




   

 

CPB Contractors Ghella JV 
Sydney Metro – Western Sydney Airport  
Station Boxes and Tunnelling Works 

Biannual GME Report - December 2023 to June 2024 | Page ii 

 

OFFICIAL 

Table of contents 

Definitions and Abbreviations ........................................................................................................ 5 

1 Introduction ................................................................................................................................ 1 

1.1 Project background and location ........................................................................................ 1 

1.2 Construction status ............................................................................................................. 2 

2 Groundwater Monitoring Program Requirements .................................................................... 10 

2.1 Monitoring Program .......................................................................................................... 10 

2.2 Methodology ..................................................................................................................... 14 

2.3 Groundwater Levels ......................................................................................................... 15 

2.3.1 Grouted Vibrating Wire Piezometers (VWPs) ............................................................. 15 

2.3.2 Continuous electrical conductivity/groundwater level monitoring ................................ 15 

2.3.3 Manual Groundwater Levels ....................................................................................... 15 

2.4 Groundwater Quality ......................................................................................................... 17 

2.4.1 Sampling procedure .................................................................................................... 21 

2.4.2 Decontamination ......................................................................................................... 21 

2.4.3 Quality assurance and quality control ......................................................................... 22 

2.4.4 Documentation of field results ..................................................................................... 22 

2.5 Mitigation monitoring – St Marys ...................................................................................... 22 

3 Compliance review .................................................................................................................. 26 

3.1 Groundwater levels and GDE ........................................................................................... 26 

3.2 Groundwater quality ......................................................................................................... 27 

4 Performance Criteria ................................................................................................................ 28 

4.1 Groundwater Level Triggers ............................................................................................. 28 

4.2 GDE Trigger Values ......................................................................................................... 31 

4.3 Groundwater Quality Triggers .......................................................................................... 32 

5 Groundwater Monitoring Results ............................................................................................. 36 

5.1 Groundwater Levels ......................................................................................................... 36 

5.1.1 SMGW-BH-A107 ......................................................................................................... 39 

5.1.2 SWD-TU150-22010-VWP02 ....................................................................................... 39 

5.1.3 SBT-GW-4000 ............................................................................................................. 40 

5.1.4 SBT-GW-4008 and SBT-GW-4010 ............................................................................. 41 

5.2 EC Results ........................................................................................................................ 41 

5.3 Groundwater Quality Results ............................................................................................ 43 

5.3.1 Cross Passage Construction ....................................................................................... 43 

5.3.2 Trigger exceedances and increasing trends ............................................................... 45 

5.4 Mitigation Monitoring – St Marys ...................................................................................... 47 

6 Construction Groundwater Inflow and EC monitoring .............................................................. 48 

6.1 Claremont Meadows ......................................................................................................... 48 

6.2 Orchard Hills 1 .................................................................................................................. 51 



   

 

CPB Contractors Ghella JV 
Sydney Metro – Western Sydney Airport  
Station Boxes and Tunnelling Works 

Biannual GME Report - December 2023 to June 2024 | Page iii 

 

OFFICIAL 

6.3 Airport Business Park ....................................................................................................... 54 

6.1 Airport Terminal ................................................................................................................ 55 

6.2 Bringelly ............................................................................................................................ 56 

7 Conclusions and recommendations ......................................................................................... 59 

7.1 Conclusions ...................................................................................................................... 59 

7.2 Recommendations ............................................................................................................ 60 

8 References .............................................................................................................................. 62 

 

 

Tables 

Table 1-1: Construction status - Excavations ................................................................................... 3 

Table 1-2: Cross Passages (XP) ...................................................................................................... 4 

Table 2-1: Groundwater Level Monitoring Network ........................................................................ 16 

Table 2-2: Construction water quality monitoring Wells – frequency, water quality analysis and 
level/EC monitoring ......................................................................................................................... 18 

Table 2-3: Analytical schedule for monitoring bores ....................................................................... 21 

Table 2-4: PRB mitigation monitoring – December 2023 to June 2024 .......................................... 24 

Table 2-5: Source Area/TBM monitoring – March 2024 to June 2024 ............................................ 24 

Table 3-1: Variation from Water Quality Sampling Plan and Groundwater Level and EC monitoring 
plan in GMP .................................................................................................................................... 26 

Table 4-1: Traffic light trigger level system ..................................................................................... 28 

Table 4-2: Groundwater trigger levels ............................................................................................. 29 

Table 4-3: SSTVs for continuous EC monitoring of GDEs .............................................................. 31 

Table 4-4: Level SSTVs for continuous level monitoring of GDEs .................................................. 32 

Table 4-5: Groundwater Quality Triggers relevant to current monitoring period ............................. 34 

Table 5-1: GW Level Trigger Exceedances – Summary and Recommendations ........................... 37 

Table 5-2: Mean percent canopy cover (AMBS, 2024) ................................................................... 40 

Table 5-3 : EC results in GDE trigger wells .................................................................................... 42 

Table 5-4: EC SBT-GW-1028 ......................................................................................................... 42 

Table 5-5: Groundwater quality monitoring for cross passage construction ................................... 44 

Table 5-6: Triggers based on increasing COPC trends .................................................................. 45 

Table 6-1: Summary of waste water treatment, reuse and disposal, and reporting ........................ 48 

Table 6-2: Claremont Meadows groundwater EC baseline groundwater values ............................ 49 

Table 6-3: Orchard Hills groundwater EC baseline values ............................................................. 52 

Table 6-4: Airport Land EC Baseline Values .................................................................................. 54 

Table 6-5: Bringelly groundwater EC baseline values .................................................................... 57 

 

 

 

Table of figures 

Figure 1-1: Overview of SBT works .................................................................................................. 2 



   

 

CPB Contractors Ghella JV 
Sydney Metro – Western Sydney Airport  
Station Boxes and Tunnelling Works 

Biannual GME Report - December 2023 to June 2024 | Page iv 

 

OFFICIAL 

Figure 1-2 Portion N3 Claremont Meadows Facility. ........................................................................ 6 
Figure 1-3 Portions N4 to N8, Orchard Hills Area. ............................................................................ 6 
Figure 1-4 Portions S1, S2 and S12, Airport Station. ....................................................................... 7 
Figure 1-5 Portions S3 and S4, Airport Terminal. ............................................................................. 7 
Figure 1-6 Portion S8, SBT Areas Primary Spoil Site ....................................................................... 8 
Figure 1-7 Portion S5, Bringelly. ....................................................................................................... 8 
Figure 1-8: TBM progress – December 2023 to June 2024 .............................................................. 9 
Figure 2-1: Construction groundwater monitoring program – St Marys Station .............................. 11 
Figure 2-2 Construction groundwater monitoring program – South Creek to Orchard Hills Station 12 
Figure 2-3: Construction groundwater monitoring program – WSI and Bringelly Services Facility . 13 
Figure 2-4: Construction groundwater monitoring program – Aerotropolis Core Station ................ 14 
Figure 2-5: Mitigation Monitoring Well Network – St Marys ............................................................ 25 
Figure 5-1:Predicted extent of greater than 2m drawdown (green line) and vegetation monitoring 
locations .......................................................................................................................................... 39 
Figure 5-2: Groundwater pH over time in SMGW-BH-A107 ........................................................... 46 
Figure 5-3: Filtered zinc concentrations over time in MW1, St Marys ............................................. 46 
Figure 6-1: Daily inflows and EC at Claremont Meadows Offsite Tanks......................................... 49 
Figure 6-2: Cumulative volumes to Offsite Tanks at Claremont Meadows ..................................... 50 
Figure 6-3: Tradewaste from Claremont Meadows - 3 December 2023 to 30 June 2024 .............. 50 
Figure 6-4: Daily plant feed flows and EC at Orchard Hills 1 .......................................................... 51 
Figure 6-5: Daily inflows and EC at WTP feed for Orchard Hills 2 .................................................. 52 
Figure 6-6: Cumulative inflows at WTP feed at Orchard Hills 1 ...................................................... 53 
Figure 6-7: Cumulative plant feed volumes to Orchard Hills 2 ........................................................ 53 
Figure 6-8: Daily inflows and EC at Airport Business Park WTP .................................................... 54 
Figure 6-9: Cumulative WTP volumes at Airport Business Park ..................................................... 55 
Figure 6-10: Inflows (per 12hrs) and EC at Airport Terminal WTP ................................................. 55 
Figure 6-11: Cumulative discharge volume at Airport Terminal ...................................................... 56 
Figure 6-12: Daily inflows and EC at Bringelly WTP feed ............................................................... 57 
Figure 6-13: Cumulative volume at Bringelly WTP feed ................................................................. 58 
 

Annexures 
Annexure A Water quality data summary December 2023 to June 2024 ................................. 63 
Annexure B Laboratory Reports ............................................................................................... 64 
Annexure C VWP hydrographs to June 2024 ........................................................................... 65 
Annexure D GDE groundwater and EC data ............................................................................ 66 
Annexure E Statistical trend analysis – groundwater quality .................................................... 67 
Annexure F QAQC Report ....................................................................................................... 68 
Annexure G St Marys Station Monthly Mitigation Monitoring Report 12 – June 2024 .............. 81 
Annexure H AMBS report – Survey 3 ....................................................................................... 82 
Annexure I Claremont Creek – AUSRIVAS & Surface Water Quality Survey ............................ 83 
  







   

 

CPB Contractors Ghella JV 
Sydney Metro – Western Sydney Airport  
Station Boxes and Tunnelling Works 

                                        Biannual GME Report - December 2023 to June 2024| Page 1 

  

 

OFFICIAL 

1 Introduction 

Sydney Metro has engaged CPB Ghella Joint Venture (CPBG) for the design and construction of 
Station Boxes and Tunnelling Works (SBT Works) for the Western Sydney Airport (WSA) project 
(the Project). The Project forms part of the broader Sydney Metro network and involves the 
construction and operation of a new 23 km metro rail line from the existing Sydney Trains 
suburban T1 Western Line (at St Marys) in the north and the Aerotropolis (at Bringelly) in the 
south. The alignment includes tunnels and civil structures, including a viaduct, bridges, and surface 
and open-cut troughs between the two tunnel sections (Figure 1-1 below).  

This Biannual Groundwater Monitoring Report has been prepared by Tetra Tech Major Projects 
Pty Ltd (Tetra Tech) on behalf of CPBG to report on the second round of groundwater monitoring 
and compare it to results from the initial monitoring event undertaken in 2023 (Document Ref: 
SMWSASBT-CPG-SWD-SW000-GE-RPT-040410) and to baseline groundwater conditions as well 
as the adopted performance criteria, as outlined in the Groundwater Monitoring Plan (Document 
Ref: SMWSASBT-CPG-SWD-SW000-GE-RPT040404, Rev 4). 

This report summarises the groundwater level and groundwater quality monitoring undertaken as 
detailed in the Groundwater Monitoring Plan (GMP) for the second biannual reporting period. The 
report includes groundwater level and monitoring data collected between 1st December 2023 and 
28th June 2024. Groundwater level and quality data is compared to results from the previous 
(initial) monitoring period and trigger levels as outlined in the GMP. 

1.1 Project background and location 

The Project is being delivered through several work packages, with SBT works package including 
the design and construction of:  

• Northern Tunnels (between Orchard Hills and St Marys) 

• Southern Tunnels (between Western Sydney International (WSI) and the new Aerotropolis 
station) 

As well as excavation works including: 

• Four station boxes with temporary ground support at St Mary’s, Orchard Hills, Airport 
Terminal and Aerotropolis 

• Two intermediate service facilities, one for each tunnel sections at Claremont and Bringelly 

• Turn back excavations and stub tunnels for future extensions to the network 

 
An overview of SBT works, including the tunnels and excavation areas, is shown in Figure 1-1. 
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Figure 1-1: Overview of SBT works 

 

1.2 Construction status 
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Figure 1-2 Portion N3 Claremont Meadows Facility. 

 

 

Figure 1-3 Portions N4 to N8, Orchard Hills Area. 
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Figure 1-4 Portions S1, S2 and S12, Airport Station. 

 

 

 

Figure 1-5 Portions S3 and S4, Airport Terminal. 
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Figure 1-6 Portion S8, SBT Areas Primary Spoil Site 

Figure 1-7 Portion S5, Bringelly. 
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Figure 1-8: TBM progress – December 2023 to June 2024 

  



   

 

CPB Contractors Ghella JV 
Sydney Metro – Western Sydney Airport  
Station Boxes and Tunnelling Works 

                                        Biannual GME Report - December 2023 to June 2024| Page 10 

  

 

OFFICIAL 

2 Groundwater Monitoring Program Requirements 

2.1 Monitoring Program 

A GMP has been developed to meet the requirement for a groundwater construction monitoring 
program (requirement C13 of the Conditions of Approval for Sydney Metro – Western Sydney 
Airport (SSI 10051)).  

The GMP describes how CPBG will monitor the extent and nature of potential impacts to 
groundwater levels and quality during the SBT Works, which will allow for implementation of 
appropriate management measures to address construction impacts. During this reporting period, 
a number of sites and the associated groundwater monitoring network were handed over to the 
Stations, Systems, Trains, Operations and Maintenance (SSTOM) Contractor, Parklife Metro 
(PLM).  

The complete monitoring program for SBT works is detailed in the GMP and summarised in the 
sections below, with all previous and current monitoring locations shown on Figures 2-1 to 2-4. A 
summary of the groundwater monitoring network associated with the SBT Works for this reporting 
period is provided in Table 2-1 and Table 2-2. Monitoring locations that are not associated with the 
SBT Works for this reporting period are not addressed within this report. The requirements of the 
CPBG GMP are no longer applicable at these locations. 

Monitoring is also undertaken as part of the mitigation and management measures associated with 
groundwater contaminated with chlorinated hydrocarbons from a former dry cleaner located at 1-7 
Queen St, St Marys, approximately 200m west of the St Marys Station Box. Mitigation monitoring is 
discussed in detail in Section 2.5.  
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Figure 2-1: Construction groundwater monitoring program – St Marys Station 
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Figure 2-2 Construction groundwater monitoring program – South Creek to Orchard Hills Station 
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Figure 2-3: Construction groundwater monitoring program – WSI and Bringelly Services Facility 



   

 

CPB Contractors Ghella JV 
Sydney Metro – Western Sydney Airport  
Station Boxes and Tunnelling Works 

                                        Biannual GME Report - December 2023 to June 2024| Page 14 

  

 

OFFICIAL 

 

Figure 2-4: Construction groundwater monitoring program – Aerotropolis Core Station 

 

2.2 Methodology 

The groundwater monitoring methodology implemented during the SBT Works is detailed in the 
GMP and summarized below. Specifically, this methodology provides an approach for collection 
and assessment of: 

• Groundwater level as metres below the top of casing (mBTOC) groundwater and Australian 
Height Datum (mAHD) (as manual measurements and automated datalogger download) 

• Groundwater salinity as electrical conductivity (EC) (field measurement and EC datalogger 
download) 

• Groundwater quality at key locations (field measurement and sample collection for laboratory 
analysis) 

The methodology also provides quality assurance/quality control procedures for collecting and 
managing environmental datasets. 

The groundwater sampling methodology has been developed for compliance with the following 
Australian and International Standards and Guidance: 

• AS/NZS 5667.11:1998: Water Quality – Sampling Part 11: Guidance on Sampling of 
Groundwaters (Reconfirmed 2016) 
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• AS/NZS 5667.1:1998: Water Quality – Sampling Part 1: Guidance on the Design of Sampling 
Programs, Sampling Techniques and the Preservation and Handling of Samples (Reconfirmed 
2016) 

• Sundaram et al (2009) Groundwater Sampling and Analysis – A Field Guide. Geoscience 
Australia.  

With the exception of mitigation monitoring (as outlined in Section 2.6) all groundwater monitoring 

was undertaken by CPBG personnel. Data portal access, or a summary of field and laboratory 

data, was provided to Tetra Tech for reporting and comparison with triggers.  

2.3 Groundwater Levels 

2.3.1 Grouted Vibrating Wire Piezometers (VWPs) 

Grouted VWPs have been installed post-award at 45 locations by CPBG, with the locations of the 
29 VWP monitored under the GMP shown in Figures 2-1 to 2-4, and summarised in Table 2-3. Key 
VWPs with level triggers are summarised in Table 4-2, noting that some locations monitored for 
design purposes do not have triggers. 

Telemetered monitoring of groundwater level data for VWPs is hosted on CPBG’s SensGrid portal.  

Groundwater level results from 1st December 2023 to 28th June 2024 are summarised and 
compared to triggers in Section 5.1, and graphically shown in Annexure C. 

2.3.2 Continuous electrical conductivity/groundwater level monitoring 

EC and groundwater level data was initially continuously logged at six locations to monitor 
conditions during the construction phase to assess potential risks to groundwater dependent 
ecosystems (GDEs).  Two of the six locations remain under CPBG control; SBT-GW-1805 and 
SBT-GW-1028, with PLM now responsible for monitoring at the other four locations. 

GDE monitoring well details and triggers, including their current monitoring status for this reporting 
period are provided in Section 4.2, with results and comparison to triggers in Section 5.1 and 
Section 5.2.  

Graphs displaying all results and triggers are provided in Annexure D. 

2.3.3 Manual Groundwater Levels 

Manual gauging to measure groundwater levels was undertaken on groundwater monitoring bores 
prior to sampling for groundwater quality.  

Gauging was conducted using an electronic groundwater level interface meter from a known 
(surveyed) point at the top of the bore casing. Measurements were recorded to the nearest 
millimetre (mm) and recorded as mBTOC. Where survey data is available, the groundwater level 
data has been corrected to mAHD.  

A summary of all available manual gauging data to date for the selected monitoring wells can be 
found with the groundwater quality results in the tables in Annexure A. 
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Decontamination of re-useable sampling equipment was conducted between each sampling 
location. Equipment was rinsed with tap water, cleaned with Liquinox (or equivalent), further rinsed 
with tap water and then deionised water. Equipment was then allowed to dry before being used.  

2.4.3 Quality assurance and quality control 

Quality assurance (QA) and quality control (QC) measures implemented during sampling and field 
data collection to ensure data integrity are detailed in Section 7 of the GMP. The measures 
outlined in the GMP included:  

• Using NATA accredited laboratories for sample analysis;  

• Using Chain of Custody (CoC) procedures between sample collection in the field and 
subsequent reception of the sample by the laboratory. CoC documentation included the 
sample type and code, analysis required, collection data, sampler and sample receiver(s);  

• Implementing appropriate sample handling and storage protocols, including using 
laboratory supplied containers, keeping samples chilled during storage and transport, and 
ensuring samples are received in good condition within specified holding times by the 
laboratory;  

• Adopting a consistent program of quality control sampling for fieldwork, including:  

o Collection of duplicate and triplicate samples at an average frequency of one 
sample per twenty primary samples (an overall ratio of 1:10 where PFAS sampled in 
accordance with NEMP 2.0); 

o Collection of rinsate blanks to measure the effectiveness of decontamination 
procedures; and 

o Collection of trip blanks to assess the adequacy of sample storage and transport 
procedures in preventing cross contamination.  

As detailed in Section 7.10 of the GMP, a data validation assessment was completed for samples 
collected during groundwater monitoring up to 28th June 2024, and is provided in Annexure F. 

 

2.4.4 Documentation of field results 

CPBG protocols were applied during field works. Field forms are reported by CPBG to have 
included the following detail: 

• Bore location and condition; 

• Summary of climatic setting including weather; 

• Type of equipment used and equipment serial numbers/calibration certificates;  

• Method of sampling (Hydrasleeve deployment and retrieval dates);  

• Details of the sampler;  

• Field parameters, groundwater level, odour, colour and any other observations made during 
sampling; and 

• Date and time of sampling.  

A summary of field monitoring and sampling results provided by CPBG is included as Annexure A.  

 

2.5 Mitigation monitoring – St Marys 

Groundwater contaminated with chlorinated hydrocarbons from a former dry cleaner located at 1-7 
Queen St, St Marys has been identified approximately 200m west of the St Marys Station Box. 
Construction related dewatering during station box construction was predicted to draw down 
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groundwater in the vicinity, reversing the existing westerly groundwater flow direction, potentially 
drawing the contamination toward the excavation (Tetra Tech 2023b).  

A permeable reactive barrier (PRB) was installed in May 2023 to intercept potential migration of 
chlorinated hydrocarbons in groundwater due to construction associated drawdown. Given the 
potential for unacceptable vapour inhalation or direct contact risk, mitigation monitoring has been 
implemented to assess conditions, and identify if contingency mitigations need to be implemented 
before an unacceptable risk occurs. 

In addition to monitoring for potential contaminant mobilisation due to station construction, a 
weekly monitoring program was implemented on behalf of Sydney Metro to assess conditions in 
the vicinity of the source area when the TBMs pass through the area.  

The TBM monitoring included weekly sampling of groundwater in the vicinity of the former dry cleaner 
at 1-7 Queen Street. The monitoring started in mid-March, four weeks before TBM-1 passed through 
the suspected source area (12 April 2024), and will continue until four weeks after TBM-2 passes 
through in mid to late June 2024. The program nominally consists of 16 weekly monitoring events. 

The TBMs are pressurised, therefore PRB mitigation monitoring wells within 3m of the tunnels 
required decommissioning prior to the TBMs passing through the area, as the wells potentially 
provided a pathway to the surface which would result in depressurisation. The mitigation monitoring 
program was revised as many monitoring wells were decommissioned (Tetra Tech 2024). 

The purpose of the mitigation monitoring is to: 

• Monitor the effectiveness of the PRB;  

• Identify if an adverse change in risk profile is likely which requires contingency mitigation 
measures to be implemented as outlined in the Remediation Action Plan (RAP, Tetra Tech 
2023c). This will be assessed if detectable concentrations of chlorinated ethenes are 
reported between the station and the PRB, and concentrations exceeding the trigger values 
are predicted to reach the excavation before sealing occurs; and 

• Assess potential impacts of tunnelling beneath the suspected source area on chlorinated 
hydrocarbon concentrations and trends in groundwater due to at the rear of the former dry 
cleaner. 

Details of the mitigation monitoring program are provided in Section 6.3.1 of the GMP, with 
amendments made to the program between December 2023 and June 2024 included in the 
Monthly Mitigation Monitoring Report for June 2024 (provided as Annexure G). 

The TBMs broke through at St Marys Station Box in May (TBM-1) and 20 June 2024 (TBM-2). 

Monitoring wells included in the mitigation monitoring network both before and after well 
decommissioning in April 2024 are shown on Figure 2-5, with details in Table 2-4 and Table 2-5. 
Sampling was undertaken by Tetra Tech as detailed in Annexure G.  
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As noted in Section 6.4.1 of the GMP, preliminary SSTVs were developed following completion of 
baseline groundwater level and quality monitoring. No baseline EC or preliminary EC SSTV was 
able to be established at SBT-GW-1028 as the well was unable to be located during baseline 
monitoring. The well has subsequently been located and field readings of EC collected. The EC 
SSTV was established based on a rolling mean following the collection of three samples. In 
analysing the data, the SSTV responses would be initiated as per the instructions in Section 4.2. 
Further discussion provided in Section 5.2. 

SBT-GW-4005 was dry and unable to be sampled. Groundwater level data obtained from nearby 
SWD-TU351-37471-VWP06 have been used to assess groundwater levels in the area (refer to 
Annexure C).  

3.2 Groundwater quality 

The groundwater sampling compliance and quality control assessment is presented in the Quality 
Assurance Report in Annexure F. Recommendations from the assessment are included in Section 
7.2. 

Overall, the percentage of issues identified in the quality assessment (1.5%) indicates that the 
dataset is acceptable, and of appropriate quality for use.  













   

 

CPB Contractors Ghella JV 
Sydney Metro – Western Sydney Airport  
Station Boxes and Tunnelling Works 

December 2023 to June 2024 | Page 33 

 

OFFICIAL 

Site specific triggers are outlined in the GMP and summarised below in Table 4-5. Triggers are 
based on detection of a COPC at a concentration above the baseline maximum, with action 
triggers set for filtered metal concentrations. 

This approach acknowledges that existing groundwater conditions exceed EPL limits for a number 
of parameters in groundwater along the alignment. An adverse change in risk is likely to be at 
locations where high concentrations already exist (as reported in the baseline assessment), with 
the intent of the triggers to identify where conditions have significantly changed. 

At select sentinel wells, and for analytes where baseline concentrations are less than 10 x the EPL 
but exceed the initial screening criteria (based on ANZG 2018, 95% species protection), a potential 
adverse change in conditions is identified by statistical trend assessment (Mann Kendall Statistic), 
rather than via specific action triggers. As trend analysis requires a minimum of four values, and 
many construction sampling locations have three or less baseline values, the analysis has been 
undertaken using the two most recent baseline values combined with the construction monitoring 
phase data. 

Where a statistically increasing trend is reported, the baseline data range will be reviewed, and a 
trigger exceedance reported if the construction monitoring concentration is greater than 250% of 
the maximum historical concentration.  

Where a trigger is exceeded, or a statistically increasing trend is identified for select analytes (see 
Table 4-5) and concentrations exceed the initial screening criteria, then an investigation will be 
carried out which may include: 

• Further monitoring to confirm groundwater conditions (increased frequency).  

• Assessment to identify if the exceedance represents an adverse change in risk profile and 
a remedial response is required (refer to Section 7.9.1 of the SWMP), or if the action trigger 
should be revised or implemented in a sentinel well or for the COPC triggered.  

Where trigger exceedances are identified, and concentrations are outside the background range 
for groundwater along the alignment, the monitoring program will also be reviewed and updated as 
required. 
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5 Groundwater Monitoring Results 

The sampling and monitoring results from the six months of construction monitoring to the 28th 
June 2024 are included in the following Annexures: 

• Annexure A – Summary of Groundwater quality results, with full laboratory reports as 
provided by CPBG in Annexure B 

• Annexure C – VWP hydrographs showing groundwater levels and triggers for each location 

• Annexure D – Groundwater level and EC for continuous monitoring wells, with SSTVs 
shown for GDE monitoring locations 

• Annexure E – Statistical analysis of groundwater COPC concentrations for wells with 
triggers based on trend analysis 

All trigger exceedances identified are discussed in the following sections. 

5.1 Groundwater Levels 

Groundwater levels were monitored by continual telemetry at a total of 22 VWP locations during 
this monitoring period, with 12 of these locations having established groundwater trigger levels and 
six of these locations also monitoring EC concentrations. Hydrographs of groundwater level are 
provided in in Annexure C and Annexure D.  

Groundwater level triggers were exceeded during the monitoring period at eight locations which 
are summarised in in Table 5-1, and graphs of levels provided in Annexure C.  

Groundwater levels also show some decrease at most other VWP locations which do not have 
trigger levels (graphs also provided in Annexure C). Most locations generally showing some 
stabilisation of levels over time. 

 











   

 

CPB Contractors Ghella JV 
Sydney Metro – Western Sydney Airport  
Station Boxes and Tunnelling Works 

December 2023 to June 2024 | Page 41 

 

OFFICIAL 

trigger values prior to works commencing in the area. It is recommended to reduce trigger levels 
by 0.5m based on the availability of more data to assess natural variability. Logger data indicates 
that groundwater levels for the most recent reading on 18 June 2024 are slightly below the red 
trigger (68.99mAHD), manually gauged level readings from 18 June 2024 indicate that 
groundwater levels remain above the revised red trigger at 69.135mAHD. 

The groundwater level decrease in February 2024, which coincided with the TBMs reaching 
XPS13, would exceed the revised amber, but not the revised red trigger.  

As the closest GDE is 230m away, and drawdown beside the XPS13 is less than 2m, if levels 
remain above the red trigger, then active management measures are not considered to be 
required. 

5.1.4 SBT-GW-4008 and SBT-GW-4010 

No level data is available for SBT-GW-4008 in this monitoring period as loggers are unable to be 
downloaded as connections are damaged. 

The well has been dry since first manually gauged on 8 May 2024, after the TBMs had passed 
through the area, indicating that groundwater has drawdown at least 16m. Manual gauging has 
confirmed drawdown, with the well dry when gauged on 27 May 2024 and 7 June 2024 after cross 
passage (XPS 20) construction commenced on 24 May 2024. 

Groundwater levels at SBT-GW-4010 show a very gradual decrease over time from the start of 
monitoring in May 2023 until October 2023. Water level data logger failed mid-October 2023 until 
early June 2024. Water level data logger recordings from 7 June 2024 onward show stabilization of 
water level at around 66 mAHD which remains exceeding the red trigger level by approximately 6.2 
meters. 

As the lateral extent and duration of drawdown is unknown, impacts on groundwater receptors are 
unclear. As such further, investigation was undertaken to determine the potential impacts of the 
decrease in water levels.  

Based on the pre-construction depth to groundwater measured at SBT-GW-4008 and SBT-GW-
4010 and the geological log for this borehole, the watertable was positioned approximately 6 and 5 
m bgl respectively, placing it 3 m and 1.5m below the top of the weathered siltstone rock. While the 
root depths of individual tree species can vary significantly, the average maximum root depth of 
mature trees is around 5 m, with the vast majority of the root mass occurring within the first 0.5 m 
of the soil profile (Canadell et al., 1996). The likelihood that deep roots would penetrate several 
metres into siltstone rock to access the watertable is relatively low outside of arid climate settings, 
as shallow sources of rainfall recharge would be more readily available. The available data, whilst 
limited, suggests that it is unlikely that local vegetation would access and rely on groundwater.  

Furthermore, it was noted that SBT-GW-4008 and SBT-GW-4010 are in an area subject to precinct 
planning requirements of the Order to confer biodiversity certification on the State Environmental 
Planning Policy (Sydney Region Growth Centres) 2006. This SEPP has been superseded by the 
State Environmental Planning Policy (Precincts—Western Parkland City) 2021. 

Section 3.28 of the Precincts – Western Parkland City SEPP stipulates when approval to clear 
native vegetation is required. This includes land zoned for Environmental and Recreation, land 
identified as a High Biodiversity Value Area, Flood Prone and Major Creeks land and Transitional 
Land. This well is not located in or near any of these areas.  

Given that there is limited evidence to indicate that the vegetation in this area is groundwater 
dependent, as well as the fact that these wells are located within a biodiversity certified area, no 
further action is recommended. 

 

5.2 EC Results  
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5.3 Groundwater Quality Results 

5.3.1 Cross Passage Construction 

Seven locations were monitored to assess the impact of cross passage construction on 
groundwater quality, with sampling dates and changes in groundwater chemistry summarised in 
Table 5-5.  

Where four or more sample results are available groundwater quality trends have been statistically 
assessed (summary provided in Annexure E). Where three or less data points are available, the 
results have been reviewed qualitatively for significant changes in response to construction. 

Where changes in groundwater quality during construction were identified, the range of 
concentrations reported during the baseline assessment (Tetra Tech 2023d) have been reviewed 
to assess whether quality results reported during construction were outside of the baseline range.  

Recommendations are provided where additional sampling is required to confirm post construction 
conditions or, where monitoring is ongoing, to assess additional analytes. 
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Figure 5-2: Groundwater pH over time in SMGW-BH-A107 

The concentration of zinc (filtered) in MW1 in March 2024 represented a threefold increase over 
the previous reported maximum (Figure 5-3), with concentrations historically ranging from <5 µg/L 
to 21 µg/L. Groundwater levels in MW1 have not been affected by construction activities, and the 
TBMs did not pass beneath MW1 until April/May 2024, therefore the change in zinc concentrations 
is not attributed to project activities. Additional monitoring will assess whether the concentration of 
65 µg/L in March 2024 represents an increase over the longer term.  

 

 

Figure 5-3: Filtered zinc concentrations over time in MW1, St Marys 

Note that the responsibility for construction monitoring has now been passed to PLM for the 
following locations where trigger exceedances were identified in the previous Biannual report:  
SBT-GW-1002 (for aluminium) 

• SMGW-BH-A401 (for total phosphorus)  

• SBT-GW-1042 (for pH)  

• SBT-GW-1017 (for zinc)  

• SBT-GW-1001 (for cadmium).
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5.4 Mitigation Monitoring – St Marys 

Groundwater mitigation monitoring has been conducted at St Marys in accordance with the 
mitigation monitoring program as detailed in Section 2.5. The full report for June 2024 is provided 
in Annexure F. In summary, the results to the end of June 2024 indicate: 

• Groundwater levels close to the Station excavation have been drawn down by excavation 
related dewatering, however Station construction activities do not appear to have changed 
the groundwater flow regime and gradient in the vicinity of the chlorinated hydrocarbon 
source area and PRB; 

• Concentrations of chlorinated hydrocarbons in groundwater samples collected from 
between the PRB and the station box were below the LOR and the trigger values; 

• Concentrations of Trichloroethene (TCE) and cis 1,2 dichloroethene (DCE) are statistically 
increasing in one monitoring well (MW2) in the vicinity of the contaminant source, with all 
other key chlorinated hydrocarbons in source area wells decreasing, stable, or showing no 
trend, and are broadly consistent with previously reported concentrations; 

• The maximum concentrations in MW2, where TCE and cis 1,2 DCE were statistically 
increasing, were reported in early May and corresponded with TBM-1 passing beneath the 
source area. Lower concentrations within the historical range were reported in all following 
monitoring events in May and June 2024, indicating that the increase was transient. The 
short-term increase is not considered to indicate a major change in conditions, or an 
adverse change in the risk profile; 

• No additional assessment or contingency measures are currently required. 

The second TBM (TBM-2) broke through at St Marys on 20 June 2024, therefore weekly sampling 
in the source area will continue at least until 12 July, which will provide four rounds of post-TBM 
data. 

PRB mitigation monitoring will continue to assess groundwater levels and gradients, and 
contaminant concentrations between the Station box excavation and the PRB. 

  









   

 

CPB Contractors Ghella JV 
Sydney Metro – Western Sydney Airport  
Station Boxes and Tunnelling Works 

December 2023 to June 2024 | Page 51 

 

OFFICIAL 

6.2 Orchard Hills 1 

Flow into the excavation at Orchard Hills commenced early April 2023, although volumes were 
minor until mid-June 2023.   

There are two WTP at Orchard Hills; Orchard Hills 1 and Orchard Hills 2.  

Water from Orchard Hills 1 is either transported to Claremont Meadows or the recycle tank which is 
used for dust suppression. The average measured daily flow at Orchard Hills 1 was 92 kL/day at 
the measurement point, with sporadic maximums of around 600 kL/day reported in June 2023, 
December 2023 and May 2024 (Figure 6-4). 

Water from Orchard Hills 2 is fed into the plant (included in OH1) of offsite tanks at Airport Dive to 
be used for dust suppression (Figure 6-5). The highest flows were reported in September and 
October 2023 of over 2,400 KL/day. In the past eight months daily flows have significantly reduced, 
and have averaged around 90 KL/day since December 2023, similar to OH1. 

 

 

Figure 6-4: Daily plant feed flows and EC at Orchard Hills 1 
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Figure 6-6: Cumulative inflows at WTP feed at Orchard Hills 1 

 

 

Figure 6-7: Cumulative plant feed volumes to Orchard Hills 2 

A total of nearly 58 ML has been recorded at Orchard Hills 1, with flow relatively constant since 
mid-June 2023 (Figure 6-7). Total volumes at Orchard Hills 2 have been slightly higher (~64 ML), 
with the majority of flow occurring since September 2023 (Figure 6-7).  
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Electrical conductivity data indicates that flows to the WTP have increased over time from 5 mS/cm 
or less from mid December 2023 to early February 2024, up to between 15 to 20 mS/cm in the 
second half of June 2024. 

The ECs of inflow to the WTP were initially much less than the mean EC reported in all aquifers for 
the baseline groundwater assessment on Airport Land (Table 6-4), but by June 2024 were similar 
to what is expected from groundwater inflows. Total discharge volumes at Airport Terminal since 
December 2023 have been approximately 66 ML (Figure 6-11). 

 

 

 

 

 

Figure 6-11: Cumulative discharge volume at Airport Terminal 

6.2 Bringelly 

Bringelly Shaft excavation started 22nd December 2022 and finished 5th September 2023. 

Flow into the excavation at Bringelly commenced May 2023, with an average measured daily 
inflow of 9.5 kL/day and a maximum of 146 kL/day on the 16th April 2024. With the exception of the 
spike around mid-April 2024, there has been limited flow to the WTP since mid-March 2024. 

EC data indicates that excavation inflows rapidly increased to >20 mS/cm (assumed to be the 
maximum range for the sensor), decreasing slightly after excavation finished in September to 
around 17 mS/cm, similar to the baseline EC range for the area (Table 6-5). In January and 
February 2024, the water quality changed significantly from an EC of close to 20 mS/cm at the 
start of the year, decreasing to ~2.5 mS/cm at the start of March.  

As with Orchard Hills, the flow from Bringelly is then transported to CLM. Total volumes discharged 
from Bringelly to May 2024 were approximately 4.19ML (Figure 6-13). 
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Figure 6-13: Cumulative volume at Bringelly WTP feed 



 

 

Station Boxes and Tunnelling Works 

 

7 Conclusions and recommendations 

7.1 Conclusions 

Due to the progression of works, 26 wells and 29 VWPs have been handed over to PLM since the 
beginning of the program as they monitor areas no longer controlled by CPBG. 

Of the wells and VWPs remaining within CPBG’s control during this monitoring period, an 
additional 12 monitoring wells and 12 VWPs were either damaged, destroyed or decommissioned 
prior to TBMs passing through the area. These included:  

• Seven mitigation monitoring and/or contingency wells associated with the PRB in St Marys 
(SBT-GW-1012, SBT-GW-1013, SBT-GW-1014, SBT-GW-1347B, SBT-GW-1348A, SBT-
GW-1348B and SBT-GW-1348C) and three GMP wells (SBT-GW-1019_R, SBT-GW-1020 
and SBT-GW-1022) were decommissioned by CPBG to prevent depressurisation as the 
TBMs moved through the area immediately to the west of St Marys Station.  

• SBT-GW-4008 was reported as damaged, with attempts made to repair the well so far 
unsuccessful. Manual gauging indicates groundwater in this area has drawn down by more 
than 16m. This well was required for monthly monitoring during construction of cross 
passage XP-S20, with works on XP-S20 recently completed in August 2024.   

• The majority of VWPs that were damaged or destroyed were in areas that have been 
handed over by CPBG due to the progression of work. Damaged or destroyed locations 
should be assessed by PLM to determine if potential risks to groundwater receptors based 
on construction activities indicate replacement is warranted.  

• The EC logger at GDE monitoring well SBT-GW-1805 is malfunctioning. Based on available 
lab and field EC data there has not been an exceedance of the EC trigger level. Continue to 
monitor at this location.  

Eight locations had exceedances of groundwater level triggers in the current monitoring period:  

• SMGW-BH-A107 which monitored construction of XP-N09 showed drawdown aligning with 
TBMs passing through the area and construction of the cross passage, with no recovery yet 
reported. Ecological survey concluded that ecosystem conditions were similar to previous 
surveys completed prior to drawdown occurring and no impact has been observed. 

• SMGW-BH-A105S, which monitors cross passage construction activities at XP-N05, 
reported a temporary breach of the green trigger which does not align with activity dates. 

• SBT-GW-4000 and SBT-GW-4010 monitored during cross passage construction activities 
at both show drawdown aligned with the start of construction activities in that area and 
continued drawdown to current reporting date aligning with ongoing construction activities 
in those areas. 

• SBT-GW-4008 was damaged and no level data could be obtained from logger. The well 
has been dry since first manually gauged on 8 May 2024. Manual gauging has confirmed 
drawdown, with the well dry when gauged on 27 May 2024 and 7 June 2024 after cross 
passage (XPS 20) construction commenced on 24 May 2024. SBT-GW-4008 and SBT-
GW-4010 are located in a biodiversity certified area and there is limited evidence to indicate 
that vegetation located near these wells are groundwater dependent.  

• SWD-TU100-20071-VWP07-A in Claremont Meadows and SWD-TU351-37371-VWP04 in 
Bringelly both had green trigger levels exceeded but water levels have either stabilised or 
are decreasing gradually and should continue to be monitored. 

• SWD-TU150-22010-VWP02 in Orchard Hills has levels exceeding the red trigger level and 
continued to show a gradual decreasing trend based on data up to June 2024.  
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Groundwater levels in nearby SBT-GW-1042 at the end of January 2024, and vegetation 
monitoring in June 2024 indicate that the main woodlands area to the east of the Orchard 
Hills site has not been impacted by construction related drawdown.  

The only groundwater quality trigger exceedance reported during this reporting period was for 
PFAS in SBT-W-1019_R. Only the shallow sample exceeding the trigger, with both deeper 
samples below the level of reporting (LOR) of 0.01 µg/L, indicating the vertical extent of impact 
was limited. This minor trigger exceedance is therefore not considered to indicate a change in 
conditions, or risk profile. Mann-Kendall statistical analysis used to assess trends for selected 
COPCs indicated the following trends:  

• pH was observed to be statistically increasing at SBT-GW-1019_R and SMGW-BH-C330. 
However, the latest pH was less than the previous maximum reported (SBT-GW-1019_R) 
or the increase bought the pH into the neutral range (SMGW-BH-C330). The pH changes in 
these wells are therefore within the expected or desired range and no further action is 
required. 

• Changes in concentrations of total nitrogen in MW1 and zinc in SBT-GW-1024 were either 
within the previous range or indicated an improvement in groundwater quality. 

• The increase in laboratory-measured pH above the previous range in SMGW-BH-A107 in 
June 2024 (Figure 5-1) corresponds to construction of XP-N09, and significant drawdown of 
groundwater levels in the area. 

• The concentration of zinc (filtered) in MW1 in March 2024 represented a threefold increase 
over the previous reported maximum. However, construction was occurring not within the 
area at the time the sample was taken. 

Some changes in groundwater quality during cross passage construction at SMGW-BH-A360, 
SMGW-BH-A107, SBT-GW-1031, SBT-GW-4000 and SBT-GW-4010 were observed.  

Assessment of water quality is relevant for the project, as outlined in the NSW Aquifer Interference 
Policy (AIP). Table 1 of Minimal Impact Consideration for Aquifer Interference Activities for 
fractured rock water sources indicates the relevant consideration with respect to water quality 
consists of: “Any change in the groundwater quality should not lower the beneficial use category of 
the groundwater source beyond 40 m from the activity.”   

Based on the results of the second six monthly monitoring event there has been no adverse 
change in groundwater conditions or the beneficial use of groundwater. 

7.2 Recommendations 

The following is recommended in relation to observed groundwater water quality trends: 

• Post construction cross passage monitoring at SMGW-BH-A360 to include TPH due to 
increase in TOC. 

• Post construction cross passage monitoring at SMGW-BH-A107 and SBT-GW-1031 to 
include sample for base suite to confirm return to pre-construction conditions. 

• Post construction cross passage monitoring at SBT-GW-4000 to include sample for base 
suite and TPH to confirm return to pre-construction conditions. 

The groundwater sampling compliance and quality control assessment is presented in the Quality 
Assurance Report in Annexure F. Recommendations from the assessment included: 

• Sample turbidity should be considered when interpreting total metal and nutrient 
concentrations as the presence of particulates may result in higher total concentrations 
being reported.   
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• The number of triplicates collected in future monitoring rounds be increased to be compliant 
with the GMP. 

• The number of trip and field blanks was less than required, however this is not considered 
to affect the useability of the dataset as no detections were reported in the blanks analysed, 
and volatile hydrocarbons are only COPCs at St Marys, where an appropriate number of 
blanks have been analysed (refer Annexure G). 

• Addition field equipment rinsing be conducted with DI water to rinse off residual tap water 
used to wash equipment. 

Recommendations for the next six-month monitoring period, and to groundwater level triggers 
include: 

• Inspections of Claremont Creek stream flow (qualitative observations) and visual water 
level should be conducted periodically (monthly) until groundwater levels at SMGW-BH-
A107 return to above trigger levels, to identify whether remaining pools are at risk of drying 
out. 

• A red trigger exceedance has been identified at SWD-TU150-22010-VWP02 and levels 
continue to decrease. CPBG will continue implementing the current GDE vegetation 
monitoring at Orchard Hills, however GDE monitoring show no significant impact to GDE. 
Should outcomes of this monitoring indicate potential impacts to vegetation as a result of 
the decrease in water levels at SWD-TU150-22010-VWP02, the existing GDE vegetation 
monitoring methodology would be expanded to include additional survey sites in order to 
determine the potential extent of the impact.  

• The EC logger in SBT-GW-1805 is malfunctioning. Maintenance to repair the logger is 
recommended, with monthly manual gauging and EC measurements in the interim.  

• Attempts to repair SBT-GW-4008 should continue to allow for monitoring of recovery now 
that construction of XP-S20 is complete. Monitoring is required to provide data to assess 
the potential for construction related drawdown to have longer term effects on GDEs, i.e 
greater than 6 months, and other potential secondary impacts.  

• Groundwater trigger levels be decreased by 0.5m at SBT-GW-4000 based on additional 
data available to define pre-construction groundwater level ranges. 
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Annexure A  Water quality data summary December 2023 to June 2024  
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Annexure C  VWP hydrographs to June 2024 
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Annexure D  GDE groundwater and EC data 
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Annexure E Statistical trend analysis – groundwater quality 
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Annexure F  QAQC Report 
F.1 Introduction 
All groundwater quality monitoring was undertaken by CPBG trained personnel, and is understood 
to have been completed in accordance with the methodology detailed in Section 7.4 of the GMP.   
Quality assurance (QA) and quality control (QC) measures during sampling and field data 
collection to ensure data integrity are detailed in Section 7 of the GMP. The measures outlined in 
the GMP included:  

• Use of NATA accredited laboratories for sample analysis;  

• Use of Chain of Custody (CoC) procedures between sample collection in the field and 
subsequent reception of the sample by the laboratory. CoC documentation included the 
sample type and code, analysis required, collection data, sampler and sample receiver(s);  

• Appropriate sample handling and storage including using laboratory supplied containers, 
keeping samples chilled during storage and transport, ensuring samples are received in 
good condition within specified holding times by the laboratory;  

• A consistent program of quality control sampling was adopted for fieldwork, including:  

o Collection of duplicate and triplicate samples at an average frequency of one sample 
per twenty primary samples (an overall ratio of 1:10 where PFAS sampled in 
accordance with NEMP 2.0); 

o Collection of rinsate blanks to measure the effectiveness of decontamination 
procedures; and 

o Collection of trip blanks to assess the adequacy of sample storage and transport 
procedures in preventing cross contamination. 

o  

F.2 Quality ControlThe steps in the sampling and analysis process are subject to natural 
and inherent variability, and this can affect the results produced, and the overall quality of the data 
sets generated. In order to minimise the effect of this, standard procedures are used for works 
carried out in the field, and in the laboratory. The use of such procedures represents one aspect of 
the quality assurance process. To measure the effectiveness of the quality assurance process, 
quality control samples can be tested, and other quality control tests can be conducted during the 
analysis of samples taken in the field. 
Quality control (QC) samples and tests can be used to assess both the accuracy and the precision 
of the results produced.   
Measures of ACCURACY provide information on how close the reported result is to the true result. 
For practical reasons, measures of accuracy are usually confined to the laboratory steps in the 
overall process. 
Measures of PRECISION provide information on the variability in the results. Precision can be 
assessed as: 

• “repeatability” or intra-laboratory variation – the degree of variation in a result when the 
same laboratory analyses a sample (or blind replicate) several times, and;  

• “reproducibility” or inter-laboratory variation – the degree of variation in a result when a 
different laboratory separately analyses a sample. 
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In addition, blank samples can be used to assess whether extraneous materials and factors have 
contributed to the results obtained from the sampling and analysis process. 
QC testing can be conducted for all steps of the sampling and analysis process (referred to as 
Field QC in this report), or just one portion of the process, such as the laboratory steps (referred to 
as Laboratory QC in this report). 
 

F.2.1 Field Quality Control 
Precision of the sample collection, transport and analysis process is measured by the relative 
percent difference (RPD) between duplicate and triplicate results.  
As detailed in the Section 7.7 of the GMP the relative percentage difference (RPD) acceptance limits 
adopted were:  

• No limit analytical results <10 times Level of reporting (LOR) 
• 50% analytical results 10-20 times LOR 
• 30% analytical results >20 times LOR. 

 

F.2.1 Laboratory Quality Control 
Laboratories are accredited by the National Association of Testing Authorities, Australia (NATA) on 
the basis of their ability to provide quantitative evidence of their ability and competence to produce 
reliable results against recognised benchmarks. Both the primary laboratory Australian Laboratory 
Services (ALS) and secondary laboratory Eurofins are accredited by the National Association of 
Testing Authorities (NATA). 

NATA accredited laboratories are able to demonstrate the ability to produce reliable, repeatable 
results for a range of parameters within a range of sample matrices. Each laboratory method used 
undergoes a validation process before it is adopted by the laboratory and accredited by NATA. As 
part of the validation process, the precision and accuracy of the method are established. 

In addition, laboratories conduct their own quality control testing to indicate their performance on 
each reported batch of samples. The results of this testing are compared with the validated 
precision and accuracy. 

Precision of results is measured by the RPD between replicate samples selected at the laboratory. 

Accuracy of results is assessed in a number of ways: 

• Method blanks: An analyte free matrix, which is carried through the complete preparation and 
analytical procedure. 

• Matrix spikes: Known amounts of targeted analytes are added to the samples to be analysed, 
and the spiked samples are processed through the analytical process. The recoveries of the 
spiked analytes are evaluated to determine accuracy in a given matrix.  

• Surrogate spikes: Known amounts of chemical compounds with similar properties to the 
targeted analytes are added to the samples to be analysed, and the spiked samples are 
processed through the analytical process. The recoveries of the surrogate spikes are evaluated 
to determine extraction efficiency.  

• Laboratory control samples (LCS): A clean matrix (not containing any of the analyte of 
interest) spiked with known concentrations of the analytes of interest. LCS samples are 
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Annexure F  QAQC Report 

F.1 Introduction 

All groundwater quality monitoring was undertaken by CPBG trained personnel, and is understood 
to have been completed in accordance with the methodology detailed in Section 7.4 of the GMP.   

Quality assurance (QA) and quality control (QC) measures during sampling and field data 
collection to ensure data integrity are detailed in Section 7 of the GMP. The measures outlined in 
the GMP included:  

• Use of NATA accredited laboratories for sample analysis;  

• Use of Chain of Custody (CoC) procedures between sample collection in the field and 

subsequent reception of the sample by the laboratory. CoC documentation included the 

sample type and code, analysis required, collection data, sampler and sample receiver(s);  

• Appropriate sample handling and storage including using laboratory supplied containers, 

keeping samples chilled during storage and transport, ensuring samples are received in 

good condition within specified holding times by the laboratory;  

• A consistent program of quality control sampling was adopted for fieldwork, including:  

o Collection of duplicate and triplicate samples at an average frequency of one sample 

per twenty primary samples (an overall ratio of 1:10 where PFAS sampled in 

accordance with NEMP 2.0); 

o Collection of rinsate blanks to measure the effectiveness of decontamination 

procedures; and 

o Collection of trip blanks to assess the adequacy of sample storage and transport 

procedures in preventing cross contamination. 

o  

F.2 Quality ControlThe steps in the sampling and analysis process are subject to natural 

and inherent variability, and this can affect the results produced, and the overall quality of the data 
sets generated. In order to minimise the effect of this, standard procedures are used for works 
carried out in the field, and in the laboratory. The use of such procedures represents one aspect of 
the quality assurance process. To measure the effectiveness of the quality assurance process, 
quality control samples can be tested, and other quality control tests can be conducted during the 
analysis of samples taken in the field. 

Quality control (QC) samples and tests can be used to assess both the accuracy and the precision 
of the results produced.   

Measures of ACCURACY provide information on how close the reported result is to the true result. 
For practical reasons, measures of accuracy are usually confined to the laboratory steps in the 
overall process. 

Measures of PRECISION provide information on the variability in the results. Precision can be 
assessed as: 

• “repeatability” or intra-laboratory variation – the degree of variation in a result when the 
same laboratory analyses a sample (or blind replicate) several times, and;  

• “reproducibility” or inter-laboratory variation – the degree of variation in a result when a 
different laboratory separately analyses a sample. 
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In addition, blank samples can be used to assess whether extraneous materials and factors have 
contributed to the results obtained from the sampling and analysis process. 

QC testing can be conducted for all steps of the sampling and analysis process (referred to as 
Field QC in this report), or just one portion of the process, such as the laboratory steps (referred to 
as Laboratory QC in this report). 
 

F.2.1 Field Quality Control 

Precision of the sample collection, transport and analysis process is measured by the relative 
percent difference (RPD) between duplicate and triplicate results.  

As detailed in the Section 7.7 of the GMP the relative percentage difference (RPD) acceptance limits 
adopted were:  

• No limit analytical results <10 times Level of reporting (LOR) 

• 50% analytical results 10-20 times LOR 

• 30% analytical results >20 times LOR. 

 

F.2.1 Laboratory Quality Control 

Laboratories are accredited by the National Association of Testing Authorities, Australia (NATA) on 

the basis of their ability to provide quantitative evidence of their ability and competence to produce 

reliable results against recognised benchmarks. Both the primary laboratory Australian Laboratory 

Services (ALS) and secondary laboratory Eurofins are accredited by the National Association of 

Testing Authorities (NATA). 

NATA accredited laboratories are able to demonstrate the ability to produce reliable, repeatable 

results for a range of parameters within a range of sample matrices. Each laboratory method used 

undergoes a validation process before it is adopted by the laboratory and accredited by NATA. As 

part of the validation process, the precision and accuracy of the method are established. 

In addition, laboratories conduct their own quality control testing to indicate their performance on 

each reported batch of samples. The results of this testing are compared with the validated 

precision and accuracy. 

Precision of results is measured by the RPD between replicate samples selected at the laboratory. 

Accuracy of results is assessed in a number of ways: 

• Method blanks: An analyte free matrix, which is carried through the complete preparation and 

analytical procedure. 

• Matrix spikes: Known amounts of targeted analytes are added to the samples to be analysed, 

and the spiked samples are processed through the analytical process. The recoveries of the 

spiked analytes are evaluated to determine accuracy in a given matrix.  

• Surrogate spikes: Known amounts of chemical compounds with similar properties to the 

targeted analytes are added to the samples to be analysed, and the spiked samples are 

processed through the analytical process. The recoveries of the surrogate spikes are evaluated 

to determine extraction efficiency.  

• Laboratory control samples (LCS): A clean matrix (not containing any of the analyte of 

interest) spiked with known concentrations of the analytes of interest. LCS samples are 
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1. Introduction 
Sydney Metro has engaged the CPB Ghella Joint Venture (CPBG) for the design and construction of the 
Station Boxes and Tunnelling Works (SBT Works) for the Sydney Metro Western Sydney Airport project (the 
‘Project’).  

CPBG has engaged Tetra Tech Major Projects Pty Ltd (Tetra Tech) to provide geotechnical, hydrogeological 
and contaminated land consultancy services associated with the design and construction of the SBT Works. 

Groundwater contaminated with chlorinated hydrocarbons from a former dry cleaner located at 1-7 Queen St, 
St Marys has been identified approximately 200m west of the St Marys Station Box. Construction related 
dewatering during station box construction was predicted to draw down groundwater in the vicinity, reversing 
the existing westerly groundwater flow direction, potentially drawing the contamination toward the excavation 
(Tetra Tech 2023a).  

A permeable reactive barrier (PRB) was installed on 16 May to 19 May 2023 to the west of St Marys Station to 
intercept potential migration of chlorinated hydrocarbons in groundwater due to construction associated 
drawdown. Given the potential for unacceptable inhalation or direct contact risk, a targeted multi-level 
groundwater monitoring and contingency mitigation approach has been applied, to allow contingency 
mitigation to be implemented before an unacceptable risk occurs. 

In addition to monitoring for potential contaminant mobilisation due to station construction, the mitigation 
monitoring program was expanded in mid-March 2024 to incorporate assessment for potential impacts due to 
rail tunnel construction. Tunnel boring machine (TBM) monitoring was established to monitor groundwater 
conditions in the vicinity of the former dry cleaner when the TBMs progress through the area. The TBMs broke 
through at St Marys Station Box in May and June 2024. 

Pre-construction groundwater conditions across the St Marys Station area have been assessed through a 
Detailed Site Investigation (DSI) (Tetra Tech, 2022), and the Baseline Groundwater Report (Tetra Tech, 
2023b) and as detailed in the Groundwater Monitoring Program (GMP). 

The remediation strategy is outlined in the remedial action plan (RAP) for the SBT Works at St Marys: 

 Tetra Tech (2023c); St Marys Station Remedial Action Plan (Ref: SMWSASBT-CPG-SWD-SW000-
GE-RPT-040521. 22/05/2023. Rev A08). 

Details of the installation of the PRB and mitigation monitoring are detailed in: 

 Tetra Tech (2023d); Implementation of Permeable Reactive Barrier (Ref: SMWSASBT-CPG-SWD-
SW000-GE-RPT-040561. 02/08/2023. Rev A). 

An outline of the TBM monitoring program is provided in: 

 Tetra Tech (2024); St Marys Station Remedial Action Plan – Proposed revision to mitigation 
groundwater monitoring network (Ref: SMWSASBT-CPG-SWD-SW000-GE-MEM-040403_A.01. 
26/03/2024. Rev A). 

This report documents the twelfth month (June 2024) of the groundwater sampling to monitor the mitigation of 
potential risks due to construction related mobilisation of groundwater impacted with chlorinated 
hydrocarbons. 

1.1. Purpose and objectives 
The purpose of the monitoring works was to: 

 Monitor the effectiveness of the PRB; 

 Identify if an adverse change in risk profile is likely which requires contingency mitigation measures to 
be implemented as outlined in Section 11.6 of the RAP, and; 
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 Assess groundwater conditions in the vicinity of the contamination source area when the TBMs pass 
through the area. 

The objectives of the works were to: 

 Undertake groundwater monitoring from nominated monitoring wells to measure the groundwater 
level and quality between the source area and the Station box (as shown in Figure 1); 

 Assess the monitoring results relative to the trigger values outlined in the RAP; 

 Where detectable concentrations of chlorinated ethenes are reported in monitoring wells between the 
station and the PRB, review the model predictions outlined in the Human Health Risk Assessment (HHRA) 
(Tetra Tech, 2023a) to assess whether concentrations exceeding the trigger values are likely to reach the 
excavation before sealing occurs. 

 Assess potential impacts due to tunnelling beneath the suspected source area at the rear of the 
former dry cleaner on chlorinated hydrocarbon concentrations and trends in groundwater. 

The locations of the PRB injection wells and associated monitoring well network, and wells monitored in the 
source area in June 2024 are shown in Figure 1. 
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2.2. Monitoring Methodology 

2.2.1 Groundwater Level Monitoring 
Groundwater levels were manually gauged in all wells prior to sampling for groundwater quality.  

Gauging was undertaken using an electronic groundwater level interface probe (IP) measuring from a 
surveyed set point at the top of the well casing to the top of the water table. Measurements were taken to the 
nearest mm, and recorded as metres below the top of casing (mBTOC).  

 

2.2.2 Groundwater Sampling Procedure 
Groundwater sampling was conducted by suitably qualified and experienced personnel from Tetra Tech. 

Groundwater samples were collected using the Hydrasleeve™ method. A Hydrasleeve™ captures a core of 
water, typically 1 litre, from the screened interval of the well. The Hydrasleeve™ is deployed to a target depth 
based on the screened interval and rationale for sampling, and left until conditions are considered to have 
stabilised. The time to stabilisation depends on the transmissivity of the aquifer, with more transmissive 
aquifers stabilising more rapidly. Typically, at least 5 days was allowed for stabilisation, which is considered 
appropriate given many of the wells are screened within the bedrock aquifer.  

The Hydrasleeve™ is sealed except during sample collection when it is pulled up through the sampling 
interval, and re-seals once full. Therefore, only groundwater from the target depth interval is sampled and 
recovered.  

Groundwater samples were collected in appropriate laboratory supplied bottles and sent to a laboratory for 
analysis under the Chain of Custody (COC) process. The laboratories contracted to undertake the analysis 
included ALS (primary samples) and Eurofins (interlab triplicate samples). Both ALS and Eurofins hold 
analytical methods accredited by the National Association of Testing Authorities (NATA) for a range of volatile 
halogenated hydrocarbons (VHC), including the chlorinated hydrocarbons of interest on this site.  

To reduce volatile losses samples were collected as rapidly as practicable with minimal agitation and zero 
headspace in sample bottles. Once the laboratory supplied bottles were filled, water quality parameters were 
measured using the remainder of the Hydrasleeve™ sample with a calibrated field water quality meter. 
Parameters measured include pH (pH units), electrical conductivity (mS/cm), redox potential (mV), dissolved 
oxygen content (µg/L), temperature (°C). The sample’s visual appearance, whether Light Non Aqueous Phase 
Liquid (LNAPL) was present and/or any odours were also recorded on the field sheets. Field measurements 
were recorded digitally, with the digital data imported to the electronic database using an in-house GIS 
application. 

Samples were submitted as soon as practicable to the laboratories to also minimise volatile losses while in 
storage or transit, and were analysed within recommended holding times. Sample containers were placed 
directly into an ice filled cooler and transported to the nominated laboratories under COC processes. Samples 
are required to be documented as received by the laboratory chilled and intact. All samples were analysed for 
a broad range of VHC.  

Re-usable equipment used in more than one location (limited to the IP) was decontaminated between each 
sampling location. Equipment was rinsed with tap water, cleaned with Liquinox (or equivalent), further again 
rinsed with tap water, and then deionised water. Equipment was then allowed to dry before being used at 
another location. 

  







  

 

 

Figure 3: Electrical Conductivity of groundwater in PRB mitigation (squares) and source area (triangles) wells 
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Note: EC measurements shown for all sampling locations, except shallow- and mid-level samples from; SBT-GW-1012, SBT-GW-1013 
and SBT-GW-1014, which were excluded to limit noise in the graph. Rolling averages over four events shown as dashed lines. 

3.3. Groundwater levels 
Gauged groundwater levels are tabulated in Table A2, Annexure A, and presented in Figure 4.  

 

Figure 4: Manually gauged groundwater levels in PRB mitigation (squares) and source area (triangles) wells 
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The standing water level remained relatively stable at most monitoring locations throughout June 2024, except 
in MW2 and SBT-GW-1347c where levels increased by approximately 0.5m in the second half of June when 
TBM-2 was passing through the area.  

Groundwater levels at deeper monitoring locations SBT-GW-1347c and SBT-GW-1348c have decreased by 
approximately 7m since PRB monitoring commenced on 30 June 2023. The groundwater levels at shallow 
monitoring locations closest to the station box, SBT-GW-1347a (and previously in SBT-GW-1348a, the pale 
green line in Figure 4), have gradually decreased by approximately 1.5m since the commencement of PRB 
monitoring. Groundwater levels in deeper wells closest to the excavation decreased rapidly initially (mostly in 
August and September 2023), with the decrease slowly continuing over the past eight months. Groundwater 
levels in the vicinity of the PRB have only decreased slightly over the same period.  

Gauging results up to 5 April 2024, when wells used to calculate the gradient were decommissioned, indicated 
that excavation and dewatering associated with construction of St Marys Station box had not yet resulted in a 
change in groundwater levels and gradient between the PRB and the station box (Figure 5). 

 

Figure 5: Groundwater gradients from SBT-GW-1013 to SBT-GW-1347b (toward Station) and SBT-GW-0001B (near PRB)  

Groundwater levels in the source area (MW1 and MW2) have been relatively stable since TBM monitoring 
commenced in March 2024 (Figure 4).  

With the reduction in the number of monitoring wells in the network in April 2024, gradients have since been 
assessed based on levels in shallow groundwater between the source area and the PRB (MW1 and SBT-GW-
0001), and between the PRB and St Marys Station Box in shallow and deeper groundwater, as shown in 
Figure 6. 

While these gradients indicate that groundwater is flowing to the east, toward the station box, the flow regime 
is more complex: 

 The easterly shallow flow from the source area (MW1) to the PRB (SBT-GW-0001), as shown by the 
blue line in Figure 6, is attributed to mounding in the source area due to leakage from subsurface 
infrastructure (refer HHRA, Tetra Tech 2023a). 

 Previous data from SBT-GW-1012, SBT-GW-1013 and SBT-GW-1014, midway between the PRB and 
the multi-level wells closer to where drawdown has been significant, has consistently shown that 
groundwater levels are higher in this area, hindering migration to the east from the PRB (and source 
area). 
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Figure 6: Groundwater gradients in shallow groundwater across the source area, and in shallow and deep groundwater 
from PRB to station box 

In the absence of ongoing data from SBT-GW-1012, SBT-GW-1013 and SBT-GW-1014, changes in migration 
potential can be assessed via the gradient in shallow groundwater to the east of the PRB (SBT-GW-0001 to 
SBT-GW-1347a, as shown in solid orange line in Figure 6). An increase in this gradient may indicate that the 
groundwater high in the vicinity of SBT-GW-1013 has dissipated, and impacted groundwater may potentially 
flow toward the station box. The gradient remained relatively stable in June 2024, indicating the groundwater 
high remains between the PRB and SBT-GW-1347a. The slight increase in the deeper groundwater gradient 
from the PRB to Station Box (orange dashed line) in early May to early June is attributable to the transient 
increase in levels in SBT-GW-0001B as TBM-1 and TBM-2 passed beneath the PRB area. 

Assessment of any changes in the groundwater flow regime will need to be considered along with results from 
ongoing groundwater quality monitoring in SBT-GW-0001 and SBT-GW-0001b, as discussed in Section 3.4 
below. 
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4. Summary and Conclusions 
Groundwater monitoring was conducted at St Marys in accordance with the mitigation monitoring program, as 
amended in March 2024.  

The groundwater sampling results from the June 2024 monitoring period indicate: 

 Concentrations of chlorinated hydrocarbons in groundwater samples between the PRB and the 
station box were below the LOR and the trigger values; 

 Concentrations of TCE and cis 1,2 DCE are statistically increasing in one monitoring well (MW2) in 
the vicinity of the contaminant source, with all other key chlorinated hydrocarbons in source area wells 
are decreasing, stable, or show no trend, and are broadly consistent with previously reported 
concentrations; 

 The maximum concentrations in MW2 where TCE and cis 1,2 DCE are statistically increasing were 
reported in early May and corresponded with TBM-1 passing beneath the source area. Lower 
concentrations within the historical range were reported in all following monitoring events in May and 
June 2024, indicating that the increase was transient. The short term increase is not considered to 
indicate a major change in conditions, or an adverse change in the risk profile; 

 Groundwater levels close to the Station excavation have been drawn down by excavation, however 
Station construction activities do not appear to have changed the groundwater flow regime and 
gradient in the vicinity of the source area and PRB.; 

 No additional assessment or contingency measures are currently required. 

The revised groundwater mitigation monitoring program will continue on a weekly and fortnightly frequency 
throughout the St Marys SBT works as outlined in Section 2.1 

Results of the monitoring program will continue to be provided to CPBG on a weekly/fortnightly basis, with 
monthly reports provided documenting works completed, field and analytical results, and a summary of 
groundwater levels and gradients between the Station box excavation and the PRB/source area, and 
concentration trends in the contaminant source area.
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1.0 INTRODUCTION 

 

1.1 Background 

The Sydney Metro Western Sydney Airport (SMWSA) is a new rail line to the Western 

Sydney Airport that is currently under construction at from St Mary’s to the new city of 

Bradfield and the new Western Sydney Airport at Badgerys Creek. The contract to build the 

WSA Metro Station Boxes and Tunnelling Works (WSA Metro SBT) (the Project) was 

awarded to the CBP Contractors and Ghella Joint Venture (CPBG).  

 

           

              

      Groundwater drawdown can potentially reduce 

baseflow and pool water levels which can have potential impacts to aquatic habitat and biota 

(Buck et al., 2019; Lake, 2000).  

 

Aquatic Ecological Investigations (AEI) has been engaged by AMBS Ecology & Heritage Pty 

Ltd (AMBS) on behalf of CPBG to undertake a survey of aquatic ecology at selected sites 

within Claremont Creek.             

             

or Wianamatta)   South Creek flows generally north before reaching its confluence 

with the Hawkesbury River, near Windsor. 

 

AEI have been advised that a survey is required at selected sites within Claremont Creek to 

assess the current ecosystem value and any potential ecological sensitivity to surface water 

flow changes that could potentially be generated from groundwater levels drawdown. The 

data is required to enable CPBG to understand potential changes to stream health if 

groundwater drawdown is impacted surface water flow and pool retention.  

 

  







 
Figure 2. Survey sites situated within Claremont Creek (CC1-CC5), South Creek (SC1&SC2) and Werrington Creek (WC1&WC2). 
Image provided by Google Earth.  



2.2 Field Methods 

 

2.2.1 Aquatic Habitat Assessment 

The condition of the aquatic habitat was assessed at each site using a modified version of the 

Riparian Channel and Environmental (RCE) inventory method (Chessman et al., 1997). This 

method involves evaluation and scoring of the characteristics of the adjacent land, the 

condition of riverbanks, channels and beds of the watercourse, and degree of disturbance 

evident at each site.  

 

Information was collected on the following features: 

• characteristics of each waterway (e.g. flow and stream width); 

• occurrence of key aquatic habitat (e.g. gravel beds, pools, macrophytes, riffles and 

woody debris); 

• water clarity; 

• presence of in-stream and emergent aquatic macrophytes at each site; 

• barriers to fish passage; 

• presence of algae, exotic plants, bank degradation, flocculent, odour, detergents, oil, 

rock piles or sedimentation, pipes, rubbish and point sources; and 

• surrounding land uses. 

 

Based on the original classification established by Peterson (1992), site condition was rated: 

• Poor for RCE scores of 0-24%; 

• Fair for RCE scores of 25-43%; 

• Good for RCE scores of 44-62%; 

• Very good for RCE scores of 63-81%; and 

• Excellent for RCE scores of 82-100%. 

 

Other habitat features were assessed in accordance with the AUSRIVAS proforma and NSW 

Policy and Guidelines for Fish Habitat Conservation and Management (Update 2013) (DPI, 

2013).  
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2.2.2 Surface Water Quality  

Where sufficient water was present, in situ water quality was measured using a Yeo-Kal 611 

probe. Physico-chemical properties measured included electrical conductivity (µS/cm), 

dissolved oxygen (% saturation and mg/L), pH (pH units), temperature (oC) and turbidity 

(NTU). Three replicate measures of each variable were collected from just below the water 

surface at each site. Alkalinity was also determined in the field, using a CHEMetrics’ total 

alkalinity field kit.  

 

2.2.3 AUSRIVAS Macroinvertebrates 

In freshwater habitats, aquatic macroinvertebrates were sampled in accordance with the 

Australian River Assessment System (AUSRIVAS) protocols (Turak et al., 2004). 

AUSRIVAS models predict the aquatic macroinvertebrate fauna expected to occur at a site in 

the absence of environmental stress, such as pollution or habitat degradation, to which the 

fauna collected at a site can be compared (Turak et al., 2004).  

 

Edge habitats were sampled for aquatic macroinvertebrates using a 250 µm mesh dip net. At 

each site (approximately 100 m long), samples were collected over a total length of 10 m, 

usually in 1-2 m sections, ensuring all significant edge sub-habitats within a site (i.e. 

macrophytes, over-hanging bank and vegetation, leaf-litter, logs) were included in the sample 

(Turak et al., 2004).  

 

The contents of each net sample were placed into a white sorting tray and animals collected 

for a minimum period of 30 minutes. Thereafter, removals were done in 10- minute periods, 

up to a total of one hour (Turak et al., 2004). If no new taxa were found within a 10-minute 

period, removals ceased (Turak et al., 2004). 

 

The animals collected were placed inside a labelled container, preserved with 70% alcohol 

and taken to the laboratory for identification. Environmental variables required for running 

the AUSRIVAS predictive model, including model stream width, percentage boulder or 

cobble cover, latitude and longitude were recorded at each site. 
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In the laboratory, taxa were identified to family level except for Acarina (to order), 

Chironomidae (to sub-family), Nematoda (to phylum), Nemertea (to phylum), Oligochaeta (to 

class), Ostracoda (to subclass) and Polychaeta (to class) using a stereo microscope. 

Families of Anisoptera (dragonfly larvae) that include listed species were identified to 

species. 

 

All samples were retained in appropriate containers and preservative to allow further 

examination later if required. After checks on identifications, numbers of each type of animal 

were entered into spreadsheet format and data checked against laboratory data sheets.  

 

2.3 Laboratory Methods 

In the laboratory, AUSRIVAS samples were sorted under a binocular microscope (at 40X 

magnification) and identified to family level with the exception of Acarina (to order), 

Chironomidae (to sub-family), Nematoda (to phylum), Nemertea (to phylum), Oligochaeta (to 

class), Ostracoda (to subclass) and Polychaeta (to class). Some families of Anisoptera 

(dragonfly larvae) would be identified to species, because they could potentially include 

threatened aquatic species listed under the Fisheries Management Act, 1994 (FM Act). 

 

Up to 25 animals of each family were counted, in accordance with the AUSRIVAS protocol 

(Turak et al., 2004) and the SIGNAL2 (Stream Invertebrate Grade Number Average Level) 

biotic index developed by Chessman (2003). 

 

2.4 Data Analysis 

The water quality measurements taken during the site inspection were used to assess water 

quality within the study area in terms of health of aquatic ecosystems by comparison with 

guideline values recommended by ANZECC and ARMCANZ (2000). 

 

The macroinvertebrate data were analysed using the appropriate AUSRIVAS predictive 

models developed for New South Wales. The ecological health of the waterways was assessed 

by comparing the macroinvertebrates collected at a site (i.e. Observed) to those predicted to 

occur (Expected) if the site is in an undisturbed or ‘reference’ condition.  

 

The principal outputs of the AUSRIVAS model include: 
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• Observed to Expected ratio (OE50): the ratio of the number of macroinvertebrate families 

collected at a site which had a predicted probability of occurrence of greater than 50 % 

(i.e. Observed) to the sum of the probabilities of all of the families predicted with greater 

than a 50 % chance of occurrence (i.e. Expected) (Ransom et al., 2004);  

• BAND: for each model, the OE50 taxa ratios are divided into bands representing different 

levels of impairment. Band X represents a more diverse assemblage of macroinvertebrates 

than control sites; Band A is considered equivalent to reference condition; Band B 

represents sites below reference condition (i.e. significantly impaired); Band C represents 

sites well below reference condition (i.e. severely impaired); and Band D represents 

impoverished sites (i.e. extremely impaired) (Ransom et al., 2004). 

 

The Stream Invertebrate Grade Number Average Level (SIGNAL2) biotic index developed by 

Chessman (2003) was also calculated, to give an indication of water quality at the sites sampled. 

The SIGNAL2 score for a macroinvertebrate sample is calculated by averaging the pollution 

sensitivity grade numbers of the families present, which may range from 10 (most sensitive) to 

1 (most tolerant). SIGNAL2 values are as follows: 

 

• SIGNAL >6 = Healthy habitat 

• SIGNAL 5-6 = Mild pollution 

• SIGNAL 4-5 = Moderate pollution, and 

• SIGNAL <4 = Severe pollution. 

 

2.5 Quality Assurance/Quality Control (QA/QC) 

Data collected in the field was checked for accuracy and completeness before leaving each 

site. In the office, field data and other records were incorporated into appropriate excel data 

sheets and checked. Spreadsheets were locked prior to analysis to prevent accidental over-

writes or corruption. 

 

In the laboratory, macroinvertebrate samples were identified by an appropriately qualified 

staff member. Data for each sample were entered into an excel spreadsheet and then checked.  
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2.6 Limitations 

Sampling was unable to commence until 5 June 2024 due to rainfall and high flow related 

delays. Prolonged periods of high flow conditions can reduce the likelihood of identifying a 

range of potentially occurring species that may use habitats in the Study Area. Water quality 

measurements collected during the biological sampling only provide a snapshot of quality at 

the time of sampling under the prevailing flow conditions. However, the results from previous 

stream health surveys undertaken for the Project in different seasons and across several years 

have been incorporated into this report to help address this limitation (GHD, 2016; AEI, 

2022).  
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3.0 RESULTS 

 

3.1 Survey Dates and Rainfall 

The selected sites were sampled on 5 June 2024 by Dr Sharon Cummins (Senior Scientist – 

Applied Aquatic Ecology) and Mr William Roberts (Senior Environmental Technician). Within 

the two months prior to the field survey, a total of 273 mm of rainfall was recorded at the nearest 

AWS (Station ID: 67081). A total of 40.4 mm of rainfall was recorded in the week prior to the 

survey.  

 

Within the two months prior the stream health survey, mean water levels measured at the nearest 

gauge, in South Creek at the Great Western Highway (Station ID 212048), ranged from 0.255 

m (28 April 2024) to 5.077 m (7 April 2024). At the time of the current survey, mean water 

level was 0.433 m (5 June 2024).  

 

3.2 Aquatic Habitat Characteristics 

The sections of Claremont Creek, South Creek, and Werrington Creek within the Study Area 

are mapped as Key Fish Habitat by the New South Wales (NSW) Department of Primary 

Industries (DPI) (NSW DPI, 2024).  

 

Information collected by the current survey has been used to describe the aquatic ecology 

values at sites that occur within the Study Area, on Claremont Creek, South Creek and 

Werrington Creek (Figure 1).  

 

Claremont Creek 

At Site CC1, situated upstream of the Great Western Highway, the stream channel has been 

highly modified by development and flood control activities. Riparian vegetation has mostly 

been cleared along this section the stream channel, and replaced by exotic grasses with 

occasional Typha sp., Cyperus eragrostis and Persicaria decipiens. Surface water habitat was 

present in occasional temporary, shallow (up to 20 cm deep) depressions. Conductivity of the 

water within these depressions ranged from 791 to 9,076 µS/cm. This site received an RCE 

score of 14 (27%). Aquatic habitat was mostly absent and significant barriers to fish 

movement were present. 
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Plate 3: Claremont Creek (CC2) (5 June 2024) 

View upstream 

 

 

Plate 4: Claremont Creek (CC2) (5 June 2024) 

View downstream 

 

Plate 5: Claremont Creek (CC3) (5 June 2024) 

View upstream 

 

 

Plate 6: Claremont Creek (CC3) (5 June 2024) 

View downstream 

 

 

Plate 7: Claremont Creek (CC4) (5 June 2024) 

View downstream 

 

Plate 8: Claremont Creek (CC4) (5 June 2024) 

View across-stream 
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Plate 10: Claremont Creek (CC5) (5 June 2024) 

View downstream 

 

Plate 9: Claremont Creek (CC5) (5 June 2024) 

View upstream 

South Creek  

Site SC1 is situated on South Creek, approximately 740 m upstream from the confluence with 

Claremont Creek (Figure 2). At the time of the survey, there were signs of recent flooding, 

including severe scouring of the stream channel and rubbish caught in tree branches (Plates 

11-14). Water clarity was considered poor. 

 

This section of the creek is generally characterised by a large pool (up to approximately 14 m 

wide and 1.6 m deep) upstream of a weir. Immediately downstream of the weir, the stream 

channel was approximately 8 m wide. The active channel bed is composed primarily of silts 

and clay (as are the banks of the main channel) overlying a mostly gravel bed. A range of 

habitats were available for fish, including large woody debris, rocks and the submerged 

aquatic macrophyte, Vallisneria sp. Flow was rapid and water visibility poor (Plates 11&12). 

 

The tree canopy was comprised by mostly Casuarina and Eucalyptus species and some exotic 

trees.   (Lomandra longifolia), Slender knotweed, and the exotic species, 

Trad and Alligator weed (  ), and grasses were common, 

particularly in areas where there were breaks (at intervals of between 5 and 30 m) in the 

riparian strip. The overall condition of aquatic habitats at Site SC1 was classified as fair, with 

an RCE score of 35 (67%).  

 

Site SC2 is situated approximately 2.2 km downstream of Site SC1, approximately 1.2 km 

downstream of the confluence with Claremont Creek (Figure 1).  
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There were signs of recent flooding, including severe scouring of the stream channel (Plates 

13&14). The pool sampled upstream of the bridge was up to 12 m wide and 1.4 m deep. 

Water clarity was considered poor (Plates 13&14).  

 

The active channel zone at both sites was composed of poorly sorted gravel overlain by fine-

grained sediments (13&14). Large woody debris contributed habitat to the stream channel. 

The tree canopy was comprised by mostly Casuarina and Eucalyptus species and some exotic 

trees. Lomandra longifolia (  ), and grasses were common  The overall 

condition of aquatic habitats at Site SC2 was classified as fair, with an RCE score of 35 

(67%). The downstream reaches of South Creek are classified as Class 2, Type 2 (moderate) 

fish habitat according to the DPI (2013) classification.  

 

 

Plate 11: South Creek (SC1) (5 June 2024) 

View upstream 

 

Plate 12: South Creek (SC1) (5 June 2024) 

View downstream 

 

Plate 13: South Creek (SC2) (5 June 2024) 

View upstream 

 

 

Plate 14: South Creek (SC2) (5 June 2024) 

View downstream 
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Werrington Creek  

Site WC1 is situated on Werrington Creek, approximately 1.6 km upstream from the 

confluence with South Creek (Figure 2). At the time of the survey, there were signs of recent 

flooding, including severe scouring of the stream channel and rubbish caught in tree branches 

(Plates 15-18). There was a strong smell of sewage at Site WC1. The tree canopy at both sites 

was comprised by mostly Casuarina and Eucalyptus trees and some exotic trees.  

, Trad and exotic grasses were common. The active channel zone (0.4 to 1.5 m wide) 

was composed of poorly sorted gravel overlain by fine-grained sediments. The native 

submerged macrophyte species, Stuckenia pectinata (Sago pondweed) and the introduced 

species, Egeria densa (Dense waterweed), were abundant at Site WC1 (Plate 16). Water 

clarity was considered poor at both sites. The overall condition of aquatic habitats at Site 

WC1 & WC2 was classified as fair, with an RCE score of 25 (48%). 

 

 
Plate 15: Werrington Creek (WC1) (5 June 2024) 

View upstream 

 
Plate 17: Werrington Creek (WC2) (5 June 2024) 

View upstream 

 
Plate 16: Werrington Creek (WC1) (5 June 2024) 

View downstream 

 
Plate 18: Werrington Creek (WC2) (5 June 2024)  

View downstream 
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3.4 Aquatic Macroinvertebrates 

A total of 28 taxon were identified from edge habitat samples collected at the nine sites 

sampled on 5 June 2024 (Table 3). The number of taxa ranged from 1, at Site SC2, and 13 at 

Site CC1 (Table 3). Corixidae (water boatmen) were the most common taxa collected, 

occurring at eight of the nine sites sampled (Table 3). Tubificidae (segmented worms), 

Physidae, Bithyniidae and Hydrobiidae (freshwater snails) were collected at five of the sites 

sampled (Table 3). Freshwater snails (Hydrobiidae, Physidae and Bithyniidae) and true fly 

larvae (Chironomidae and Tanypodinae) were the most abundant taxa collected (Table 3). The 

alien fish, Gambusia holbrooki, was present in samples collected at the Site CC3, SC1, SC2 

and WC1 (Table 3). Two freshwater eels (Anguilla sp.) were observed at each of Sites CC2 

and CC3.  

 

No individuals of threatened dragonfly species, including the Adams emerald dragonfly 

(Archaeophya adamsi) (Family Corduliidae) (NSW Fisheries, 2002) or Sydney hawk 

dragonfly (Austrocordulia leonardi) (Family Austrocorduliidae) (NSW Fisheries, 2007), or 

fish, including Macquarie Perch (Macquaria australasica) or Australian Grayling 

(Prototroctes maraena) were observed or collected within the Study Area. 

 

AUSRIVAS Scores 

The OE50 Taxa Scores ranged from 0.00 (WC1) to 0.54 (CC1) (Table 4). Of the nine sites 

sampled on 5 June 2024, one was grouped within Band B (CC1), three within Band C (CC3, 

SC1 and WC2), and five were grouped in Band D (CC2, CC4, CC5, SC2 and WC1) (Table 

4). Thus, fewer families of macroinvertebrates than expected were collected from the sites 

sampled compared to reference sites selected by the AUSRIVAS model (Ransom et al., 

2004). Taxon with > 0.85 probability of occurrence but not collected included the Acarina 

(Water mites) and Veliidae (Small water striders) families at all sites and Leptoceridae (caddis 

flies) at all sites except Site CC3 (Table 3). Leptophlebiidae (mayflies) family, were expected 

with > 0.79 probability but not collected at all sites (Table 3).  

 

The SIGNAL2 scores ranged from 2.00 (Site SC2) to 3.09 (CC4) (Table 4). SIGNAL 2 values 

less than 4 (i.e., at all sites) generally indicate that the macroinvertebrate assemblage is 

dominated by pollution tolerant taxa (Chessman, 2003).  
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4.0 DISCUSSION 

 

Downstream of the Great Western Highway to the confluence with South Creek, Claremont 

Creek consisted of pools up to approximately 6 m wide and 1.2 m deep. The active channel 

bed was composed primarily of silts and clay (as are the banks of the main channel) overlying 

a mostly gravel bed. Unlike the findings of a recent aquatic ecology survey done during 

August 2022 (AEI, 2022), the pools were connected by flow. Such a disparity between flows 

suggests that waterflow is ephemeral with upstream and downstream habitats connected 

intermittently during periods of high rainfall.    

 

Importantly for this investigation, pools overlying areas experiencing water drawdown were 

full and there was flow along the creek channel. If water movement between the stream and 

underlying aquifer have been altered, recent rainfall within the catchment appears to have 

mitigated any changes to availability of aquatic habitat within the overlying creek channel. 

The overall condition of aquatic habitats at site’s CC2 to CC5 was classified as good, with an 

RCE score of 25 (48%). The presence of eels (Anguilla sp.) indicates that Claremont Creek 

continues to provide habitat for native species of fish. 

 

Aquatic macroinvertebrate fauna within Claremont Creek continues to be dominated by 

pollution-tolerant taxa (see AEI, 2022). Low macroinvertebrate indices were not unexpected 

given historical and continued exposure to multiple stressors (e.g., elevated levels of salinity, 

nitrogen and excessive algal and aquatic plant growth) that can adversely affect the condition 

of aquatic habitat. Small numbers of some pollution sensitive taxa were present in the creeks 

sampled, including mayfly and caddis fly families, but groups within these families 

(particularly Baetidae) as well as Chironomidae and several freshwater snails and worms that 

were present, are amongst the most salt-sensitive freshwater macroinvertebrates (Kefford et 

al., 2003; Rutherford and Kefford, 2005). Sites with high salinity (i.e. CC1 791 to 9,076 

µS/cm) could represent localised groundwater seepage points. High salinity commonly 

recorded within the area is thought to be related to the increased water table recharges due to 

reduced vegetation water use by land clearing, over irrigation of golf courses, sport fields, 

parks, gardens, crops and improved pastures, and leakage from farm dams, water supply and 

stormwater services (DLWC, 1998).  
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The introduced Mosquito fish (Gambusia holbrooki) has also commonly been collected (AEI, 

2022), including at the time of the current survey. Predation by Mosquito fish is listed as a 

Key Threatening Process            

  because of known effects on frogs, freshwater fishes and other organisms such 

as aquatic macroinvertebrates.  

 

Importantly,         

          they were comparable (in 

direction and magnitude) with those that occurred at the sites sampled in South Creek (GHD, 

2016; AEI, 2022). Moreover, macroinvertebrate indices obtained at external control sites 

sampled within Werrington Creek were similar to those obtained at the Claremont Creek and 

South Creek sites. No individuals of threatened species, including the Adams emerald 

dragonfly, Sydney hawk dragonfly, Macquarie Perch or Australian Grayling were observed or 

collected in net samples within the Study Area. 

 

5.0 CONCLUSIONS & RECOMMENDATIONS 

At the time of the current survey, there was no evidence of reductions in the availability and 

connectivity of aquatic habitat within Claremont Creek related to localised decreases in water 

table levels. If the observed water draw down is influencing water availability within the 

Claremont Creek catchment, such impacts have been mitigated by recent rainfall patterns 

within the catchment. The detection of continued groundwater drawdown should trigger 

further investigations into the potential impacts on stream flow and subsequent impacts on 

aquatic ecology.    
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