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1 Introduction 
1.1 Project overview 
This NSW (Off-airport) Groundwater Monitoring Program (GWMP) is applicable to the Station Boxes 
and Tunnelling Works (SBT Works) Package of the Sydney Metro Western Sydney Airport (the 
Project) and is an Appendix of the Soil and Water Management Sub-Plan (SWMP).  This GWMP 
describes how the CPB Contractors Ghella Joint Venture (CPBG) will monitor the groundwater 
impacts of the SBT Works in NSW. 
The Project forms part of the broader Sydney Metro network. It involves the construction and 
operation of a new 23km 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).  
The Project will be delivered through several works packages including the SBT Works, which 
includes the design and construction of: 

• Two sections of twin tunnels with a combined length of approximately 9.8km, plus associated 
portal structures, one from Orchard Hills to St Marys and the other under Western Sydney 
International (WSI) airport to the new Aerotropolis Station 

• Excavations at either end to enable trains to turn back, and stub tunnels to enable future 
extensions 

• Station box excavations with temporary ground support for four stations at St Marys, Orchard 
Hills, Airport Terminal and Aerotropolis 

• Excavations for two intermediate services facilities, one in each of the tunnel sections at 
Claremont and Bringelly. 

1.2 SBT Works scope 
The construction methodology for the SBT Works entails: 

• Utility works including removal, diversion, protection and connection to SBT worksites  
• Local area works including provision of site accesses and some road upgrades  
• Site establishment works including: 

− Fencing 
− Installation of environmental mitigation measures including erosion and sediment controls, 

noise barriers and acoustic enclosures 
− Clearing and grubbing of existing vegetation 
− Demolition of existing buildings and structures 
− Site levelling and drainage works 
− Establishment of internal access roads, hardstand areas and onsite parking 
− Erection of demountable buildings including offices and amenities 
− Other ancillary facilities including the erection of sheds, establishment of materials laydown 

and stockpiling areas and Tunnel Boring Machine (TBM) support works including spoil 
conveyors. 

• Construction of station, shaft and dive excavations predominantly completed by piling and 
excavators with rippers and hammers. Roadheaders will also be used at St Marys and 
Aerotropolis to complete the stub tunnels 

• Construction of mainline tunnels using four TBMs, as follows: 

− Two earth pressure balance TBMs will be launched from Orchard Hills and tunnel north to St 
Marys a distance of approximately 4.3km, including traversing the Claremont Shaft. The 
TBMs will be retrieved from the St Mary’s station box.  
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Figure 1-1: Overview of SBT works 
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1.3 Purpose and objectives of this GWMP 
The purpose of this GWMP is to describe how CPBG propose to monitor the extent and nature of 
potential impacts to the groundwater level and quality during SBT Works. 
The GWMP will be implemented to monitor the effectiveness of mitigation measures applied during 
the construction phase of the SBT Works. Monitoring of groundwater will be undertaken to identify 
potential impacts and ensure a comprehensive management regime can be implemented to address 
those impacts and manage local groundwater quality. 
Reflecting the requirements of Condition C13(b), this GWMP supports the SWMP by detailing the 
groundwater monitoring network, frequency of monitoring, and test parameters. 
This GWMP is based on baseline studies developed for the Western Sydney Airport (WSA) 
Environmental Impact Statement (EIS) (WSP and AECOM 2020), baseline monitoring reports 
completed by Cardno (2021), the project-wide baseline groundwater assessment (Tetra Tech Major 
Projects 2023), and additional information sources as listed in Section 2 of the Hydrogeological 
Interpretative Report (HIR) (SMWSASBT-CPG-SWD-SW000-GE-RPT-040403).  
This GWMP details specific steps that are required to monitor groundwater in accordance with the 
SSI 10051 Planning Approval and management and mitigation measures outlined in the Soil and 
Water Sub-Plan.  
Specifically, the purpose of this GWMP is to: 

• Assist CPBG to manage the impacts of the SBT Works to ensure there are no outcomes which 
are detrimental to the pre-existing hydrogeological regime. 

• Demonstrate mitigation and management measures are achieving the stated objectives. 
• Identify if adaptive management responses are required to further manage groundwater impacts. 
The objectives of the GWMP are to: 

• Comply with: 
- State Significant Infrastructure (SSI) 10051 Planning Approval (dated 23 July 2021) 
- Sydney Metro Western Sydney Airport – CSSI Staging Report (Revision 6.0) (Staging Report) 
- Sydney Metro Construction Environmental Management Framework (CEMF) 
- EIS and the Submissions Report, including the Revised Environmental Mitigation Measures 

(REMMs) 
- Environment Protection Licence (EPL) 
- Contractual requirements, including the SBT Design and Construction Deed and General and 

Particular Specifications 
- Applicable legislation 

• Reduce the potential for drawdown of surrounding groundwater resources. 
• Prevent the pollution of groundwater through appropriate controls. 
• Reduce the potential impacts on groundwater dependent ecosystems. 
• Confirm no adverse impacts on the receiver during construction, or to effectively manage any 

impacts with the implementation of appropriate mitigation measures. 
The objectives will be achieved by: 

• Establishing monitoring parameters that enable comparison of the actual construction 
performance against the predicted performance of mitigation measures. 

• Identifying thresholds for monitoring parameters that if exceeded will trigger the need for 
management responses. 

• Scheduling and assignment of responsibilities of monitoring requirements.  
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The processes and requirements that DPI Water apply to assess aquifer interference of a project 
under the Water Management Act 2000 are outlined in the Aquifer Interference Policy (AIP) (NSW 
Office of Water (2012)). This assessment process has been considered in the Hydrogeological 
Interpretative report (refer to Section 2.2). Key components of the AIP are: 

• Where an activity results in the loss of water from the environment, a WAL is required under the 
Water Management Act 2000 to account for this water take. 

• An activity must address minimal impact considerations in relation to the water table, groundwater 
pressure and groundwater quality. 

• Where the actual impacts of an activity are greater than predicted, planning measures must be 
put in place ensuring there is sufficient monitoring. 

For the SBT project, which is a Critical State Significant Infrastructure (SSI) project, the following 
exemptions are relevant: 

• The Environmental Planning and Assessment Act 1979 (EPA Act 1979) Clause 5.23 Part 1 (g) 
states that water use approval, water management work approval, or activity approval (other than 
an aquifer interference approval) under the Water Management Act 2000 is not required for SSI. 

• The Water Management (General) Regulation 2018 Division 2 Clause 21(1) and Clause 3 of 
Schedule 4 exempts transport authorities from the requirement for WAL under the Water 
Management Act 2000 if the transport authority, after considering the environmental impact of the 
activity, in accordance with section 5.5 of the Environmental Planning and Assessment Act 1979 
(EP&A Act) (as if the transport authority were the determining authority under that section) is 
satisfied that the activity is not likely to significantly affect the environment. 

The project footprint is also subject to the rules of the Sydney Basin Central Groundwater Source 
which is covered by the Greater Metropolitan Region Groundwater Source Water Sharing Plan.  
The water-sharing plan outlines the recommended management approaches of surface and 
groundwater connectivity, minimisation of interference between neighbouring water supply works, 
protection of water quality and sensitive environmental areas and limitations to the availability of 
water.  
The Sydney Basin Central Groundwater Source is a porous hard rock aquifer and is considered to 
be a “less productive” groundwater source as defined in the AIP. 
Key considerations for the Sydney Basin Central Groundwater Source with respect to the level 1 
minimal harm considerations for a less productive porous rock aquifer and highly productive coastal 
aquifer (as defined in the AIP) are: 
1. Water table impacts: 

− Less than or equal to 10 per cent cumulative variation in the water table allowing for typical 
climatic 'post-water sharing plan' variations, 40 metres from any high priority groundwater-
dependent ecosystem or high priority culturally significant site listed in the Schedule of the 
water sharing plan. 

− A maximum of two metres cumulative groundwater level decline at any water supply works. 
2. Water pressure impacts: 

− A cumulative pressure head decline of not more than two metres at any supply work. 
3. Water quality impacts: 

− Any change in the groundwater quality should not lower the beneficial use category of the 
groundwater source beyond 40 m from the activity. 

Developments conducted on waterfront land and along waterways are regulated by the Water 
Management Act 2000 in accordance with the Guidelines for riparian corridors on waterfront land 
(DPI-Water 2012). These guidelines state that waterfront land includes the bed and bank of any 
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1.7 Related documents 
The primary documents supporting this plan include: 

• M2A Joint Venture (WSP and AECOM) (2020). Sydney Metro Western Sydney Airport – EIS 
Chapter 14: Flooding, hydrology and water quality 

• M2A Joint Venture (WSP and AECOM) (2020). Sydney Metro Western Sydney Airport – EIS 
Chapter 15: Groundwater and geology 

• M2A Joint Venture (WSP and AECOM) (2020). Sydney Metro Western Sydney Airport – EIS 
Technical Paper 6: Flooding, hydrology and water quality 

• ARUP (2020). Sydney Metro Western Sydney Airport – EIS Technical Paper 7: Groundwater. 
Ref. SMGW-ARP-AEC-GE-REP-002447. October 2020 

• Golder and Douglas Partners (2021). Sydney Metro Western Sydney Airport – Groundwater 
Monitoring Report – Phase 1 – 4 Locations Ref. 19122621-018-R-GWMR12 Rev 0. 24 March 
2021 

• Cardno (2021). Sydney Metro Western Sydney Airport – Groundwater Monitoring Report Ref. 
8002188-CDO-GWMR5-RPT003 – Rev A 8 September 2021 

• Western Sydney Airport Station Boxes and Tunnelling works – Hydrogeological interpretative 
Report, (Document reference: SMWSASBT-CPG-SWD-SW000-GE-RPT-040403) 

• Western Sydney Airport Station Boxes and Tunnelling works – Geological interpretative Report, 
(Document reference: SMWSASBT-CPG-SWD-SW000-GE-RPT-040302).  

• Tetra Tech Major Projects (2022) Sydney Metro Western Sydney Airport Station Boxes and 
Tunnelling Works Aerotropolis Detailed Site Investigation Ref: SMWSASBT-CPG-SWD-SW000-
GE-RPT-040515_RevA06 

• Tetra Tech Major Projects (2022) Sydney Metro Western Sydney Airport Station Boxes and 
Tunnelling Works Bringelly Services Facility Detailed Site Investigation Ref: SMWSASBT-CPG-
SWD-SW000-GE-RPT-040512_C.01 

• Tetra Tech Major Projects (2022) Sydney Metro Western Sydney Airport Station Boxes and 
Tunnelling Works Orchard Hills Station Detailed Site Investigation Ref: SMWSASBT-CPG-SWD-
SW000-GE-RPT-040514_RevA05 

• Tetra Tech Major Projects (2022) Sydney Metro Western Sydney Airport Station Boxes and 
Tunnelling Works St Marys Station Detailed Site Investigation Ref: SMWSASBT-CPG-SWD-
SW000-GE-RPT-040513_A03 

• Tetra Tech Major Projects (2023) Sydney Metro Western Sydney Airport Station Boxes and 
Tunnelling Works Hydrogeological Report (Project-wide) Ref: SMWSASBT-CPG-SWD-SW000-
GE-RPT-040403 

• Tetra Tech Major Projects (2023) Sydney Metro Western Sydney Airport Station Boxes and 
Tunnelling Works Project-wide Groundwater Modelling Report Ref: SMWSASBT-CPG-SWD-
SW000-GE-RPT-040402 

• Tetra Tech Major Projects (2023) Former Dry Cleaner, 1-7 Queen St – Assessment of Human 
Health Risk and Mitigation Options report (Ref: SMWSASBT-CPG-SWD-SW000-GE-RPT-
040540) 

• Tetra Tech Major Projects (2023) St Marys Station – Implementation of Permeable Reactive 
Barrier Ref: SMWSASBT-CPG-SWD-SW000-GE-RPT-040561  

• Tetra Tech Major Projects (2023) Baseline Groundwater Report (Project-wide) Ref: SMWSASBT-
CPG-SWD-SW000-GE-RPT-040405. 
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1.8 Limitations 
In addition to data obtained by CPBG during detailed site investigations (DSI) and the assessment 
of baseline groundwater conditions, this monitoring program relies on information obtained directly 
from Sydney Metro, supplied digital databases and the EIS, which includes but is not limited to: 
groundwater level/pressure, water quality and aquifer parameter data, survey data, laboratory 
analytical data and engineering borehole logs. 
Testing has been carried out across the alignment, however, data gaps and uncertainty regarding 
site-specific conditions remain. Where site-specific information is not available, reported ranges for 
the area have been made based upon published information, local experience and correlations. 
Detailed site investigations will be carried out during detailed design to verify the parameter 
recommendations made in this report and inform the development of further detailed predictive 
groundwater models and refine the monitoring program. Such investigations are yet to be complete 
and will be incorporated in future revisions of this report. 
The following key groundwater related data gaps and limitations are noted: 

• The influence of structural geology (i.e. faults, folds and dykes) on groundwater flow behaviour 
and the mobilisation of existing groundwater contamination. 

• The influence of permanent water bodies, open drains and similar on groundwater flow behaviour 
and interaction with groundwater dependant ecosystems (GDEs). 

• Geology and groundwater elevation is characterised along the alignment, however, less 
information exists off-alignment and extrapolation of ground conditions beyond the alignment for 
the assessment of groundwater levels and drawdown is required which creates uncertainty in the 
assessments and predictions.  

• Changes to groundwater conditions are expected to have occurred as a result of filling on the 
airport site. Groundwater monitoring data post filling is extremely limited. This affects the reliability 
of the assessment of groundwater levels and quality. 

• Unidentified sources of existing groundwater contamination may be present. 
• Limited long-term groundwater level data is available to characterise historical groundwater 

conditions including temporal variability. This introduces uncertainty around the nomination of 
representative stable groundwater levels which are used to derive aquifer boundary conditions 
for numerical modelling as well as design groundwater levels. 

• Due to limitations in the testing and water level monitoring records, there is uncertainty in the 
outcomes of the assessments completed on behalf of CPBG. This uncertainty extends to the 
assessment of inflow rates to excavations and the extent and magnitude of drawdown associated 
with the construction and operation of the WSA SBT.  Additional monitoring and assessment to 
be carried out during construction is expected to reduce the extent of this uncertainty. 

Monitoring results during construction will need to be compared with predictions to provide early 
warning of deviation from anticipated responses. Ongoing comparison against observed conditions 
and refinement of operation of any mitigation systems (if required) may be needed throughout the 
construction phase to address the uncertainties in aquifer behaviour and response to construction 
activities.  
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2 Physical Setting 
2.1 Geology 
This section provides an overview of the key geological units across the Project based on the 
available data. For further detail, refer to the relevant Geotechnical Interpretative Report (GIR, 
SMWSASBT-CPG-SWD-SW000-GE-RPT-040302). 
The geological map for Penrith indicates that the Project alignment is located within the Cumberland 
Basin and Penrith Basin which forms part of the Permian-Triassic Sydney Basin. The Sydney Basin 
is a structural trough which is the southern continuation of a much longer structural trough including 
the Sydney, Gunnedah, and Bowen Basins. 
The region is dominated by the mid-Triassic Wianamatta Group of sedimentary rocks while the 
underlying Hawkesbury Sandstone (also of mid-Triassic age) dominates the Blue Mountains to the 
west. The late Permian-Early to Middle Triassic Narrabeen Group which lies below the Hawkesbury 
Sandstone can be observed in the gorges of the Blue Mountains. The underlying Permian Illawarra 
Coal Measures are exposed along the western margin of the Sydney Basin. 
Geological long sections for the Project alignment are presented in Annexure B. Anticipated 
geological units encountered within the SBT Works sites are described in more detail below, and in 
the Hydrogeological Interpretative Report (HIR, Document reference: SMWSASBT-CPG-SWD-
SW000-GE-RPT-040403) and GIR (Document reference: SMWSASBT-CPG-SWD-SW000-GE-
RPT-040302). 
The three geological units relevant to hydrogeology and groundwater monitoring and management 
along the alignment are: 
Alluvial deposits 

Quaternary alluvial deposits are mapped where the Project alignment crosses local waterways such 
as the lower-lying area of South Creek and its tributaries. The areas of Quaternary Alluvium typically 
comprise laterally discontinuous layered sequences of silts, clays, and sandy clays with trace 
carbonaceous inclusions. Localised sandy/gravelly deposits can be found within the alluvial 
floodplains and in proximity to the existing watercourses and may represent major historical flood 
events, or creek paleochannels. 
Weathered bedrock 

Weathered bedrock is characterised by residual soil, extremely weathered rock, and highly 
weathered rock. Residual soil comprising silty clay produced by surface weathering of the underlying 
bedrock is expected along the alignment with varying thickness but is generally thicker at the north 
end of the project. Extremely weathered rock is characterised by very stiff to hard, silty clay, sandy 
clay, clayey sand. Highly weathered rock however is characterised by frequent fractures and iron-
staining which can extend for several metres above the more competent rock. It is frequently friable 
and generally very low to low strength. 
Bedrock 

The Bringelly Shale Formation forms the underlying bedrock for the Project alignment and is believed 
to be about 150m thick below the Project area. It is largely comprised of claystone, siltstone, and 
laminate, with localised layers of higher strength sandstone. These sandstone beds typically range 
in thickness from about 0.5 m to 7 m, and often cap the higher hills. Further detail on the geology of 
the Bringelly Shale Formation is provided in the HIR (SMWSASBT-CPG-SWD-SW000-GE-RPT-
040403). 
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2.2 Hydrogeology 
2.2.1 Aquifers 
The aquifers present across the Project alignment can be broadly characterised as either the 
bedrock aquifer of the Wianamatta Group fracture bedrock and Hawkesbury Sandstone formation 
(bedrock aquifer) or Quaternary alluvium deposit aquifers along drainage lines of tributaries 
associated with the South Creek.  Localised perching of groundwater on the extremely weathered 
bedrock (which due to its clayey nature is likely to be very low permeability) can also be expected. 
Fill 

Fill in the form of a mixture of sand, gravel and clay is present in places over the SBT Works sites. 
Fill is typically thin (less than 2 m thick) and is almost invariably above the groundwater table. Fill 
may be saturated in places where infiltrated water is perched on the underlying residual clay soil. 
Quaternary alluvial aquifer 

The Quaternary alluvial aquifer overlies bedrock along the main drainage channels and creek lines 
including South Creek and its tributaries. Quaternary alluvial deposits typically comprise a mixture 
of gravels, sands, silts and clays. The alluvial deposits within the channels associated with 
watercourses typically act as zones of discharge of groundwater from the underlying residual soil 
and rock. Therefore, while the shallow aquifer can be relatively fresh, during droughts the discharge 
of groundwater from the bedrock aquifer can resulting an increase in salinity in the shallow aquifer 
and streams such as South Creek (McNally 2009). 
Residual soil 

Residual soil derived from the in-situ weathering of Bringelly Shale units typically comprise clay and 
have low hydraulic conductivity. Outside the alluvial channels, the residual soil has shallow topsoil 
or fill cover. 
Recharge to the aquifer is from rainfall and flow along the soil horizon interface, and therefore closer 
to perched water than true groundwater (McNally 2009). Rainfall is expected to percolate through 
the residual soil, potentially leaching salt stored in the residual soils into local waterways, rather than 
recharging to the underlying Bringelly Shale. 
Bedrock aquifers 

The bedrock units of the Wianamatta Group (Bringelly Shale, Minchinbury Sandstone and Ashfield 
Shale) and underlying Mittagong Formation and Hawkesbury Sandstone form heterogeneous 
fractured rock aquifers where groundwater flows occur within defects within the rock mass. The 
bedrock aquifers in the Wianamatta Group are typically semi-confined to confined in low lying areas 
where the residual soils are rich in clay and can act as a confining layer. 
The origin of the saline water in the shales and residual soils is thought to be due to windblown 
aerosols, rather than historically trapped sea water. The salt accumulates by evapotranspiration, and 
infiltrates into the residual soils, and the underlying shales of the bedrock aquifer (McNally 2009).   
Bringelly Shale is the upper rock unit beneath the tunnel alignment. It comprises shale with 
sandstone bands. Defects including faults, dykes and shear zones are present. Permeability of the 
intact shale is low with flow occurring through defects associated with bedding, joints, shear zones 
and fractures. On exposure, the shale swells, and its exposed surface deteriorates with time. The 
permeability of the sandstone beds may be significantly greater than the intact shale. 
As a result of the interbeds of sandstone within the shale, vertical permeability of the rock mass is 
expected to typically be lower than the horizontal permeability. 
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2.2.2 Groundwater recharge and discharge 
Recharge to the alluvial deposit aquifer is primarily via rainfall recharge. Some recharge from 
watercourses may occur during periods of high flow and from small farm dams within the area. The 
watercourses are however expected to act predominantly as the line of groundwater discharge. 
Groundwater levels are expected to mound between watercourses with vertical infiltration downward 
through the residual clay cover and lateral migration from the elevated areas towards the 
watercourses via the Bringelly Shale. 
Due to the low permeability of the residual soil cover, groundwater recharge to the underlying shale 
aquifers is expected to be low perhaps between 1 and 2 % of the average annual rainfall.  
An increase in development around the area is likely to reduce the direct recharge from rainfall. 

2.3 Groundwater levels and flow 
Groundwater flow is interpreted to be controlled by rainfall infiltration and discharge along the 
watercourses. As a result, the groundwater flow direction is expected to generally follow topography 
towards the main drainage channels in a northerly and easterly direction towards Cosgroves Creek, 
a southerly and easterly direction towards Badgerys Creek and South Creek and westwards towards 
Duncans Creek. Groundwater levels are typically within 5 m of the ground surface though 
groundwater is deeper than 5 m depth in the higher ground away from the watercourses. 
Groundwater level contours have been interpreted based on average baseline groundwater levels, 
watercourses and topographic contours (Figures 2-1 to 2-5). Groundwater levels used to develop 
the groundwater contours are provided in Table 8-1 of the Baseline Groundwater Assessment (ref. 
SMWSASBT-CPG-SWD-SW000-GE-RPT-040405). Groundwater flow is complex, and the 
interpretation is considered to provide a general indication of the broad pattern of existing 
groundwater flow. Local-scale influences may not captured.  
Downward head gradients are interpreted to be present away from the watercourses linked to 
infiltration of rainfall through the residual soil to the deeper rock aquifer. Upward gradient may be 
present at the water courses where the potentiometric pressures in the deep bedrock are above the 
base of the creek/watercourse level. This has been reported near the west bank of Claremont Creek 
(refer Section 13.4.1 of the HIR) and is noted to cause of periodic increases in salinity in South Creek 
due to the discharge of saline water from the Bringelly shale aquifer (McNally 2009). 
More detailed discussion on groundwater level and flow direction along the SBT Works alignment 
are provided in the HIR (SMWSASBT-CPG-SWD-SW000-GE-RPT-040403).  
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Figure 2-1: Groundwater level contours and flow direction – Alignment Overview 
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Figure 2-2: Groundwater level contours and flow direction – St Marys Station and Claremont Meadows 
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Figure 2-3: Groundwater level contours and flow direction – Claremont Meadows and Orchard Hills Station 
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Figure 2-4: Groundwater level contours and flow direction – Airport Terminal and Portal Dive Structure 
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Figure 2-5: Groundwater level contours and flow direction – Bringelly Service Facility and Aerotropolis Core 
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2.4 Groundwater quality 
Groundwater quality along the SBT Works alignment is presented in detail in the HIR (SMWSASBT-
CPG-SWD-SW000-GE-RPT-040403) and Baseline Groundwater Report (SMWSASBT-CPG-SWD-
SW000-GE-RPT-040405), with a focus on areas where there is the potential for significant 
interaction with groundwater and where potential groundwater quality issues have been identified. 
All currently available groundwater quality data is provided in Annexure D, with a summary of 
baseline groundwater quality by monitoring zone provided in Annexure E (as reported in the Baseline 
Groundwater Report). 
General groundwater quality along the SBT Works alignment is summarised in Table 2-1, with the 
summary statistics provided separately for the alluvial, residual and bedrock aquifers. Further 
discussion is provided below and in the baseline groundwater quality summary in Annexure E.  
The general characteristics of groundwater across the SBT Works area are: 

• Groundwater along the alignment ranges from fresh to saline, generally exceeding 
10,000µS/cm. The groundwater EC is typically higher in wells screened in the bedrock and 
residual soils. The lowest salinity (<1,000uS/cm) were reported near South Creek and 
Claremont Creek between St Marys and Claremont Meadows, indicating that fresh surface 
water bodies discharge to shallow groundwater in some areas. 

• Groundwater along the alignment is generally neutral to acidic, ranging from 3.87 to 11.74 
pH units (average pH of 6.54). Generally, pH readings were below 8 pH units. Low pH 
groundwater (pH <6) along the alignment is commonly associated with elevated metals in 
the groundwater. Strongly alkaline groundwater (pH>10) has consistently been reported in 
one location (SMGW-BH-A122) at tunnel depth to the south of Claremont Meadows and the 
Gipps St Landfill, and in SBT-GW-1806 to the west of Orchard Hills Station. 

• Sulfate concentrations in groundwater along the alignment groundwater varied widely.  
Concentrations do not always correlate with groundwater EC, which is attributed to the 
presence of organic compounds, including hydrocarbon contamination at several locations 
along the alignment. The lowest relative sulfate concentrations were reported in groundwater 
bores at the northern end of the alignment at St Marys, Claremont Meadows, Orchard Hills 
and to a lesser extent at WSI. 

• Groundwater is typically of sodium-chloride water type. An increased sulfate and bicarbonate 
to chloride ratio is present at some locations in St Marys, along the northern tunnel alignment 
to the Claremont Meadows Service Facility, and at Bringelly, which is attributed to the 
hydrocarbon or other organic impact in groundwater in these areas.  







  

 
 

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

Groundwater Monitoring Program | Page 27 

 

2.6 Groundwater dependent ecosystems 
Groundwater dependent ecosystems (GDEs) are receptors that rely wholly or partially on 
groundwater to provide all or some of their water needs. GDEs relevant to the SBT Works can 
broadly be categorised as: 

• Terrestrial GDEs: Ecosystems reliant on the subsurface presence of groundwater (i.e., vegetation 
that is accessing the water table and/or capillary fringe) 

• Aquatic GDEs: Ecosystems reliant on the surface expression of groundwater (i.e., wetlands and 
baseflow fed watercourses). 

Terrestrial GDEs are ecosystems with vegetation that rely on the availability of shallow groundwater, 
which is within reach of the root zone. Mature, large trees are likely to have the deepest root systems 
and are the most likely vegetation type in a given ecosystem to access groundwater. Two 
classifications of terrestrial GDEs are recognised:  

• Obligate groundwater dependency – where vegetation (or some vegetation in a wider ecosystem) 
sources most, or all its water requirements from groundwater or the capillary fringe. 

• Facultative groundwater dependency – where groundwater may be used periodically either only 
when it is available, or only when it is required. 

Subterranean GDEs have not been mapped in the vicinity of the SBT Works and as such are not 
considered further. There are also no Ramsar or nationally important wetlands within the study area. 
A desktop search of groundwater dependent ecosystems within a 1 km buffer of the SBT Works 
identified several aquatic and terrestrial ecosystems listed as having moderate or high potential for 
groundwater dependence (BoM, 2021). Data sources and the assessment process used to identify 
potential GDEs are detailed in the HIR (SMWSASBT-CPG-SWD-SW000-GE-RPT-040403).  
A detailed description of the suspected aquatic and terrestrial GDEs in the vicinity of the SBT Works 
is provided in Annexure C, along with figures presenting an overview of the mapped locations. 
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3 Environmental Impacts 
3.1 Construction groundwater inflow and drawdown assessment 
The assumed station and facility construction details are outlined in the HIR (Document reference: 
SMWSASBT-CPG-SWD-SW000-GE-RPT-040403).  The design of various excavations has been 
amended since tender, with secant pile walls to be used instead of diaphragm walls at both the 
Claremont Meadows and Bringelly Service Facilities. The effect of this design modification has been 
assessed in recent versions of the HIR, and the assumed drawdown extents updated for this GWMP.  

3.1.1 St Marys Station  
The existing groundwater level at the station in the main aquifer is assessed to be 32.5 to 33 mAHD, 
with some higher levels toward the east end of the station.  This level was adopted for the 
assessment of drawdown impacts associated with construction. A higher level of 34 mAHD was 
adopted for the assessment of potential sustained groundwater inflow due to periods of sustained 
high rainfall. 
For construction groundwater assessment, it is assumed that groundwater level will be controlled to 
18.5 mAHD within the excavation allowing for excavation to facilitate foundation preparation and 
casting of the base slab. 
South Creek is present 800 m to the southwest and a minor tributary of South Creek is present 420 
m to the north. The estimated sustained inflow is 0.8L/s if untreated. Higher inflow may occur initially 
depending upon the rate of excavation. Drawdown of 1m associated with the excavation is assessed 
to occur for a distance of up to 550 m from the excavation. As a result, the excavation is considered 
unlikely to influence the nearby watercourses. 
Based on the borehole logs Bringelly Shale is interpreted to be present at the bulk excavation level 
over the lower 16 m of the excavation. Perched groundwater (at the shallow level than the recorded 
groundwater level within shale) is anticipated in the shallow soil profile at higher elevations than the 
main aquifer. The groundwater inflow assessment assumed that such shallow groundwater would 
be address separately by surface drainage or cutoff trenching. 
The operational state is not known, but if the station is to be drained during operation, the extent of 
impact is expected to be similar as described above.   

3.1.2 Claremont Meadows Facility 
The depth to groundwater at the Claremont Meadows facility has been measured within 2.5 m of the 
ground surface in places and some dewatering during construction is expected.   
Secant walls will be used during construction, which will likely result in a higher magnitude of 
groundwater drawdown propagating from the construction site when compared with the original 
diaphragm wall design option.  
Claremont Creek is approximately 140 m to the northwest of the facility.  Based on the parameters 
adopted and approach as outlined in the HIR (SMWSASBT-CPG-SWD-SW000-GE-RPT-040403), 
and making allowance for the presence of Claremont Creek, sustained inflow to the excavation if 
untreated is estimated to be 0.44L/s, with greater initial inflow in the short term. Minor inflows are 
expected provided adequate waterproofing is installed. During construction, influence is estimated 
to extend 350 m to the east, and 1 m drawdown of the water table up to 250 m from the excavation. 
The magnitude of groundwater level drawdown towards the north, where higher hydraulic 
conductivity alluvial sediments exist, is expected to be limited. 
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3.1.3 Orchard Hills Station  
The Orchard Hills Station excavation is anticipated to extend to about 27 mAHD allowing some over-
excavation for the preparation of the floor for the casing of the base slab. A ramp to the ground 
surface will be constructed to the south and will provide construction access and will form part of the 
metro rail system. 
An ephemeral watercourse is present to the north of the station. This is treated as having little 
influence on groundwater levels. It is interpreted to act as a zone of groundwater discharge under 
pre-development conditions. 
Based on the parameters outlined in the HIR, the sustained estimated seepage to the station 
excavation and dive structure is assessed as 0.43 L/s and the extent of the impact is assessed to 
be within 350 m of the station. This zone of influence does not extend as far as South Creek to the 
west so no adverse impacts on South Creek are predicted. No existing groundwater bores have 
been identified within the assessed zone of influence. 
Drawdown related settlement is assessed to be less than 5 mm (allowing a drained modulus of 35 
MPa and a Poisson’s Ratio of 0.3 for depressurisation of up to 5 m of residual soil).   

3.1.4 Bringelly Services Facility  
Secant walls will be used during construction of the Bringelly Service Facility, which will likely result 
in a higher magnitude of groundwater drawdown propagating from the construction site than initially 
predicted based on previous assumed use of solider piles or a diaphragm wall.  
A pre-development groundwater level of 69 mAHD was adopted for assessment of drawdown impact 
and construction groundwater seepage inflow based on the records from monitoring location SMGW-
BH-D303S. 
A sustained construction groundwater seepage inflow of 0.44 L/s is assessed during construction, 
with minor inflows expected provided adequate water proofing is installed.  Drawdown response is 
expected to be limited to 400 m from the shaft, with greater than 1 m assessed to occur within 200m 
(north) to 330m (southwest) of the excavation. 

3.1.5 Aerotropolis Core Station  
The Aerotropolis Cores Station is approximately 200 m to the northwest of Thompsons Creek. 
Groundwater levels recorded at location SMGW-BH-D326 showed a 1.1 m rise in response to a 
heavy rainfall event in March 2021 with subsequent recovery to a level of 66.8 mAHD. Based on 
these measurements a pre-development groundwater level of 67 mAHD was adopted for 
assessment of construction groundwater inflow and drawdown response. 
Borehole logs for the area show thin residual soil cover over Bringelly Shale. 
A sustained construction groundwater seepage inflow of 0.49 L/s is assessed if untreated, with a 
drawdown response limited to 450 m from the shaft. Drawdown greater than 1 m is assessed to 
occur within 300 m of the excavation. 

3.2 Environmental impacts 
Potential impacts resulting from the SBT Works before the implementation of mitigation measures 
were identified and assessed as part of the preliminary groundwater impact assessment as detailed 
in the HIR (SMWSASBT-CPG-SWD-SW000-GE-RPT-040403). 
The SBT Works will interact with the groundwater environment during the construction. The 
construction methods and permanent design adopted for the underground structures directly 
influences how the SBT Works will impact groundwater systems and sensitive receptors. 
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5 Groundwater monitoring – baseline conditions 
The following section summarises the baseline groundwater assessment completed to inform 
existing conditions and refine the construction monitoring program.  
All groundwater monitoring locations along the alignment, including pre-award bores and project 
bores installed by CPBG, are shown on figures in Annexure C. 

5.1 Pre-award Data 
The pre-award project monitoring network was installed between 2019 and 2023, and consists of 78 
existing groundwater monitoring bores, and 52 vibrating wire piezometers (VWPs) installed at 30 
locations along the alignment. Monitoring bores were designed to target the following three 
hydrogeological units: 

• Quaternary alluvial aquifer 
• Residual soils, including perched water 
• Bedrock aquifer, predominantly in the Bringelly Shale. 
Groundwater quality data was also available from nine (9) groundwater wells installed at Western 
Sydney International (WSI), with these wells sampled up to eight times between March 2017 and 
April 2019.   
Data from these monitoring locations is included in Annexure D and was included in the Baseline 
Groundwater Assessment (SMWSASBT-CPG-SWD-SW000-GE-RPT-040405).  

5.2 Baseline groundwater assessment 
To inform existing conditions, support the DSIs and provide the construction monitoring network, 55 
groundwater bores and 55 vibrating wire piezometers (VWPs) were installed by CPBG at 88 
locations along the alignment.  
In addition to informing baseline conditions, where required, data from these locations was included 
in the DSIs to address identified contamination data gaps. A number of bores were also installed to 
monitor where the potential for environmental impacts during construction was identified, or where 
existing wells will either be destroyed or become dry during construction, and no existing monitoring 
locations were available as an alternative.  
The details of depth, co-ordinates and target stratigraphic unit for all monitoring bores and VWPs 
sampled or monitored for the baseline assessment, including pre-award bores, are listed in Table 
5-1 and Table 5-2, respectively. Table 5-2 also indicates locations where data loggers have been 
installed. The location of all bores and VWPs included in the baseline assessment are shown on 
Figure 5-1 and Figure 5-2. 
All newly installed monitoring bores were sampled for water quality at least once for the full analytical 
suite as detailed in Table 6-6, and levels gauged to supplement the existing baseline dataset. Most 
bores were sampled three times, with a limited analytical suite adopted for the second and third 
rounds where no PFAS or hydrocarbon contamination was identified when analysed for the full 
analytical suite. 
A number of existing groundwater monitoring bores had not previously been sampled and/ or had 
not been analysed for a full analytical suite, including some nearby suspected contamination 
sources. Where these bores still existed, and could be accessed, they were also sampled as part of 
the baseline assessment program to provide as complete a baseline assessment as possible. In 
total, 23 pre-award groundwater monitoring bores were sampled as part of the baseline assessment 
at least once for the full analytical suite. 
 



  

 
 

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

Groundwater Monitoring Program | Page 40 

 

The initial screening criteria used to assess baseline groundwater quality included:  

• ANZECC/ARMCANZ 2000 relevant physical and chemical stressors  
• ANZG (2018) 95% species protection criteria for freshwater water, with criteria for toxicants 

known to bioaccumulate assessed based on the 99% species protection criteria 
• PFAS National Environmental Management Plan (NEMP 2.0) 99% species protection values  
• Australian Standard AS2159 – 2009 Piling design and installation have also been considered 

to assess potential groundwater aggressivity risks posed by groundwater to underground 
concrete and steel structures (discussed in Section 20.2 of the HIR). 

• Discharge concentration limits negotiated with EPA as detailed in L2.4 of Environmental 
Licence (EPL 21672, amended 10 March 2023)  

• Airports (Environment Protection) Regulations (AEPR) 1997 guidelines (on-airport locations 
only). 

A summary of the baseline groundwater quality is provided in Annexure E. Summary tables are 
provided for each monitoring area with the minimums, maximums and average concentrations for 
key parameters for each aquifer, and comparison to the screening criteria.  
Detailed presentation and discussion of the baseline groundwater data is provided in the baseline 
groundwater assessment (SMWSASBT-CPG-SWD-SW000-GE-RPT-040405). 
Baseline groundwater quality associated with the chlorinated hydrocarbon contamination from the 
former dry cleaner at 1- 7 Queen Street, St Marys is detailed in the following reports: 

• Former Dry Cleaner, 1-7 Queen St – Assessment of Human Health Risk and Mitigation 
Options report (Tetra Tech Major Projects, 2023 Ref: SMWSASBT-CPG-SWD-SW000-GE-
RPT-040540) 

• St Marys Station Detailed Site Investigation (Tetra Tech Major Projects, 2023, Ref: 
SMWSASBT-CPG-SWD-SW000-GE-RPT-040513). 
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Figure 5-1: Detailed Site Investigation and Baseline Assessment Works – Northern Groundwater Bore and VWP Locations 
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Figure 5-2: Detailed Site Investigation and Baseline Assessment Works – Southern Groundwater Bore and VWP Locations 
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5.3 GDE monitoring  
To address the requirement of Condition C16 (c) for sentinel groundwater monitoring bores, electrical 
conductivity (EC) and groundwater level data loggers have been installed at 16 locations to 
continuously monitor conditions during the construction phase. 
Levels and EC have been recording hourly since installation, with all data downloaded in August 
2023. Level and EC ranges and averages for baseline period for all locations where loggers have 
been deployed are summarised in Table 5-3.  For locations where logger data was not yet available, 
data ranges based on pre-award and baseline sampling events is instead provided. 
Baseline level and EC data indicate that hourly recording of EC and levels during construction is 
appropriate as it allows diurnal patterns of vegetation water-use to be captured.  
Six of the locations are to be monitored to specifically assess potential risks to groundwater 
dependent ecosystems (GDEs). The baseline data has been used to develop site specific trigger 
values (SSTVs) to assess conditions during construction. SSTVs, developed by an Environment 
Institute of Australia and New Zealand’s Certified Environmental Practitioner (Site Contamination) 
(CEnvP (SC)), are provided in Table 6-10. 
The data review process (Section 8.3) will include comparison of data with groundwater level loggers 
installed in nearby control locations away from mapped GDEs to identify where changes in levels 
are due to seasonal variation rather than related to the SBT Works.  
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6.3 Groundwater quality monitoring 
6.3.1 St Marys – Mitigation system monitoring 
Significant chlorinated hydrocarbon contamination in groundwater has been identified beneath the 
former dry cleaner at 1-7 Queen Street, St Marys. This contamination has been investigated and 
measures have been implemented to mitigate potential construction related risks and adverse 
changes in risk profile due to station excavation related drawdown. 
Mitigation, management and construction monitoring measures are detailed in:  

• St Marys Station - Remedial Action Plan (Tetra Tech Major Projects, 2023, SMWSASBT-
CPG-SWD-SW000-GE-RPT-040521)  

• St Marys Station – Implementation of Permeable Reactive Barrier (Tetra Tech Major 
Projects, 2023, SMWSASBT-CPG-SWD-SW000-GE-RPT-040561. 

• St Marys Station Remedial Action Plan - Proposed revision to mitigation groundwater 
sampling frequency (Tetra Tech Major Projects, 2024, SMWSASBT-CPG-SWD-SW000-
GE-MEM-040402) 

• St Marys Station Remedial Action Plan - Proposed revision to mitigation groundwater 
monitoring network (Tetra Tech Major Projects, 2024, SMWSASBT-CPG-SWD-SW000-GE-
MEM-040403) 

• Off-Airport Sydney Metro Western Sydney Airport Construction Soil and Water Management 
Plan. 

In summary, a permeable reactive barrier (PRB) has been installed to mitigate the potential risk of 
construction related drawdown mobilising chlorinated hydrocarbon impact in groundwater to the west 
of St Marys Station.  
Given the potential for unacceptable inhalation or direct contact risk, a targeted groundwater 
monitoring and mitigation approach has been applied, to allow for contingency mitigation to be 
implemented if required before an unacceptable exposure occurs.  
A PRB mitigation monitoring program as detailed in the RAP was implemented by CPB Ghella Joint 
Venture (CPBG) with weekly monitoring from 30 June 2023. In December 2023, after six months of 
weekly monitoring, the frequency of monitoring was reviewed and amended to fortnightly, as the 
groundwater gradient in the vicinity of the former dry cleaner had not changed, and chlorinated 
hydrocarbon concentrations in all monitoring wells were below the level of reporting (LOR). The 
change in sampling frequency, was agreed to by the auditor on 21 December 2023, and Sydney 
Metro on 22 December 2023. 
In addition to monitoring for potential contaminant mobilisation, a weekly monitoring program has 
been 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 includes weekly sampling of groundwater in the vicinity of the former dry cleaner 
at 1-7 Queen Street. The monitoring is to start four weeks before TBM-1 passes through the 
suspected source area (starting 12 April 2024), and 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. 
With the decommissioning of monitoring wells prior to the TBM passing through the area, a revised 
mitigation monitoring program will be implemented (Table 6-5). In addition to sampling and analysing 
for chlorinated hydrocarbons, groundwater levels in key wells will be used to assess hydraulic 
gradients between the source area and the Station excavation: 
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Note: Italic denotes bore detail unknown as not installed by CPBG  
 
1. Alternate well IDs listed in Table 5-1 
2. Monthly sampling during cross passage construction – refer Table 6.2 for monitoring period 
3. Well decommissioned April 2024 due to being located within 3m of the northern tunnel alignment. No replacement warranted. 
4. Existing well SMGW-BH-A360 to replace SBT-GW-1022 for monitoring during cross-passage construction. As there is no baseline water quality data, first sample undertaken will be analysed for full 

analytical suite. Analytical suite for subsequent monitoring will be determined by a suitably qualified person based on previous sampling results.  
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 Figure 6-1: Construction groundwater monitoring program – St Marys Station 
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Figure 6-2: Construction groundwater monitoring program – South Creek to Orchard Hills Station 
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Figure 6-3: Construction groundwater monitoring program – WSI and Bringelly Services Facility 

 

 
Figure 6-4: Construction groundwater monitoring program – Aerotropolis Core Station 

 

The frequency of sampling and analysis required has been reviewed based on data from the baseline 
assessment. Six monthly groundwater sampling events for the construction monitoring bore network 
is considered sufficient as the timing for changes in water quality is expected to be greater than six 
months, and no contamination requiring active management has been identified with the exception 
of the former dry cleaner at 1-7 Queen St.  
The groundwater monitoring network and program will be refined during construction based on the 
observed groundwater responses to construction activities and ongoing development and 
recalibration of the groundwater model. 
The construction groundwater monitoring program is considered to be suitable for identification of 
potential groundwater quality issues as bores have been targeted along the alignment where model 
predicted drawdown has been identified. 
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6.3.3 Groundwater quality performance criteria 
The baseline data indicates that some groundwater quality parameters exceed initial screening 
criteria based on:  

• ANZECC/ARMCANZ 2000 relevant physical and chemical stressors  
• ANZG (2018) 95% species protection criteria for freshwater water, with criteria for toxicants 

known to bioaccumulate assessed based on the 99% species protection criteria 
• PFAS National Environmental Management Plan (NEMP 2.0) 99% species protection values  
• Australian Standard AS2159 – 2009 Piling design and installation have also been considered 

to assess potential groundwater aggressivity risks posed by groundwater to underground 
concrete and steel structures (discussed in Section 21.2 of the HIR). 

• Discharge concentration limits negotiated with EPA as detailed in L2.4 of Environmental Licence 
(EPL 21672, amended 9 February 2023)  

• Airports (Environment Protection) Regulations 1997 (AEPR) guidelines (on-airport locations 
only). 

Site-specific groundwater quality action triggers have been developed for select locations where 
baseline assessment identified groundwater contamination may be within the area predicted to be 
influenced by construction related drawdown, and either: 

• Above detect for TPH or PFAS, or  

• 10 x EPL for contaminants of potential concern (CoPC) which typically exceed the EPL along 
the alignment (i.e aluminium, cadmium, copper, zinc, total nitrogen and total phosphorus). 

Site specific triggers are based on detection of CoPC concentration above the baseline maximum, 
with metal action triggers relating to filtered metal concentrations. 
This approach acknowledges that existing groundwater conditions exceed the EPL limits for a 
number of parameters along the alignment. Any adverse change in risk will therefore likely to be due 
to where high concentrations already exist, and have been reported in the baseline assessment, with 
the intent of the triggers to identify where conditions have changed. 
For sentinel wells, and for CoPCs where baseline concentrations are less than 10 x the EPL limits, 
but exceed the initial screening criteria, a potential adverse change in conditions will be identified by 
statistical trend assessment (Mann Kendall Statistic), rather than via well and analyte specific action 
triggers. As trend analysis requires a minimum of four values, and many construction sampling 
locations have three or less baseline values, the trend analysis will be undertaken using the two 
most recent values from the baseline assessment, and construction monitoring phase data. 
Where a statistically increasing trend is reported, the baseline data range will be reviewed, and a 
trigger 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 a CoPC 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 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 as outlined in Section 
9. 
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This approach to site specific groundwater quality action triggers has been developed by consultants 
certified under the Environment Institute of Australia and New Zealand’s Certified Environmental 
Practitioner (Site Contamination) scheme (CEnvP(SC)). 
The action triggers are not intended for use as discharge criteria, or to assess potential risk to 
ecological receptors.  
With the exception of groundwater associated with the former dry cleaner at St Marys, no existing 
potential vapour intrusion risks have been identified based on baseline data collected, and therefore 
no SSTVs for VOCs have been developed.  
Site specific trigger levels for water quality are provided in Table 6-8. 
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6.4 GDE and Salinity monitoring 
Risk posed to GDE health by altered groundwater quality is currently considered negligible, and the 
implementation of the construction groundwater quality monitoring program is considered sufficient 
for GDE monitoring for the SBT Works. 
Level monitoring is the primary, leading indicator of potential impact to GDEs. Groundwater level 
and EC monitoring will be conducted in monitoring wells identified in Table 6-9, which includes 
proposed wells in the vicinity of GDEs to specifically monitor GDE conditions.  
Groundwater level and quality monitoring will be conducted using data loggers that can record EC, 
and groundwater level. The loggers have been installed at key monitoring bores between the 
alignment and GDEs (Table 6-9) and programmed to record data hourly.  
Data loggers will be downloaded and locations manually gauged on a monthly basis, which is 
considered sufficient as the timing for changes in water level and quality with respect to GDEs is 
expected to be greater than one month.  The monthly download and review of data will be supported 
by laboratory testing of water quality as outlined in Section 6.3. 
All level / EC loggers will record on hourly intervals, which may be adjusted over consecutive 
monitoring events according to observed fluctuations or trends in groundwater conditions. 
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7 Monitoring methodology 
7.1 Overview 
This section details the groundwater monitoring methodology to be implemented during the SBT 
Works.  Procedures for the collection of continuous and discrete groundwater monitoring data are 
provided, including all quality assurance / quality control requirements. Specifically, this methodology 
provides an approach for collection and assessment of the following environmental datasets: 

• Groundwater level as mBTOC groundwater and mAHD (measurement and datalogger download) 
• Groundwater salinity as electrical conductivity (measurement and datalogger download) 
• Groundwater quality at key locations (field measurement and sample collection) 
• WTP discharge water quality (field measurement and sample collection) 
• Groundwater inflows (collection of pump flow meter data). 
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) 

• 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, B., Feitz, A., Caritat, P. de, Plazinska, A., Brodie, R., Coram, J. and Ransley, T., 2009. 
Groundwater Sampling and Analysis – A Field Guide. Geoscience Australia, Record 2009/27 95 
pp. 

 

7.2 Continuous Groundwater Monitoring 
Continuous groundwater monitoring will be undertaken to monitor for changes to groundwater 
conditions during the SBT Works. The continuous monitoring infrastructure includes a combination 
of VWPs and standard monitoring bores fitted with dataloggers. The monitoring and data collection 
methodology for each are discussed in further detail below.   

7.2.1 Vibrating Wire Piezometers 
The VWPs that form a part of the groundwater monitoring network for the project are identified in 
Table 6-4 and shown on Figures A-1 to A-7, Annexure A. 
VWPs are used to monitor porewater pressure and can also be used to monitor water levels. The 
VW piezometer converts water pressure to a frequency signal via a diaphragm, a tensioned steel 
wire, and an electromagnetic coil.  
The piezometer is designed so that a change in pressure on the diaphragm causes a change in 
tension of the wire. An electro-magnetic coil is used to excite the wire, which then vibrates at its 
natural frequency. The vibration of the wire in the proximity of the coil generates a frequency signal 
that is transmitted to the readout device. 
The readout or data logger stores the reading in Hz. Modern data logger readouts may also 
automatically convert the reading in Hz to a pressure or level reading when a suitable pre-calibration 
is used. For non-vented piezometers, barometric pressure corrections are required because the 
space inside the piezometer isolated and disconnected from the atmosphere. Vented piezometers 
designed to eliminate barometric effects, and as such barometric pressure corrections are not 
required. 
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VWPs are set to record data at a maximum interval of once every six hours and are telemetered with 
real time data available via the project portal SensGrid. VWP monitoring data will be reviewed on a 
weekly basis to assess changes in groundwater levels during the initial construction stages of the 
project for all excavations, including cross-passages, and as TBM operations progress along the 
alignment.  
Results will be presented on continuous data graphs to show any trends in groundwater levels over 
time, compared to trigger levels, and plotted with rainfall, to assist in identification of trends that may 
be attributable to construction activities. 
  
7.2.2 Groundwater monitoring bores 
The groundwater monitoring bores that form a part of the groundwater monitoring network for the 
project are identified in Section 6.3 and Figure 6-1 to Figure 6-4. 
Select standpipe piezometers have been fitted with level and EC data-loggers for the continuous 
measurement of groundwater levels and electrical conductivity of groundwater for GDE monitoring, 
and level monitoring (detailed in Table 6-9).  
Data-loggers are set at a depth lower than the predicted minimum water table elevation, accounting 
for natural variations and artificially induced drawdown, with sensors set within the screened interval 
for accurate assessment of groundwater salinity. 
The data-loggers are set to record data at a maximum interval of every six (6) hours, or hourly for 
GDE monitoring locations. Monitoring data will be downloaded and reviewed monthly for GDE 
monitoring, and six monthly for other locations to assess changes in groundwater levels and EC 
during the construction stages of the project. All data will be downloaded directly from the readouts 
by manual collection.  
The static groundwater level will be measured and recorded at each standpipe piezometer using an 
oil/water interface probe to verify the continuous data recorded by dataloggers and identify any non-
aqueous phase liquid (NAPL) contamination. The methodology for the manual measurement of 
groundwater levels is summarised in Section 7.3. 

7.3 Manual groundwater level measurements 
Discrete interval groundwater level monitoring will be undertaken on a regular basis where 
groundwater is sampled for the construction groundwater monitoring (identified in Section 6 and 
Figure 6-1 to Figure 6-4) to collect information on groundwater conditions during construction stages 
of the project.  
Groundwater levels will be measured and recorded at all relevant standpipe piezometers using an 
oil-water interface probe. Measurements collected using the interface probe will be used to verify / 
calibrate any continuous data collected by data-loggers and check for the presence of any 
hydrocarbon Light non-aqueous phase liquids (LNAPL) and dense non-aqueous phase liquids 
(DNAPL). 
The level (to the nearest millimetre) of groundwater and LNAPL / DNAPL (if present) will be 
referenced to a known (and consistent) surveyed point at the top of the bore casing (mTOC). This 
measurement will be corrected to mAHD using survey data.  
Recorded groundwater level will be tabulated in both metres below top of bore casing (mBTOC) and 
mAHD. The base of the bore will be measured and recorded on each manual groundwater 
monitoring event by lowering the dipper to the base of the bore until it touches the bottom, where 
possible 
LNAPL product layers will be present as an oil-product layer on top of the groundwater level. DNAPL 
is determined by lowering the probe to the base of the well.  
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All groundwater level monitoring will be carried out prior to any purging and sampling activities 
(where applicable).  

7.4 Groundwater Sampling 
The purpose of groundwater sampling is to retrieve a water sample that represents the 
characteristics of water below the ground surface. There are a number of methods that can be 
adopted to collect representative groundwater samples, including but not limited to: 

• Borehole purging 
• Low-flow sampling 
• Passive sampling 
• Hydrasleeve™ sampling. 
The sampling methodology selected for the groundwater monitoring program is discussed in the 
following sections. 

7.4.1 Sampling Methodology 
The groundwater monitoring program will adopt the Hydrasleeve™ sampling methodology for the 
collection of all groundwater samples at all sites identified in Section 6.  
The Hydrasleeve™ methodology has been adopted as it allows for multi-level sampling in a single 
well and are well suited to relatively low permeability aquifers where drawdown can be an issue with 
low-flow. 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 screened interval. Where a 
single depth is sampled, the Hydrasleeve™ is installed at 1.5 m below the top of the screen interval 
(i.e. within the screen). Where the groundwater table is within the screen interval, the Hydrasleeve™ 
is installed at 1.5m below the standing groundwater level. 
Prior to installation of the Hydrasleeve™ and/ or sample collection, groundwater levels are to 
manually gauged. 
After installation, the Hydrasleeve™ is left undisturbed until conditions are considered to have 
stabilised. The time to stabilise depends on the transmissivity of the aquifer, with more transmissive 
aquifer stabilising more rapidly. Typically, a minimum of five (5) days should allowed for stabilisation, 
which is considered appropriate given many bores 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. 
For analysis of volatile organic compounds (VOCs), to reduce volatile losses, samples should be 
collected as rapidly as practicable with minimal agitation and zero headspace in sample bottles.  
Sample containers should be placed directly into ice filled coolers and transported to the NATA-
accredited laboratories under Chain of Custody (COC) processes. Samples are required to be 
documented as received by the laboratory chilled and intact. Samples should be submitted as soon 
as practicable to the laboratories to prevent loss while in storage or transit and analysed within 
recommended holding times. 

7.4.2 Field Measurements 
Some water quality parameters cannot be reliably measured in the laboratory as their characteristics 
change over a very short time scale. Parameters to be measured in the field include pH, electrical 
conductivity (EC), temperature, dissolved oxygen (DO) and redox potential. 
Water quality parameters will be measured using a calibrated field water quality meter following 
sample collection and recorded in the field. 
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Other visual and olfactory observations such as odour, colour and indications of gross contamination 
(i.e. LNAPL/ DNAPL) should also be recorded in the field on appropriate field sheets/tablets. 
A Standard Operating Procedure (SOP) compliant with AS/NZS 5667.11:1998 should be developed 
and adhered to for all Hydrasleeve™ sampling operations, including the collection of field 
parameters. 

7.5 Effluent Water Quality – Water Treatment Plant 
7.5.1 In-Line Monitoring 
The construction WTPs will be designed to include in-line monitoring sensors to monitor pH and 
turbidity prior to effluent discharge. If either parameter is out of range an alert will be sent to the WTP 
operator to recirculate water through the WTP until parameters are within the required range. Once 
parameters are within the required range, effluent will be discharged to either trade waste or the 
relevant receiving waterway (depending on whether the effluent is suitable for discharge to receiving 
waterways under the EPL conditions). 

7.5.2 Sampling Methodology 
Grab samples will be collected manually from the WTP locations as per the frequencies specified in 
the EPL to verify that water from the WTPs remain below the limits identified in the EPL. The volume 
of sample collected will be sufficient for the required physico-chemical (field) parameter analysis 
using a multi-probe water quality meter(s). 
An SOP will be developed to provide a consistent methodology in collection of samples from each 
WTP. 

7.5.3 Field Measurements 
Field physico-chemical parameters including temperature, EC, pH, DO, and turbidity will be 
measured at each sampling location using a calibrated multi-probe hand-held water quality meter 
immediately prior to collection of water quality samples. The collection of field measurements should 
follow a similar approach to that of field parameters collected from groundwater monitoring bores 
(Section 7.4.2). 
Other observations including odour, colour and indications of gross contamination will also be 
recorded on field logging sheets. 

7.6 Field Notes 
Field notes for each monitoring location will be recorded on appropriate field sheets (hard copy or 
digital). Details to be recorded on field notes include:  

• Unique sampling identification nomenclature consisting of the sample date, location, and sampler 
details. 

• Stable readings from field parameter testing 
• Observations of contamination including odour, colour and indications of gross contamination 
• Weather conditions at the time of sampling or field investigation 
• Any other relevant observations which may affect field or laboratory testing results. 

 

7.7 Field Quality Assurance / Quality Control 
7.7.1 Sampling Records 
The following information will be included with the results from water quality monitoring: 
a. The date(s) on which the sample was taken 
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b. The time(s) at which the sample was collected 
c. The point at which the sample was taken (location ID) 
d. The name of the person who collected the sample. 

7.7.2 Decontamination Procedures 
All non-disposable sampling equipment will be decontaminated before and between sampling 
locations to reduce the potential for cross contamination to occur between samples. 
Decontamination will include the following procedure: 

• Washing non-disposable sampling equipment in a solution of phosphate free detergent (e.g. 
Liquinox) and potable water 

• Rinsing with distilled water 
• Rinsing with water from sample location prior to sample collection. 

7.7.3 Field Method Blanks 
One field method blank will be collected for each sampling round. The field method blank will be 
used to assess potential for cross contamination from the use of any non-disposable equipment that 
may be used in the sampling process. The field method blank will be collected by rinsing non-
disposable sampling equipment with distilled water (following decontamination procedures) and 
collecting rinse water in the required laboratory testing containers. Field method blanks will not be 
required where sampling is conducted without the use of non-disposable equipment.  

7.7.4 Intra-Laboratory Duplicates 
Intra-laboratory field duplicates will be collected on an average frequency of one sample per twenty 
samples collected (5%), with an increased frequency for PFAS of one per ten (10%) according to 
NEMP 2.0. The analytical results of the two spilt samples will be compared to assess the precision 
of the sampling protocol and provide an indication of variability in the sample source. The relative 
percentage difference (RPD) acceptance limits will be:  

• No limit analytical results <10 times Level of reporting (LOR) 
• 50% analytical results 10-20 times LOR 
• 30% analytical results >20 times LOR. 
The RPD exceedances (if any) will be assessed to determine whether the project DQO’s can still be 
addressed. If not, then further sampling and/or analysis may be required. 

7.7.5 Inter-laboratory Duplicates (Triplicates) 
Inter-laboratory field duplicates will be collected on an average frequency of one sample per twenty 
samples collected (5%) with an increased frequency for PFAS of one per ten (10%) according to 
NEMP 2.0. The analytical results of the two spilt samples will be compared to assess the precision 
of the sampling protocol and provide an indication of variability in the sample source. The relative 
percentage difference (RPD) acceptance limits will be:  

• No limit analytical results <10 times LOR 
• 50% analytical results 10-20 times LOR 
• 30% analytical results >20 times LOR. 
RPD exceedances (if any) will be assessed and whether the project data quality objectives (DQO) 
can still be addressed. If not, then further sampling and/or analysis may be required. 

7.7.6 Trip Blanks 
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8 Compliance management  
8.1 Roles and responsibilities and training 
The CPBG organisational structure and overall roles and responsibilities are outlined in Section 4 of 
the CEMP. Specific responsibilities for the implementation of environmental controls are detailed in 
Part B of the SWMP. 
All employees, contractors and utility staff working on site will undergo site induction training relating 
to groundwater management issues, detailed in the SWMP. 
Further details regarding staff training are outlined in Section 7.8 of the CEMP.  

8.2 Groundwater monitoring  
Groundwater monitoring requirements are detailed in Section 6 and include the location, parameters 
to be monitored, analysis suite and frequency of monitoring. Groundwater monitoring methodology 
is summarised in Section 7. 
Additional requirements and responsibilities in relation to inspections are documented in Part B of 
the SWMP.  

8.3 Data analysis and response 
Groundwater level records from data loggers will be manually compensated for barometric pressure 
and converted to the Project datum (m AHD). Manual groundwater level measurements will be 
corrected for salinity and used to validate the accuracy of continuous groundwater level records. 
Groundwater level monitoring results from VWPs, data loggers and manual groundwater 
measurements will be compared to groundwater model predicted drawdown and GDE SSTVs 
established in Section 6.4, where relevant. If potential adverse impacts arise as a result of this 
comparison, the implementation of additional mitigation measures will be considered including:  

• Targeted ground improvement and grouting to limit groundwater inflows into station excavations, 
tunnels and cross-passage to reduce groundwater drawdown. 

• Design of undrained temporary retention systems to minimise groundwater inflow into station 
excavations and reduce groundwater drawdown. 

• Supplementing groundwater supply at affected groundwater dependent ecosystems or 
watercourses 

• Make good provisions for groundwater supply wells impacted by changes in groundwater level or 
quality. 

Local rainfall trends will be considered to assess the impacts of seasonal variability in groundwater 
levels during construction. Groundwater level observations will be used to inform future revision of 
this GWMP and groundwater model. 
Groundwater quality results from monitoring bores will be compared to baseline data following each 
monitoring event. Trends will be reviewed to assess potential mobilisation of existing contamination 
due to construction. EC results from data loggers will be compared to SSTVs following data collection 
and if required, inform the implementation of any mitigation measures.  
Water treatment plant sample results will be compared with discharge criteria monthly and reported 
in the six-monthly groundwater report as detailed in SWMP. 
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8.5.2 Records 
In addition to the record keeping detailed in the SWMP, the following compliance records will be 
retained by CPBG: 

• Records of groundwater monitoring bores and wells in the immediate vicinity of SBT Works sites 
(If monitoring locations change due to damage to a bore, or a bore need to be added because of 
the revised modelling predictions, the GWMP will be revised as noted in Section 9)  

• Records of groundwater levels and water quality testing  
• EPL Annual Reports 
• Groundwater monitoring field sheets 
• WTP operational performance data 
• Laboratory records.  
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9 Review and Improvement 
9.1 Review 
Where trigger levels as set out in Section 6 are exceeded, the GWMP will be reviewed, and if 
necessary, revised to account for the observed conditions. This may include assessment of the 
appropriateness of existing trigger levels based on the observed response and inferred risk to 
sensitive groundwater receptors, and revision of trigger levels. 

9.2 Continual improvement 
Monitoring data will be reviewed throughout construction for continual improvement. Section 9.4 of 
the SWMP describes the process for the continual improvement of project documents. 
Continual improvement of this GWMP will be achieved by the ongoing evaluation of environmental 
management performance against environmental policies, objectives and targets and Project 
performance outcomes of the EIS for the purpose of identifying opportunities for improvement. 
The continual improvement process is intended to: 

• Identify areas of opportunity for improvement of environmental management and performance 
• Determine the cause or causes of non-conformances and deficiencies. 
• Develop and implement corrective and preventative action to address any non-conformances and 

deficiencies (refer to Part B of the SWMP and the CEMP) 
• Verify the effectiveness of the corrective and preventative actions. 
• Document any changes in procedures resulting from process improvement. 
• Make comparisons with objectives and targets. 

 

9.3 Updates to GWMP 
There are several mechanisms which may trigger additional review and revision of the document: 

• Receipt of new data that materially affects the interpretations that underpin the requirement for 
groundwater monitoring and/or management. 

• Completion of further modelling, where the model predictions differ significantly from those used 
to form the basis for the assessment of groundwater-related impacts and specification of 
mitigation measures (if required) 

• The identification of previously unknown contaminant sources / plume(s) of contaminated 
groundwater that may be influenced by SBT Works. 
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1. Introduction 
1.1. Background 
The Sydney Metro Western Sydney Airport (the Project) forms part of the broader Sydney Metro 
network. It involves the construction and operation of a 23km new metro rail line that extends 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 a combination of tunnels and civil 
structures, including viaduct, bridges, surface and open-cut troughs between the two tunnel 
sections 
The Sydney Metro Western Sydney Airport EIS was prepared in October 2020 to assess the 
impacts of construction and operation of the Project and was placed on public exhibition between 
21 October 2020 and 2 December 2020. The Project was declared a Critical State Significant 
Infrastructure (CSSI) Project and is listed in Schedule 5 of State Environmental Planning Policy 
(State and Regional Development).  
The Project was approved by the Minister for Planning and Public Spaces on 23 July 2021 (SSI 
10051) under section 5.19 of the Environmental Planning and Assessment Act 1997 (EP&A Act). 

1.2. Scope of the report 
Reflecting the requirements of the SSI 10051 Planning Approval, this report has been prepared to 
provide the evidence of consultation with the identified parties during the development of the 
following documents:  

• Groundwater Monitoring Program, SMWSASBT-CPG-SWD-SW000-GE-RPT-040404, Rev 
4 (Subject Document). 
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