y 2 

RN23 165A Martin 

Road  

54.2 48.3 60.4 52.8 60 55 6.2 4.5 N N Y Y N Nil 

RN24 

(R32) 

180 Lawson 

Road  

44.7 38.8 51.3 43.7 60 55 6.6 4.9 N N Y Y N Nil 

RN25 

(R35) 

195 Martin Road  47.0 41.0 56.5 48.6 60 55 9.5 7.6 N N Y Y N Nil 

RN26 

(R25) 

211 Martin Road  39.2 33.2 45.9 38.3 60 55 6.7 5.1 N N Y Y N Nil 

RN27 (R9) 211a Martin 

Road  

37.7 31.7 44.4 36.8 60 55 6.7 5.1 N N Y Y N Nil 
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6.3.6 Mitigation of Road Noise  

There are six receivers identified as qualifying for mitigation of the increases in noise levels due 

to the operation of the Proposal. For each of these receivers, the exceedance of the impact 

assessment criteria is less than 4 dB and the increase in road noise levels due to the operation of 

the Proposal is less than 7 dB.  

Architectural treatments to properties are considered the most appropriate means of achieving 

the required reductions in road noise levels at receivers qualifying for mitigation. The RMS Draft 

At-Receiver Treatment Guideline provides deemed-to-comply construction solutions for a range 

of “treatment package types”. All receivers qualifying for mitigation would require the ”Type 2” 

treatment package, outlined in Table 6-9.  

It is noted that, where truck movements generated by the Proposal are not greater than those 

allowed under the current Project Approval, no architectural treatments would be warranted at 

receivers on Martin Road.  
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Table 6-9 Deemed to Comply Mitigation Packages 

Construction Treatment Package Type 

1 2 3 4 5 

Exceedance, dBA 1-5 6-8 9-11 12-14 >14 

All • Optional ceiling fans1 

• Mechanical ventilation (MV) 

• New acoustic seals for windows 

• Seal around window architraves / 

door jambs 

• Seal all vents and openings 

• As per Category 1 treatments 

• External solid core door (40mm) with perimeter acoustic seals, drop seals and threshold seals 

Brick veneer or double brick  

Window area less than or equal to 20% 

floor area 

 

For 6 dBA exceedance: 

• 6.38mm laminate and roof 

insulation (R4.0 215mm thick) or 

6.5mm lam with acoustic interlayer 

For 7 dBA exceedance: 

• 8.5mm lam with acoustic interlayer 

or 10.38mm lam 

For 8 dBA exceedance: 

• 8.5mm lam with acoustic interlayer 

or 10.5mm lam with acoustic 

interlayer or 10mm acrylic panel 

with nominally 100mm gap or 

>5mm secondary window with 

100mm gap, or equivalent 

• Roof insulation (R4.0 215mm thick) 

For 9 dBA exceedance: 

• 8.5mm lam with acoustic interlayer 

or 10.38mm lam  

Otherwise: 

• 10.5mm lam with acoustic 

interlayer or 10mm acrylic panel 

with nominally 10mm gap, or 

>4mm secondary window with 

100mm gap, or equivalent 

• >4mm secondary window with 

100mm gap, or equivalent 

• Roof insulation (R4.0 215mm thick) 

 

Brick veneer or double brick 

Sliding door area less than or equal to 

50% wall area 

• 6.38mm lam, or equivalent • 6.5mm lam with acoustic 

interlayer, or equivalent 

• Roof insulation (R4.0 215mm 

thick)  

Or  

• 8.5mm lam with acoustic 

interlayer, or equivalent 

• 8.5mm lam with acoustic interlayer 

or >4mm secondary window with 

nominally 100mm gap, or 

equivalent 

• Roof insulation (R4.0 215mm thick)  

 

• >6mm secondary window with 

nominally 100mm gap, or 

equivalent 

• Roof insulation (R4.0 215mm thick) 

 

Lightweight 

Window area less than or equal to 20% 

floor area 

• Sealed subfloor 

• Roof insulation (R4.0 215mm 

thick) 

• As per Category 1 treatments 

For 8 dBA exceedance: 

• 10mm acrylic panel with nominally 

100mm gap, or equivalent 

• Re-sheet wall lining (1x 6mm fibre 

cement sheeting with nominal 

board weight of 11 kg/m2 and 1x 

13mm plasterboard with nominal 

board weight of 10.5 kg/m2 to 

finish, or equivalent) 

• Wall insulation (R2.7 90mm thick) 

Otherwise: 

• 10mm acrylic panel with 100mm 

gap, or equivalent 

• Additional wall lining (1x 13mm 

plasterboard with nominal board 

weight of 10.5 kg/m2 to finish, or 

equivalent) 

As per Category 1 treatments 

For 8 dBA exceedance: 

• 10mm acrylic panel with nominally 

100mm gap, or equivalent 

• Re-sheet wall lining (1x 6mm fibre 

cement sheeting with nominal 

board weight of 11 kg/m2 and 1x 

13mm plasterboard with nominal 

board weight of 10.5 kg/m2 to 

finish, or equivalent) 

• Wall insulation (R2.7 90mm thick) 

• Resilient mount to isolate wall lining 

and stud 

 

As per Category 1 treatments 

• 4mm secondary window with 

nominally 100mm gap, or 

equivalent 

• Re-sheet wall lining (1x 6mm fibre 

cement sheeting with nominal 

board weight of 11 kg/m2 and 1x 

13mm plasterboard with nominal 

board weight of 10.5 kg/m2 to 

finish, or equivalent) 

• Wall insulation (R2.7 90mm thick) 

• Resilient mount to isolate wall lining 

and stud 

 

As per Category 1 treatments 

• 6mm secondary window with 

nominally 100mm gap, or 

equivalent 

• Re-sheet wall lining (1x 6mm fibre 

cement sheeting with nominal 

board weight of 11 kg/m2 and 1x 

13mm plasterboard with nominal 

board weight of 10.5 kg/m2 to 

finish, or equivalent) 

• Wall insulation (R2.7 90mm thick) 

• Resilient mount to isolate wall lining 

and stud 

•  

Note 1: Ceiling fans should have Direct Current (DC) electric motors to minimise noise. 

Note 2: Mechanical ventilation (MV) should be installed so that fresh air is ducted from an unaffected building façade. Mechanical fan noise should meet the recommended noise levels in AS2107. 
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6.4 Road Noise Impacts Along Elizabeth Drive 

The traffic impact assessment for the Proposal advises that approximately 75% of the traffic 

movements to and from the site will travel along the section of Elizabeth Drive that is east of 

Martin Road. Therefore, the assessment of potential road noise impacts will focus on this section 

of Elizabeth Drive.  

6.4.1 Traffic Volume and Percent Heavy Vehicles 

The traffic impact assessment advises that the existing peak hour traffic volume along Elizabeth 

Drive is approximately 1200 vehicles, with heavy vehicles contributing 12% of the total traffic 

flow. To assess 15-hour daytime and 9-hour night time road traffic noise levels, it assumed that 

the peak hourly traffic volume accounts for 10% of the average daily traffic volume and that the 

night time traffic volume accounts for 10% of the average daily traffic volume.  

Table 6-10 presents the existing (“no build”) and future (“build”) traffic volumes and percent 

heavy vehicles (“mix”) along Elizabeth Drive, east of Martin Road.  

Table 6-10 Traffic Volume and Mix – Elizabeth Drive 

Road Time a 

Existing  

(no build) 

Future  

(build) 

Volume Mix Volume Mix 

Elizabeth Drive – East of Martin 

Road 

Day 10,800 12% 11,658 17% 

Night 1,200 12% 1,324 15% 

a. Day = 7:00am – 10:00pm; night = 10:00pm – 7:00am 

Using the traffic data in Table 6-10, the no-build and build road traffic noise levels have been 

predicted at the front façade of potentially affected receivers along Elizabeth Drive. These noise 

levels have been predicted using the CoRTN model and are based on the following additional 

inputs: 

• The posted speed limit along Elizabeth Drive is 80 km/h; 

• The front façade of the most potentially affected receivers is approximately 90 metres from 

the nearest edge of Elizabeth Drive; and,  

• A +2.5 dBA façade correction has been applied.  

Table 6-11 presents the predicted road noise levels at the most potentially affected receiver 

locations along Elizabeth Drive with and without the Proposal.  

Table 6-11 Predicted LAeq,period Road Noise Levels – Elizabeth Drive 

Road 
No Build Build Criteria Difference 

Day a Night a Day a Night a Day a Night a Day a Night a 

Elizabeth Drive – East of Martin 

Road 
57.7 50.4 58.7 51.3 60 55 1.0 0.9 
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Review of Table 6-11 indicates that the predicted LAeq,period road noise levels at the façade of the 

most potentially affected receivers along Elizabeth Drive comply with the RNP impact assessment 

criteria and that the increase in traffic noise levels due to the Proposal is less than 2 dBA.  
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7 CONSTRUCTION NOISE ASSESSMENT 

The following section presents an assessment of potential noise impacts associated with the 

construction of the Proposal. 

The construction of the Proposal would likely begin in June 2020 and the works would take 

approximately 18 months to complete.  

In addition to the construction works proposed to be undertaken within the Proposal site, 

potential noise impacts associated with the construction of the proposed signalised intersection 

have also been assessed. The most potentially affected sensitive receivers near the intersection 

works are 1970 Elizabeth Drive and 10 Martin Road. These receivers were identified in the detailed 

road noise assessment as receivers RN1 and RN2, respectively. These receiver designations will 

be used in this construction noise assessment.  

7.1 Construction Noise Management Levels 

The Interim Construction Noise Guideline (ICNG) (DECC, 2009) recommends noise management 

levels (NML) to reduce the likelihood of noise impacts arising from construction activities. The 

ICNG NML for residential receivers are shown in Table 7-1.  

Table 7-1 Construction NMLs at Residences 

Time of Day  

Management 

Level  

LAeq,15min 

(dBA) 

How to Apply  

Recommended 

Standard Hours:  

Monday to Friday  

7am to 6pm  

Saturday  

8am to 1pm  

No work on Sundays 

or Public Holidays  

Noise affected  

RBL + 10dBA  

The noise affected level represents the point above which there may 

be some community reaction to noise.  

Where the predicted or measured LAeq,(15min) is greater than the noise 

affected level, the proponent should apply all feasible and reasonable 

work practices to minimise noise.  

The proponent should also inform all potentially impacted residents of 

the nature of works to be carried out, the expected noise levels and 

duration, as well as contact details.  

Highly noise 

affected  

75dBA  

The highly noise affected level represents the point above which there 

may be strong community reaction to noise.  

Where noise is above this level, the proponent should consider very 

carefully if there is any other feasible and reasonable way to reduce 

noise to below this level.  

If no quieter work method is feasible and reasonable, and the works 

proceed, the proponent should communicate with the impacted 

residents by clearly explaining the duration and noise level of the 

works, and by describing any respite periods that will be provided.  

Outside recommended 

standard hours 

 

Noise affected 

RBL + 5 dB 

 

A strong justification would typically be required for works outside the 

recommended standard hours. 

The proponent should apply all feasible and reasonable work practices 

to meet the noise affected level. 

Where all feasible and reasonable practices have been applied and 

noise is more than 5dB(A) above the noise affected level, the proponent 

should negotiate with the community. 

For guidance on negotiating agreements see section 7.2.2. 
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It is expected that all construction activities will be conducted within standard construction hours.  

Based on the established RBLs, construction noise management levels for residential receivers 

near the Proposal site are presented in Table 7-2. 

Table 7-2 Project-specific construction NML 

Receiver 

Acceptable LAeq,15min  

Noise Level 

(Standard daytime  

construction hours) 

Highly Affected 

Noise Level 

(dBA) 

R9, R25, R35 50 75 

R5, R26-R32, R34, R42-46 47 75 

R11-R15 48 75 

 

Background noise monitoring location L1 (see Section 4.1) is considered most representative of 

the existing ambient noise environment at receivers RN1 and RN2, located near the intersection 

works. Therefore, the applicable construction NML at these receivers is 50 dBA.  

7.2 Construction Noise Modelling Methodology 

Site-related noise emissions were modelled with the “CadnaA” noise prediction software using 

the CONCAWE noise prediction algorithms. Factors that are addressed in the noise model are: 

• equipment sound level emissions and location; 

• screening effects from barriers; 

• receiver locations; 

• ground topography; 

• noise attenuation due to geometric spreading; 

• ground absorption; and 

• atmospheric absorption.  

Noise predictions have been made based on the likely worst-case impacts taking into 

consideration the anticipated construction scenarios. This has been made based on Wilkinson 

Murray’s previous experience with similar scale construction projects. As a worst-case scenario, 

this assumes that most of the relevant plant would be operating during most of the 15-minute 

assessment period.  

7.3 Assessment of Construction Activities within the Proposal Site 

7.3.1 Construction Plant, Activities and Sound Power Levels 

Construction activities associated with the Proposal would be related to the installation of the 

Solar Farm and the construction of the VENM haul road. In the event that a noise barrier is 

constructed along the VENM haul road, the associated construction noise impacts would be within 
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the range of impacts for the construction of noise barriers presented in the Modification 3 noise 

assessment.  

The main activities and noisiest plant items to be used for construction are listed in Table 7-3. 

The table also provides typical sound power levels of the equipment, based on measurements 

previously conducted by Wilkinson Murray, and the resultant total sound power for each 

construction activity.  

Table 7-3  Sound Power Levels for Construction Plant 

Construction 

Activity 
Plant 

Individual Sound 

Power Level (dBA) 

Activity Sound Power 

Level (dBA) 

Solar Farm - Trenching 

and earthworks 

Backhoe 105 

113 
Excavator 110 

Trucks 105 

Water cart 105 

Solar Farm - Vibro 

Piling 

Vibro-piling rig 116 

117 Mobile crane 110 

Trucks 105 

Solar Farm - Panel and 

Inverter Installation 

Hand tools / power tools 98 

112 

Generator 95 

Mobile crane 110 

Forklift 100 

Trucks 105 

Welder 90 

VENM Haul Road 

Construction 

Excavator 110 

118 Dozer 116 

Trucks 105 

 

The activity sound power is considered to represent the typical worst-case level in a given 15-

minute period. It is important to note that this sound power level is unlikely to be sustained at 

such a level for the duration of the activity. As a result, many 15-minute periods will be at lower 

levels. 

The activities in Table 7-3 relating to the construction of the solar farm were modelled in the 

proposed solar farm location. The plant associated with constructing the VENM haul road was 

modelled at various stages along the proposed VENM haul road alignment.  

7.3.2 Predicted Construction Noise Levels 

The predicted LAeq,15min construction noise levels at sensitive receivers are presented in Table 7-4. 

Exceedances of the NML are highlighted in bold text, and the range of predicted exceedances is 

presented for each receiver.  

  



CSR ADVANCED MANUFACTURING HUB  PAGE 66 

NOISE IMPACT ASSESSMENT - MOD 4  REPORT NO. 17199-M4   VERSION B 

 

 

 

 

Table 7-4 Predicted LAeq,15min Construction Noise Levels 

Receiver 

Predicted Level 

NML Exceedance Solar Farm 
Haul Road 

Trenching Piling a Installation 

R5 25 34 24 63 47 16 dB 

R9 29 38 28 66 50 16 dB 

R11 44 54 43 43 48 -  

R12 47 56 46 44 48 - 

R12a 51 60 50 43 48 12 dB 

R13 45 54 44 46 48 6 dB 

R14 42 51 41 45 48 3 dB 

R15 42 52 41 45 48 4 dB 

R25 29 38 27 65 50 15 dB 

R26 26 35 25 61 47 14 dB 

R27 25 35 24 56 47 9 dB 

R28 25 34 23 56 47 9 dB 

R29 24 33 23 50 47 3 dB 

R30 23 32 22 48 47 1 dB 

R31 24 33 23 52 47 5 dB 

R32 25 34 23 53 47 6 dB 

R34 24 34 23 49 47 1 dB 

R35 27 36 26 57 50 7 dB 

R42 25 34 24 59 47 12 dB 

R43 23 33 22 50 47 3 dB 

R44 21 30 19 45 47 - 

R45 22 31 21 46 47 - 

R46 24 33 23 44 47 - 

a.  5dB penalty added to piling to account for potential increased annoyance.  

The results in Table 7-4 indicate the potential for construction noise levels to exceed the NML at 

many receivers. The predicted exceedances range from 1 dB to 16 dB. No exceedances of the 75 

dBA highly affected level are predicted.  

7.4 Assessment of Construction Noise from Intersection Works 

7.4.1 Construction Plant, Activities and Sound Power Levels 

The main activities and noisiest plant items likely to be used for the intersection works are listed 

in Table 7-5. The table also provides typical sound power levels of the equipment, as published 

by RMS, and the resultant total sound power for each construction activity.  
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Table 7-5  Sound Power Levels for Construction Plant 

Construction 

Activity 
Description Plant 

Individual Sound 

Power Level 

(dBA) 

Activity Sound 

Power Level 

(dBA) 

Bulk Earthworks 

Formation of 

road 

alignment.  

Excavation of 

soil and rock, 

loading, 

haulage, 

compaction of 

fill areas, 

grading 

Dozer 116 

118 

Scraper 110 

Excavator 110 

Grader 113 

Dump truck 110 

Compactor 106 

Roller 109 

Water cart 107 

Paving/asphalting 

Delivery of raw 

materials, 

placement of 

surface 

material, saw 

cutting. 

Pavement laying 

machine 

114 

118 

Dump truck 110 

Asphalt truck and 

sprayer 

103 

Concrete truck 109 

Smooth drum roller 107 

Concrete saw 118 

Road furniture 

installation 

Signposting 

and line 

marking 

Road truck 108 

111 
Scissor lift 98 

Franna crane 98 

Line marking truck 108 

 

The activity sound power is considered to represent the typical worst-case level in a given 15-

minute period. It is important to note that this sound power level is unlikely to be sustained at 

such a level for the duration of the activity. As a result, many 15-minute periods will be at lower 

levels. 

Construction plant were modelled as operating within the construction footprint shown in Figure 

7-1.  
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Figure 7-1 Intersection Works Footprint 

 

7.4.2 Predicted Construction Noise Levels 

The predicted LAeq,15min noise levels at sensitive receivers associated with the proposed 

intersection works are presented in Table 7-6. Exceedances of the NML are highlighted in bold 

text, and the range of predicted exceedances is presented for each receiver.  

Table 7-6 Predicted LAeq,15min Construction Noise Levels 

Receiver NML 

Predicted Level 

Exceedance Bulk 

Earthworks 
Paving/Asphalting 

Furniture 

Installation 

RN1 50 73 71 65 23 dB 

RN2 50 71 69 63 21 dB 

 

The results in Table 7-6 indicate the potential for construction noise levels to exceed the NML by 

up to 23 dBA at nearby receivers during the proposed intersection works. No exceedances of the 

75 dBA highly affected level are predicted.  
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7.5 Construction Noise Mitigation 

As outlined above, there is potential for noise levels associated with the construction of the 

Proposal to exceed the established NML. Therefore, all reasonable and feasible measures should 

be applied to manage noise levels down to the NML. These measures should be documented in 

a Construction Noise Management Plan (CNMP) and should include: 

• Identification of nearby residences and other sensitive land uses; 

• Description of approved hours of work;  

• Description and identification of construction activities, including work areas, equipment 

and duration; 

• Description of what work practices (generic and specific) will be applied to minimise noise 

and vibration; 

• Consider the selection of plant and processes with reduced noise emissions; 

• A complaints handling process; 

• Noise monitoring procedures;  

• Overview of community consultation required for identified high impact works; 

• Induction and training will be provided to relevant staff and sub- contractors outlining their 

responsibilities with regard to noise; and, 

• Procedures for approval of any works undertaken outside of the following hours:  

o Standard hours of 7:00 am to 6:00 pm Monday to Friday, and 8:00am to 1:00 pm 

Saturday 

Examples of typical construction noise mitigation measures are provided in Table 7-7, along with 

the likely reduction in noise levels. Where reasonable and feasible, these measures should be 

employed during the construction of the Proposal.  

Table 7-7 Indicative Construction Noise Mitigation Measures 

Mitigation Measure 
Anticipated Noise 

Reduction, dBA 

Administrative Controls 

Operate during approved hours N/A 

Undertake regular noise monitoring to determine the impact of operating plant on 

sensitive receivers 
N/A 

Appropriate training of onsite staff N/A 

Undertake community consultation and respond to complaints in accordance with 

established  project procedures 
N/A 

Turning off machinery when not in use 0-5 

Respite periods for pile drivers and rock breakers N/A 

Engineering Controls 

Portable temporary screens 5-10 

Screen or enclosure for stationary equipment 10-15 

Maximising the offset distance between noisy plant items and sensitive receivers 3-6 
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Mitigation Measure 
Anticipated Noise 

Reduction, dBA 

Avoiding using noisy plant simultaneously and / or close together, adjacent to 

sensitive receivers 
2-3 

Orienting equipment away from sensitive receivers 3-5 

Carrying out loading and unloading away from sensitive receivers 3-5 

Using dampened tips on rock breakers 3-6 

Using noise source controls, such as the use of residential class mufflers, to reduce 

noise from all plant and equipment including bulldozers, cranes, graders, 

excavators and trucks 

5-10 

Selecting site access points and roads as far as reasonably practicable away from 

sensitive receivers 
3-6 

Using spotters, closed circuit television monitors, “smart” reversing alarms, or 

“squawker” type reversing alarms in place of traditional reversing alarms 
2-5 

Employ non noise-generating structures such as site offices, storage sheds, 

stockpiles and tanks as noise barriers 
5-10 
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8 CONCLUSION 

In October 2016, CSR Building Products Limited (CSR) acquired Boral Bricks Pty Limited (Boral) 

brick business along the eastern seaboard of Australia and with it, the Badgerys Creek Brick 

Making Facility site (‘the site’), which is strategically placed in the Western Sydney Priority Growth 

Area and borders on the proposed Western Sydney Airport precinct.   

CSR is seeking to modify the Project Approval (10_0014) to permit or allow the following 

additional development or changes to the approved project: 

• The dewatering of Pit 1; 

• Continued extraction of clay material in Pit 1 to a depth of 35 m;  

• The importation of Virgin Excavated Natural Material (VENM) to backfill Pit 1 and potentially 

other pits, to rehabilitate the site and facilitate future development; and 

• The establishment of a grid connected solar farm.  

Wilkinson Murray has been engaged by Element Environment, on behalf of CSR, to prepare a 

Noise Impact Assessment for the Proposal.  

Existing ambient noise levels have been established at nearby sensitive receivers via long-term 

unattended noise monitoring. The noise monitoring data has been processed in accordance with 

the NPfI to establish the RBLs at sensitive receivers. 

Noise impacts associated with the operation of the Proposal have been assessed in accordance 

with the NPfI. Project noise trigger levels have been established for the morning shoulder, day, 

evening and night time periods.  

A computer noise model has been developed to predict the LAeq,15min operational noise levels at 

sensitive receivers. Meteorological data from the nearby Bringelly AQMS has been analysed to 

identify the potential for noise-enhancing meteorology. Both temperature inversions and gradient 

winds are considered to be a feature of the area and have been incorporated into the noise 

model.  

Based on information from CSR and previous noise assessments of the site, operating parameters, 

equipment and source sound power levels have been developed to describe several noise 

assessment scenarios for the Proposal.  

LAeq,15min operational noise levels have been predicted at sensitive receivers for each assessment 

scenario, for both calm and noise-enhancing meteorological conditions. The predicted noise levels 

comply with the established project noise trigger levels during for all scenarios during calm 

meteorological conditions.  

During noise-enhancing meteorological conditions, the predicted LAeq,15min operational noise levels 

exceed the daytime project noise trigger levels at a number of receivers to the north of the site. 

Options to mitigate these exceedances have been identified, including additional noise bunds and 

architectural treatments to isolated receivers.    

The Proposal will generate additional traffic along the surrounding public road network. The 

increase will be most prominent along Martin Road, and will largely be due to heavy vehicles 

transporting goods to and from the Proposal site.  
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Road noise impacts associated with the operation of the Proposal have been assessed in 

accordance with the RNP.  

Martin Road services a number of industrial sites and has significantly more heavy vehicle traffic 

than a typical local road. Therefore, as recommended in the RNP, Martin Road is considered a 

principal haul route and is to be assessed using impact assessment criteria for arterial/sub-arterial 

roads.  

Existing traffic volumes and road noise levels along Martin road have been established using long-

term unattended noise logging and contemporaneous traffic counting. A computer noise model 

has been developed and calibrated using the monitoring data.  

Traffic noise levels during the operation of the Proposal have been predicted, and at six receivers, 

have been found to exceed the impact assessment criteria and increase by more than 2 dB 

compared to the ‘no-build’ noise levels.  

Appropriate architectural treatments to reduce road noise levels have been recommended for 

receivers qualifying for mitigation.  

Noise impacts from the construction of the Proposal have been assessed in accordance with the 

ICNG. Construction NMLs have been established for sensitive receivers based on the established 

RBL. A computer noise model has been developed to predict LAeq,15min construction noise levels at 

sensitive receivers. The predicted LAeq,15min construction noise levels exceed the established NML 

at several receivers, but no exceedances of the 75 dBA highly affected levels were predicted. It 

is recommended that a CNMP be developed and that all reasonable and feasible measures be 

implemented to manage construction noise levels down towards the NML.  
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Figure B-1 Modelled Noise Sources – Pit 1 RM, Pit 2 Fill 
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Figure B-2 Modelled Noise Sources – Pit 3 RM, Pit 2 Fill 
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Figure B-3 Modelled Noise Sources – Pit 4 RM, Pit 3 Fill 
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Figure B-4 Modelled Noise Sources – Pit 5 RM, Pit 4 Fill 
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Figure C-1 LAeq,15min Noise Levels – Morning Shoulder, Calm Meteorology 
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Figure C-2 LAeq,15min Noise Levels – Morning Shoulder, Noise Enhancing Meteorology 
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Figure C-3 LAeq,15min Noise Levels – Daytime, Calm Meteorology 

 



CSR ADVANCED MANUFACTURING HUB   APPENDIX C-4 

NOISE IMPACT ASSESSMENT - MOD 4   REPORT NO. 17199-M4   VERSION B 

 

 

Figure C-4 LAeq,15min Noise Levels – Daytime, Noise Enhancing Meteorology 
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Figure C-5 LAeq,15min Noise Levels – Evening, Calm Meteorology 
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Figure C-6 LAeq,15min Noise Levels – Evening, Noise Enhancing Meteorology 
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Figure C-7 LAeq,15min Noise Levels – Night, Calm Meteorology 
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Figure C-8 LAeq,15min Noise Levels –Night, Noise Enhancing Meteorology 
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1 Introduction 

1.1 Purpose of this report 

CSR Building Products Limited (CSR) has Project Approval (PA10_0014) to 

operate a quarry and brick making facility at their Badgerys Creek site, western 

Sydney. CSR is seeking to modify the Project Approval to permit additional 

development, including a grid connected solar farm (the Project). This report 

has been prepared to assess the visual impacts associated with the Project.   

This assessment considers the visual impact of the proposed modification 

(Modification 4) on existing landscape character and to key viewpoints. It is to 

inform the Environmental Assessment (EA) prepared for the modification 

application (MP 10_0014 MOD 4) under section 75W of the NSW Environmental 
Planning and Assessment Act 1979 (EP&A Act).  

1.2 Project overview 

CSR’s Badgerys Creek site is located at 235 Martin Road, Badgerys Creek (the 

Site). The Site is approximately 200 hectares (ha) in size and borders the 

proposed Western Sydney Airport precinct. The Site is within the Liverpool local 

government area (LGA) and within the NSW Government’s Western Sydney 

Aerotropolis. 

Proposed Modification 4 to the Project Approval includes the following 

changes:  

§ Dewatering of Pit 1 and the extraction of the remaining clay resource 

to a depth of 35 metres below the pre-existing natural surface of the 

ground 

§ Importing Virgin Excavated Natural Material (VENM) to backfill Pit 1 

and potentially other pits, to rehabilitate the site and facilitate future 

development. Trucks delivering VENM would use a separate haul 

road, accessed directly from Martin Road. A noise bund may be 

installed along the haul road 

and  

§ Establishing a grid connected solar farm to provide energy security to 

the Site, improve land utilisation on the eastern side of the Site, and 

reduce the Site’s greenhouse gas emissions. 

Project details are provided at Section 4.  

Operations at the existing brickmaking facility have been ‘mothballed’ for 

several years. When operations recommence at the Site, works already 

permitted under the Project Approval would be undertaken (including 

quarrying, brick manufacturing, receival of raw materials, and transporting 

product from the Site). These approved activities are therefore not included as 

part of the Project (Modification 4 to the Project Approval) being assessed in 

this report.  
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1.3 Report format 

The report is set-out in the following format:  

§ Section 2:  Defines the methodology for the assessment 

§ Section 3: Establishes baseline conditions and describe the Site 

context, including the visual environment and Site visibility 

§ Section 4:  Describes the main visual changes associated with the 

Project  

§ Section 5:   Discusses potential visual concerns regarding solar farms 

§ Section 0:  Assesses the likely effects to landscape character 

§ Section 8:   Assesses the likely effects on surrounding key viewpoints 

§ Section 9:  Describes design and mitigation measures that have been, 

and could be, incorporated into the design to improve the 

visual outcome and 

§ Section 9: Conclusion.  
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2 Assessment methodology 

The applied methodology has been tailored to address the particular visual 

impacts of establishing this type and scale of infrastructure in this location, 

based on professional experience and a number of visual assessment 

guidelines used by government authorities in Australia and internationally, 

including the: 

§ NSW Road and Maritime Services’ (Roads and Maritime, 2013) 

Environmental Impact Assessment Practice Note: Guideline for 
Landscape Character and Visual Impact Assessment EIA-N04, March 

2013;  

§ NSW Government’s Large-Scale Solar Energy Guideline, December 

2018 

§ Western Australian Planning Commission’s Visual Landscape Planning 
in Western Australia (2007); and 

§ Landscape Institute and Institute of Environmental Management and 

Assessment, 2013 (3RD edition), Guidelines for Landscape and Visual 
Impact Assessment. 

2.1 Desktop analysis 

Prior to the field inspection, an approximate viewshed1 of the Project was 

determined using desktop analysis of aerial photography and elevation.  

The approximate viewshed was used to identify possible areas from which 

there could be views of the Project - in particular, potentially sensitive viewing 

locations such as residences and publicly accessible areas such as local roads. 

Other potential viewpoints like lookouts and public recreation areas were 

identified for verification during the site inspection2. 

2.2 Field survey 

The Project Site was inspected 10 April 2018 under the supervision of CSR staff 

and included a Site walk-over. The day of the inspection was dry and sunny. 

Sensitive receptor locations were identified in the original EA Visual 

Assessment3. During the field survey, these sensitive receptor locations, as well 

as the Site and the surrounding area, were inspected to verify likely viewpoints. 

Confirmed viewpoints were assessed to determine their sensitivity to change, 

and the potential visual impact of the Project on each viewpoint.  

                                                   
1 A viewshed indicates the approximate geographic area which may have views of a Site and indicates the potential extent 

of area to be assessed. 

2 The approximate viewshed does not take into account features such as vegetation and built elements which may obstruct 

views and must be verified on site. 
3 Environmental Assessment, Continued Operation of Quarry and Brick Making Facility Boral, Badgerys Creek, AECOM, 2010.  
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2.3 Assessment 

Following the field survey, two main types of visual effects (or impacts) were 

assessed: 

§ effect on the landscape character, and 

§ effect on key viewpoints (visual impact). 

The Guideline for Landscape Character and Visual Impact Assessment EIA-N04 

(Roads and Maritime, 2013) states:  

“Landscape character and visual assessment are equally important. 
Landscape character assessment helps determine the overall impact of a 
project on an area’s character and sense of place. Visual impact 
assessment helps define the day to day visual effects of a project on 
people’s views.”  

To assess the effect on landscape character and viewpoints, two criteria - 

sensitivity and magnitude of change – have been determined and combined.  

Sensitivity and magnitude of change are defined4 as: 

§ Sensitivity - The sensitivity of a landscape character zone or view and 

its capacity to absorb change. In the case of visual impact this also 

relates to the type of viewer and number of viewers.  

§ Magnitude - The measurement of the scale, form and character of a 

development Project when compared to the existing condition. In the 

case of visual assessment this also relates to how far the Project is from 

the viewer.  

For the purposes of this assessment, the criteria specifically developed to 

determine sensitivity are listed in TABLE 2-1, and those to determine magnitude 

are listed in TABLE 2-2. These criteria have been defined for sensitivity and 

magnitude of change for both the assessment of landscape character and 

the visual impact to viewpoints. The combination of sensitivity and magnitude 

are combined to provide the rating of the level of impact, as shown in TABLE 

2-3 (as adapted for this type of project from Roads and Maritime Services’, 

2013). 

TABLE 2-1: SENSITIVITY RANKING CRITERIA 

Sensitivity Criteria (general guide only, some or all may apply) 

High § Landscape or heritage of high to very high conservation 

value 

§ Public views with a high to very high number of users 

§ Viewers are in close proximity 

§ The site has a high visual prominence 

§ Viewers have opportunity for prolonged or stationary 

views 

Moderate § Landscape or heritage of moderate conservation value 

§ Public views with a moderate to high number of viewers 

                                                   
4 Roads and Maritime Services’ (2013) 
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Sensitivity Criteria (general guide only, some or all may apply) 

§ Viewers are in close or moderate proximity 

§ The site is visually prominent 

§ Private views in close proximity with mostly unimpeded 

views 

Low § Some landscape or heritage conservation value but of 

lower visual value 

§ Public views for a small number of users 

§ Viewers at a more distant proximity 

§ Site is less visually prominent 

§ Viewers have short-time period to view / transitory views 

Negligible § Landscape has no or very little heritage or visual value 

§ Very few people can view 

§ Viewers are long distance from site 

§ Site is not visually prominent 

§ Viewers have short time period to view / no 

private/stationary views 

TABLE 2-2: MAGNITUDE OF CHANGE RANKING CRITERIA 

Magnitude Criteria (general guide only, some or all may apply) 

High § Significant size and extent of area affected 

§ Permanent and irreversible change 

§ The Project forms a significant and immediately apparent 

part of the scene, and one that significantly contrasts in 

scale and character (either existing or planned) and is 

severely detrimental to the quality of the scene 

Moderate § Moderate in size and extent of area affected 

§ Temporary, or if permanent, effects reduced over time 

§ The Project becomes the dominant feature of the scene to 

which other elements become subordinate, and one that 

significantly contrasts in scale and character (either 

existing or planned), possibly reducing the quality of the 

scene 

Low § Small in size and extent of area 

§ Temporary, or if permanent, visual effects able to be 

reduced substantially 

§ The Project forms a visible and recognisable new element 

within the overall scene, yet one that is relatively 

compatible with the surrounding character (either existing 

or planned) 
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Magnitude Criteria (general guide only, some or all may apply) 

Negligible § The Project constitutes only a minor component of the 

wider view, which might be missed by the casual observer 

or receptor. Awareness of the Project would not have a 

marked effect on the overall quality of the scene 

 

TABLE 2-3: LANDSCAPE CHARACTER AND VISUAL IMPACT GRADING MATRIX  

 Magnitude 
S
e

n
si

ti
v
it
y

 

 High Moderate Low Negligible 

High High impact 
Moderate-

high impact 

Moderate 

impact 
Negligible 

Moderate 
Moderate-

high impact 

Moderate 

impact 

Low-

moderate 

impact 
Negligible 

Low 
Moderate 

impact 

Low-

moderate 

impact 

Low impact Negligible 

Negligible 
Negligible 

impact 

Negligible 

impact 

Negligible 

impact 
Negligible 

2.4 Mitigation measures 

Following the assessment, where relevant and possible, mitigation measures 

have been recommended to reduce potentially adverse visual impacts to 

viewpoints. Mitigation measures include planting and design guidelines and 

are provided at Section 8. 
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3 Landscape character 

This section of the report describes the existing landscape character within the 

vicinity of the Project, and of the Project Site.  

3.1 Location 

The Project Site at 235 Martin Road, Badgerys Creek, is identified on FIGURE 3.1.  

Access to the Project Site is from Martin Road, which runs off Elizabeth Drive (a 

designated B-double route). The local context of the Site is shown FIGURE 3.2.  

 
FIGURE 3.1: REGIONAL CONTEXT OF PROJECT LOCATION5 

                                                   
5 Figure provided by Element Environment 
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FIGURE 3.2: LOCAL CONTEXT OF PROJECT LOCATION6 

                                                   
6 Figure provided by Element Environment 
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Badgerys Creek forms the western boundary of the Site. The rural/agricultural 

area west of Badgerys Creek has been identified as the proposed Western 

Sydney Airport precinct (Western Sydney Aerotropolis). The Airport is scheduled 

to open in 20267. Context for the future of the surrounding area and the 

Aerotropolis is provided at Section 3.5. 

South Creek forms the eastern boundary of the Site. East of the Creek are rural 

residential allotments; smaller, detached, low-density residential properties; 

and a large campus for the Kemps Creek Cemetery and Crematorium. Further 

east is the Kemps Creek Nature Reserve, an important 197ha conservation 

habitat. 

To the north is the Badgerys Creek community. The area includes rural 

residential properties and small agricultural allotments with farm buildings and 

fenced paddocks for livestock. There are also resource-based businesses such 

as Australian Native Landscapes, which features large warehouses, and 

fenced, hard-paved yards for vehicles and stock.   

Immediately south is Inghams Chicken. This business is not currently operational. 

South, beyond the poultry sheds, are rural residential properties.  

Rural properties in the vicinity are covered in pasture grasses with stands of tall 

trees scattered throughout the paddocks and within the road reserves. Dense 

vegetation lines the creeks. Landform in the area is undulating. There are no 

significantly elevated ridges or ‘lookouts’. 

The undulating landform and tall vegetation limit the extent of views.  

3.2 Site description 

3.2.1 Existing 

The eastern portion of the Site at the end of Martin Road is generally 

rural/agricultural in character. The land has been largely cleared of trees, 

covered with pasture grasses and fenced. The eastern portion of the Site is 

accessed by an unsealed track running into the Site off Martin Road. 

An existing, occupied, two-storey brick house (leased from CSR) is located on 

a small ridge near Martin Road. Over the ridge, the land falls toward South 

Creek, is quite flat and low lying. South Creek is densely tree-lined and isolated 

stands of trees are scattered across the lower areas of the Site. To illustrate the 

character of the property, an image of the eastern portion of the Site is shown 

at FIGURE 3.3. The existing residence and trees around the residence is shown 

at Figure 3.4.   

                                                   
7 http://westernsydneyairport.gov.au (accessed 16 April 2018) 
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FIGURE 3.3: EASTERN-MOST PORTION OF SITE8  

 

FIGURE 3.4: RESIDENCE AND TREES ON RIDGE AT END OF MARTIN ROAD9 

A sealed driveway leads west from the end of Martin Road to the centre of the 

Site where the existing CSR brick making facility is located.  The plant 

(‘mothballed’ since March 2012) is on a large hardstand area fenced-off with 

a security gate for access. An image of the brick making facility is shown at 

FIGURE 3.5. Shown in the figure is the tallest feature of the existing infrastructure, 

a 41m high kiln exhaust stack.     

                                                   

8 Photograph taken by the author, 10 April 2018, approximately 200m from southern site boundary, looking north-east 

9 Photograph taken by the author, 10 April 2018, from Martin Road, approximately 140m north of site entry, looking south 
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FIGURE 3.5: CENTRAL HARDSTAND YARD AND BRICK MAKING FACILITY10  

There are two single-story administration buildings near the PGH brick making 

facility security entry gate.  Several staff are located at the Site to oversee 

administration. Product from the former operations is stacked on the open, 

hardstand yard.  

There are quarry pits around the central hardstand area, stockpiles of clay, 

unusable materials (interburden and overburden), and sedimentation basins. 

There are also two earthen noise bunds (covered in pasture grasses), one 

(approximately 4.5 m high along the northern side of the entrance driveway 

and the other (approximately 4.5 m high along the eastern edge of Pit 3).   

Beyond the noise bunds, fenced-off paddocks within the Site are leased for 

livestock grazing. Unsealed tracks across the Site provide access to these 

areas. The grazing area north of the PGH brick making facility is shown FIGURE 

3.6. The grazing area east of the PGH brick making facility is shown FIGURE 3.7.  

Tall trees lining Badgerys Creek (to the west) and South Creek (to the east) 

provide a dense, vegetated screen along both boundaries of the Site. Isolated 

stands of trees are scattered across the Site, as are farm buildings, enhancing 

the rural/pastoral setting.  

                                                   

10 Photograph taken by the author, 10 April 2018, from approximately 60m north of existing brick plant, looking south-east 
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FIGURE 3.6: SITE EAST OF BRICK MAKING FACILITY11  

 
FIGURE 3.7: SITE WEST OF BRICK MAKING FACILITY12  

                                                   

11 Photograph taken by author, 10 April 2018, approximately 90m south of Martin Road site entry, looking south-west 

12 Photograph taken by the author, 10 April 2018, approximately 50m north of existing brick plant, looking west 
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3.2.2 Approved activities 

Project Approval (PA10_0014 issued 27 September 2011) outlines the activities 

already permitted at the Site. The approved quarrying and brick making 

activities are to: 

§ Extract 420,000 tonnes of clay per calendar year; 

§ Produce 252,000 tonnes of bricks per calendar year;  

§ Extract any clay shale or carry out any work in the extraction area no 

deeper than 35 metres below the pre-existing natural surface of the 

ground;  

§ Receive 20,000 tonnes of raw material for brick making per calendar 

year; and 

§ Dispatch more than 275,000 tonnes of raw materials from the site in any 

calendar year. 

The layout of the approved activities (as per Project Approval 10_0014, 

Modification 2, 5 May 2018) is shown in Figure 3.8. 

Product from the quarry and brick making facility is approved for transport 

entirely by road. The Project Approval limits the number of truckloads/heavy 

vehicle movements that can exit the site per day to:  

§ A maximum of 60 laden brick trucks (i.e. 120 movements), Monday to 

Friday; and 

§ A maximum of 20 laden brick trucks (i.e. 40 movements) on Saturdays.  

The approved construction includes a 10m high noise attenuation bund along 

the length of the northern and part of the western Site boundaries; and a 7m 

high bund from the Martin Road Site entrance to the southern Site boundary 

east of Pit 4. 

Additional commitments in the Project Approval which will reduce off-Site 

visual impact include:  

§ Minimising the off-site lighting impacts and ensure that all external 

lighting associated with the project complies with Australian Standard 
AS4282 (INT) 1995 - Control of Obtrusive Effects of Outdoor Lighting 

§ Rehabilitating the Site post-operations. 

3.3 Modification 3 

CSR has lodged a separate application (MOD 3) to modify the Project 

Approval. The MOD 3 application seeks to expand the footprint of the brick 

manufacturing plant (within the centre of the Site) and to establish a roof 

products production plant (within the eastern portion of the Site).  

The proposed roof products plant would require a total site area of 

approximately 68,621m2 at the location currently occupied by the two-storey 

brick residence. The MOD 3 proposal would involve demolition of the existing 

house, earthworks and construction of a building approximately 10m high, up 

to 146m long, and up to 54m wide (approximately 6,268m2 in area).  
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FIGURE 3.8: APPROVED PROJECT 13 

                                                   
13 Figure provided by Element Environment 
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The proposed building would be sheeted in steel and feature process air vents 

and a gas burner exhaust that would extend above the roofline. The plant 

would incorporate three cement silos (approximately 18m high) and a large 

sand storage and mixing tower (27m high) that would be fed by a conveyor 

(approximately 70m long) that would deliver material from storage bins below 

ground level, to the top of the mixing tower. 

Modification 3 also includes construction of a noise barrier, up to 6m high 

and 100-150m long, located north of the Site’s Martin Road entrance, 

alongside an existing dirt track.   

3.4 Modification 4 Planning and Legislative Requirements 

Part 3A of the Environmental Planning an Assessment Act 1979 was repealed 

by the NSW Environmental Planning and Assessment Amendment (Part 3A 

Repeal) Act 2011 (Part 3A Repeal Act), which commenced on 1 October 2011.  

Under the Part 3A Repeal Act, projects deemed to be ‘transitional Part 3A 

projects’ will continue to be subject to Part 3A of the EP&A Act (as in force 

immediately before the repeal and as modified by the Part 3A Repeal Act). 

Transitional Part 3A projects include certain projects that were the subject of 

an existing approval under Part 3A. 

As the Site has a Project Approval that was granted under Part 3A of the EP&A 

Act, it is a transitional Part 3A project. The provisions of Part 3A (as in force 

immediately prior to its repeal) continue to be applicable to the Project. 

Therefore, the Project is proposed to be assessed under s75W of the repealed 

Part 3A.  

The transitional arrangements in the EP&A Act were repealed by the 

Environmental Planning and Assessment Bill 2017. This moved transitional Part 

3A projects to the current State significant development and State significant 

infrastructure pathways, and applications to modify such projects will no longer 

be made under Section 75W. This modification application has been made 

within the transitional timeframe and is not affected by the above 

arrangements. 

A Background Scoping Document (Element Environment, December 2017) has 

been submitted to the Department of Planning and Environment (DPE) for 

Modification 4 to the Project Approval (MP 10_0014 MOD 4). The Scoping 

Document identified visual impact as a medium risk environmental factor. 

The DPE advised (17 January 2018) it does not intend to issue formal Secretary’s 

Environmental Assessment Requirements (SEARs), however, that the EA must 

include an assessment of visual impacts. The DPE also invited comment from 

Liverpool City Council. Visual matters raised by the DPE and Liverpool City 

Council, and where they are addressed in this report, are set out in TABLE 3.1.  
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TABLE 3-1: AUTHORITY COMMENTS  

Authority Comment regarding visual matters Addressed in this report? 

Department of 

Planning and 

Environment 

17 January 2018 

With respect to the proposed Solar farm, 

the EA must include: … 

• detailed discussion regarding the 

permissibility of the proposed solar 

farm; and an assessment of 

potential: … 

• visual impacts,  

Visual impacts of the proposed solar farm are 

addressed in Sections 6 and Section 7 of this 

report.  

 

including potential 

glare/reflectivity  

Section 5 of this report outlines potential visual 

concerns related to solar farms and includes 

discussion on solar farm glare and reflectivity. 

This discussion is of a general nature and is not 

intended to be specialist glare/reflectivity 

advice. 

and associated impacts on current 

and future land uses in the locality 

(i.e. the airport)… 

Section 5 of this report also includes a discussion 

on impacts of solar farm on airports and aircraft.  

Precinct planning for the Western Sydney 

Aerotropolis (formerly the Western Sydney 

Airport Priority Growth Area) has been included 

in the assessment of views at Section 6 of this 

report. 

Liverpool City 

Council 

29 August 2017 

… Due to proximity to the Western 

Sydney Airport it’s likely that any 

assessment would require a Glare 

Reflectivity Assessment Report .…. 

Section 5 of this report outlines potential visual 

concerns related to solar farms and includes 

discussion on solar farm glare and reflectivity. 

This discussion is of a general nature and is not 

intended to be specialist glare/reflectivity 

advice. This report is not intended to be a Glare 

Reflectivity Assessment Report.  

Details regarding aviation safety and lighting is 

provided in the EA (prepared by Element 

Environment).  

NASF Guideline E: Managing the Risk of 
Distractions to Pilots from Lighting in the Vicinity 
of Airports provides guidance for lighting near 

an aerodrome. The Guideline nominates four 

zones within a six-kilometre radius of an airstrip 

where ground light can cause interference as a 

pilot approaches to land. The intensity of light 

emissions within each light control zone is 

specified in the Guideline. Although within 6km 

of the Western Sydney Airport, the site is not 

within the four light control zones14.  

                                                   

14 Guideline E, Attachment 1 to Lighting Guidelines 
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Authority Comment regarding visual matters Addressed in this report? 

Proposed lighting at the site would comply with 

Australian Standard AS4282 (INT) 1995 - Control 
of Obtrusive Effects of Outdoor Lighting. 

3.5 Planning in the vicinity 

The (approximately) 200ha Project Site, and the areas north, east and south of 

the Site, are all located within the Western Sydney Aerotropolis. The NSW 

Government has identified the Western Sydney Aerotropolis as an area likely 

to undergo major change centred on the Western Sydney Airport15.  

The Airport is anticipated to support almost 28,000 direct and indirect jobs by 

203116. Changes planned for the Western Sydney Aerotropolis include road 

improvement works, passenger and freight rail, and “unprecedented 

economic and housing growth”17. 

The prioritisation of the airport, scheduled investment and infrastructure 

development within the area, would permanently change the character of 

Badgerys Creek and the vicinity. As noted in the draft Environmental Impact 

Statement for the Western Sydney Airport18: 

Future development of the areas surrounding the airport site, under 
provisions of the Western Sydney Employment Area and the South West 
Priority Growth Area 19 , would lead to a significant transition from an 
environment that is predominantly rural in character to one that has a 
more urban form.  

The DPE have been working with Liverpool Council (among other key 

stakeholders) to prepare the Western Sydney Aerotropolis Land Use and 
Infrastructure Implementation Plan (August 2018). The Plan is intended to guide 

new infrastructure investment, ensure new developments do not impact on the 

operation of the new Western Sydney Airport, identify locations for new homes 

and jobs close to transport, and coordinate services in the area.  

The Implementation Plan refers to future development of the Badgerys Creek 

precinct, which includes the Site20:  

                                                   
15  http://www.planning.nsw.gov.au/Plans-for-your-area/Priority-Growth-Areas-and-Precincts/Western-Sydney-Airport-Growth-

Area 
16 http://westernsydneyairport.gov.au (accessed 16 April 2018) 
17 https://www.transport.nsw.gov.au/corridors (accessed 16 April 2018) 
18  Department of Infrastructure and Regional Development. 2015. Western Sydney Airport Draft Environmental Impact 

Statement 
19 The Western Sydney Priority Growth Area was previously identified as the South West Priority area 

http://www.planning.nsw.gov.au/Plans-for-your-area/Priority-Growth-Areas-and-Precincts/Western-Sydney-Airport-Growth-

Area/Map 
20 Refer to Appendix A for a map showing initial precincts identified for the Western Sydney Aerotropolis 
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Directly adjoining the Airport to the east and Aerotropolis Core to the 
south, the Badgerys Creek precinct will support airport operations and 
the new urban centre. Affected by aircraft noise, it is not suitable for 
noise sensitive land uses. However, it will meet demand for a range of 
employment generating uses that do not require or benefit from direct 
access to public transport but which would benefit from proximity to 
airport operations and the new urban centre. Residential development 
is not appropriate21.  

The Implementation Plan also refers to development of the South Creek 

precinct, which includes the western boundary of the Site. South Creek would 

be the central green spine for amenity and recreation22. It would protect 

biodiversity and endangered ecological communities (including remnant 
Cumberland Plain Woodland). and be accessible, attractive and 

environmentally rich23.  

The South Creek precinct is a focus of planning growth for the next five years24. 

The Implementation Plan outlines urban design principles for the South Creek 

precinct:  

§ orientate development to face towards the creek corridor  

§ build a network of everyday uses within a walkable creek catchment  

§ provide creek connections and encourage waterfront activities.  

 

 
  

                                                   
21 Land Use and Infrastructure and Implementation Plan, p61 
22 Land Use and Infrastructure and Implementation Plan, 24 
23 Land Use and Infrastructure and Implementation Plan, 38 
24 Land Use and Infrastructure and Implementation Plan, p20 
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4 Project description 

This section describes the main components of the modification 4 Project and 

the changes that are likely to have visual impact during construction and 

operation.  

4.1 The Project 

A plan of the proposed modification 4 Project is provided at Figure 4.1 (the 

proposed development is coloured pink on the plan). The Project would 

comprise three components: 

§ The dewatering of Pit 1 and the extraction of the remaining clay 

resource to a depth of 35 metres below the pre-existing natural surface 

of the ground 

§ The importation of VENM (virgin excavated natural material) to backfill 

Pit 1 and potentially other pits, to rehabilitate the site and facilitate 

future development. Trucks delivering VENM would use a separate haul 

road, accessed directly from Martin Road. A noise bund may be 

installed along the haul road 

and  

§ The establishment of a grid connected solar farm.  

These features of the Project are discussed in more detail below. 

4.2 Dewatering and extraction of Pit 1 

The existing void at Pit 1 is proposed to be dewatered, and the water disposed 

of. Potentially, the water would be reused on site (for process water and dust 

suppression) or used for irrigation, or by other parties, and then discharged to 

Badgerys Creek.  

Following dewatering, CSR would investigate Pit 1 to determine whether 

suitable clay material remains there. If suitable, Pit 1 would be excavated to a 

maximum depth of 35 m below the pre-existing natural surface of the ground. 

The extracted clay and sandstone would be used in the brick and roof tile 

making processes.  

4.3 VENM haul road 

After the extraction of remaining clay and sandstone, CSR intend to 

progressively backfill Pit 1 and the remainder of the pits, so that the Site can be 

redeveloped for an alternative use. Redevelopment is being considered 

consistent with the proposed “Aerotropolis Strategy” for the area.  

To backfill Pit 1, VENM (predominantly from Sydney construction projects) 

would be imported to the Site. Approximately 2,050,000m3 of material is 

required to backfill Pit 1. The rate of backfilling of Pit 1 would be dependent on 

the availability of suitable VENM material. 
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FIGURE 4.1: OVERVIEW OF PROPOSED PROJECT (MODIFICATIONS 3 AND 4) 25 

                                                   

25 Figure provided by Element Environment 



 

Page | 21  

CSR ADVANCED MANUFACTUING HUB, MODIFICATION 4 – Visual Impact Assessment 

envisageconsulting.com.au 

Where possible, other pits/voids on Site would also be backfilled. Voids that are 

returned to natural ground level would be levelled and grassed to manage 

against erosion and the creation of dust.  

A separate haul road for the VENM trucks is proposed. The haul road would 

have direct access off Martin Road and travel parallel to the Site entrance 

driveway. The proposed haul road would be formed on an existing site road.  

The existing road would require minor modifications (such as scraping and 

grading) to achieve a suitable two-way road for VENM trucks to travel safely. 

The proposed haul road would allow VENM trucks to access the Pits without 

conflict with other vehicles. 

The proposed haul road would result in heavy trucks travelling closer to 

residents (the closest resident would be approximately 35m to the north). To 

mitigate potential noise impacts, a 6m high earth noise bund is proposed along 

the northern side of the VENM haul road.  

An (up to) 6m high noise barrier (100-150m long approximately) was proposed 

at the haul road entrance under Modification 3. The proposed 6m high earth 

noise bund would extend from the western end of the 6m high noise barrier, 

along the northern side of the VENM haul road. The proposed noise bund 

would be approximately 300-400m long. 

The location of the proposed haul road and the proposed noise bund is shown 

on Figure 4.2. 

4.4 Solar farm 

4.4.1 Overview 

CSR propose to construct a solar farm on the eastern portion of the Site, east 

of Pits 3 and 4, and west of South Creek. The location is shown in Figure 4.3. 

An approximate AC output of 4.5 megawatt (MW) would potentially be 

generated by the solar farm.  The electricity generated would be used to 

supply CSR’s brick and roof products manufacturing facilities and any surplus 

electricity fed back into the grid.  

The solar farm would extend over an area of approximately 10 hectares. Part 

of the land on which the solar farm is proposed is on low lying areas to the west 

of South Creek. South Creek is prone to flooding. The solar panels would be 

installed on ground located above flood levels or designed so that the solar 

panels are elevated above flood levels.  

The solar farm would not be operated at night. Lighting of the solar farm site at 

night is not required, and is not anticipated unless in emergency situations. 

The key visual features of the solar farm would be the solar panels and the 

inverters. 
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FIGURE 4.2: LOCATION OF MOD 4 PROPOSED VENM HAUL ROAD AND NOISE ATTENUATION26

                                                   

26 From Willkinson Murray, CSR Advanced Manufacturing Hub, Noise Impact Assessment – MOD 4, January 2019. Figure 6-3 
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FIGURE 4.3: SOLAR FARM SITE PLAN 27  

                                                   

27 Figure provided by Element Environment 
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4.4.2 PV panels 

A self-powered single-axis tracking system is proposed. The system would 

comprise rows of up to 90 PV panels. The rows would run north/south, be 

typically from 40m to 95m long, and be spaced approximately 10m apart.  

Each panel in the row would be approximately 2m x 1m, constructed of dark-

coloured material covered with an anti-reflective coating.  Each panel would 

be comprised of 72 high efficiency monocrystalline cells with glass and 

aluminium frames.  

The panels would be mounted on a steel post to enable them to tilt on a single 

axis 120 degrees from +60 degrees east in the morning, to -60 degrees west in 

the afternoon. The range of rotation and height is indicated in Figure 4.4. An 

image of the type of panel and mounting system proposed is shown Figure 4.5. 

 

FIGURE 4.4: PANEL ROTATION AND HEIGHT28 

 
FIGURE 4.5: IMAGE OF TYPE OF MOUNTING STRUCTURE TO BE INSTALLED29 

                                                   

28 Image from NEXTracker brochure for NX Horizon Self-Powered Tracker, MKT-000037 Rev.C 

29Image from NEXTracker brochure for NX Horizon Self-Powered Tracker, MKT-000037 Rev.C 
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The mounting structure would provide a maximum panel height of 

approximately 2.08m at full tilt which occurs twice during the day - when facing 

east (9am), and when facing west (3pm). During the day, the panels would 

slowly tilt and in the middle of the day lie flat facing up, resulting in a panel 

height of approximately 1.22m at midday. 

The steel posts of the mounting structure would extend between 1.6m to 4m 

below ground depending on geological conditions. The ground surface under 

the panels would essentially remain unchanged and covered with pasture 

grasses.  

4.4.3 Inverter stations 

The PV panels would generate power and the power generated would be fed 

via cables to an inverter station. Three inverter stations (each with an area of 

approximately 11m x 8m) are proposed across the solar farm. The inverter 

stations would be located outside of the probable maximum flood level.  

At each inverter station, a high voltage kiosk substation and one or more 

central inverters may be located. The inverter station structures would be pre-

fabricated, fully assembled and equipped for manual or remote operation.  

The kiosk substation would be approximately 3-4m long x 1-2m wide and 1.5-

2m tall. An image of the type of kiosk substation proposed is shown at Figure 

4.6. 

 

FIGURE 4.6: TYPICAL IMAGE OF TYPE OF KIOSK SUBSTATION TO BE INSTALLED30 

The inverter size may vary; however, it is likely to be less than a metre wide, be 

between 2.5m and 4.2m long and approximately 2.2m tall. An image of the 

type of kiosk substation proposed (although size may vary) is shown at Figure 

4.7.  

                                                   
30 Image from Schneider Electric, MV/LV Outdoor Substation, KPX factory-built complete solution brochure 
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FIGURE 4.7: TYPICAL IMAGE OF TYPE OF INVERTER TO BE INSTALLED31 

4.4.4 Site access and parking 

Access to the solar farm would be via the proposed road to the roof products 

facility. Vehicles entering the solar farm would continue south along the 

proposed road where a 20m x 50m car park would be installed near the solar 

farm entry. The car park would not require hardstand.  

Security fencing would surround the solar farm.  

4.5 Construction 

Subject to planning approval, construction of the solar farm is expected to 

commence in 2020 and take around nine months to complete. 

Construction of the noise bund along the haul road is also expected to 

commence in 2020.  

The solar farm construction compound would be located on the southern side 

of the proposed Monier plant, in close proximity to the toe of the embankment. 

Access to the solar farm construction site would be obtained along the western 

edge of the Monier footprint, where shallow gradients are encountered.  

Construction materials and compound for the noise bund would be located 

north of the existing site entrance, near the Modification 3 noise barrier.  

Standard construction hours would be adopted (Monday to Friday 7am – 6pm 

and 8am – 1pm Saturday). If night works are required, an Out of Hours Work 

Application would be made which would address issues of noise and lighting 

impacts. 

Most of the infrastructure for the solar farm would be pre-fabricated off-site, 

delivered by trucks to the site, and then assembled on-site. Inverter stations 

would be delivered to the site fully containerised and be installed on concrete 

foundations, slightly elevated above the ground.  

                                                   

31 Image from ABB brochure, ABB central inverters product flyer for PVS800-57B ABB solar inverters  
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Plant and equipment required to install the components of the solar farm 

would likely include cable trenching equipment, backhoes, pile drivers, fork-

lifts and cranes. The PV mounting structures would be driven or screwed into 

ground using a pile driver or similar. Additional support structures would be 

attached to the steel mounting structures and the PV panels would then be 

crane-mounted onto the support structures. Minimal earthworks would be 

required.  

Construction of the earth noise bund and haul road would require use of 

earthmoving equipment – excavators, bulldozers and graders.  

4.6 Operation 

Once construction has completed, the visible changes to the Site would be: 

§ 10 hectares of low-profile (2.1m high) solar panels over low-lying 

land in the eastern portion of the Site, south of the Modification 3 

proposed Monier roof products facility  

§ Three inverter stations with a maximum height of 2.2m and 

maximum length of approximately 4.2m 

§ Security fencing surrounding the solar farm 

§ Level ground associated with any backfilled pits and voids to be 

ready for redevelopment, and 

§ A noise bund along the northern side of the VENM haul road. The 

proposed bund would be 6m high x 300-400m long. 

The visible changes and impact of the Project are discussed in Section 6. 

Potential concerns associated with solar farms are addressed at Section 5. 
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5 Potential visual concerns 

A review of studies 32  of social-cultural attitudes and renewable energy 

acceptance, based on surveys from 13 countries, concluded that “the 

singularly most important concern about renewable energy is visual intrusion”. 

This section of the report briefly discusses, and seeks to address, some of the 

potential visual concerns the community may have related to PV solar farms. 

The impact assessment presented in Section 6 and Section 7 takes account of 

concerns where relevant. 

5.1 Scale 

Large scale solar facilities can occupy very large land areas, have regular, 

strong geometry, and can be visible for long distances. One study found that 

some large PV solar facilities are visible at a distance of 16km33, however, when 

viewed from long distances, they may not be recognisable as solar facilities.  

FIGURE 5.1 provides a visual comparison of the height of PV panels compared 

to a site vehicle, illustrating the overall low profile of the proposed solar panels. 

Although PV solar facilities can occupy large areas, they are generally low to 

the ground, have low visual contrast, and can appear as shadows from a 

distance 34. Depending on the project layout and contrast, in some cases they 

may appear to be natural features, while in other cases, they may lack 

sufficient visual detail to be identified positively as solar facilities35. 

FIGURE 5.2 shows the view of a large solar farm - Royalla Solar Farm in the 

Australian Capital Territory (ACT) - from an elevated position (45m higher) 

2.75km to the north-east. It is to be noted that the Royalla Solar Farm is not a 

directly comparable visual example as it is comprised of fixed-angle panels. 

Another image of the Royalla Solar Farm is provided at FIGURE 5.5. 

5.2 Glint and glare 

Glint is generally defined as a momentary flash of light. Glare is a longer and 

for some time continuous source of light reflection. 

In desert areas, glare has been observed from parabolic trough facilities and 

solar array facilities36. The Proposal does not incorporate technologies that 

concentrate thermal solar power to one point through the use of reflective 

mirrors. The PV solar modules proposed to be installed are non-reflective and 

do not use concentrating mirrors. 

                                                   

32 Apostol, Dean (2017) The Renewable Energy Landscape. Routledge. (Apostle 121) 

33 Sullivan, R. et.al. (2012). Visual impacts of utility-scale solar energy facilities on southwestern desert landscapes. 

34 Sullivan et al. (2012). p14 

35 Apostol, Dean. (2017) (Apostle 21) 

36 Sullivan et al. (2012). p16 
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FIGURE 5.1: SOLAR PANEL HEIGHT COMPARISON (TRACKING)37 

                                                   

37 Figure provided by Element Environment 
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FIGURE 5.2: PHOTOGRAPH OF ROYALLA SOLAR FARM NEAR CANBERRA (2.75KM FROM SOLAR FARM)38

                                                   
38 Image provided by the author 

Royalla Solar Farm 
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The NSW Department of Industry Resources & Energy: Solar Farms in NSW Fact 
Sheet (June 2016) states:  

Solar farms are not considered to be reflective. Photovoltaic panels are 
designed to reflect as little light as possible (generally around 2% of the 
light received) to maximise their efficiency, absorb sunlight and convert it 
to electricity. Minimising the light reflected from solar panels is a goal of 
panel design, manufacture and installation. The glare from panels is 
significantly less than that from bodies of water.  

A comprehensive study of potential for glint and glare was undertaken for the 

proposed Sapphire Solar Farm near Glen Innes, NSW (Pager Power, November 

2017). The proposed solar farm at Glen Innes would comprise PV solar ‘tracking 

panels’ similar to those proposed for the Badgerys Creek Project.  

The study reviewed a substantial amount of available literature and found that: 

§ Glint and glare effects can only ever occur when the weather is clear 
and sunny 

§ The reflections produced are of intensity similar to or less than those 
produced from still water and significantly less than reflections from 
glass and steel 

§ In the scenario where a solar reflection is possible towards a road user 
or resident in a surrounding dwelling, the individual will also be looking 
in the general direction of the Sun. This means the Sun and solar 
reflection will be visible simultaneously. The Sun is a significantly brighter 
source of light.  

§ Lastly, at any one location, only a particular area of solar panels will 
produce a solar reflection towards it.  

The study concluded39: 

§ ‘the overall expected impact upon road users with respect to safety is 
classified as Low (at worst) where the reflecting solar panels are visible’ 

§ And that for residents, ‘The solar reflections would last for up to 20 
minutes per day for up to 6 months from windows with a clear view of 
the reflecting solar panels... In all cases, a clear view of the reflecting 
solar panels at the particular time of day when a solar reflection was 
geometrically possible would be required. In addition, the weather 
would also have to be clear and sunny…the resulting impact 
significance is Low to Moderate. If screening removes the solar panels 
from view, No Impact will be possible’.  

Therefore, based on sourced relevant information, and in-line with the NSW 
Department of Industry Solar Farm Fact Sheet, glint and glare are unlikely to be 

an issue for surrounding residents or road users.  

                                                   
39 Pager Power, 2017, p3 
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5.3 Light refraction 

A ‘mirage’ effect — glittering or shimmering — may be observed at PV facilities.  

The effect is similar to the shimmering seen over a bitumen road on a hot day 

which can make the road surface appear as though it is wet, rippling or 

reflective (refer to FIGURE 5.3).  

 
FIGURE 5.3: ‘MIRAGE EFFECT’ ON ROAD ON A HOT DAY40 

The effect occurs because the surface of the road is hotter than the air around 

it. In the case of PV panels, heat from the panel surface warms the air above 

it, distorting (refracting) light waves. The air wobbles and makes the colour 

above the surface appear brighter and bluer41.  

The ‘mirage’ effect is not bright enough to cause discomfort. It is likely to be 

only observed during certain times of day and from certain viewing positions.  

5.4 Geometric pattern and viewer position 

Viewer position in relation to the layout of PV modules also affects the 

appearance of the solar farm. An image showing viewer position in relation to 

the rows (arrays) of PV modules is shown at FIGURE 5.4. Viewer position 

determines which side of the PV modules is in view, and therefore which angle 

of surface is seen with respect to the viewer. 

                                                   
40 Image provided by the author 
41 Adapted from:  

- The Naked Scientists, 01/06/2008, https://www.thenakedscientists.com/forum/index.php?topic=14849.0 

- Physics, 26 May 2011, https://physics.stackexchange.com/questions/10464/why-does-the-road-look-like-its-wet-on-

hot-days  
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FIGURE 5.4: VIEWER POSITION IN RELATION TO PV PANELS (ARGONNE NATIONAL LABORATORY42) 

If a viewer travelled rapidly past rows of PV panels laid perpendicular to a road, 

the constant change in viewer position would result in abrupt changes in angle 

and pattern of the panels. The colour of the panels would appear to change 

rapidly from black (when viewing the rear of the panels) to various shades from 

blue to white (when viewing the face of the panels). The visual change – the 

lightening or darkening appearance of the panels as the vehicle passes the 

facility43   - would only be seen if looking directly down the rows when travelling 

past at speed and would be momentary44..  There are no roads near the 

proposed Project that would enable such a rapid change in view.  

Colour change in relation to viewer position is shown in the image at FIGURE 

5.5 (taken 200m from the nearest panels at Royalla Solar Farm, ACT). When 

viewing the face of the panels, the panels appear lighter in colour – with 

shades of blue to white. Looking at the rear of the panels, the panels appear 

black as they cast shadow. 

The PV panels proposed to be installed for the Project would face east in the 

morning and west in the afternoon. Therefore, if a viewer was located to the 

east of the Site, the panels would appear blueish in the morning, and 

dark/black in the afternoon. If a viewer was located to the west of the Site, the 

panels would appear dark in the mornings and blueish in the afternoon. As 

noted in Section 6, there are no viewers that are likely to have direct views of 

the proposed solar panels.  

 

                                                   

42 In Sullivan, R. and Meyer, M. 2014. 

43 Sullivan, R (2012) p22 

44 Sullivan, R et.al. (2012) p22 
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FIGURE 5.5: ROYALLA SOLAR FARM SHOWING COLOUR CHANGE WITH SIDE VIEW45 

                                                   
45 Image provided by the author 
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5.5 Aviation 

Aviation warning lights are required for towers and other tall structures which 

may be a hazard to aircraft.  Normally these would be red flashing lights. As 

the proposed solar panels are low-profile, aviation warning lights are not 

required.  

The solar panels also do not need to be painted white (such as would be 

required for wind turbines) as an aide to aerial navigation safety. There would 

be no colour contrast from the solar panels as a result of aviation safety 

requirements.  

There is no movement (visible to the naked eye) that would be associated with 

the solar farm infrastructure. Therefore, motion would not be an obstruction to 

aviation. 

The Proposal would not include solar towers or other structures that would 

contrast with dark night skies. The Proposal would not include mirrors or lenses 

or other reflective surfaces. 

It is understood that the Civil Aviation Safety Authority (CASA) has generally 

advised that large scale solar farms46 are very unlikely to be a hazard to aircraft 

operations unless they are very close to and aligned to an airports approach 

or take off paths. The proposed solar farm is not aligned to the airport 

approach or take off path. 

5.6 Movement 

Fixed solar panels are permanently oriented toward one aspect (north). 

Tracking PV solar panels, however, slowly follow the daily transverse of the sun 

in a 180 degree turn from the north-east in the morning, to the north-west by 

the afternoon. There is a wider range of potential viewpoints which may face 

moving panels during the day, however, their exposure to the face of the 

panels would be shorter in duration. 

Although solar panels may change their orientation during the day, the 

movement is usually very slow and not apparent in short-duration views47.  

5.7 Skylining 

Skylining occurs when structures are placed on ridgelines, summits, or other 

locations where they would be silhouetted against the sky. The eye is naturally 

drawn to prominent landscape features and high points48. Examples of skylining 

can be seen with power poles, telecommunications towers and wind turbines 

that are installed on ridges in rural landscapes. 

                                                   

46 The DPE defines large-scale solar farms as those with a minimum capital investment value of $30 million. The proposal does 

not fall into this category; however, it is a substantially sized farm given its 4.5MW capacity.  

47 Sullivan, R. and M Meyer. 2014. p50 

48 United States Department of the Interior. 2013. Best Management Practices for Reducing Visual Impacts of Renewable Energy 

Facilities on BLM-Administered Lands. BMP 6.2.12 
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The proposed PV solar panels are low-profile at 2.1m high. The proposed panels 

are also located on low-lying ground. Therefore, skylining is not an issue.  

5.8 Ancillary structures 

PV solar farms may require inverters and ancillary structures to be installed 

across the Site.  Inverter stations (approximately 2.4m high) are installed at the 

end of PV solar panel rows to convert the energy produced by the panels. The 

colour of such ancillary PV solar farm structures may contrast against the 

background landscape of the solar fam and could have the effect of drawing 

attention to the multiple structures laid out in a grid pattern across the farm.  

The colour of ancillary structures is therefore important.  Inverters and other 

facility components that are colour-treated two to three shades darker than 

the background landscape colour, better match the surroundings and 

decrease their visibility and contrast. White is generally the most conspicuous 

colour. Lighter colours should be avoided.  

An example of white coloured inverters and other solar farm buildings is shown 

at FIGURE 5.6, Royalla Solar Farm, near Canberra, ACT. An example of a colour-

treated inverter is shown FIGURE 5.7, at Williamsdale Solar Farm, near Canberra. 

These images show that the use of darker, more-recessive colours can lower 

visual contrast and potential visual impact.   

 
FIGURE 5.6: ROYALLA SOLAR FARM SHOWING WHITE ANCILLARY STRUCTURES49 

                                                   
49 Image provided by the author 
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FIGURE 5.7: WILLIAMSDALE SOLAR FARM SHOWING COLOUR-TREATED INVERTERS50  

                                                   
50 Image provided by the author 



 

Page | 38  

CSR ADVANCED MANUFACTUING HUB, MODIFICATION 4 – Visual Impact Assessment 

envisageconsulting.com.au 

6 Assessment of landscape 

character changes 

The landscape character in the vicinity of the Project has been described in 

Section 3.  This section of the report assesses the likely impact of the Project on 

landscape character, based on the combination of two criteria: sensitivity and 

magnitude of change: 

§ Sensitivity refers to the nature of the receptor – the type and number 

of receptors, how sensitive the existing character of the setting is to 

the proposed change, and the value attached to the landscape.  

§ Magnitude refers to the nature of the effect – how much change is 

likely to occur, the size and scale of the change, the extent of the 

area over which it occurs, whether it is reversible or irreversible, and 

whether it is short or long term in duration. 

6.1 Landscape character sensitivity 

Sensitivity in this section refers to the sensitivity of the general landscape 

character of the area, not the sensitivity of private views from sensitive 

residential viewpoints. Residential viewpoints are considered separately at 

Section 6.  

The Site surroundings are rural, with open pastures, stands of native trees, and 

rural residential properties. The existing rural character provides residents with 

a pleasant outlook and setting for their homes. However, the area also includes 

agricultural activities, extractive resource-based industries, and views of large 

warehouses sited within open grassed properties. 

Independent of the proposed Project, precinct-wide visual changes are 

anticipated to occur as the area has been identified by the NSW Government 

for significant investment and infrastructure growth related to the adjoining 

Western Sydney Airport development. Planned changes include road 

upgrades, increased housing and employment facilities (refer to Section 3.5).  

Using the criteria listed in TABLE 2-1, landscape character is rated as having low 

sensitivity: 

§ The Site is not visually prominent 

§ The landscape does not have particular landscape conservation 

value  

§ The landscape includes existing enterprises with large scale 

warehouses, security fencing, hardstand yards, and excavation 

activities  

§ The area has been identified for significant infrastructure and 

investment growth independently of the Project  

§ The Site is visible to a small number of public viewers accessing no-

though roads  
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§ The Site is visible to permanent residents who also view agricultural 

enterprises in the area. Viewpoints from these receptors are 

considered at Section 7.  

6.2 Magnitude of change 

Visual changes would occur at the following key locations within the 200ha 

Site: 

§  Pit 1  

§ The proposed VENM haul road and noise bund, and 

§ The proposed solar farm located within the eastern portion of the Site. 

These visual changes would occur in conjunction with works already permitted 

under the Project Approval and (if approved) under Modification 3, including:  

§ the expansion and recommencement of brick making at the Site  

§ quarrying, and  

§ construction and operation of a roof products manufacturing facility.  

The key areas of visual change are assessed separately for magnitude below. 

6.2.1 Pit 1 

Using the criteria listed in TABLE 2-2, the magnitude of change to landscape 

character for MOD 4 activities proposed at Pit 1 is rated as low.  

§ The proposed activities - dewatering, pit investigation, possible 

excavation to a depth of 35m below pre-existing ground level, and 

backfilling – are visually similar to approved quarrying activities 

permitted under PA10_0014 (establishing new quarry pits, increasing 

quarrying areas, stockpiling materials and rehabilitating pits) 

§ The proposed activities would involve the same equipment as that 

already approved (drilling rigs, excavators, dump trucks, and large 

transportation for road delivery of product to/from Site) 

§ MOD 4 activities at Pit 1 are unlikely to be visually distinguishable from 

those permitted under the existing Project Approval.  

6.2.2 VENM haul road 

Using the criteria listed in TABLE 2-2, the magnitude of change to landscape 

character for MOD 4 activities proposed at Pit 1 is rated as low: 

§ The proposed VENM haul road would be formed on an existing site 

road 

§ The proposed noise bund (at 6m high) would screen views of heavy 

trucks using the VENM haul road. 

6.2.3 Solar farm 

Using the criteria listed in TABLE 2-2, the magnitude of change to landscape 

character for the proposed solar farm is rated as moderate: 
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§ The solar farm would be a new element within a pastoral section of 

the Site, not previously used for industrial/commercial activities 

§ However, following approval (pending) of the MOD 3 roof products 

plant, the rural character of the eastern portion of the Site would have 

altered to include manufacturing activities, large areas of hardstand, 

and access by heavy transport 

§ The solar farm would be a low-profile (maximum height 

approximately 2.1m) industrial use that requires very little disturbance 

to the ground surface and is removable (should that be desired) with 

little impact to the Site and future alternative uses. 

6.3 Level of Impact to landscape character 

6.3.1 Pit 1 

Using the criteria listed in TABLE 2-3, the low sensitivity ranking, combined with 

the low magnitude of change, leads to an overall low level of impact. 

6.3.2 VENM haul road 

Using the criteria listed in TABLE 2-3, the low sensitivity ranking, combined with 

the low magnitude of change, leads to an overall low level of impact. 

6.3.3 Solar farm 

Using the criteria listed in TABLE 2-3, the low sensitivity ranking, combined with 

the moderate magnitude of change, leads to an overall low-moderate level 

of impact. 
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7 Assessment of changes to 

viewpoints 

This section identifies the key viewpoints in the area from which people would 

be likely to see the Project. It describes the existing views and assesses the likely 

impact of the Project on each view. 

The same methodology combining the two criteria - sensitivity and magnitude 

of change – is used to determine level of impact.  

7.1 General visibility 

Direct views into the Site are limited due to the undulating terrain, existing 

vegetation along roads and creeklines, limited public access, and lack of high 

vantage points in the vicinity.  

Future changes to visibility and local character are anticipated, in particular, 

the NSW Government precinct-wide changes associated with the adjoining 

Western Sydney Aerotropolis (refer to Section 3.5). These changes were taken 

into account during the assessment. 

During the site inspection, potential sensitive viewing locations such as 

residences, and publicly accessible areas such as local roads were identified. 

The closest residential areas within the vicinity of the Project were inspected.  

Access to private properties was not possible, therefore, visibility was assessed 

from the closest public access to each viewpoint. In general, the publicly-

accessible areas (public road reserves) provided adequate information for the 

assessment. 

Five receptor (R) locations were identified in the original EA Visual Assessment51. 

The same R locations have been used for consistency in this visual assessment, 

however, have been renamed as viewpoint (VP) locations. The original R 

locations and their corresponding VP numbers are shown in Table 7-1. 

TABLE 7-1: VIEWPOINT LOCATIONS 

Location 
Receptor (R) number used in 

original EA visual assessment 

Viewpoint (VP) number 

used in this report 

Dairy farmer’s 

residence 
R1 VP1 

Martin Road R2 VP2 

Lawson Road R3 VP3 

Victor Avenue R4 VP4 

Longleys Road R5 VP5 

The assessed viewpoint locations are identified on FIGURE 7.1. 

                                                   

51 ENVIRONMENTAL ASSESSMENT, Continued Operation of Quarry and Brick Making Facility Boral, Badgerys Creek, AECOM, 

2010.  



 

BADGERYS CREEK BRICK MAKING FACILITY, MODIFICATION 3 - VISUAL IMPACT ASSESSMENT  Page 42 

 
FIGURE 7.1: ASSESSED VIEWPOINTS52  

                                                   
52 Base figure provided by Element Environment. Viewpoint locations provided by Envisage Consulting 
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The viewpoint locations are from private residences and from public roads. 

Viewpoints from businesses and agricultural/industrial enterprises in the vicinity 

were not assessed in the original EA as they are not considered as sensitive 

receptors and only occupied transiently. 

There could also be views of the Project from aircraft arriving and departing 

from the proposed Western Sydney Airport, situated to the west of the Site. The 

Airport is planned to be developed as a large-scale commercial flight airport 

and would service both domestic and international travellers.  

Each viewpoint is described and assessed below.  

7.2 VP1: Dairy farmer’s residence 

Although identified in the original EA, VP1 is within the Project footprint. It is the 

existing brick residence proposed to be demolished at the location of the 

proposed Monier facility.  

The residence is temporarily leased from CSR. The lease would be expected to 

end prior to the commencement of construction and hence VP1 is not 

considered further within this report. 

7.3 VP2: Rural residential properties - Martin Road 

VP2 is within the NSW Government’s proposed Badgerys Creek precinct.  The 

precinct is planned to support airport operations and the new urban centre, 

and would be developed for a range of employment generating uses. 

Residential development is not considered appropriate in the future 

development of the precinct.  

Currently, VP2 is a cluster of three private properties located at the southern 

end of Martin Road near the Site entrance. The properties all lie on the 

elevated western side of Martin Road, between Australian Native Landscapes 

and the Site. VP2 also includes the views of travellers using Martin Road. 

Visibility has been assessed from the closest public access to the residences 

(which was Martin Road). The closest two residences are set back 

approximately 70m from Martin Road, and the third residence (opposite 

Australian Native Landscapes) is set back approximately 45m from the road. 

The closest residence to the Site is approximately 14m north of the boundary. 

7.3.1 Existing view 

From VP2, the existing view south toward the Site is of the brick residence on 

the ridge near the Site, and existing trees surrounding the residence. An image 

of the view south from Martin Road is shown at Figure 7.2. An image of the 

existing view from Martin Road looking toward the northeastern Site boundary 

is shown at Figure 7.3. Neither the location of Pit 1, nor the location of the 

proposed solar farm, are visible. The existing 4.5m high earth bund, and the 

more northern site entrance, can be seen near the northern boundary. 
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FIGURE 7.2: VP2 - VIEW SOUTH TOWARD THE SITE53 

 
FIGURE 7.3: VP2 – VIEW TOWARD NORTHEAST CORNER OF THE SITE54 

Pending the approval of MOD 3, the residence and trees on the ridgeline 

would be removed and replaced with the proposed Monier roof products 

facility, and the (up to) 6m high noise barrier would be installed near the more 

northern site entrance.  

Establishment of the roof products facility would involve earthworks to create 

a level platform (possibly cutting 5m from the height of the ridgeline). A 10m 

high x 146m long manufacturing building would then be located on the pad 

and include a long conveyor and silos up to 27m high. These proposed built 

structures would create a solid screen to block views from further south. 

                                                   
53 Photograph taken by the author, 10 April 2018, from Martin Road, approximately 140m north of site entry, looking south 
54 Photograph taken by the author, 10 April 2018, from Martin Road, approximately 10m north of northeastern boundary corner 
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7.3.2 Sensitivity 

Using the criteria listed in TABLE 2-1, the sensitivity of the viewpoint is rated as 

low: 

§ The vicinity would have undergone substantial visual change 

associated with the establishment of the Monier roof products 

manufacturing plant and the 6m high noise barrier near the 

northeastern boundary (pending the approval of MOD 3) 

§ This viewpoint is unlikely to provide views of the proposed solar farm 

site or a view to Pit 1 

§ Viewers are not at close proximity to the proposed solar farm (the 

closest VP2 residence is over 300m) or Pit 1 (approximately 830m 

away). However, viewers are reasonably close to the proposed 6m 

high noise bund along the northern side of the VENM haul road 

(approximately 150m from Martin Road, and approximately 80m to 

the nearest residence). 

§ Major development changes are planned in the area in connection 

with the Western Sydney Airport Growth Area. 

7.3.3 Magnitude of change 

Using the criteria listed in TABLE 2-2, the magnitude of change to the view is 

rated as low: 

• The location of the proposed solar farm is on a low-lying area with low 

visual prominence 

• The access road to the solar farm would be visible, however, the road 

seen would be the same as that used to access the proposed Monier 

roof products facility 

• The proposed solar farm is low profile (a maximum height of 2.1m for 

the panels) 

§ Solar farm activities would not be visible, screened behind the ridge 

and proposed Monier roof products plant 

§ The proposed 6m high earth bund results in a lower bund overall, 

compared to the approved 10m height of the northern noise bund 

(under the Project Approval). 

7.3.4 Level of visual impact  

Using the criteria listed in TABLE 2-3, the low sensitivity ranking, combined with 

the low magnitude of change, leads to an overall low level of visual impact. 

7.4 VP3: Lawson Road 

VP3 is also within the NSW Government’s proposed Badgerys Creek precinct.  

Currently, VP3 is a cluster of private properties located at the southern end of 

Lawson Road, along the northern Site boundary. The properties are on an 

elevated ridge. VP3 also includes the views of road users accessing Lawson 

Road. 
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Visibility has been assessed from the closest public access which was Lawson 

Road. Within Lawson Road are intensive agricultural uses including (it has been 

assumed) poultry farming. 

7.4.1 Existing view 

From VP3 views to the location of the proposed solar farm (to the southeast) 

are prevented by elevation and vegetation. Pit 1 lies west of the brick making 

plant and is not visible from Lawson Road. A typical view south from Lawson 

Road toward the Site is shown at Figure 7.4.  

 

FIGURE 7.4: VP3 – VIEW SOUTH TOWARD THE SITE55 

7.4.2 Sensitivity 

Using the criteria listed in TABLE 2-1, the sensitivity of the viewpoint is rated as 

low: 

§ This viewpoint provides limited views of the Site for several private 

residences and public views for a small number of users (Lawson Road 

is a no-through road) 

§ However, viewers are not at close proximity – the closest VP3 

residence is approximately 560m from Pit 1, and approximately 660m 

from the location of the proposed solar farm 

§ Major development changes are planned in the area in connection 

with the Western Sydney Airport Growth Area. 

7.4.3 Magnitude 

Using the criteria listed in TABLE 2-2, the magnitude of change to the view is 

rated as low: 

                                                   
55 Photograph taken by the author, 10 April 2018, 50m north of Lawson Road end, looking south 
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• The proposed solar farm and activities associated with the solar farm 

would not be visible 

• Pit 1 activities, if visible from residences, would be similar to quarrying 

activities already approved at the Site, and use the same equipment.  

7.4.4 Level of visual impact  

Using the criteria listed in TABLE 2-3, the low sensitivity ranking, combined with 

the low magnitude of change, leads to an overall low level of visual impact. 

7.5 VP4: Victor Avenue 

VP4 is on the eastern edge of the NSW Government proposed South Creek 

precinct. The precinct has been identified as a green corridor for the future 

living and working communities of the Aerotropolis.  

Currently, VP4 is a cluster of residences on large lots which run between South 

Creek and Victor Avenue. These residences are lower in elevation compared 

to the Site and are largely concealed due to the dense vegetation along South 

Creek, and within the Victor Avenue private properties.  VP4 also includes the 

views of road users accessing Victor Avenue. 

Visibility has been assessed from the closest public access which was the road 

reserve of Victor Avenue.  

7.5.1 Existing view 

From Victor Avenue, views of the Site are prevented by dense vegetation. 

Neither Pit 1 or the location of the proposed solar farm is visible. A typical view 

from Victor Avenue toward the Site is shown at Figure 7.5. 

 

FIGURE 7.5: VP4 – VIEW NORTHWEST TOWARD THE SITE56  

                                                   
56 Photograph taken by the author, 10 April 2018, from road reserve of Victor Avenue, looking north-west 
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Views of the proposed solar farm footprint may, however, be possible from an 

industrial business and warehouse (located at 50 Victor Avenue), and possibly 

from the rear boundary of three residential properties (60, 70 and 80 Victor 

Avenue) which are located between the Site and Victor Avenue. From the rear 

boundary of these residential properties, views of the solar farm footprint, if 

possible, would be filtered and framed by dense vegetation. Elevated 

landform would prevent views to Pit 1. 

Victor Avenue properties are generally over 180m long and the residences are 

generally sited within 50m of Victor Avenue.  From the home, views are unlikely 

due to the siting of the dwellings and density of existing vegetation.  

7.5.2 Sensitivity 

Using the criteria listed in TABLE 2-1, the sensitivity of the viewpoint is rated as 

low: 

§ This viewpoint may provide private views of the proposed solar farm 

footprint from the rear yard of several residences  

§ The viewpoint does not provide public views of the Site 

§ Pit 1 would not be visible from private residences 

§ The closest VP4 residential home is approximately 350m to the 

proposed solar farm. 

7.5.3 Magnitude 

Using the criteria listed in TABLE 2-2, the magnitude of change to the view is 

rated as low: 

• Activities associated with Pit 1 would not be visible 

• The proposed solar farm, if visible, would be low-profile (a maximum of 

2.1m high panels and several freestanding, 2.2m high inverter stations) 

• The solar farm panels would be dark (black or bluish) in appearance 

and non-reflective 

• South Creek is planned to remain a green, vegetated, corridor and 

would continue to screen the Site.  

7.5.4 Level of visual impact  

Using the criteria listed in TABLE 2-3, the low sensitivity ranking, combined with 

the low magnitude of change, leads to an overall low level of visual impact. 

7.6 VP5: Longleys Road 

VP5 is within the NSW Government’s planned Western Sydney Airport precinct, 

and hence VP5 is not considered further within this report. 

7.7 Aerial viewpoint 

A likely view from aircraft entering and departing the Western Sydney Airport 

air space is surmised from aerial mapping for this assessment.  
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Earthworks are now underway for the Western Sydney Airport. Once 

completed, the Airport may have two runways and eventually cater to 82 

million annual passengers57. The large number of passengers would likely view 

the immediate airport tarmac and terminal, the neighbouring 

industrial/business land uses, the expanse of residential suburbs of Sydney, and 

the natural landscape of the Sydney region.  

The aerial viewpoint associated with aircraft at high altitude approaching or 

departing the airport, would be wide and include many industrial sites, existing 

and proposed. When the Site and the proposed Project activities come into 

view, Pit 1 activities are unlikely to be distinct in the landscape. The proposed 

solar farm would be relatively small in scale and likely to appear dark in colour, 

similar to shadowing and vegetation. 

When closer to the runway, passengers may be able to view the rows of PV 

panels. The solar farm would be relatively small in scale and surrounded by 

other industrial uses. Pit 1 activities would be indistinguishable from already 

approved quarrying activities. 

As noted in SECTION 5, glint and glare are unlikely to be an issue. There is no 

movement (visible to the naked eye), therefore, motion would not be an 

obstruction to aviation. The Proposal would not include mirrors or lenses or other 

reflective surfaces. 

It is understood that the Civil Aviation Safety Authority (CASA) has generally 

advised that large scale solar farms58 are very unlikely to be a hazard to aircraft 

operations unless they are very close to and aligned to an airports approach 

or take off paths. The Project does not fall into that category. 

Visual impact from the air has been assessed as low. 

7.8 Summary of Visual Impact to Key Viewpoints 

The assessment results of impact to key viewpoints are summarised in TABLE 7-2. 

TABLE 7-2: SUMMARY OF VISUAL IMPACT TO VIEWPOINTS 

Receptor locations Sensitivity 
Magnitude of 

change 

Visual impact 

level 

VP1 – Dairy farmer’s residence N/A N/A N/A 

VP2 – Martin Road Low Low Low 

VP3 – Lawson Road Low Low Low 

VP4 – Victor Avenue Low Low Low 

VP5 – Longleys Road N/A N/A N/A 

Aerial viewpoint Low 

                                                   
57 Western Sydney Airport website https://www.wsaco.com.au/#full-service. Accessed 31 October 2018. 
58 The DPE defines large-scale solar farms as those with a minimum capital investment value of $30 million. The proposal does 

not fall into this category; however, it is a substantially sized farm given its 4.5MW capacity. 
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8 Mitigation  

This section of the report describes measures that have been, and are 

recommended to be, incorporated into the Project, to improve the visual 

outcome. 

8.1 Positive visual attributes of the Project 

The Project already incorporates a number of positive features and design 

measures which mitigate potential landscape character and visual 

impacts: 

§ It is located within an area identified by the NSW Government to 

undergo major changes associated with the future airport. Changes 

planned for the Western Sydney Aerotropolis include road 

improvement works, passenger and freight rail, and “unprecedented 

economic and housing growth”59 

§ There are very few private residences with views of the Site 

§ There are existing industrial/agricultural uses in the vicinity 

§ Two of the nearest public roads are no-through roads so opportunity 

for public views of the Site are limited. The only nearby through road 

(Victor Avenue) services low-density rural residential properties 

§ Elevation and existing vegetation within, and around the Site screen 

and limit views to the Project locations 

§ South Creek is densely vegetated and is a planned green corridor. 

Therefore, it would continue to limit views from the east toward the 

proposed solar farm  

§ The proposed Pit 1 activities are similar in character to those already 

approved at the Site 

§ The proposed solar farm: 

o Is low profile with panels a maximum height of 2.1 above the 

ground surface 

o The surface of the panels would be non-reflective 

o Is located in a low-lying area  

o Is located within an area already cleared of trees 

o Would require minimum earthworks - panels would be installed 

on pile driven mounts, foundations are not required 

o No night-time activities are proposed. 

                                                   
59 https://www.transport.nsw.gov.au/corridors (accessed 16 April 2018) 
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§ Off-site lighting impacts would be limited under the Project Approval 

and external lighting associated with the Project would comply with 

Australian Standard AS4282 (INT) 1995 - Control of Obtrusive Effects of 
Outdoor Lighting. 

8.2 Additional mitigation measures 

Together with the existing positive design measures, the following 

additional measures set out in Table 8-1 are recommended for the solar 

farm. 

TABLE 8-1: MITIGATION MEASURES 

Timing Measure 

Construction Minimise grading across the Site and undertake the 

minimum levelling necessary to install panel supports. Do not 

bench the Site 

Protect existing vegetation at the proposed solar farm by 

installing temporary fencing around vegetation areas to be 

retained and demarcating as a no-go zone. No storage or 

equipment, stockpiling or disturbance is to occur within the 

zone 

Implement erosion and sediment controls to avoid visual 

issues associated with erosion and water pollution 

Retain existing grass cover beneath solar panels if possible 

Rehabilitate exposed ground surfaces as soon as possible 

Installation Use amber lighting if lights are required, rather than bluish-

white lighting 

Treat the support structures of PV panels and ancillary 

structures such as inverters, with a non-reflective finish 

Do not paint components white unless there is a safety or 

functional requirement to do so. White is generally the most 

conspicuous colour. Avoid lighter colours where possible. 

Where possible, paint or colour-treat facility components 

that are visible from view points, to better match the 

surroundings and decrease their visibility and contrast. 

Choose a colour two to three shades darker than the 

background colour. Dark grey is generally considered a 

good colour for ancillary infrastructure 

Use semi-gloss finish rather than flat or gloss finish 

Operation Undertake maintenance activities (such as cleaning the 

panels and other routine tasks) during daylight hours 
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Timing Measure 

Keep non-reflective finishes and colour-treated coatings in 

good repair. Undertake appropriate maintenance if 

surfaces fade or flake 

Decommissioning In association with the rehabilitation plan for the Badgerys 

Creek Site, include a requirement for decommissioning the 

solar farm which includes recontouring, cultivating, seeding, 

and stabilising disturbed surfaces following the removal of 

infrastructure 

 

  



 

BADGERYS CREEK BRICK MAKING FACILITY, MODIFICATION 3 - VISUAL IMPACT ASSESSMENT  Page 53 

9 Conclusion 

The key visual features of the Project are: 

§ Quarrying and rehabilitation activities at Pit 1, and 

§ Installation of a new low-profile solar farm within the eastern portion 

of the Site, south of the proposed MOD 3 roof products facility. 

The Project has very limited exposure to land-based viewers. Views are 

limited by elevation, vegetation, proximity and accessibility.  

Views of the proposed solar farm could be possible from one receptor location: 

VP4 (Victor Avenue). Generally, dense South Creek vegetation limits the extent 

of private views from VP4, however, from the rear of several private properties, 

it may be possible to view the solar farm filtered and framed by existing trees.  

If visible, the proposed solar farm panels would be low-profile (a maximum of 

2.1 high), dark (black or bluish) in appearance and non-reflective.  

South Creek vegetation would be retained under the proposed MOD 3 and 

MOD4 proposals and in accordance with the NSW Government’s proposals for 

the South Creek Precinct. Therefore, views of the solar farm would continue to 

be filtered or may be screened by vegetation over time.  

Positive design measures have been incorporated to mitigate potential 

landscape character and visual impacts of the Project. Further mitigation 

measures have been recommended, including colour treatment of proposed 

inverters, to improve visual outcome.  

Importantly, the Project location is within an area identified by the NSW 

Government for planned development in association with the Western Sydney 

Aerotropolis. The Project is consistent with the existing use and character of the 

surrounding industrial area, and with the planned growth of the precinct.   

It is predicted that the Project would represent a low and acceptable level of 

change to the landscape character of the Site and its surrounds, and a low 

and acceptable impact to private and public viewpoints.  
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Appendix A: Initial Precincts 

 

Western Sydney Aerotropolis Land Use and Infrastructure Implementation Plan, page 7  
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EXECUTIVE SUMMARY 
 
This report documents the traffic and transport assessment of the proposed Modification 
4 at Badgerys Creek Brick Making Facility at 235 Martin Road, Badgerys Creek.  This 
is the Volume 1 report. 
 
As part of the Modification 4 assessment, the impact of the Modification 3 proposal have 
also been included in this assessment. 
 
The Brick Making Facility and its site is owned by CSR Building Products Limited (CSR). 
 
The main features of the Modification 3 proposal relating to traffic and transport include; 
 

• The recommencement of brick production from the site with new up to date 
Advance Manufacturing Brick Production facilities in an expanded building with 
updated office and research facilities (NATA accredited laboratory and 
Innovation centre) , together with car parking, truck parking and storage areas; 

 
• The construction and operation of a new roof products manufacturing facility 

within the site, which will include its own car and truck parking. 
 

• Increase the importation of raw materials for use in both the brick making and 
roof products manufacturing facilities. 

 
The main features of Modification 4 proposal relating to traffic and transport include: 
 

• The importation of VENM to landfill pits on the site; and 
 

• The establishment of a grid connected solar farm. 
 
The main findings of the traffic and transport impact assessment are as follows: 
 

1) Vehicle access to the site will be from Martin Road via the Elizabeth Drive 
intersection,  which is under priority (i.e. Give Way) control in Martin Road. 

 
2) While there are future major upgrades to the road network planned by the NSW 

government associated with Western Sydney Airport, these upgrades will not 
occur before Modifications 3 and 4 are operational in 2021. 
 

3) The proposed upgrades include the new M12 Motorway and widening and 
upgrading of Elizabeth Drive. However, the M12 Motorway will not be completed 
until the new airport opens in 2026 and there is no date for the upgrading of 
Elizabeth Drive. 
 

4) Weekdays will be the busiest days in terms of the traffic generation of the brick 
making facility with Modification 3 and 4 in place.  A total of 1,416 vehicles trips 
a day (i.e. 708 inbound/708 outbound) will be generated on weekdays.  Some 
944 vehicle trips on a weekday (i.e. 472 inbound/472 outbound) will be heavy 
vehicle trips. 
 

5) The traffic generation of Modification 3 and 4 during the weekday AM and PM 
peak hours are estimated to be; 
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• 85 inbound trips and 58 outbound trips in the AM peak hour of which 51 
inbound and 51 outbound trips will be heavy vehicles; 

• 63 inbound trips and 140 outbound trips in the PM peak hour, of which 
41 inbound and 41 outbound trips will be heavy vehicles. 

 
6) CSR are proposing to upgrade the intersection of Elizabeth Drive / Martin Road 

before Modification 3 is operational to ensure potential road safety is maintained 
at the intersection. The upgrade works will include additional lanes at the 
intersection and new traffic signals. The recommended geometric layout for the 
upgrade works with traffic signal control for Modifications 3 and 4 is shown in 
Figure 9. 

 
7) Traffic modelling of the intersection’s operation with the recommended upgrade 

works has found that the intersection will have a good operation with sufficient 
capacity up to and beyond 2026. 
 

8) CSR will also;  
 
(i) Upgrade and widen the section of Martin Road between the CSR site 

entrance and the Australian Nature Landscape (ANL) site. 
(ii) Pay an annual road maintenance contribution to Liverpool Council for 

the upkeep of the road pavement in Martin Road. 
 

9) An assessment of the parking provision has found that sufficient car and truck 
parking will be provided for the brick making facility and roof manufacturing 
facility to cater for the maximum parking demand. 

 
10) All internal roads within the site, including the proposed haul road will be 

designed and constructed to AS2890.2 standards and will cater for the largest 
heavy vehicles using the site. 
 

11) Trucks entering and exiting the CSR site will include a range of heavy vehicles 
from rigid trucks up to 25 metre long B-doubles. All truck manoeuvring on the 
site will comply with AS2890.2 requirements. 
 

12) Following approval of Modification 3 a Construction Traffic Management Plan 
CTMP will be prepared to manage the impacts of the Modification 3 construction 
impacts. 
 

13) The construction impacts of Modification 4 will be minimal and it is expected that 
the traffic signals at the Elizabeth Drive / Martin Road intersection will be 
operational, when Modification 4 commences. 
 

14) During the course of preparing the Modification Application, CSR held several 
meetings with representatives of the RMS concerning the Elizabeth Drive/Martin 
Road intersection.  At a meeting on the 12/12/2018, the RMS advised CSR of a 
proposal by Mirvac to provide an access road to an industrial development on 
the northern side of Elizabeth Drive, opposite Martin Road.  RMS also requested 
additional information on the proposed upgrade works to the Elizabeth 
Drive/Martin Road intersection, including the justification to provide traffic 
signals. 
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15) Following this meeting, additional investigations were undertaken and included  
 
• An independent road safety audit and safety review of the intersection; 
• An options report reviewing the available options to upgrade the traffic 

controls at the intersection; and 
• A traffic signal warrant report. 

 
These investigations are documented in the Volume 2 report and concluded the 
following; 

 
• The traffic controls needed to be upgraded due to the increased traffic volumes; 
• The best option is traffic signals based on the suitable required geometry; and 
• A traffic signal warrant for the provision of traffic signals is met for the 

intersection, based on the range of relevant factors and criteria normally taken 
into account, including future traffic volumes, vehicle delays, road safety and 
future planning. 
 

15) Mirvac are proposing and industrial development on land opposite Martin Road 
and are proposing a new access road to create a cross junction intersection with 
Elizabeth Drive and Martin Road. 

 
Based on preliminary advice from Mirvac, the traffic generation of Stage 1 of this 
development will be 404 vehicles per hour in the AM and PM peak hours and for 
Stages 1 and 2, some 909 vehicles per hour.  Stage 1 is planned to be operational 
in 2021 and Stages 1 and 2 in 2026. 

 
Figures 12A-D show a concept intersection design for the Elizabeth Drive/Martin 
Road/Mirvac Access Road, which will accommodate both the CSR Modifications 
as well as Stage 1 and 2 of the Mirvac development.  Preliminary traffic modelling 
shows that the intersection will have sufficient capacity to 2026 and beyond.  The 
intersection layout will be further refined by Mirvac in consultation with the RMS 
during Mirvac’s finalisation of the development proposal. 

16)  
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1.0 INTRODUCTION 
 
1.1 Background 
 
In October 2016, CSR Building Products Limited (CSR) acquired Boral Bricks Pty 
Limited (Boral) brick business along the eastern seaboard of Australia and with it, the 
Badgerys Creek Brick Making Facility site (‘the site’), which is strategically placed in 
the Western Sydney Priority Growth Area and borders on the proposed Western 
Sydney Airport precinct.  Figure 1 shows the location. 
   
To realise the full potential of the Badgerys Creek site and to allow the site to meet the 
strategic needs of their brick, roof products and other building product manufacturing 
businesses, CSR requires modifications to the existing Project Approval (PA10_0014). 
CSR are proposing three separate modifications to their Project Approval as outlined 
in the following sections.  
 
1.2 Modification 2 
 
The existing Project Approval does not allow for the exportation of material extracted 
on-site. Due to recent and forecasted closure of many quarries in the region, reducing 
the availability of raw materials, CSR needs to be able to export raw material (clay) 
from the site. This is important for the sustainability of CSR’s brick manufacturing 
business and to ensure an immediate and ongoing supply of raw material to other CSR 
brick factories.  
 
Although the existing Project Approval allows for the storage of finished brick products 
in the hard stand storage yard, to the east of the brick factory, this storage area will not 
be used for the storage of bricks manufactured at the site, until planning approval has 
been granted for the upgrade of the existing brick factory and the upgrade has been 
completed (refer to Modification 3). In the interim, CSR urgently requires additional 
finished product storage capacity in the greater Sydney region and therefore wishes to 
make use of this valuable space for the temporary storage of finished building products 
from other CSR manufacturing facilities, e.g. autoclaved aerated concrete panels or 
roof products. 
 
As the ability to export clay from the Badgerys Creek site and temporarily store finished 
building products is required as a matter of urgency, CSR has lodged a separate 
modification application under Section 75W of the Environmental Planning & 
Assessment Act 1979 (EP&A Act) for these two activities. 
 
CSR recently obtained planning approval for Modification 2 from the Department of 
Planning and Environment (DP&E) on 5 May, 2018. 
 
1.3 Modification 3 
 
CSR has also concurrently lodged a further separate application (Modification 3) to 
permit the following additional changes to the approved project.  The traffic and 
transport impacts of Modification 3 are documented in a separate report prepared by 
Transport and Urban Planning Pty Ltd. 
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1.3.1 Advanced Manufacturing – Brick Production 
 

 Removal of most of the existing brick manufacturing equipment 
(Commons Plant) and replacement with new brick manufacturing 
equipment (High Grade Face Plant) in the existing Brick Making Facility;  

 Increase in the building footprint of the existing Brick Making Facility;  
 Increase in the building footprint of the existing administration building;  
 A NATA (National Association of Testing Authorities) Accredited 

Advanced Testing Laboratory; 
 Extension to the existing visitor’s carpark;  
 An innovation centre; 
 A weighbridge;   
 Factory staff parking; 
 A new access road to the factory staff parking area and for bulk material 

deliveries and dispatch;  
 A new rainwater tank; and 
 A battery store. 

1.3.2 Advanced Manufacturing – Roof Products Production 
 Construction and operation of a Roof Manufacturing Facility on CSR 

owned land, outside the approved project boundary, immediately east of 
Pit 4;  

 Modification to the approved project boundary to include the proposed 
Roof Manufacturing Facility, located on the adjacent property; and 

 The processing of sandstone (overburden material not used in brick 
production) for use in the manufacture of roof products on-site. 

1.3.3 General 
 Re-commence operations at the site as approved in the Project Approval 

(PA10_0014), and expel the current mothballed status of the site; 
 Amendment to the extent of Pit 5 to include a 200m buffer zone to 

neighbouring residential properties required under the Mining Act 1992; 
 An increase in the importation of raw materials from off-site for use in both 

the brick making and roof products manufacturing facilities; and 
 Modifications to the approved noise bunds. 
 

1.4 Modification 4  
 
CSR is now seeking to modify the Project Approval (10-0014) to permit or allow the 
following additional changes to the approved project: 
 

• The dewatering of Pit 1; 
 

• Continued extraction of clay material in Pit 1 to a depth of 35m;  
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• The importation of Virgin Excavated Natural Material (VENM) to backfill 
Pit 1 and potentially other pits, to rehabilitate the site and facilitate future 
development; and 
 

• The establishment of a grid connected solar farm. This will allow energy 
security through a more diverse energy mix, initiate a clean renewable 
energy source on-site, reduce the greenhouse gas emissions that 
contribute to global warming and improve the land utilisation on the 
eastern flank, outside of the approved project boundary. 

  
1.5 The Applicant   
 
CSR Building Products Limited is the Applicant for the proposed modification.  As CSR 
owns the land on which the modification to the existing Project Approval is proposed, 
landowner consent is not required. 
  
CSR is an international building and construction materials group, headquartered in 
North Ryde, Australia. CSR’s competitive position is underpinned by being a market 
leader in production and supply of building products for residential and commercial 
construction markets in Australia and New Zealand. Notable products produced by 
CSR include Gyprock plasterboard, Hebel, insulation, bricks and pavers, roof tiles and 
glass. 
 
1.6 Site Description 
 
As described in the Environmental Assessment – Continuation of Operations – Quarry 
and Brick Making Facility, Badgerys Creek (AECOM, 2010), the site is located at 235 
Martin Road in the suburb of Badgerys Creek within Liverpool Local Government Area 
(LGA). Badgerys Creek is approximately 41km south west of Sydney and 17km west 
of Liverpool.  Badgerys Creek is currently a small community comprising rural 
residences, agricultural activities, quarrying and industry.  The locality supports many 
small rural residential holdings and a limited number of larger agricultural properties, 
agricultural enterprises (chicken farms, nurseries), composting and resource recovery 
facilities and market gardens. The region falls within the Western Sydney Priority 
Growth Area under the new Sydney Metropolitan Strategy A Plan for Growing Sydney 
(December 2014). The proposed Western Sydney Airport precinct lies to the west of 
the site. The regional context of the site is shown in Figure 1. 
 
The site and surrounds are zoned RU1 - Primary Production zone under the Liverpool 
Local Environmental Plan (LEP) 2008. 
 
The approximate 200-hectare (ha) site is bound by Badgerys Creek to the west, 
Ingham’s Chicken to the south, South Creek to the east and Australian Native 
Landscapes and rural residential properties to the north (refer to the local context of 
the site in Figure 2).  
 
Access to the site is via a private road off Martin Road which runs off Elizabeth Drive 
(a designated B-double route). The internal road network consists of several unsealed 
haul roads.  
 
1.7 This Report and Authority Requirements 
 
Introduction 
 
This report has been prepared to assess the traffic impacts of the proposed 
Modification 4.  As part of this assessment the traffic impacts of the proposed 
Modification 3 are also included. 
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In this regard, the remaining sections of this report address the following: 
 

• Section 2 outlines the existing operational and planning approval history. 
 
• Section 3 details the proposed modifications to the Brick Making Facility and 

the Roof Manufacturing Facility. 
 
• Section 4 examines the existing road network and traffic and transport 

conditions on the road network, adjacent the site. 
 
• Section 5 assesses the traffic and transport impacts of the proposal on the road 

network in the area, as well as addressing other matters. 
 

 
 

Authority Requirements 
 
As part of the preparation of the Traffic and Transport Assessment for Modification 3, 
consideration was given to the Secretary’s Environmental Assessment Requirements 
(SEARs) from the Department of Planning and Environment, which includes 
requirements of relevant government agencies including any key issues identified by 
authorities. 
 
The SEARs and RMS as well as Liverpool City Council’s requirements for Traffic and 
Transport for Modification 3 are shown in Table 1.1. Although formal SEARs were not 
received for Modification 4, the traffic and transport SEARs for Modification 3 have 
been addressed in this Traffic and Transport Assessment for Modification 4 as outlined 
in Table 1.1. 
 
TABLE 1.1 
 

SEARs, RMS AND LIVERPOOL COUNCIL’s REQUIREMENTS FOR 
TRAFFIC ASSESSMENT 

 
Authority Requirement/Issue Approach/Section 

Reference 
NSW 

Department 
of Planning 

& 
Environment 

 
No specific traffic issues other than the 
need to take into account issues raised 
by other authorities including RMS and 
Liverpool City Council. 

 
 

All of report 

NSW Roads 
& Maritime 
Services 
(RMS) 

 
RMS require the following issues to be 
included in the traffic and transport 
impact assessment. 
 
1. Daily peak and traffic movements 

likely to be generated by the 
proposed development including the 
impact on nearby intersections and 
the need/associated funding for 
upgrading or road improvement works 
(if required). The key intersections to 
be examined/modelled include: 

 

 
 
 
 
 
 

Sections 5.4 & 5.5 
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Authority Requirement/Issue Approach/Section 
Reference 

- Elizabeth Drive/Martin Road 
intersection 

 
2. Details of the proposed accesses and 

the parking provisions associated with 
the proposed development including 
compliance with the requirements of 
the relevant Australian Standards (i.e. 
turn paths, sight distance 
requirements, aisle widths etc). 

 
3. Proposed number of car parking 

spaces and compliance with the 
appropriate parking codes. 

 
4. Details of service vehicle movements 

(including vehicle type and likely 
arrival and departure times). 

 
5. Roads and Maritime requires an 

assessment of the likely toxicity levels 
of loads transported on arterial and 
local roads to/from the site and, 
consequently, the preparation of an 
incident management strategy for 
crashes involving such loads, if 
relevant. 

 
6. Roads and Maritime will require, in 

due course, the provision of a traffic 
management plan for all 
demolition/construction activities, 
detailing vehicle routes, number of 
trucks, hours of operation, access 
arrangements and traffic control 
measures. 

See above 
 
 
 
 
 

Sections 5.8 and 5.9  
 
 
 
 
 

Sections 3.1, 3.2 & 5.9 
 
 
 

Section 5.4 
 
 
 
 
 

This is addressed in the 
EA main report 

 
 
 
 
 
 

CTMP can be a 
Condition of Consent 

Liverpool 
Council 

 
 
 
 
 
 
 

As CSR’s proposal involves 
expanded operations that will 
generate additional heavy vehicles, 
Council considers that Condition 28 of 
the original approval shall be carried 
over and amended as follows. 

 
The proponent shall, prior to 
commencing, enter into a formal 
agreement with Council for the: 

- Upgrade and widening of Martin 
Road from the site entrance to the 
entrance of Australian Native 
Landscape; 

- Widening of Martin Road in the 
reverse curves; and 

- Annual road maintenance 
contributions to be paid to Council, 

 
 
 
 
 
 
 
 
 
 

CSR has agreed to 
LCC’s proposed 

amendment to Condition 
28. See Section 5.10 
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Authority Requirement/Issue Approach/Section 
Reference 

based on the weight of all products 
and associated materials 
transported from and to the site, 
for the life of the project, to the 
satisfaction of the Director-
General. 

If there is any dispute between the 
Proponent and Council, then either of 
the parties may refer the matter to the 
Director-General for resolution. 
 
2. Traffic and Transport Impact 

Assessment 
 
A traffic and transport impact 
assessment is to be undertaken in 
accordance with Austroads Standards 
and the RMS Guide to Traffic 
Generating Development. 
 
The assessment should include the 
following (but not be limited to): 
• Estimated total daily and peak hour 

vehicle trips (both light and heavy 
vehicles) generated by the proposed 
modification(s) and other planned 
developments in the area; 

• Haulage routes and times proposed 
to be used by heavy vehicles 
transporting raw materials and 
manufactured materials to/from the 
subject site; 

• Cumulative traffic impacts of the 
proposed modification and other 
planned developments/modifications 
on the surrounding road network 
and intersections; 

• Intersection performance analysis of 
the Elizabeth Drive and Martin Road 
intersection; 

• Indicative layout of the Elizabeth 
Drive and Martin Road intersection 
(an upgrade, if warranted, in 
consultation with Council and the 
RMS); 

• Indicative future alignment, lane 
configuration and rehabilitation of 
Martin Road extension to be 
overlayed in the subject site; 

• Any proposed access arrangements 
on Martin Road to serve Badgerys 
Creek Brick Making Facility and the 

 
 

See above 
 
 
 
 
 

See above 
 
 
 
 
 

This assessment and 
report has been 
undertaken in 

accordance with these 
standards/guidelines 

 
 
 
 

Section 5.4 
 
 
 
 
 

Sections 4.1 and 5.5 
 
 
 
 
 

Sections 5.3 & 5.5 
 
 
 

Sections 5.5 and 5.6 
 
 
 

Sections 5.5 and 5.6 
 Figures 9 and 12 

 
 
 

Section 5.10 
 
 
 

Section 5.8 
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Authority Requirement/Issue Approach/Section 
Reference 

proposed roof products 
manufacturing facility; 

• The number of parking spaces on-
site for staff and trucks shall be 
detailed and should be consistent 
with Councils DCP and the RMS 
guide; 

• Details of public transport services, 
including routes and service 
frequency; 

• The proposed walking and cycling 
access arrangements; 

• Details of bicycle parking provisions, 
including end of trip facilities, in 
secure, convenient, accessible 
areas close to main entries 
incorporating lighting and passive 
surveillance; 

• The swept path of the longest 
vehicle entering and exiting the 
subject site(s), as well as 
manoeuvrability through the site, 
shall be in accordance with 
Austroads. In this regard a plan shall 
be submitted to Council for 
approval, which shows that the 
proposed development complies 
with this requirement. 

• Identification of infrastructure and 
funding mechanism required to 
ameliorate any impacts on traffic 
efficiency, pavement damage and 
road safety impacts associated with 
the proposed development. 

• Consultation should be undertaken 
with the Western Sydney Airport 
Authority (WSAA) about the traffic 
impact of the development and its 
interface with the WSA. 

 
3. Construction Traffic Impact 

Assessment 
 
Including the following: 
 
• Assessment of cumulative impacts 

associated with other construction 
activities (if any) on the surrounding 
road network and intersection(s); 

• An assessment of road safety at key 
intersection and locations subject to 

 
 
 

Section 5.9 
 
 
 
 

Section 4.3 
 
 

Section 4.4 
 
 
 

Section 5.9 
 
 
 
 
 

Section 5.8 
And figures 15 and 16 

 
 
 
 
 
 
 
 
 

Section 5.5 
 
 
 
 

EA consultant has 
undertaken consultation 

with all stakeholders 
including WSAA 

 
 
 
 
 
 

Section 5.7 
 
 
 

Section 5.7 
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Authority Requirement/Issue Approach/Section 
Reference 

heavy vehicle construction traffic 
movements; 

• Details of construction program 
detailing the anticipated construction 
duration and highlighting significant 
and milestone stages and events 
during the construction process; 

• Details of anticipated peak hour and 
daily construction vehicle 
movements to and from the site; 

• Details of on-site car parking and 
access arrangements of 
construction vehicles, construction 
workers to and from the site, 
emergency vehicles and service 
vehicles;  

• Haulage routes of construction 
vehicle 

These details will be 
provided in the CTMP, 
which will be prepared 
following development 

approval. 
 
 
 

Section 5.7 
 
 
 

CTMP will provide these 
details. 

 
 
 

Section 5.7 

 
This Report 
 
This Traffic and Transport Assessment Report has been prepared in accordance with 
Austroads Guide to Traffic Management, Part 12, Traffic Impacts of Development and 
the RTA’s (now RMS) Guide to Traffic Generating Developments, October 2002 and 
addresses all relevant issues as outlined in Table 2.1 of the RMS Guide. 
 
Other relevant standards/guidelines adopted and used during the traffic and transport 
assessment include: 
 

• Austroads Guide to Traffic Management;  
• RTA (now RMS) Austroads Guide Supplements – Austroads Guide to Traffic 

Management;   
• AS2890.1 (2004) – Parking Facilities. Part 1 Off street car parking; and 
• AS2890.2 (2002) – Parking Facilities. Part 2 Off Street Commercial Vehicle 

facilities. 
 

The traffic modelling undertaken as part of this assessment has used SIDRA 8 
software, which is an RMS approved traffic model for intersection analysis. 
 
This report is Volume 1 and documents the traffic and transport assessment for 
Modifications 3 and 4.   
 
A separate report, Volume 2, documents additional investigations undertaken for the 
proposed upgrade works at the intersection of Elizabeth Drive/Martin Road.  Volume 2 
contains a road safety audit and safety review report, an options report assessing the 
intersection upgrade options and a traffic signal warrant report. 
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2.0 EXISTING OPERATIONS 
 
2.1 Operational and Planning Approval History 
 
Boral Bricks Pty Limited (Boral) owned and operated the Badgerys Creek Quarry and 
Brick Making Facility at Badgerys Creek for over 30 years.  
 
On 27 September 2011, project approval was issued under Section 75J of the EP&A 
Act for the ongoing production of bricks and the expansion of the existing quarrying 
operations at the Badgerys Creek site. 
 
Due to uncertain economic conditions and a downturn in residential housing activity, 
Boral reviewed its bricks production capacity in NSW. Following this review, Boral 
determined to ‘mothball’ its operations at Badgerys Creek effective from 30 March 
2012.  Shutting down the site gave Boral the option to review its commercial position 
at a future stage and, if market conditions and business needs allow, recommence 
production.  During the shutdown period, the Boral Bringelly Brick Making Facility (now 
owned by CSR) supplied the Sydney market. 
 
Because of the shutdown, Boral was unable to comply with the conditions of approval 
and applied to modify the Project Approval under Section 75W of the EP&A Act.  
 
Modification application (10_0014 Mod 1) requested that post-March 2012 activities be 
limited to: 
 

 Minor maintenance and inspection (e.g. water management, equipment 
testing); 

 Operation of the retail display facility; and 
 Irregular and occasional dispatch of bricks from the inventory remaining 

on-site. 
In 2015, Boral and CSR formed a joint venture brick business called Boral CSR Bricks 
Pty Ltd. The assets held by the respective companies were transferred into the joint 
venture.  At the end of October 2016, CSR acquired Boral’s share of the brick business 
and with it, the Badgerys Creek Brick Making Facility. 
 
2.2 Approved Project 
 
The approved quarrying and brick making activities, outlined in the Project Approval 
are to: 

 Extract 420,000 tonnes of clay per calendar year; 
 Produce 252,000 tonnes of bricks per calendar year;  
 Extract any clay shale or carry out any work in the extraction area no 

deeper than 35 metres below the pre-existing natural surface of the 
ground;  

 Receive 20,000 tonnes of raw material for brick making per calendar 
year; and 

 Dispatch more than 275,000 tonnes of raw materials from the site in any 
calendar year. 

Product from the quarry and Brick Making Facility is approved for transport entirely by 
road. The Project Approval limits the number of truckloads/heavy vehicle movements 
that can exit the site per day to:  
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 A maximum of 60 laden brick trucks (i.e. 120 movements), Monday to 
Friday; and 

 
 A maximum of 20 laden brick trucks (i.e. 40 movements) on Saturdays. 

 
The approved project is shown in Figure 3. 

 
Quarry Activities 
 
2.2.5 Operating Hours and Workforce 
 
Approved operating hours for the site are outlined in detail in Table 2.1. 
 
TABLE 2.1 

APPROVED OPERATING HOURS 
 

ACTIVITY DAY TIME 

Quarrying operations (excluding 
removal of overburden, truck arrival, 
loading and dispatch) 

Monday-Saturday 7:00am to 6:00pm 

Sunday and public 
holidays None 

Removal of overburden and 
construction of noise bunds 

Monday-Friday 7:00am to 6:00pm 
Saturday 8:00am to 1:00pm 

Sunday and public 
holidays None 

Brick Making Facility and storage 
yard Monday-Sunday 24 hours 

Truck arrival and dispatch (excluding 
finished building products) 

Monday-Friday  6:00am to 10:00pm 
Saturday 6:00am to 6:00pm 

Sunday and public 
holidays None 

Truck arrival and dispatch (finished 
building products only) 

Monday-Saturday 7:00am to 10:00pm 
Sunday and public 

holidays None  

Maintenance 

At any time, provided that these activities 
are not audible at any privately-owned 
residence outside of permissible hours for 
quarrying operations 

 
At the height of previous operations, there were 56 people employed in the Brick 
Making Facility and 20 in the administration/sales office.  Up to ten contractors worked 
two to four months per annum on a campaign basis to complete the quarrying activities.  



FIGURE 3
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3.0 PROPOSED MODIFICATIONS 
 
3.1 Description of Modifications  
 
CSR is seeking to modify the Project Approval (10_0014) to permit or allow the 
following additional development or changes to the approved project: 
 

 The dewatering of Pit 1; 
 
 Continued extraction of clay material in Pit 1 to a depth of 35m;  
 
 The importation of VENM to backfill Pit 1 and potentially other pits, to 

rehabilitate the site and facilitate future development; and 
 
 The establishment of a grid connected solar farm. This will allow energy 

security through a more diverse energy mix, initiate a clean renewable 
energy source on-site, reduce the greenhouse gas emissions that 
contribute to global warming and improve the land utilisation on the 
eastern flank, outside of the approved project boundary.  

 
3.2 Dewatering and Backfill of Pit 1  
 
The GSC has recommended that consideration be given to backfilling empty pits/voids 
on site, to facilitate the future redevelopment of the site as part of the proposed 
“Aerotropolis Strategy” for the area. Therefore, CSR intend to progressively backfill Pit 
1 and the remainder of the pits, after the extraction of remaining clay and sandstone 
resource.  
 
Prior to backfilling Pit 1 the existing void will be dewatered, and the water disposed of 
by alternative methods that will be evaluated during the EA process. Consideration will 
be given to:  
 

 The suitability and feasibility of reuse on site (process water and dust 
suppression), irrigation; 

 
 Use by other parties (dust suppression at the proposed Western Sydney 

Airport and other neighbouring sites); and  
 
 Discharge to Badgerys Creek and/or South Creek. 

 
After dewatering Pit 1, CSR will investigate whether suitable clay material remains in 
Pit 1 and may extract this remaining clay to a maximum depth of 35m. 
 
The importation of VENM (predominantly from Sydney construction projects) is 
proposed to backfill Pit 1, and where possible, other pits/voids on site. Approximately 
2,050,000 m3 of material is required to backfill Pit 1. The rate of backfilling of Pit 1 will 
be dependent on existing overburden and interburden stockpiles, and specifically the 
availability of suitable VENM material. Fill material will be hauled to and dumped in the 
pit, after which an excavator will spread the material evenly in the void. The material 
will be compacted to 200-300mm layers by a Pad Foot Compactor.  To aid compaction 
and reduce the potential for generating dust, a water tanker will apply water to the 
compacted areas.  
 
Until redevelopment associated with the Aerotropolis takes place, voids that have been 
returned to natural ground level will be levelled and grassed to manage against 
erosion, the creation of dust and improve the aesthetic impact of the site. 
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Pit 1 currently forms an integral part of the site’s water management system detaining 
surface water run-off from the site. Therefore, a new water management strategy, 
allowing water to drain off site, will be developed in the assessment of Modification 4 
and will be presented in the associated EA. 
 
3.3 Solar Farm 
  
CSR, along with all large manufacturers in Australia, is experiencing significant 
increases in energy prices and is forecasting further substantial increases over the 
coming years.   
 
Therefore, CSR propose the construction of an approximately 4.5 Megawatt (MW)solar 
farm, on CSR owned land, outside the approved project boundary, between the 
eastern edge of Pits 3 and 4 and South Creek (refer to Figures 4A and 4B). CSR 
intend to use the generated electricity to supply their brick and roof products 
manufacturing facilities and to feed any surplus electricity back into the grid. Part of the 
land on which the solar farm is proposed is flood prone, in low lying areas to the west 
of South Creek. CSR will investigate tried and tested designs where the solar panels 
are elevated above flood levels, thereby not being impacted by flooding and not 
exacerbating flooding up or downstream.   
 
In the future CSR may also wish to install solar panels on the roofs of the brick and 
roof product factories.  
 
Therefore, battery storage areas will be required to house batteries to store power 
generated by the solar farm and possible future roof mounted solar panels.  
 
The proposed solar farm provides an opportunity to: 
 

 address the aims of the International Paris Agreement on reducing 
greenhouse gas emissions i.e. Australia has committed to reducing 
greenhouse gas emissions by 26 to 28 per cent below 2005 levels, by 
20301;  

 
 contribute to the Commonwealth’s renewable energy target;  
 
 deliver on commitments in the NSW Renewable Energy Action Plan 

(2013), which promotes the development of renewable energy in NSW; 
and 

 
 assist the NSW Government, in meeting their NSW Climate Change Policy 

Framework long-term objective of achieving net zero emissions by 2050. 
The Framework recognises the importance of reducing greenhouse gas 
emissions in energy generation, and the opportunities which the renewable 
energy industry offers for the State. 

 
  

                                                 
1 One of the key initiatives to deliver on this commitment is the Commonwealth Government’s Renewable 
Energy Target (RET). The large-scale component of the scheme encourages investment in renewable 
energy projects to achieve 33,000 gigawatt hours (GWh) of additional renewable energy generation by 
2020. This would represent around 23.5 per cent of Australia's electricity generation. 
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3.4 Comparison against Approved Project 
  

A comparison of the approved operations at the site and the proposed modification to the approved project is set out in Table 3.1. 
  

Table 3.1: COMPARISON OF APPROVED PROJECT AND PROPOSED MODIFICATIONS 

Activity Existing Project 
Approval 

Proposed Modification 
3 (Yet to be Approved) Proposed Modification 4 Variance to Approved Project 

Brick Production 252,000 tonnes of bricks 
per calendar year 

300,000 tonnes of bricks 
per calendar year 

Nil 48,000 tonnes of bricks per calendar year 
in Modification 3 

Roof Products 
Production 

Nil 132,000 tonnes of roof 
products per calendar 
year 

Nil  Increased production of 132,000 roof 
products per calendar year in Modification 
3 

Quarrying Extract 420,000 tonnes of 
clay shale per calendar 
year 

No change No change Nil 

Receival of raw 
materials 

Receive 20,000 tonnes of 
raw materials for brick 
production per calendar 
year 

Importation of 215,000 
tonnes of raw materials 
for brick production and 
124,000 tonnes for roof 
product production per 
calendar year 

No change Increase of 319,000 tonnes of imported 
raw materials for brick and roof product 
production per calendar year in 
Modification 3. 

Dispatching of raw 
materials 

Dispatch 275,000 tonnes 
of raw materials from the 
site per calendar year 

No change No change Nil 

Truck Movements 
 

Maximum of 60 laden 
brick trucks (i.e. 120 
vehicle movements) 
exiting the site per day 
Monday to Friday 

Maximum of 272 heavy 
vehicles exiting the site 
per day Monday to Friday 

Maximum of 200 laden trucks exiting 
the site per day Monday to Friday 

Combined Increase of 412 heavy vehicles 
exiting the site per day Monday to Friday 
in Modification 3 and 4 

Maximum of 20 laden 
brick trucks (i.e. 40 
vehicle movements) 
exiting the site per day on 
Saturday 

Maximum of 79 heavy 
vehicles exiting the site 
per day on Saturday 

Maximum of 100 laden trucks entering 
and exiting the site per day on Saturday 

Combined Increase of 159 heavy vehicles 
exiting the site per day on Saturday for 
Modification 3 and 4 
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Table 3.1 continued COMPARISON OF APPROVED PROJECT AND PROPOSED MODIFICATIONS 

Activity Existing Project 
Approval 

Proposed Modification 
3 (Yet to be Approved) Proposed Modification 4 Variance to Approved Project 

Duration of 
Project Approval 

27 September 2031 30 years from date of 
approval of Modification 3 

No change As the quarry and brick making facility 
would have been in a mothballed state 
over the first six years of the Project 
Approval and the Project Approval is only 
for a 20-year period, CSR wishes to 
include an extension of the Project 
Approval duration to 30 years and 
requests that the 30 years commences 
from the date of the approval of 
Modification 3   

Quarrying 
operations 
(excluding 
removal of 
overburden, truck 
arrival, loading 
and dispatch) 

Monday-Saturday 
7:00am to 6:00pm 
Sunday and public 
holidays  
None 

  No change 

Removal of 
overburden and 
construction of 
noise bunds 

Monday-Friday 
7:00am to 6:00pm 
Saturday 
8:00am to 1:00pm 
Sunday and public 
holidays 
None 

  No change 

Brick making 
facility and 
storage yard 

Monday-Sunday 
24 hours 

 N/A No change 

 



TRANSPORT AND URBAN PLANNING PTY LTD  Page 15 
 

 
18174r Mod 4 Final  Badgerys Creek Brick Making Facility 
  Martin Road, Badgerys Creek 

Table 3.1 continued COMPARISON OF APPROVED PROJECT AND PROPOSED MODIFICATIONS 

 
Activity Existing Project 

Approval 
Proposed Modification 
3 (Yet to Be Approved) Proposed Modification 4 Variance to Approved Project 

Roof products 
manufacturing 
facility and 
storage yard 

Nil Monday-Sunday 
24 hours 

N/A Roof products manufacturing facility and 
storage yard to operate 24 hours 
Monday-Sunday 

Truck arrival and 
dispatch 
(excluding 
finished building 
products i.e. raw 
materials) 

Monday-Friday 
6:00am to 10:00pm 
Saturday 
6:00am to 6:00pm 
Sunday and public 
holidays 
None 

Monday-Friday 
6:00am to 10:00pm 
Saturday 
6:00am to 6:00pm 
Sunday and public 
holidays 
None 

Monday-Friday 
6:00am to 10:00pm 
Saturday 
6:00am to 6:00pm 
Sunday and public holidays 
None 

No change 

Truck arrival and 
dispatch (finished 
building products 
only) 

Monday-Saturday 
7:00am to 10:00pm 
Sunday and public 
holidays 
None 

Monday-Friday 
5:00am to 10:00pm 
Saturday 
6:00am to 6:00pm 
Sunday and public 
holidays 
None 

Monday-Friday  
5:00am to 10:00pm  
Saturday  
6:00am to 6:00pm  
Sunday and public holidays  
None 

Deliveries and dispatch to be extended 
by one hour earlier in the morning to 
allow finished product trucks (Mod 3) to 
arrive at site at 5:00am, load, and be 
ready for dispatch at 6:00am 

Truck arrival and 
dispatch (VENM 
Importation) 

Nil  N/A Monday - Sunday 

7:00am – 6:00pm  

Importation of VENM to backfill open 
voids.  
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Table 3.1 continued COMPARISON OF APPROVED PROJECT AND PROPOSED MODIFICATIONS 

 
Activity Existing Project 

Approval 
Proposed Modification 
3 (Yet to Be Approved) Proposed Modification 4 Variance to Approved Project 

Sales 
Selection/Cash 
Sales 

Nil Monday-Saturday 
6:00am to 6:00pm 
Sunday and public 
holidays 
None 

N/A Additional operating hours for sales 
selection and cash sales activities 

Customer Display 
Centre 

Nil Monday-Sunday 
8:00am to 5:00pm 
Public Holidays 
None 

N/A Additional operating hours for customer 
display centre 
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4.0 EXISTING TRANSPORT CONDITIONS AND FUTURE 
 PROPOSALS 
 
4.1 Existing Road Network 
 
The principal road network that provides access to the CSR site is Martin Road and 
Elizabeth Drive. 
 
Martin Road is a two lane north south local road under the control of Liverpool City 
Council that intersects with Elizabeth Drive at its northern end and is a dead end at its 
southern end at the CSR vehicle entrance. 
 
Martin Road is approximately 2.1km in length and has an S shaped bend in the road 
alignment approximately 400 metres, north of the CSR vehicle entrance. 
 
It has a sealed road pavement of variable road width between 8-10 metres with 
additional pavement width at its intersection with Elizabeth Drive. 
 
No kerb and guttering is provided and it generally has a 20 metre road reserve. 
 
Martin Road provides vehicle access to the rural and other uses that have frontages 
to Martin Road. 
 
Elizabeth Drive is an east west state arterial road that runs between the Hume Highway 
at Liverpool and the Northern Road at Bringelly.  Major roads that intersect/connect 
with Elizabeth Drive include Cowpasture Road, the M7 and Mamre Road. 
 
At Badgerys Creek, Elizabeth Drive is generally a two lane rural road with sealed 
shoulders, centerline and edgeline markings and an 80km/h speed limit. 
 
Intersection treatments in the two lane section of Elizabeth Drive, vary between basic 
treatments and channelized treatments that include turning lanes. 
 
A number of intersections have channelized intersection treatments including Martin 
Road, Lawson Road and the Access Road to Kemps Creek Waste Facility, which is 
adjacent to Martin Road. 
 
4.1.2 Elizabeth Drive and Martin Road Intersection 
 
The intersection of Elizabeth Drive and Martin Road (Figure 5) is a channelized T-
junction intersection which includes: 
 

• Single eastbound and westbound through lanes in Elizabeth Drive; 
 
• A left turn deceleration lane (100 metres long plus taper) in eastern approach 

of Elizabeth Drive (CHL treatment); 
 

• A right turn auxiliary lane in the western leg of Elizabeth Drive (275 metres long 
including taper) to facilitate the left turn out of Martin Road; and 

 
• Flaring at the intersection in Martin Road that can accommodate a single left 

and right turn vehicle in Martin Road, at the holding line. 
 

Martin Road is subject to give way control and the speed limit in Elizabeth Drive is 
80km/h and in Martin Road 60km/h. 
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The Martin Road intersection is located approximately 120 metres east of the Suez  
Access Road to Kemps Creek Waste Facility. This intersection is also a T-junction 
intersection with a right turn bay (CHL treatment) lane in Elizabeth Drive. 
 
Sight distance at the intersection of Elizabeth Drive/Martin Road to and from the east 
is good and easily meets Austroad requirements for Safe Intersection Sight Distance 
for 80km/h design speed which is 181 metres.  There is a crest in Elizabeth Drive, west 
of Martin Road which limits sight distance in the western approach to approximately 
185 metres, which is consistent with Safe Intersection Sight Distance.  However, the 
presence of trucks in the right turn bay in Elizabeth Drive waiting to turn into the Suez 
Access Road does impede the sight distance of eastbound vehicles in the western 
approach of Elizabeth Drive, as well as for vehicles turning right out of Martin Road. 
 
4.2 Existing Traffic Conditions 
 
4.2.1 Traffic Volumes 
 
Traffic volumes collected as part of this assessment included automatic vehicle volume 
and classification counts in Martin Road, as well as a weekday AM and PM intersection 
count at the Elizabeth Drive/Martin Road intersection. These counts were undertaken 
in May 2018. 
 
The RMS also collect traffic volumes on the state road network. The closest counting 
station in Elizabeth Drive is located at Cecil Hills (Station 64022) which is east of the 
M7 and approximately 8.4km east of Martin Road. 
 
Daily Volumes in Martin Road 
 
Daily volumes in Martin Road are derived from counts undertaken south of Elizabeth 
Drive in the week between 3-9 May 2018. 
 
Table 4.1 shows the average weekday volumes (i.e. 5 days average) by hour in Martin 
Road. Table 4.2 shows Saturday hourly volumes as recorded in the traffic counts. 
 
Reference to Tables 4.1 shows that two way volumes on an average weekday number 
877 vehicles.  Heavy vehicles (Austroad Class 3-12) number 361 vehicles per day, 
which represents 41.2% of total weekday vehicles. 
 
Reference to Table 4.2 shows that total daily volumes on Saturdays are lower and 
number 555 vehicles per day.  Heavy vehicles (Austroad Class 3-12) number 126 
vehicles per day which represents 22.7% of the total Saturday volumes. 
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TABLE 4.1 
 

AVERAGE WEEKDAY HOURLY VOLUMES IN MARTIN ROAD 
 

Time North South Total * 
Midnight – 1am 1 1 2 

1am – 2am 1 1 2 
2am – 3am 1 3 4 
3am – 4am 3 4 6 
4am – 5am 4 5 10 
5am – 6am 9 49 58 
6am – 7am 22 35 57 
7am – 8am 22 28 50 
8am – 9am 33 30 63 
9am – 10am 35 36 71 
10am -11am 31 30 61 

11am – Midday 33 33 65 
Midday – 1pm 28 30 58 

1pm – 2pm 34 34 68 
2pm – 3pm 34 26 59 
3pm – 4pm 26 31 57 
4pm – 5pm 34 25 60 
5pm – 6pm 51 13 64 
6pm – 7pm 13 7 20 
7pm – 8pm 6 4 10 
8pm – 9pm 5 5 9 
9pm -10pm 5 5 10 

10pm – 11pm 4 4 8 
11pm – Midnight 1 2 3 

Total 437 440 877 
% of Heavy Vehicles 40.9% 41.6% 41.2% 

Heavy Vehicles – Austroads Class 3-12 Vehicles 
Source:  Traffic Counts 3-9 May 2018 
*  Variations in totals are due to rounding of vehicle numbers when calculating average weekday volumes. 
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TABLE 4.2 
 

SATURDAY HOURLY VOLUMES IN MARTIN ROAD 
 

Time North South Total * 
Midnight – 1am 0 1 1 

1am – 2am 1 4 5 
2am – 3am 0 1 1 
3am – 4am 4 3 7 
4am – 5am 2 1 3 
5am – 6am 3 29 32 
6am – 7am 10 29 39 
7am – 8am 16 16 32 
8am – 9am 20 17 37 
9am – 10am 15 15 30 
10am -11am 15 16 31 

11am – Midday 19 13 32 
Midday – 1pm 25 24 49 

1pm – 2pm 26 27 53 
2pm – 3pm 45 13 58 
3pm – 4pm 11 11 22 
4pm – 5pm 10 11 21 
5pm – 6pm 10 14 24 
6pm – 7pm 12 13 25 
7pm – 8pm 6 4 10 
8pm – 9pm 4 3 7 
9pm -10pm 6 6 12 

10pm – 11pm 11 7 18 
11pm – Midnight 2 4 6 

Total 273 282 555 
% of Heavy Vehicles 24.2% 21.3% 22.7% 

Heavy Vehicles – Austroads Class 3-12 Vehicles 
Source:  Traffic Counts 3-9 May 2018 
*  Variations in totals are due to rounding of vehicle numbers when calculating average weekday volumes. 
 
Peak Hour Intersection Volumes 
 
The 2018 AM and PM peak hour traffic volumes for Elizabeth Drive/Martin Road 
intersection are derived from traffic counts undertaken on Tuesday 15 May 2018. 
 
Figure 6 shows the AM and PM peak traffic volumes using the intersection during the 
7.00am – 8.00am and the 4.15pm – 5.15pm peak hours. 
 
Reference to Figure 6 shows that traffic volumes in Elizabeth Drive are tidal with the 
eastbound direction being the peak direction in the AM peak hour and the westbound 
direction the peak direction in the PM peak hour. 
 
Traffic volumes in Elizabeth Drive number 807vph eastbound and 395vph westbound 
in the AM peak hour and 420vph eastbound and 770vph westbound in the PM peak 
hour. 
 
However two way traffic volumes in Elizabeth Drive at Martin Road are consistently 
high during the three hour AM and PM periods between 6.30am – 9.30am and 3.30pm 
to 6.30pm respectively as shown in Table 4.3. 
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TABLE 4.3 
 

TWO WAY TRAFFIC VOLUMES IN ELIZABETH DRIVE AT MARTIN ROAD 
DURING 6.30AM – 9.30AM AND 3.30PM – 6.30PM PERIOD ON A WEEKDAY 

 
AM PM 

Time Period Two Way Traffic 
Volumes Time Period Two Way Traffic 

Volumes 
6.30am – 7.30am 1172 3.30pm – 4.30pm 1186 
7.00am – 8.00am 1230 4.00pm – 5.00pm 1176 
7.30am – 8.30am 1151 4.30pm – 5.30pm 1204 
8.00am – 9.00am 979 5.00pm – 6.00pm 1082 
8.30am – 9.30am 896 5.30pm – 6.30pm 925 

Source: Traffic Counts Tuesday 15 May 2018 
 
Vehicles currently using Martin Road reflect its local road status.  Vehicles turning out 
of Martin Road into Elizabeth Drive numbered 24vph in the AM peak hour and 74vph 
in the PM peak hour. 
 
The right turn out of Martin Road, which experiences the longest delays, is the major 
turning movement in Martin Road.  This right turn numbers 19vph in the AM peak hour 
and 52vph in the PM peak hour. 
 
Traffic volumes using the intersection have increased since previous traffic counts 
were undertaken in November 2016 with large increases in the westbound through 
movement in Elizabeth Drive in the AM and PM peak hours and increases in the 
number of vehicles turning right out of Martin Road in the PM peak hour. 
 
4.2.2 Existing Conditions at Elizabeth Drive/Martin Road Intersection 
 
The software package SIDRA 8 was used to examine the operational capacity of the 
Elizabeth Drive/Martin Road intersection. 
 
SIDRA assess the operational performance of intersections under traffic signal, 
roundabout or sign control. The best criteria for assessing intersections controlled by 
traffic signals are Level of Service (LS), Degree of Saturation (DS) and Average 
Vehicle Delay (AVD).  Table 4.4 shows the Level of Service Criteria for intersections 
as reproduced from the RTA’s Guide to Traffic Generating Developments. The 
desirable design criteria for intersections is a Level of Service D or better (i.e. A, B, C 
or D). 
 
For intersections controlled by Give Way/Stop signs, the Level of Service of the 
intersection is determined by the movement with the highest average vehicle delay and 
not the average vehicle delay for all vehicles using the intersection. 
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TABLE 4.4 
 

LEVEL OF SERVICE CRITERIA FOR INTERSECTIONS 
 

Level of 
Service 

Average Delay 
per Vehicle 
(secs/veh) 

Traffic Signals, 
Roundabout 

Give Way & Stop 
Signs 

A <14 Good operation Good operation 

B 15 to 28 
Good with acceptable 

delays and spare 
capacity 

Acceptable delays and 
spare capacity 

C 29 to 42 Satisfactory 
Satisfactory, but 
accident study 

required 

D 43 to 56 Operating near 
capacity 

Near capacity and 
accident study 

required 

E 57 to 70 

At capacity; at 
signals, incidents will 

cause excessive 
delays. Roundabouts 
require other control 

mode 

At capacity, requires 
other control mode 

F >70 Intersection is 
oversaturated 

Oversaturated, 
requires other control 

mode 
Source: Table 4.2 Guide to Traffic Generating Developments October 2002. Roads and Traffic Authority 

 
The AM and PM SIDRA models were calibrated from observed traffic conditions at the 
intersection. 
 
The results of the traffic modelling are summarised in Table 4.5.  
 
Reference to Table 4.5 shows that the intersection currently has Level of Service B 
operation with the average vehicle delay for the right turn out of Martin Road ranging 
between 20.7 seconds to 27.8 seconds per vehicle.  
 
Appendix 1 contains the SIDRA modelling outputs for the existing conditions. 
 
TABLE 4.5 
 
SIDRA RESULTS FOR EXISTING CONDITIONS IN WEEKDAY AM AND PM PEAK 

HOURS AT INTERSECTION OF ELIZABETH DRIVE AND MARTIN ROAD 
 

Criteria AM Peak PM Peak 
LS B B 
DS 0.437 0.411 
HMD 27.8 20.7 
Where:  LS -  Level of Service 

  DS -  Degree of Saturation 
  HMD -  Highest Movement Delay in seconds which is right turn out of Martin Road 
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4.3 Existing Public Transport 
 
Transit systems operates the 801 bus service between Liverpool Station and Badgerys 
Creek Road, Badgerys Creek. 
 
The bus service operates between Monday to Friday with two services in the AM period 
and one (1) service in the PM period between Badgerys Creek and Liverpool.  Three 
(3) bus services operate in the PM period between Liverpool and Badgerys Creek in 
the PM period. 
 
The bus services operate along Elizabeth Drive with some services travelling via Martin 
Road, Cuthell Road and Lawson Road. 
 
Bus stops are located in Elizabeth Drive opposite Martin Road and Lawson Road as 
well as in Cuthell Road between Lawson Road and Martin Road.  While bus services 
in the Badgerys Creek area are expected to be upgraded as part of the transport 
improvements for Western Sydney Airport, no details are available of the future 
upgrades at this time. 
 
Appendix 2 shows the existing bus route in the Badgerys Creek area. 
 
4.4 Bicycle Routes 
 
There are no formal bicycle routes at Badgerys Creek near the site. 
 
The M7, which is located to the east, has an off road cycleway that follows the M7 
between Prestons, and Old Windsor Road at Baulkham Hills.  This cycleway passes 
through Cecil Hills and links to the local road system. 
 
It is expected that new cycleways will be developed with the road upgrades associated 
with the M12 and Western Sydney Airport.  However, no details of the future cycleways 
are available at this time. 
 
Appendix 2 contains a map of existing bicycle routes in the area. 
 
4.5 Future Roads and Development  
 
The Western Sydney Airport is being planned and constructed at Badgerys Creek by 
the Australian Government and is set to open in 2026.  As part of the Western Sydney 
Airport, the Western Sydney Aerotropolis Stage 1 Plan has been developed for the 
future development of land adjacent the Airport.  The land adjacent Elizabeth 
Drive/Martin Road intersection, as well as the precinct area defined by Martin Road 
and Lawson Road is identified as flexible employment land.  A copy of the (Western 
Sydney Aerotropolis Stage 1 Structure Plan) showing the future land uses at Badgerys 
Creek and in the adjacent areas is included in Appendix 2. 
The Australian and NSW Governments are proposing to build a new motorway (M12) 
as part of the Western Sydney Infrastructure Plan to service the new airport and cater 
for the planned growth in Western Sydney. 
 
The new motorway will provide direct access to the Western Sydney Airport at 
Badgerys Creek and will connect to Sydney’s motorway network. 
 
A preliminary design identifies the route corridor between the M7 at Cecil Hills and the 
Northern Road at Luddenham, Interchanges will be provided at; 
 

• The M7; 
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• The Access Road to Western Sydney Airport; and 
• The Northern Road (at grade intersection). 

 
Provision will be made for a future grade separated interchange and a link road 
between Devonshire Road and Mamre Road. 
A plan that shows the current proposed route and interchange details of the M12 is 
contained in Appendix 2. 
 
The EIS for the M12 is expected to be completed in 2019 and construction to 
commence in the early 2020’s and be completed before Western Sydney Airport opens 
in 2026. 
 
Other planned transport projects in the area will be taken into account during the design 
development of the M12. 
 
As part of these projects, widening of Elizabeth Drive from a two lane road to a four 
lane road with provision for six lanes is expected to occur to cater for future 
development associated with the Airport.But no details are currently available as to the 
timing or the concept design of the road. 
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5.0 ASSESSMENT OF TRAFFIC AND TRANSPORT IMPACTS 
 
5.1 Timing of Modifications 3 and 4 and Implications 
 
Modification 3, if approved, is expected to be operational in 2021.  Modification 4 is 
expected to commence in 2021 after Modification 3 becomes operational. 
 
For the purpose of this assessment, 2021 has been adopted as the assessment year 
for Modification 3 and 4. 
 
CSR have held discussions with representatives of the RMS about the restart of the 
quarrying and brick manufacturing at the site and the proposed modifications, as well 
as the likely future traffic conditions at the Elizabeth Drive/Martin Road intersection. 
 
The RMS agrees that Elizabeth Drive will need to be upgraded with additional lanes, 
due to Western Sydney Airport and the associated development and that traffic signals 
will be required at the Elizabeth Drive/Martin Road intersection. 
 
However the RMS have not completed their investigation of the future widening 
requirements in Elizabeth Drive, due to the airport and associated developments and 
as there are no details available at this time of the future intersection requirements, the 
RMS have advised CSR that the intersection configuration for traffic signals should 
have sufficient capacity for the known development and future likely traffic levels that 
will use the intersection in 2020/2021, under traffic signal control. 
 
5.2 Other Known Developments 
 
There are several other approved and proposed developments that will impact on the 
traffic volumes using the Elizabeth Drive/Martin Road intersection in 2021.  These 
include: 
 

• Construction traffic associated with the construction of Western Sydney Airport; 
 

• Approved/proposed developments at 25 Martin Road and 55 Martin Road, 
which are small resource recovery facilities. 

 
It is also likely that construction traffic associated with the construction of the M12 will 
also use Elizabeth Drive in the Badgerys Creek area in 2021, however, no details are 
available of the level of this traffic at this time. 
 
For the purpose of this assessment, it has been assumed that this construction traffic 
will be relatively small, and as such, is included as part of the background traffic growth 
in Elizabeth Drive between 2018 and 2021. 
 
5.3 Future Traffic Volumes in 2021 
 
Construction Traffic of Western Sydney Airport 
 
Volume 2 of the EIS for Western Sydney Airport identified that 80% of the construction 
traffic will arrive and depart from the east along Elizabeth Drive. 
 
For the peak year identified in the EIS which will be 2021, this will result in the following 
peak hour volumes using Elizabeth Drive at Martin Road; 
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• AM peak hour; 

- 20 heavy vehicles travelling eastbound and a total of 231 vehicles travelling 
westbound which includes 20 heavy vehicles; 
 

• PM peak hour; 
- A total of 205 vehicles travelling eastbound which includes 29 heavy 

vehicles and 29 heavy vehicles travelling westbound. 
 
The EIS does not identify peak hour volumes of the construction traffic, for other years 
of construction and for the purpose of the CSR Modification 3 traffic assessment, the 
above volumes have been adopted for 2020 and 2021. 
 
Martin Road Developments 
 
The approved development at 25 Martin Road will generate; 
 

• A total of 7 inbound trips including 2 heavy vehicle trips and 2 heavy vehicle 
outbound trips in the AM peak hour; and 

 
• Two (2) heavy vehicle inbound trips and a total of 7 outbound trips including 2 

heavy vehicle trips in the PM peak hour. 
 
The proposed development at 55 Martin Road will generate a total of 5 light vehicle 
inbound trips in the AM peak hour and 5 outbound trips in the PM peak hour. 
 
These have been assigned at the intersection of Elizabeth Drive/Martin Road with 75% 
of arrivals/departures to and from the east and 25% of arrivals/departures to and from 
the west. 
 
Future Background Traffic Growth in Elizabeth Drive 
 
A comparison of weekday peak hour traffic counts undertaken in 2009 and the most 
recent 2018 traffic count at the intersection of Elizabeth Drive/Martin Road has found 
that lineal growth in traffic volumes in Elizabeth Drive during that 9 year period has 
been 3.0% per year in the AM peak hour and 3.2% per year in the PM peak hour. 
 
Adopting this lineal growth for the two year period between 2018 and 2021 indicates 
that background traffic growth in Elizabeth Drive in 2021 is estimated to be: 
 

• AM peak hour; 
- 73 vehicles travelling eastbound including 6 heavy vehicles; and  
- 36 vehicles westbound, including 6 heavy vehicles. 

 
• PM peak hour; 

- 38 vehicles eastbound including 6 heavy vehicles; and 
- 70 vehicles westbound including 4 heavy vehicles. 

 
Figure 7 shows the estimated AM and PM peak hour 2021 traffic volumes at the 
Elizabeth Drive intersection based on the above assumptions. 
 
Proposed Mirvac Development  
 
Mirvac are proposing an industrial development on land located on the northern side 
of Elizabeth drive opposite Martin Road.  At the time of preparing this report, Mirvac 
have not submitted a DA for this proposal. 
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In discussion with the RMS concerning access to Elizabeth Drive, the RMS 
suggested/advised Mirvac to locate the Access Road to the subdivision opposite 
Martin Road at Elizabeth Drive, which would create a cross junction intersection. 
 
Mirvac are proposing two stages with Stage 1 for 193, 530m2 GFA to be operational 
by 2021 and full development of Stages 1 and 2 for a total of 450,000m2 GFA, which 
is expected to be operational by 2026. 
 
Mirvac has provided preliminary traffic generation volumes of 404vph in the weekday 
AM and PM peak for the Stage 1 development and 909vph for the same periods for 
the Stages 1 and 2 development. 
 
Intersection impacts associated with the proposed Mirvac development, if this 
development is approved, are outlined in Section 5.6. 
 
Other Unknown Development  
 
As noted in Section 4.5, the land in the precinct area served by Martin Road and 
Lawson Road is identified as Flexible Employment Land in the Western Sydney 
Aerotropolis Stage 1 Plan.   
 
It is highly likely that some of this land will be developed between 2019 and 2026, 
however, no future traffic generation for this has been included in this traffic 
assessment. 
5.4 Traffic Generation of Modifications 3 and 4 in Operational Phase 
 
5.4.1 Daily 
 
Modification 3 
 
Weekdays will have the highest traffic generation under Modification 3. 
 
Light vehicle trips will include employees and visitors.  Based on one vehicle trip per 
employee, employees will generate 123 inbound and 123 outbound trips on a weekday 
and Saturday. 
 
Visitors associated with the operation of businesses (i.e. not customers) are expected 
to number 20 people per weekday, (i.e. .20 inbound and 20 outbound trips). 
 
Cash sales are expected to be 49 customers per weekday and on a Saturday (i.e. 49 
inbound/49 outbound).  These cash sales are customer pick ups in utes, cars and 
trailers and small trucks. (i.e. mix of light and small heavy vehicles). 
 
Visitors to the Display Centre number around 40 on a weekday (i.e. 40 inbound and 
40 outbound trips) and up to 60 on a Saturday and Sunday (i.e. 60 inbound/60 
outbound trips). 
 
Heavy vehicles (i.e. Austroad Class 3 to 10) will number 272 laden trucks on weekdays 
(i.e. 272 inbound/272 outbound) and 79 laden trucks on Saturdays (i.e. 79 in/79 out). 
 
Total vehicle trips on a weekday associated with Modification 3 are estimated to be 
504 inbound trips and 504 outbound trips including 272 inbound trips and 272 
outbound trips which are heavy vehicles. 
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Total vehicle trips on a Saturday are estimated to be 267 inbound trips and 267 
outbound trips of which 79 inbound trips and 79 outbound trips will be heavy vehicles. 
 
Modification 4 
 
Weekdays will have the highest traffic generation under Modification 4. 
 
The importation of VENM will generate a maximum of 200 laden trucks (i.e. heavy 
vehicles) on weekday (i.e. 200 inbound/200 outbound) and a maximum of 100 laden 
trucks inbound on a Saturday and Sunday (i.e. 100 inbound/100 outbound). All inbound 
trucks are laden and the outbound trucks are unladen. 
 
Heavy vehicles importing VENM will be 19 metre long Truck and Dog combination.  
Light vehicle trips associated with supervision of the VENM placement will be up to 
four employee vehicle trips per day (i.e. 4 inbound/4 outbound). 
 
The Solar Farm, once operational, will not generate any employee trips and only the 
occasional maintenance vehicle trip. 
 
Total trips on a weekday generated by Modification 4 are estimated to be 204 inbound 
trips and 204 outbound trips including 200 inbound trips and 200 outbound trips which 
are heavy vehicles. 
 
Total trips on a Saturday and Sunday associated with Modification 4 are estimated to 
be 104 inbound trips and 104 outbound trips including 100 inbound and 100 outbound 
trips which are heavy vehicles. 
 
Table 5.1 shows the estimated daily traffic generation with Modifications 3 and 4 for a 
weekday and a Saturday which are the busiest days. 
 
TABLE 5.1 
 

DAILY TRAFFIC GENERATION WITH MODIFICATION 3 AND 4 
 

 Inbound Outbound Total 
Weekdays 708 (472) 708 (472) 1416 (944) 
Saturday 371 (179) 371 (179) 742 (358) 

Where: 1524 Total Vehicles 
  (944) Number of heavy vehicles 
 
5.4.2 Peak Hour 
 
Modification 3 
 
Traffic volume generated by the site will consist of light vehicles (employees, visitors, 
cash sales) and heavy vehicles. 
 
For the peak one hour in Modification 3, heavy vehicle traffic generation is calculated 
to be 33 laden trucks (i.e. 33 inbound/33 outbound) in the AM peak hour and 23 laden 
trucks (i.e. 23 inbound/23 outbound) in the PM peak hour. 
 
For those times that coincide with the weekday AM and PM peak hours, which occur 
between 7am and 9am and 4pm to 6.30pm, light vehicle trips are calculated to be; 
 

• Visitor trips as follows; 
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- AM peak hour – 5 inbound trips 
- PM peak hour – 5 outbound trips 
 

• Employee trips based on the proposed shift times; 
- AM peak hour – 20 inbound trips 
- PM peak hour – 15 inbound trips / 85 outbound trips 

 
• Cash Sales 

- AM peak hour – 7 inbound / 7 outbound trips 
- PM peak hour – 7 inbound / 7 outbound trips 

 
Based on the above, the total traffic generation during the weekday AM and PM peak 
hour is estimated to be: 
 

• 65 inbound trips and 40 outbound trips in the AM peak hour of which 33 inbound 
trips and 33 outbound trips will be heavy vehicles; and 

 
• 45 inbound trips and 120 outbound trips in the PM peak hour of which 23 

inbound trips and 23 outbound trips will be heavy vehicles. 
 

Based on information provided by CSR, heavy vehicle origins and destinations to the 
site are expected to be: 
 

• 75% to and from the east along Elizabeth Drive towards M7; and 
 
• 25% to and from the west along Elizabeth Drive to and from The Northern 

Road. 
 
Cash sales, visitors and employee trips are expected to have the same origins and 
destinations as this, with 75% of trips to and from the east and 25% of trips to and from 
the west. 
 
Modification 4 
 
Modification 4 will add another 18 laden trucks (heavy vehicles) in the AM and PM 
peak hours (i.e. 18 inbound and 18 outbound). 
 
It is assumed that 2 employee (light vehicle) trips associated with the VENM 
importation supervision will also occur in the AM and PM peak. 
 
The origin and destination of these vehicles is expected to be 75% to and from the east 
along Elizabeth Drive towards M7 and 25% to and from the west. 
 
Modification 3 and 4 
 
With both Modification 3 and 4 operating, total peak hour volumes are expected to be; 
 

• 85 inbound trips and 58 outbound trips in the AM peak hour of which 51 
inbound and 51 outbound trips will be heavy vehicles; 

 
• 63 inbound trips and 140 outbound trips in the PM peak hour, of which 41 

inbound and 41 outbound trips will be heavy vehicles. 
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5.5 Traffic Impacts of Modifications 3 and 4 in Operational Phase 

5.5.1 Current Intersection Arrangements – Modification 3 
 
Figure 8 shows the additional traffic from Modification 3 assigned to the Elizabeth 
Drive/Martin Road intersection in the AM and PM peak hours based on the 
assumptions outlined in Section 5.4.2 above. 
 
To assess the impacts of Modification 3 as well as the increases in background traffic 
using the intersection of Elizabeth Drive/Martin Road in the weekday AM and PM peak 
hours traffic modelling using the Software package SIDRA 8 has been undertaken. 
  
The modelling has been undertaken for the base 2021 AM and PM peak hour traffic 
volumes using the intersection as shown in Figure 7 as well as with the additional peak 
hour volumes shown in Figure 8 for Modification 3. 
 
The modelling for the scenarios is based on the existing Give Way Control in Martin 
Road and traffic management at the intersection. 
 
The results of the modelling are shown in Table 5.2. Reference to Table 5.2 shows 
that: 
 
• Under the base conditions in 2021, the intersection would have a Level of Service 

C/D operation with vehicle delays to the right turn out of Martin Road in the order 
of 36.7 to 45.3 seconds per vehicle. This indicates conditions are satisfactory 
although the delays for the right turn out of Martin Road have increased when 
compared to existing 2018 traffic volumes. 

 
• With the additional traffic from Modification 3, the intersection would have a Level 

of Service E/F operation in the AM and PM peak hour periods with vehicle delays 
to the right turn out of Martin Road in the order of 68.9 seconds to 167.4 seconds. 

 
The level of delay in Martin Road would result in unsafe traffic conditions at the 
intersection with large heavy vehicles forcing their way into Elizabeth Drive due to the 
level of vehicle delay. To address these unsafe traffic conditions, traffic signal control 
of the intersection would be required, in conjunction with Modification 3. 
 
TABLE 5.2 
 
SIDRA RESULTS FOR 2021 BASE CONDITIONS AND WITH MODIFICATION 3 IN 

WEEKDAY AM AND PM PEAK HOURS AT INTERSECTION OF ELIZABETH 
DRIVE AND MARTIN ROAD 

 

Criteria 2021 Base 2021 With Modification 3 
AM Peak PM Peak AM Peak PM Peak 

LS D C E F 
DS 0.494 0.473 0.497 0.983 

HMD 45.3 36.7 68.9 167.4 
Where:  LS -  Level of Service 

  DS -  Degree of Saturation 
  HMD -  Highest Movement Delay in seconds which is right turn out of Martin Road 
 
Appendix 1 contains the SIDRA modelling outputs for the above scenarios. 
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5.5.2   Proposed Upgrade to Traffic Controls at the Intersection of Elizabeth 
Drive and Martin Road 

Following the initial discussions with the RMS concerning the Elizabeth Drive/Martin 
Road intersection, a follow up meeting was held with the RMS on the 12 December 
2018 to discuss the future intersection controls.  As a result of this meeting, additional 
investigations were undertaken to determine the most appropriate type of traffic control 
for the intersection, given the increase in traffic volumes forecasted to use the 
intersection.  The intersection upgrade would be an interim measure, until the ultimate 
widening of Elizabeth Drive was undertaken by the RMS. 
 
These investigations included; 
 

• An independent road safety audit and safety review of the intersection, with 
regard to the future traffic volume increases; 
 

• An options report reviewing the available options to upgrade the intersection’s 
traffic controls; and 
 

• A traffic signal warrant report. 
 
These investigations included the future traffic volumes forecasted to use the Elizabeth 
Drive/Martin Road intersection including the CSR Modification proposals, as well as 
the Mirvac future proposal, background traffic growth and Western Sydney Airport 
Construction traffic in 2021 and 2026 (prior to the opening of the M12 and the Airport). 
 
The independent road safety audit and safety review concluded that the existing give 
way controls at the intersection would be unsafe and should be upgraded having 
regard to the increased volumes including the large number of heavy vehicles using 
the intersection, as well as the increased vehicle delays. 
 
The auditors noted that a future roundabout or traffic signal control may be suitable 
options. 
 
The options report found that due to increased volumes associated with the future 
growth, including the Mirvac proposal, that a new roundabout would need to be two 
lanes and would require a large road reserve footprint of 67.6 metres to accommodate 
the roundabout.  However even a two lane roundabout would have limited capacity 
and traffic modelling showed that during the 2026 AM peak the very large right turn 
movement into the Mirvac Access Road would cause extensive delays and queueing 
in the western approach of Elizabeth Drive, consistent with a Level of Service F 
operation for this approach.  Other disadvantages included the non provision of safe 
pedestrian crossing facilities and conflict for cyclists using the roundabout due to high 
levels of heavy vehicles and circulating traffic.  
 
The options report ruled out a roundabout and concluded that traffic signals would be 
the better option. Traffic signals will/can provide safe pedestrian crossing facilities, 
result in less conflict with cyclists, can provide sufficient capacity at the intersection 
based on a smaller land footprint and are relatively simple to keep operating, when 
future road upgrading occurs in Elizabeth Drive. 
 
The traffic signal warrant report concluded on the range of relevant factors and criteria 
that are taken into consideration in a decision on traffic signals, including traffic 
volumes, vehicle delays, road safety and future planning that a warrant is met for the 
provision of traffic signals for the CSR Modifications, as well as for the future Mirvac 
development. 
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These separate reports are contained in Volume 2, which is a separate stand alone 
document.  

5.5.3 Traffic Signal Control of Elizabeth Drive and Martin Road  Modifications 
3 and 4 

 
Geometric Changes 
 
SIDRA modelling was undertaken to determine the required geometry for the 
intersection under traffic signal control. 
 
Western Sydney Airport and the M12 Motorway are currently planned to be 
constructed by 2026 and this year was adopted as the ultimate design year for the 
intersection. SIDRA modelling was undertaken for 2021 with Modification 3 and for 
2026 with Modification 3 to test the required geometry for the intersection. 
 
The 2026 intersection traffic volumes included background traffic growth in Elizabeth 
Drive and the construction traffic associated with the Western Sydney Airport but not 
for the M12. Martin Road traffic volumes included approved development as well as 
Modification 3. 
 
Figure 9 shows the conceptual layout for the intersection under traffic signal control 
which will have adequate intersection capacity to and beyond year 2026 with 
Modification 3. 
 
The intersection layout includes: 
 
• two approach lanes in Martin Road with the left turn lane 60 metres long plus taper. 

This will require additional pavement road widening in the road reserve. 
 
• two approach lanes in the eastern approach of Elizabeth Drive together with two 

departure lanes, for westbound traffic.  The kerbside lane in the eastern approach 
will need to be increased to 130 metres long plus taper and the lane used as a 
shared left turn and through vehicle lane. This will require additional pavement 
widening in this approach in the road reserve. 

 
• Retain the three approach lanes in the western approach of Elizabeth Drive with 

two through lanes and a right turn bay. The existing right turn bay length which will 
be approximately 90 metres in length under signal control will be sufficient to store 
the right turn volume so no additional lane works will be required in this approach. 

 
• On the departure side for eastbound traffic, the kerbside lane which ends just east 

of the intersection should be increased to a length of 100 metres plus taper to allow 
sufficient merge length for vehicles using the kerbside lane. This will require 
additional pavement widening on the departure side in the road reserve. 

 
SIDRA Modelling of Traffic Signal Control in 2021 and 2026 – Modification 3 
 
Tables 5.3 and 5.4 shows the results of the SIDRA modelling for 2021 (Table 5.3) and 
2026 (Table 5.4) with Modification 3 under traffic signal control. 
 
The modelling has adopted the geometry described above for the intersection. 
 
The initial modelling runs showed that a cycle length of 80 seconds would be adequate 
based on a 3 phase operation which included a right turn phase (green arrow) from 
Elizabeth Drive for the right turn into Martin Road. 



TRANSPORT AND URBAN PLANNING 
TRAFFIC, TRANSPORT & PROJECT

Phone 02 9545 1411           Fax 02 9545 1556
5/90 Toronto Parade, Sutherland NSW 2232  

MANAGEMENT CONSULTANTS 

admin@transurbanplan.com.au

2 THROUGH LANES 250m + TAPER

RIGHT TURN BAY 85m + TAPER

RIGHT TURN BAY 90m + TAPER

2 THROUGH LANES 200m THROUGH/LEFT TURN LANE 130m + TAPER

2 DEPARTURE LANES 100m + TAPER

LE
FT

 T
U

R
N

 L
AN

E 
60

m
 +

 T
AP

ER

BADGERYS CREEK BRICK MAKING FACILITY, MODIFICATION 4
FIGURE 9

RECOMMENDED INTERSECTION LAYOUT
AT ELIZABETH DRIVE & MARTIN ROAD

INTERSECTION FOR TRAFFIC SIGNAL CONTROL
T-JUNCTION INTERSECTION

JOB NO.18174

ELIZABETH                 DRIVE

M
A

R
TI

N
   

  R
O

A
D

NOT TO SCALE

PROVISION FOR FUTURE CROSSING

25/02/19



TRANSPORT AND URBAN PLANNING PTY LTD  Page 33 
 
 

 
18174r Mod 4 Final  Badgerys Creek Quarry and Brick Making Facility 
  Martin Road, Badgerys Creek 

 
The modelling also adopted no right turn filtering for this movement during the through 
traffic phase (i.e. all right turns occur on the green arrow). 
 
Pedestrian crossings were included on all approaches, however there is likely to be 
very few, if any, pedestrians crossing at this intersection in the foreseeable future. 
 
Reference to Tables 5.3 and 5.4 show that the intersection will have a Level of Service 
A operation during the peak hours in 2021 and 2026 will relatively low vehicle delays 
in order of 11.8 to 13.7 seconds.  This represents a very good operation and shows 
the intersection has plenty of spare capacity. 
 
In addition the 95th%tile queue lengths for the various traffic movements can be 
contained within the proposed lane lengths outlined in geometric changes and as 
shown on Figure 9. 
 
Appendix 1 contains the SIDRA modelling outputs for the above operation with traffic 
signals. 
 
In summary, traffic signal control of the Elizabeth Drive/Martin Road intersection will 
address the safety concerns of additional cars and trucks turning out of Martin Road 
associated with future traffic growth and Modification 3.  Based on the geometry shown 
in Figure 9 the intersection will have a good operation in terms of capacity and safety. 
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TABLE 5.3 
 
SIDRA RESULTS FOR 2021 WITH MODIFICATION 3 IN WEEKDAY AM AND PM 
PEAK HOURS AT INTERSECTION OF ELIZABETH DRIVE AND MARTIN ROAD 

UNDER TRAFFIC SIGNAL CONTROL 
 

 
AM Peak Hour PM Peak Hour 

DS AVD LS 95% 
Queue DS AVD LS 95% 

Queue 
South: Martin Road         
Left 0.035 26.2 B 6.4 0.095 25.2 B 12.7 
Right 0.235 39.2 C 27.8 0.495 38.4 C 53.7 
East: Elizabeth Drive         
Left 0.430 21.5 B 81.4 0.503 21.4 B 95.3 
Through 0.430 13.7 A 98.2 0.503 13.8 A 112.3 
West: Elizabeth Drive         
Through 0.480 6.7 A 95.6 0.362 6.1 A 67.5 
Right 0.213 48.2 D 11.5 0.190 48.5 D 11.0 
 
All Vehicles 
 

0.480 11.8 A 98.2 0.503 12.3 A 112.3 

Where:  DS -  Degree of Saturation 
  AVD -  Average Vehicle Delay seconds 

LS -  Level of Service  
  95th% Queue 95th% Queue length in metres 
 
 
 
TABLE 5.4 
 
SIDRA RESULTS FOR 2026 WITH MODIFICATION 3 IN WEEKDAY AM AND PM 
PEAK HOURS AT INTERSECTION OF ELIZABETH DRIVE AND MARTIN ROAD 

UNDER TRAFFIC SIGNAL CONTROL 
 

 
AM Peak Hour PM Peak Hour 

DS AVD LS 95% 
Queue DS AVD LS 95% 

Queue 
South: Martin Road         
Left 0.035 26.2 B 6.4 0.098 26.0 B 13.0 
Right 0.235 39.2 C 27.8 0.530 39.5 C 54.7 
East: Elizabeth Drive         
Left 0.464 21.8 B 88.9 0.556 21.3 B 109.6 
Through 0.464 14.8 A 109.2 0.556 13.7 A 129.5 
West: Elizabeth Drive         
Through 0.544 7.1 A 115.3 0.393 5.8 A 74.3 
Right 0.213 48.3 D 11.5 0.190 48.5 D 11.0 
 
All Vehicles 
 

0.544 11.8 A 115.3 0.556 13.7 A 129.5 

Where:  DS -  Degree of Saturation 
  AVD -  Average Vehicle Delay seconds 

LS -  Level of Service  
  95th% Queue 95th% Queue length in metres 
 
 
 



TRANSPORT AND URBAN PLANNING PTY LTD  Page 35 
 
 

 
18174r Mod 4 Final  Badgerys Creek Quarry and Brick Making Facility 
  Martin Road, Badgerys Creek 

5.5.4 Traffic Impacts of Modification 4 to Elizabeth Drive/Martin Road 
Intersection 

 
Modification 4 is expected to become operational after the traffic signals are installed 
at the Elizabeth Drive/Martin Road intersection in 2021. 
 
To examine the impacts of the additional traffic generated under Modification 4 in the 
AM and PM peak hours, additional SIDRA modelling has been undertaken for the 
Elizabeth Drive/Martin Road intersection for the years 2021 and 2026.  Figures 10 and 
11 show the future estimated 2021 and 2026 AM and PM peak hour volumes at the 
intersection with Modification 3 and 4 operating. 
 
The SIDRA modelling results are shown in Tables 5.5 and 5.6 and the SIDRA 
modelling outputs are contained in Appendix 1.   Reference to Tables 5.5 and 5.6 show 
that the intersection will have a relatively good operation with a Level of Service A/B 
operation in both peak hours and Average Vehicle Delays between 12.3 seconds and 
15 seconds, based on the intersection geometry shown in Figure 9. 
 
 
TABLE 5.5 
 

SIDRA RESULTS FOR 2021 WITH MODIFICATION 3 AND 4 IN WEEKDAY AM 
AND PM PEAK HOURS AT INTERSECTION OF ELIZABETH DRIVE AND MARTIN 

ROAD UNDER TRAFFIC SIGNAL CONTROL 
 

 
AM Peak Hour PM Peak Hour 

DS AVD LS 95% 
Queue DS AVD LS 95% 

Queue 
South: Martin Road         
Left 0.047 26.5 B 8.9 0.102 24.7 B 14.9 
Right 0.315 40.0 C 39.5 0.534 38.0 C 65.4 
East: Elizabeth Drive         
Left 0.444 21.8 B 88.1 0.528 22.5 B 104.6 
Through 0.444 13.9 A 101.6 0.528 14.7 A 118.7 
West: Elizabeth Drive         
Through 0.480 6.7 A 95.6 0.369 6.6 A 70.0 
Right 0.262 48.9 D 15.1 0.239 49.1 D 14.6 
 
All Vehicles 
 

0.480 12.2 A 101.6 0.534 15 B 118.7 

Where:  DS -  Degree of Saturation 
  AVD -  Average Vehicle Delay seconds 

LS -  Level of Service  
  95th% Queue 95th% Queue length in metres 
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TABLE 5.6 
 

SIDRA RESULTS FOR 2026 WITH MODIFICATION 3 AND 4 IN WEEKDAY AM 
AND PM PEAK HOURS AT INTERSECTION OF ELIZABETH DRIVE AND MARTIN 

ROAD UNDER TRAFFIC SIGNAL CONTROL 
 

 
AM Peak Hour PM Peak Hour 

DS AVD LS 95% 
Queue DS AVD LS 95% 

Queue 
South: Martin Road         
Left 0.047 26.5 B 8.9 0.106 25.4 B 15.2 
Right 0.315 40.0 C 39.5 0.569 39.1 C 66.7 
East: Elizabeth Drive         
Left 0.478 22.1 B 96.0 0.582 22.4 B 119.6 
Through 0.478 15.1 A 112.8 0.582 14.6 B 136.6 
West: Elizabeth Drive         
Through 0.544 7.1 A 115.3 0.400 6.3 A 77.2 
Right 0.262 48.8 D 15.1 0.239 49.1 D 14.6 
 
All Vehicles 
 

0.544 12.3 A 115.3 0.582 14.7 B 136.6 

Where:  DS -  Degree of Saturation 
  AVD -  Average Vehicle Delay seconds 

LS -  Level of Service  
  95th% Queue 95th% Queue length in metres 
 

5.5.5 Impacts in Martin Road and on Wider Road Network with Modifications 3 
 and 4 
 
Modification 3 will increase the number of vehicles using Martin Road between 
Elizabeth Drive and the site entrance by an estimated 1,008 vehicles on weekdays 
(504 in 504 out) and 534 vehicles on Saturdays (267 in/267 out).  Heavy vehicles will 
number 544 vehicles on weekdays (272 in/272 out) and 158 vehicles on Saturdays (79 
in/79 out). 
 
With Modification 3 and 4 the total increase is estimated to be 1,416 vehicles on 
weekdays (708 in / 708 out) and 742 vehicles per day on a Saturday (371 in / 371 out).  
Heavy vehicles will number 944 vehicles on weekdays (472 in / 472 out) and 358 
vehicles on Saturdays (179 in / 179 out).  Total vehicles on a Sunday would number 
208 (104 in / 104 out) of which 200 vehicles (100 in/100 out) would be heavy vehicles. 
 
The increase is not expected to affect the capacity or safety of the midblock sections 
of Martin Road or at the Cuthell Road intersection. 
 
As noted in Section 5.9 Martin Road will be improved between the CSR site entrance 
and the Australian Native Landscape site entrance in accordance with Condition 28 of 
the Project Approval.  The CSR site entrance will also be upgraded to accommodate 
the New Access Road to the Roof Products Manufacturing Facility, as well as the 
driveway to the Haul Road (see Section 5.8). 
 
The increase in heavy vehicles using Martin Road due to Modifications 3 and 4 will 
increase pavement deterioration. CSR will pay towards the upgrade and widening of 
certain sections of Martin Road and will pay annual road maintenance contributions in 
accordance with Condition 28 of the Project Approval.  
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Traffic Signals will be installed at the intersection of Elizabeth Drive/Martin Road as 
part of this project, which will provide safe intersection control at this intersection. 
 
The impacts of Modifications 3 and 4 on the wider road network will be relatively minor. 
Elizabeth Drive is a state arterial road and is expected to be used by regional traffic 
including heavy vehicles. The NSW Government is proposing to upgrade sections of 
the state road network around Badgerys Creek including the construction of the M12 
and upgrading works to Elizabeth Drive to cater for future urban growth and the 
proposed Western Sydney Airport. 
 
The additional traffic generated by Modification 3 and 4 will have relatively minor 
impacts on the existing and future state road network in Badgerys Creek. 

 

5.6 Intersection Requirements and Operation with Future Mirvac 
Development  

 
The Mirvac Development propose a new access road opposite Martin Road forming a 
cross junction intersection with Elizabeth Drive. 
 
Based on preliminary traffic volume numbers provided by Mirvac, Stage 1 will generate 
404vph in the weekday AM and PM peak hours and Stages 1 and 2, some 909vph.  
Stage 1 is expected to be operational in 2021 and Stages 1 and 2 by 2026. 
 
Figures 12A-D show a conceptual cross junction intersection layout for the Elizabeth 
Drive/Martin Road/Mirvac Access Road intersection for traffic signal control. 
 
Figure 13 shows the future 2026 AM and PM intersection volumes with a proposed 
Stages 1 and 2 of the Mirvac Development as well as the CSR Modifications and other 
traffic volumes in Elizabeth Drive, due to airport construction traffic and other 
background traffic growth. 
 
Preliminary traffic modelling for 2026 with Stages 1 and 2 of Mirvac as well as CSR’s 
Modifications and other predicted future traffic growth in Elizabeth Drive shows that 
this intersection would have a satisfactory operation with a Level of Service C 
operation. 
 
Several traffic signal phasing options were modelling and the extracts of the SIDRA 
Modelling outputs for these scenarios are contained in Appendix 1. 
 
The intersection layout will be further refined when Mirvac finalises their development 
proposal. 
 
The final intersection layout accommodating the Mirvac development will involve 
further discussions and consultation with the RMS by Mirvac. 
 

5.7 Construction Impacts 
 
Modification 3 
 
All construction traffic associated with Modifications 3 and 4 will access the site via 
Martin Road from Elizabeth Drive. 
 
It is expected that 75% of this traffic will have origins to and from the east in Elizabeth 
Drive with 25% of construction traffic to and from the west to Old Northern Road. 
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The construction workforce for the Brick Making Facility and Roof Products 
Manufacturing Facility are expected to number up to a total of 80 workers a day (i.e. 
40 workers for the Brick Making Facility and 40 workers for the Roof Products 
Manufacturing Facility). 
  
This will result in 80 light vehicles per day entering and exiting the site (i.e. 80 in/80 
out). A total of up to 40 heavy vehicles a day may access the site associated with 
deliveries etc (i.e. 40 in/40 out). 
 
Construction hours are expected to be 7am to 6pm on weekdays and 8am to 1pm on 
Saturdays. Construction is expected to commence in late 2019, early 2020 and be 
completed in 2021. 
 
Construction impacts for Modification 3 have been assessed for the year 2020. 
 
The most significant traffic impact will occur at the Elizabeth Drive / Martin Road 
intersection. 
 
For the purpose of this assessment, it is assumed that 60% of the workforce will arrive 
and depart in the AM and PM peak hours respectively and up to 6 heavy vehicles per 
hour will also enter and exit the site in the AM and PM peak hours. 
 
The additional traffic associated with Modification 3 construction that will use the 
Elizabeth Drive / Martin Road intersection during the weekday AM and PM peak hours 
based on the above assumptions is included in Figure 14. 
 
Additional other traffic using the intersection in 2020 include the other proposed and 
approved developments in Martin Road, background traffic growth and construction 
traffic associated with Western Sydney Airport, which is assumed to be at its peak 
level. 
 
Figure 14 shows the estimated AM and PM peak hour volumes at the Elizabeth 
Drive/Martin Road intersection in 2020 with the construction traffic from Modification 3 
and the other traffic. 
 
To examine the operating conditions at the intersection during the weekday AM and 
PM peak hours SIDRA traffic modelling has been undertaken for the 2020 base case 
as well as with the construction traffic associated with Modification 3. 
 
The results of the modelling are shown in Table 5.7.  Reference to Table 5.7 shows 
that the intersection will have a Level of Service D operation with the construction traffic 
with average vehicle delays in the order of 44.5 seconds to 50.7 seconds for vehicle 
turning right out of Martin Road. 
 
While a Level of Service D is generally considered to represent satisfactory traffic 
conditions, there will be an increase in vehicle delay for the right turn out of Martin 
Road.  Based on Give Way control of Martin Road the Level of Service represents 
conditions close to capacity for the right turn movement out of Martin Road.  The 
construction impacts will need to be managed through a Construction Traffic 
Management Plan. 
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TABLE 5.7 
 

SIDRA RESULTS FOR 2020 BASE CONDITIONS AND WITH CONSTRUCTION 
TRAFFIC FROM MODIFICATION 3 IN WEEKDAY AM AND PM PEAK HOURS AT 

INTERSECTION OF ELIZABETH DRIVE AND MARTIN ROAD 
 

Criteria 2020 Base 2020 With Construction 
Traffic 

AM Peak PM Peak AM Peak PM Peak 
LS C C D D 
DS 0.468 0.462 0.468 0.552 

HMD 41.2 34.9 50.7 44.5 
Where:  LS -  Level of Service 

  DS -  Degree of Saturation 
  HMD -  Highest Movement Delay in seconds which is right turn out of Martin Road 
 
 
Appendix 1 contains the SIDRA modelling outputs for the construction impacts in 2020. 
 
Following approval of the Modification 3 application, CSR will prepare a Construction 
Traffic Management Plan (CTMP). 
 
The CTMP will manage the traffic impacts of construction activities associated with the 
construction of Modification 3. 
 
Modification 4 
 
Construction traffic associated with Modification 4 will be quite small and associated 
with the construction of the Solar Farm.  This will include; 
 

• Up to 10 employee vehicle trips in light vehicles per day (i.e. 10 inbound/10 
outbound) trips; and 

 
• A small number of heavy vehicles delivering equipment associated with the 

Solar Farm estimated as 1 to 2 trucks per day. 
 

As Modification 4 will commence after the traffic signals are installed at the Elizabeth 
Drive/Martin Road intersection in 2021, the impacts of the additional construction traffic 
are assessed as relatively minor and will be easily accommodated by the road network 
with minimal impacts. 

5.8 Vehicle Access and Internal Circulation 
 
Modification 3 
 
Vehicle access to the site is located at the southern end of Martin Road (i.e. at the end 
of Martin Road).    
 
The vehicle access road to the Brick Making Facility is a sealed two way internal road 
7.5m to 8.0m wide. This internal vehicle access road is approximately 400m long 
between Martin Road and the gatehouse of the Brick Making Facility.  
 
The vehicle access to the proposed Roof Products Manufacturing Facility will be via a 
new internal road located near the entry to the site off Martin Road. 
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This will be designed and constructed to AS2890.2 Standards for use by B-Doubles.  
Any changes required to the existing Brick Making Facility Site Access Road in Martin 
Road will be included in this work. 
 
All existing and proposed internal roads on the Brick Making Facility site and Roof 
Manufacturing Facility site do and will comply with AS2890.2 requirements with regard 
to road widths and vehicle manoeuvring. 
 
Both the Brick Making Facility and the Roof Manufacturing Facility will have a range of 
heavy vehicles visiting the site from small and heavy rigid vehicles up to articulated 
vehicles including 25 metre long B-doubles. 
 
Figures 15 and 16 show truck manoeuvring for 25 metre long B doubles within the 
Roof Manufacturing Facility Site and the Brick Making Site.  Reference to Figures 15 
and 16 show that this manoeuvring is in accordance with AS2890.2. 
 
Modification 4 
 
Vehicles importing VENM will have a separate internal truck route within the site 
between Martin Road and Pits 1, 2 3, 4 and 5 to avoid conflict with raw material and 
finished product trucks entering and existing the Brick Making Facility and Roof 
Products Manufacturing Facility.  This is shown in Figure 17.  The haul route intersects 
Martin Road some 90 metres north of the existing Brick Making Facility’s main vehicle 
entrance road adjacent the northern boundary of the site.  The sight distance at this 
intersection is satisfactory. The haul route, which consists of a number of existing roads 
on the Brick Making Facility Site, will be upgraded to an engineered all weather gravel 
road to accommodate the two way truck traffic.  The driveway of the haul route, at 
Martin Road, will be designed and constructed to AS2890.2 requirements to 
accommodate 19 metre long truck and dog vehicles turning into and out of the Haul 
Road from/to Martin Road. 
 
Trucks using the haul route will be separated from the other vehicles (light and heavy 
vehicles) using the Brick Making Facility and the Roof Manufacturing Facility. 
 

5.9 Parking Assessment 
 
Modification 3 
 
Liverpool DCP 2008 provides car parking rates for different types of land uses, but 
neither the Brick Making Facility nor the Roof Manufacturing Facility fit neatly to the 
type of land uses such as factory, warehousing and or extractive industries, where 
parking rates are specified in the DCP. 
 
The proposed facilities require relatively large areas for production and storage during 
the production process, as well as storage on site, which is not representative of the 
number of employees and or visitors on site at any time. 
Therefore the car parking provision for both facilities is based on employee and visitor 
numbers that will be on either site at the same time.  This merits assessment of the 
required parking provision and is based on the experience of both PGH and Monier 
operating such facilities in the Sydney Region over a number of years. 
 
Brick Making Facility 
 
Proposed parking provision at the Brick Making Facility will include;   
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• 50 visitor and employee car parking spaces which will be accommodated, east of 
the display centre and north of the gate house.  This will accommodate office and 
sales staff, as well as visitor parking. 

 
• 60 car parking spaces for the manufacturing staff of the facility which will be located 

adjacent to and east of the brick manufacturing facility. 
 

In addition 20 truck parking spaces will be provided in the truck parking area east of 
the gate house. 
 
The total employee numbers of the facility over a full day are 70 people with some 55 
people on site at the same time.  This will include administration/sales technical/staff 
and workers in the Brick Making Facility, and other areas, whose parking will be 
accommodated in the two parking areas.  There will be some 40-45 parking spaces 
available to visitors, for cash sales and other visitors to the site. 
 
The truck parking of 20 spaces will be adequate for the facility.  The proposed 110 car 
spaces will be sufficient to cater for the maximum parking demand at the Brick Making 
Facility. 
 
Roof Manufacturing Facility 
 
The Roof Manufacturing Facility will incorporate: 
 
• A car park for 49 cars for employees and visitors;  
 
The Roof Manufacturing Facility will employ 53 people over a full weekday, with a 
maximum of 38-40 people on site at any time.  Visitor parking demand is expected to 
be 1-2 cars at the same time. 
 
The proposed car parking provision of 49 car spaces will be adequate to accommodate 
the employee and visitor parking requirements of the facility. 
 
Trucks will be stored overnight in the loading bays or on the hard stand along the 
boundary fence.  Up to 15 large B double trucks can be stored in these areas, which 
will be adequate for the truck fleet operated by the Roof Manufacturing Facility. 
 
Car Parking Layout 
 
The car parking layouts will be designed to fully comply with AS2890.1 in terms of 
space size, aisle widths, grades etc. 
 
Accessible Parking 
 
Liverpool DCP 2008 requires one (1) accessible car parking space per 100 spaces for 
industrial type uses.  Based on this, two (2) accessible parking spaces would be 
required for the proposed 159 car parking spaces. 
 
One (1) accessible car parking space will be provided at both the Brick Making Facility 
and Roof Manufacturing Facility (i.e. total of two car spaces) which will comply with the 
DCP Requirements. 
 
The accessible parking spaces will be designed to comply with AS2890.6. 
 
  



TRANSPORT AND URBAN PLANNING PTY LTD  Page 42 
 
 

 
18174r Mod 4 Final  Badgerys Creek Quarry and Brick Making Facility 
  Martin Road, Badgerys Creek 

Bicycle Parking 
 
Liverpool Council’s DCP does not include a parking provision rate for bicycle parking 
for manufacturing facilities. 
 
Bicycle parking and associated facilities will be provided at both the Brick Making 
Facility and Roof Manufacturing Facility in accordance with Australian Standard 
AS2890.3. 
 
Modification 4 
 
No additional parking is required for Modification 4 and no changes to proposed 
parking as outlined above for Modification 3 is proposed and or required. 
 
5.10 Other Matters 
 
Condition 28 of the Project Approval for the site requires the applicant to: 
 
• Upgrade and widen the section of Martin Road between the site entrance to the 

entry of the Australian Native Landscape (ANL) site; and 
 
• Pay an annual road maintenance contribution to Council based on the weight of 

brick products and associated materials transported to and from the site for the life 
of the project, to the satisfaction of the Director General. 

 
Liverpool Council has requested that as CSR’s proposal involves expanded operations 
that will generate additional heavy vehicles, Council considers that Condition 28 of the 
original approval shall be carried over and amended as follows: 
 
“The proponent shall, prior to commencing, enter into a formal agreement with Council 
for the: 
 

- Upgrade and widening of Martin Road from the site entrance to the 
entrance of Australian Native Landscape; 
 

- Widening of Martin Road in the reserve curves; and 
 

- Annual road maintenance contributions to be paid to Council, based on the 
weight of all products and associated materials transported from and to the 
site, for the life of the project, to the satisfaction of the Director-General. 
 

If there is any dispute between the Proponent and Council, then either the parties may 
refer the matter to the Director-General for resolution.” 
 
CSR has agreed to Liverpool Council’s proposed amendment to Condition 28 and this 
amended condition can be included in the Conditions of Approval for Modification 3. 
CSR has already provided a draft agreement to Council addressing all matters outlined 
in Condition 28 and the agreement will be executed prior to commencement of works 
under Modification 3 or Modification 4.
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More information

For more information about cycling in Sydney’s west,
contact:
RTA Bicycles & Pedestrians Branch
Bicycles@rta.nsw.gov.au
13 17 82

Blacktown City Council
Council@blacktown.nsw.gov.au
9839 6000

Fairfield City Council
Mail@fairfieldcity.nsw.gov.au
9752 0222

Liverpool City Council
lcc@liverpoolnsw.gov.au
1300 36 2170

Bicycle NSW
Info@bicyclensw.org.au
9281 4099

People using this map do so at their own risk. Every care has been
taken in the preparation of this map, however Westlink M7 will not
accept responsibility for any personal injury and/or damage to property
arising from the use of this map. www.westlinkm7.com.au

All cyclists
must wear a

helmet – on both
roads and
cycleways.

This is the law.

The cycleway
is for everyone
– walkers and

cyclists. 

Be smart...
wear a
helmet!

Make sure your
bike is well
maintained and has
a bell or a horn and
is visible with a
reflector or lights.

The cycleway is part of the Westlink M7 project. It is

an off-road cycleway – separated from the Westlink M7’s

traffic.

Stretches across Sydney’s west between Prestons in the

south and Baulkham Hills in the north

Specially designed bridges over roads and creeks

4 metres wide to provide plenty of space for both

pedestrians and cyclists

Asphalt surface for a smooth ride

On bridges it is 3 metres wide with concrete surfaces

Well lit along the entire length

More than 60 entry/exit points

The Westlink Cycleway is unique. It has its own bridges

for an uninterrupted 40 kilometre trip across Sydney.

It is a great facility for cyclists, walkers and joggers. 

Use it to get some exercise, for fun or to get to work.

It is great for locals and for tourists. Enjoy it!

A Shared Path

The Westlink Cycleway has been built to be shared by

cyclists and pedestrians. The law requires cyclists to ride to

the left and to give pedestrians priority. Please take care.

Heritage Panels

Along the cycleway there are heritage panels which outline

the natural, Aboriginal and European heritage of the local

area. These panels provide a good introduction to the

fascinating history of Western Sydney.

Fairfield City Farm

Fairfield City Farm is a place where everyone can enjoy a

variety of exciting shows and exhibits and get up close to

a range of native and farmyard animals. For information

about opening hours and prices call 9823 3222 or

www.cityfarm.com.au

Western Sydney Regional Park

Western Sydney Regional Park is a large area of open space.

The main vegetation in the park is Cumberland Plain

Woodland and includes the endangered Pimelia spicata.

The park is home to 18 native animal species including the

Gould’s Wattled Bat, the Pale-flecked Garden Sunskink and

the endangered Cumberland Plain Land Snail. A full list of

the animals that live in the park is provided by the National

Parks and Wildlife Service www.nationalparks.nsw.gov.au

Plough and Harrow Park

The Plough and Harrow Park is a family recreation area.

It features a playground, walking tracks, picnic shelters,

electric barbeques, cafe and kiosk, and dams to create a

series of wetland areas.

The Rooty Hill

Get to the top of this historic landmark and enjoy great

views across Sydney.

Sydney International Equestrian Centre

The Sydney International Equestrian Centre is Australia’s

premier location for equestrian activities including show

jumping, dressage, children’s horse riding camps, spring

horse shows, rodeos, exhibitions, trade shows and farm

field days. For a full list of events contact the Centre

www.equestrian-centre.com.au

Prospect Reservoir

Prospect Reservoir was completed in 1888 and was the first

earthfill embankment dam in Australia. The original purpose

was to store water from the dams of the Upper Nepean

system. Prospect Reservoir remains an integral part of

Sydney’s drinking water supply.

There are picnic grounds and lookouts to explore and the

heritage listed Royal Cricketers Arms Hotel is nearby.

Blacktown Olympic Park

Blacktown Olympic Park was developed for the Sydney

Olympics and is now one of the finest regional sporting

centres in Australia. For more information:

www.blacktownolympicpark.com.au

Welcome to the
Westlink Cycleway
& Walking Path.
It is for everyone
to share and enjoy.

Local Attractions

Keep to
the left so
that others
can pass
safely.

Distances

The cycleway is about 40 kilometres long.

So, if you ride the entire length and back, you’ll have

travelled close to 80 kilometres.

This table gives an indication of the approximate distances

involved in some typical trips.

And don’t forget, it can get very hot! So make sure you

take plenty of water and allow yourself rest stops.

M4 Motorway M5 Motorway 20 km
Richmond Road Power Street 2 km
Norwest Boulevard M5 Motorway 37 km
Sunnyholt Road Quakers Hill Parkway 4 km
Cowpasture Road M5 Motorway 5.5 km
Old Windsor Road The Horsley Drive 23 km
The Horsley Drive M5 Motorway 15 km
Richmond Road Sunnyholt Road 7 km
Great Western Highway Richmond Road 7 km
M4 Motorway Elizabeth Drive 9 km
Woodstock Avenue M5 Motorway 25 km

Approx.
From To Distance

The RTA
website has

information on rules
for cyclists

www.rta.nsw.
gov.au

No traffic

No intersections

More than 60
entry points

Check website for 
opening date

An uninterrupted
40kilometre trip
across Sydney

Westlink Cycleway
& Walking Path

www.westlinkm7.com.au
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LEGEND
Cycleway Connections
Attractions
TAFES & Universities
Westlink Cycleway
Westlink M7

CYCLEWAY CONNECTIONS
1 Camden Valley Way Prestons
2 Hume Highway Prestons
3 Melaleuca Place Prestons
4 M5 Motorway Prestons
5 Kurrajong Road Prestons
6 Ash Road Prestons
7 Bernera Road Prestons
8 Jedda Road Prestons
9 Illaroo Road Hinchinbrook
10 Wilson Road Hinchinbrook
11 Near Hinchinbrook Creek Hinchinbrook
12 Government Road Hoxton Park
13 Lightning Ridge Road Hoxton Park
14 Cowpasture Road West Hoxton
15 Seventeenth Avenue West Hoxton
16 McIver Avenue West Hoxton
17 Western side of M7 near Cecil Park

Stirling Street
18 East & west side of M7 Cecil Park

near Anjou Circuit
19 East & west side of M7 Cecil Park

near Isabel Street
20 Elizabeth Drive Cecil Park
21 Villiers Road Cecil Park
22 Saxony Road Horsley Park
23 The Horsley Drive Horsley Park
24 Redmayne Road Horsley Park
25 Chandos Road Horsley Park
26 The Austral Bricks access road Horsley Park
27 Wallgrove Road at Eastern Creek

Reedy Creek
28 Old Wallgrove Road Eastern Creek
29 Wallgrove Road Eastern Creek
30 Eastbound on ramp to M4 Eastern Creek
31 The Great Western Highway Eastern Creek
32 Church Street Eastern Creek
33 Eastern Road Rooty Hill
34 Mavis Street Rooty Hill
35 The pedestrian & cycle Rooty Hill

underpass north of the main
western railway line

36 Station Street Rooty Hill
37 Woodstock Avenue & Rooty Hill

Polonia Avenue
38 Power Street Glendenning
39 Plumpton Road Plumpton
40 Lamb Street Glendenning
41 The pedestrian & cycle Oakhurst and

underpass at Florence Street Glendenning
42 The pedestrian & cycle Oakhurst and

underpass at Simms Road Glendenning
& Ainsley Avenue

43 Richmond Road Oakhurst
44 Cedarwood Grove Dean Park
45 Symonds Road Dean Park
46 The pedestrian & cycle Quakers Hill

underpass at Eastern Creek
47 Quakers Hill Parkway Quakers Hill
48 Quakers Road Quakers Hill
49 The pedestrian & cycle Quakers Hill

overbridge at Eastern Road
50 Warrimoo Drive Quakers Hill
51 Rickard Road Quakers Hill
52 Railway Road Quakers Hill
53 Pedestrian & cycle underpass

east of Richmond Railway line Kings Park
54 Donohue Street Kings Park
55 Parer Street Kings Park
56 Sunnyholt Road Kings Langley
57 Marie Avenue Glenwood
58 Lady Penrhyn Park Kings Langley
59 Norwest Boulevard Glenwood
60 Fairmont Circuit Glenwood
61 Gavin Place Kings Langley
62 Old Windsor Road Glenwood

N

The cycleway
is for everyone

to share. Cyclists
should look out
for pedestrians.

“When I see an
adult on a bicycle,

I do not despair for
the future of the

human race.”
HG Wells

“Nothing
compares to the
simple pleasure
of a bike ride.”

President John F
Kennedy

The
cycleway
starts at

Old Windsor
Road.

The cycleway
starts at Camden

Valley Way.

Cycleway Route13 TOLL (13 86 55)
www.westlinkm7.com.au
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1 Introduction 

Street address: 235 Martin Road, Badgerys Creek 

Suburb: Badgerys Creek Postcode: 2555 

Lot/DP no: Lots 1 & 2 DP 1035249, Lot 1 DP 373863 and Lots 54-59 DP 3050 

Council: Liverpool City Council 

1.1 Background 

On behalf of their client CSR, Element Environment commissioned Peterson Bushfire to prepare 
a bushfire assessment for the proposed expansion of the existing brick making facility at the 
above address. The subject lots are identified as ‘bushfire prone’, however the proposed 
buildings will not be within the mapped bushfire prone area. Notwithstanding, a bushfire 
assessment has been requested to address any potential bushfire hazards that may be adjacent 
the area of proposed development.  

Continued quarrying and brick making on the site has already been approved (Project Approval 
PA10_0014) however CSR wish to modify the approval to meet the changing needs of their 
brick and roof products manufacturing businesses. Two modifications (Modifications 3 and 4) 
to the Project Approval have been applied for under Section 75W of the Environmental Planning 
and Assessment Act 1979 relating to increased quarrying, production, storage and 
transportation operations.  

This report presents the assessment and recommendations to ensure compliance with the 
relevant bushfire protection legislation for development proposals on bushfire prone land. 

This bushfire assessment has been prepared by a consultant accredited by the Fire Protection 
Association of Australia’s BPAD scheme (Accreditation No. BPD-L3-18882).  

1.2 Location and land description  
The location of the CSR Manufacturing Hub is shown in Figure 1. The subject site is located at 
the end of Martin Road, Badgerys Creek. At approximately 200 hectares in size, the site spans 
between South Creek in the east to Badgerys Creek in the west. Both creek lines and associated 
flood prone land support bushfire prone vegetation, being the only vegetation in the locale. The 
northern and southern boundaries are bordered by cleared and managed lands. 

The site is largely cleared featuring the existing PGH brick making facility and associated 
material stockpiles and dams surrounded by paddocks. Few scattered trees are on the site with 
the only extensive vegetation being that associated with the riparian areas along both the 
eastern and western boundaries. 
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1.3 Development proposal 
A description of Modifications 3 and 4 is listed below. Figure 2 is a site plan showing the location 
of each proposed building element. 

Modification 3 

• Advanced Manufacturing - Brick Production  

 Removal of most of the existing brick manufacturing equipment and replacement 
with new brick manufacturing equipment in the existing brick making facility;  

 Increase in the building footprint of the existing brick making facility;  

 Increase in the building footprint of the existing administration building;  

 A NATA (National Association of Testing Authorities) Accredited Advanced Testing 
Laboratory; 

 Extension to the existing visitor’s carpark;  

 An innovation centre; 

 A weighbridge;   

 Factory staff parking; 

 A new access road to the factory staff parking area and for bulk material deliveries 
and dispatch;  

 New rainwater tanks; and 

 A battery store. 

• Advanced Manufacturing – Roof Products Production 

 Construction and operation of a roof products manufacturing facility on CSR owned 
land, outside the approved project boundary, immediately east of Pit 4;  

 Modification to the approved project boundary to include the proposed roof products 
manufacturing facility, located on the adjacent property; and 

 The processing of sandstone (overburden material not used in brick production) for 
use in the manufacture of roof products on-site. 

• General 

 Re-commence operations at the site as approved in the Project Approval 
(PA10_0014), and expel the current mothballed status of the site; 

 Amendment to the extent of Pit 5 to include a 200m buffer zone to neighbouring 
residential properties required under the Mining Act 1992; 
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 An increase in the importation of raw materials from off-site for use in both the brick 
making and roof products manufacturing facilities; and 

 Modifications to the approved noise bunds. 

Modification 4 

 Solar farm; 

 The dewatering of Pit 1; 

 Continued extraction of clay material in Pit 1 to a depth of 35 m; and 

 The importation of Virgin Excavated Natural Material (VENM) to backfill Pit 1 and 
potentially other pits, to rehabilitate the site and facilitate future development. 

1.4 Assessment requirements 
The Secretary’s Environmental Assessment Requirements (SEARs) for Modifications 3 and 4 
do not list bushfire as an issue for assessment. This technical report has been commissioned 
by the client due to the bushfire prone land mapping affectation. 

Development proposals on bushfire prone land are required to be assessed against the NSW 
Rural Fire Service (RFS) document Planning for Bushfire Protection 2006 (NSWRFS 2006), 
referred to as ‘PBP’ within this report. As the proposal does not involve habitable dwellings 
(Class 1, 2 or 3) or Special Fire Protection Purpose (SFPP) development, the proposal is only 
required to comply with the aim and objectives of PBP. 

As stated within Section 4.3.6.f of PBP, the National Construction Code (NCC) does not provide 
for any bushfire specific performance requirements for the development type proposed. As such 
the Asset Protection Zone and building construction requirements of PBP and AS 3959-2009 
Construction of buildings in bushfire-prone areas (AS 3959) do not apply as deemed-to-satisfy 
provisions for bushfire protection. However, the aim and objectives of PBP still apply in relation 
to other matters such as access and the provision of water for fire-fighting. 
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Figure 1: Location of site 
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Figure 2: Overview of Modifications 3 and 4 
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2 Bushfire hazard 

In accordance with PBP, the bushfire hazard has been evaluated through an analysis of a 
combination of slope and vegetation, as discussed in this section. 

2.2 Predominant vegetation 
Bushfire fuel is the vegetative material in the landscape that burns during a bushfire. Bushfire 
behaviour is influenced by fuel load, and the availability of the fuel which is mostly determined 
by the arrangement of the fuel and its moisture content. Fuel load and availability affects the 
intensity of a bushfire. 

In accordance with PBP the predominant vegetation class has been determined for a distance 
of at least 140 m out from the proposed development. Only the proposed Monier roof products 
manufacturing facility (Modification 3) and solar farm (Modification 4) will have bushland within 
140 m, being a 2 hectare remnant of Alluvial Woodland situated alongside a flood channel of 
South Creek to the south-east. The Monier warehouse will be greater than 100 m from the 
woodland. 

Generally speaking, the paddocks that will surround the proposal have the potential to pose a 
grassland hazard depending on the management regime and rates of growth and curing. CSR 
intend to continue the grazing lease within the paddocks eastwards down to South Creek which 
will reduce the chance of fire spread through the paddocks towards the facility. 

2.3 Effective slope 
Steeper slopes can significantly increase the rate of spread of fires, and it has been shown that 
with each 10 degree increase or decrease in slope a corresponding doubling or halving, 
respectively, in the rate of spread can be expected (McArthur 1967). Slope is a major factor 
determining the direction and rate of fire spread. 

In accordance with PBP the effective slope underneath the woodland remnant to the south-
east, the surrounding paddocks and the riparian vegetation along the eastern and western 
boundaries is within the PBP slope class of ‘downslope 0-5 degrees’. The gentle gradient 
underneath the remnant woodland and surrounding paddocks equates to a lesser rate of fire 
spread influenced by topography. Variables such as fuel distribution and wind direction and 
speed would therefore be the primary factors influencing rate of spread at this site. 
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Figure 3: Bushfire prone land mapping   
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3 Bushfire protection measures 

PBP requires the assessment of a suite of bushfire protection measures that in total provide an 
adequate level of protection for development proposals on bushfire prone land. The measures 
required to be assessed are addressed below.  

3.1 Defendable space 
For habitable development types such as dwellings, an asset protection zone (APZ) dimension 
is related to the vulnerability of an asset typically in terms of combustibility of external materials 
or the nature of the occupants. The resulting APZ would stipulate a construction standard under 
AS 3959-2009 Construction of buildings in bushfire-prone areas (AS 3959). 

As the proposal does not include a dwelling or habitable building, PBP does not list an APZ 
requirement. However, PBP does require the consideration of a managed hazard-separation 
area for fire-fighting purposes referred to as ‘defendable space’. A defendable space is defined 
by PBP as “an area within the asset protection zone that provides an environment in which a 
person can undertake property protection after the passage of a bushfire with some level of 
safety”. Therefore, the defendable space dimension is defined by the ability to gain access 
around an asset and conduct defensive fire-fighting operations. Relying on a defendable space 
in lieu of an APZ is deemed acceptable whereby construction materials are typically non-
combustible and meet building and structural fire requirements. 

All buildings proposed in Modifications 3 and 4 will have a defendable space between them and 
the adjacent grassland and woodland areas. The defendable space is simply a thoroughfare 
around buildings so fire-fighters can gain access to conduct property defence between an 
approaching grassfire and a building. The existing and proposed layout allows sufficient access 
around the buildings that has been designed for the maneuverability of large vehicles used in 
day-to-day operations of the facilities. 

The defendable space will be cleared of vegetation and therefore satisfies the fuel management 
performance requirements of an Asset Protection Zone (APZ) as described by PBP. Additional 
vegetation management is not required. 

3.2 Building construction  

As introduced in Section 1.3, building construction provisions within AS 3959 do not apply to 
developments of the type proposed as a deemed-to-satisfy requirement under the NCC. Due to 
the type of development and compliance with NCC requirements for building and structural fire, 
it is generally accepted that buildings will survive bushfire attack. In addition, staff will not reside 
at the site and will be familiar with the access routes should an evacuation be necessary. 

For comparative assessment purposes, a Bushfire Attack Level (BAL) assessment has been 
undertaken to provide an understanding of the level and type of bushfire attack future 
development could experience in a worst-case scenario should the surrounding paddocks 
experience a grassfire. The BAL assessment provides a platform on which to develop any 
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further recommendations specific to the bushfire threat, modes of bushfire attack (such as 
embers or wind which are not addressed by NCC for structural fire protection) or proposed 
buildings, if deemed appropriate. 

Assuming the surrounding paddocks could act as a grassland hazard (e.g. if management 
practices such as grazing were to cease) the resulting BAL for buildings located within 50 m of 
grassland is BAL-12.5. BAL-12.5 is the lowest level for buildings within 100 m of a hazard, and 
is predominantly concerned with protection from ember attack. Given the construction type of 
the buildings and the low threat presented by the surrounding lands, it is determined that there 
is insufficient risk to warrant the application of specific bushfire construction requirements in this 
case. 

3.3 Access  

The assessment of access is to consider the adequacy of public road access, property access 
roads and defendable space. 

The site is accessed by Martin Road to the north which complies with the public road design 
and construction standards specified by PBP. Although it is the only vehicular access into and 
out of the site, Martin Road is deemed adequate in providing the required level of access for 
fire-response and egress for evacuation as it leads away from the bushfire hazard and threat 
(eastern and western boundaries) and is flanked by cleared and managed lands. It is highly 
unlikely that Martin Road will be severed by the impacts of fire. 

The existing and proposed property access roads are such that adequate access will be 
provided for emergency vehicles and will be suitable for defendable space requirements. The 
layout complies with PBP property access road requirements. Additional access provisions are 
not required to support the proposed development. 

3.4 Water supply and util it ies  

Water supply 

The development will require fire hydrants to be installed to comply with AS 2419.1 – 2005 Fire 
Hydrant Installations - System Design, Installation and Commissioning (AS 2419) so that all 
sides of a building envelope are within 70 m of a hydrant by lay of the hose (or 90 m with a 
tanker parked in-line maximum 20 m from the hydrant).  

Electrical supply 

Where overhead electrical transmission lines are installed, the vegetation clearance distances 
are to comply with ISSC 3 Guideline for Managing Vegetation Near Power Lines (Industry Safety 
Steering Committee 2005. 

Gas supply 

Any gas services are to be installed and maintained in accordance with AS/NZS 1596-2008 The 
storage and handling of LP gas. 
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4 Conclusion and recommendations 

4.1 Conclusion 
The proposal consists of Modifications 3 and 4 of the approved expansion (Project Approval 
PA10_0014) of the Badgerys Creek Brick Making Facility (CSR Advanced Manufacturing Hub). 
The bushfire hazard consists of remnant woodland at least 100 m from the closest building. The 
remainder of the surrounding lands consist of the existing portion of the facility and cleared 
paddocks. 

Planning for Bushfire Protection 2006 does not require specific asset protection zone measures 
or construction standards under AS 3959-2009 Construction of buildings in bushfire prone-
areas for the development type proposed. Nonetheless, the development will have adequate 
separation and defendable space between it and any potential grassland hazard that may 
eventuate within the surrounding paddocks. 

The existing and proposed access ways provide adequate defendable space to allow fire-
fighting operations to occur, whilst also providing a platform for rapid operational response and, 
in the unlikely event, evacuation. 

4.2 Recommendations 
The recommendations made within this assessment are repeated below: 

1. The development will require fire hydrants to be installed to comply with AS 2419.1 – 
2005 Fire Hydrant Installations - System Design, Installation and Commissioning (AS 
2419) so that all sides of a building envelope are within 70 m of a hydrant by lay of the 
hose (or 90 m with a tanker parked in-line maximum 20 m from the hydrant).  

2. Where overhead electrical transmission lines are installed, the vegetation clearance 
distances are to comply with ISSC 3 Guideline for Managing Vegetation Near Power 
Lines (Industry Safety Steering Committee 2005. 

3. Any gas services are to be installed and maintained in accordance with AS/NZS 1596-
2008 The storage and handling of LP gas. 

4.3 Compliance with Planning for Bushfire Protection 2006  
This assessment demonstrates that the proposal, together with the recommendations, complies 
with Planning for Bushfire Protection 2006 (refer to Section 3 – Bushfire Protection Measures).  

 

 

 

 
David Peterson  
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