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Executive Summary 
EP Risk Management Pty Ltd (EP Risk) was engaged by Centuria Capital Limited (Centuria, the Client) to 
undertake a Surface Water and Groundwater Impact Assessment (the Assessment) for the property located at 
88 Newton Road, Wetherill Park, New South Wales (NSW), 2164 (the Site). 

It is understood that the Assessment is required to accompany a local Development Application (DA) to Fairfield 
City Council. The proposed development will involve the demolition of existing buildings and structures, followed 
by the construction and operational use of a single-storey warehouse and distribution centre with ancillary office 
space and amenities, on-site parking, landscaping and access, and other associated works including bulk 
earthworks, site preparation works and site clearance, as well as augmentation and construction of servicing 
utilities. 

The scope of works to achieve the objectives include: 

• A desktop hydrogeological study including a review of previous reports prepared for the Site and 
publicly available hydrogeological information.  

• Development of a Groundwater Conceptual Model and an analysis of the proposed dewatering 
required for the development.  

• An assessment of the construction and operational impacts associated with the Proposed Development 
on the surrounding groundwater and surface water nearby the Site.  

• Development of appropriate mitigation and monitoring measures to be implemented throughout the 
construction and/or operation and an assessment of their effectiveness with respect to surface and 
groundwater impacts. 

• Preparation of this report summarising the findings of the assessment. 

The proposed development includes demolition of the existing structures on the Site and construction of a large 
warehouse and ground level parking. In addition to the structures, underground services will be required to be 
constructed and/or relocated including stormwater and sewer assets. 

Based on the information contained in the concept plans provided, it’s considered that minimal dewatering will 
be required and would mostly be limited to perched water rather than groundwater during construction 
including: 

• Some minor dewatering of the perched water aquifer in the southwestern portion during bulk 
earthworks may be required.  

• Some minor dewatering in some proposed stormwater and sewer excavations (likely only perched 
water) may be required.   

A further review of the proposed dewatering estimate should be undertaken following the design finalisation. 

Potential construction stage impacts include contamination from chemical or hydrocarbon spills and increased 
sediment loads being discharged to downstream systems as a result of runoff from exposed areas. Construction 
impacts would be managed through implementation of Surface Water Management Plans (SWMPs) in 
accordance with the Blue Book and detailed planning and management of construction sites to avoid impacting 
overland flow paths without appropriate mitigation. 

Water quality impacts would be managed through implementation of water sensitive urban design measures.  

Construction stage impacts on groundwater may occur due to minor interception of perched water by 
excavations associated with construction. Impacts on perched water level due to dewatering would occur during 
the construction phase only. 
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A summary of the key impacts and proposed mitigation and monitoring measures are presented in Table 1 . 

Table 1 – Potential Construction and Operation Impacts and Mitigation Measures 

Activity Potential Impacts  Risk Rating   Mitigation Measures 
Residual 
Risk 
Rating 

Interception of 
groundwater 
aquifer  

Significant 
drawdown due to 
dewatering 
operations 

Moderate 

The proposed excavations are not 
expected to intercept the groundwater 
table, however, perched water may be 
encountered in the south western 
corner. Minimise duration of time that 
excavations encountering perched 
water are open. 

Low 

Chemical or 
hydrocarbon 
spill 

Contamination of 
groundwater  Moderate  

Storage of hazardous materials and 
refuelling to be undertaken in bunded 
areas.  
Spill kits to be kept onsite and staff 
informed of how to use them in an 
incident.  

Low 

Discharge of 
excess 
groundwater 

Contamination of 
stormwater 
networks by 
discharging 
contaminated 
groundwater.  

Moderate 

The groundwater table is not expected 
to be intercepted during the proposed 
excavation works. However, where 
perched water is encountered it is 
proposed to be utilised, where possible, 
as dust suppression.  
Approval to treat and dispose to sewer 
should be obtained if large volumes of 
perched water are required to be 
dewatered.   

Low 
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 Introduction 
EP Risk Management Pty Ltd (EP Risk) was engaged by Centuria Capital Limited (Centuria, the Client) to 
undertake a Surface Water and Groundwater Impact Assessment (the Assessment) for the property located at 
88 Newton Road, Wetherill Park, New South Wales (NSW), 2164 (the Site). The location and boundary of the 
Site is shown in Figure 1. The Site is approximately 5.17 hectares (ha) and is currently occupied by a warehouse 
building and an office building to the East. The Site is currently defined as Lot 1 in Deposited Plan (DP) 1017259 
and is currently zoned as E4 – General Industrial, under the Fairfield Local Environment Plan (LEP) (2013). 

 Background 
It is understood that the Assessment is required in support of a local Development Application (DA) to Fairfield 
City Council, relating to the proposed redevelopment of the site as a single-storey warehouse and distribution 
centre with office space and amenities, on-site parking, and related landscaping and utilities 

 Scope of Works 
The scope of works to achieve the objectives include: 

• A desktop hydrogeological study including a review of previous reports prepared for the Site and 
publicly available hydrogeological information.  

• Development of a Groundwater Conceptual Model and an analysis of the proposed dewatering 
required for the development.  

• An assessment of the construction and operational impacts associated with the Proposed Development 
on the surrounding groundwater and surface water nearby the Site.  

• Development of appropriate mitigation and monitoring measures to be implemented throughout the 
construction and/or operation and an assessment of their effectiveness with respect to surface and 
groundwater impacts. 

• Preparation of this report summarising the findings of the assessment. 
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 Site Condition and Surrounding Environment  

 Land Use and Layout  
The Site comprises a large trapezium-shaped portion of land, approximately 5.17 ha. An EP Risk Environmental 
Consultant attended the Site on 13th July 2023 to undertake a site walkover and visual inspection. General site 
features observed are summarised below: 

• Two buildings were present on-site, one large warehouse within the western portion of the Site and an 
office building with a surrounding carpark located within the eastern section of the Site.  

• Loading docks were located on the north and eastern sides of the warehouse.  

• A concrete lined stormwater drainage channel located adjacent the northern boundary of the Site.  

• No evidence of above ground storage tanks (ASTs) or Underground Storage Tanks (USTs) were observed 
on-site.  

• A fire sprinkler system was observed within the warehouse.  

• The warehouse was being used as a storage / distribution centre for various commercial parts.  

 Surrounding Land Use 
The Site is located within the Greater Western Sydney suburb of Wetherill Park and was predominately 
surrounded by industrial properties. Surrounding land use within a 1 km radius comprised of the following: 

To the North  

• A Drainage Creek running northeast – southwest (E4 – General Industrial). 

• Industrial Properties (E4 – General Industrial). 

• Caltex Service Station (E4 – General Industrial). 

• Victoria Street running east – west (E4 – General Industrial).   

• Industrial Properties (E4 – General Industrial). 

• Surrounding area of Prospect Reservoir beyond (SP2 – Infrastructure).  

To the South 

• Newton Road (E4 – General Industrial). 

• Commercial Properties (E4 – General Industrial). 

• The Horsley Drive (SP2 – Classified Road). 

• Residential Properties beyond (R2 -Low Density Residential). 

• Benghazi Park beyond (C2 – Environmental Conservation). 

• Wewak Park beyond (RE1 – Public Recreation). 
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To the East 

• Newton Road (E4 – General Industrial). 

• Industrial Properties beyond (E4 – General Industrial). 

To the West 

• Vacant land (E4 – General Industrial). 

• A Drainage Creek running northeast – southwest (E4 – General Industrial). 

• Industrial Properties (E4 – General Industrial). 

 Topography and Drainage 
The topography of the Site was observed to decline towards the northeast of the Site from the southwest. The 
approximate elevation of the Site was between 46 – 52 m Australian Heigh Datum (AHD). There were no 
significant topographic features within the Site boundary.  

Drainage is considered to flow to the north towards the concrete lined drainage channel.  

 Geology  
Based on the geological information sourced from the NSW Department of Industry, Resources and Energy 
(2023) the northern portion of the Site is underlain by Cenozoic to more recent aged alluvium comprising 
unconsolidated alluvial clay, silt, sand and gravel deposits; and the southern portion of the Site is underlain by 
Middle Triassic – aged Bringelly Shale comprising shale, carbonaceous claystone, laminate, lithic sandstone and 
rare coal. 

 Soil Landscapes  
Based on information sourced from the NSW Department of Planning and Environment (DPE, 2022), the Site is 
located within the Kurosol soil order.   

The South Creek Soil Landscape occupies the northern portion of the Site, and the landscape is described as 
having floodplains, valley flats and drainage depressions of the channels on the Cumberland Plain; and usually 
flat with mainly cleared incised channels. Soil are often very deep layered sediments over bedrock or relict soils. 
The main soils of the South Creek Soil Landscape where pedogenesis has occurred consist of Structured Plastic 
Clays or Structure Loams in and immediately adjacent to drainage lines; while Red and Yellow Podzolic Soils are 
most common terraces with small areas of Structure Grey Clay, leached clays and Yellow Solodic Soils. 

In addition, the Blacktown Soil Landscape occupies the central and southern portions of the Site, and the 
landscape is described as gently undulating rises on Wianamatta Group shales. Slopes are usually greater than 
five (5) percent, and local relief is 30 m. The landscape also includes broad rounded crests and ridges with gently 
inclined slopes, cleared Eucalypt woodland, and tall open – forest (dry schlerophyll forest). The main soils of the 
Blacktown Soil Landscape are shallow to moderately deep hard setting mottled texture contrast soils, Red and 
Brown Podzolic Soils on crests grading to Yellow Podzolic Soils on lower slopes and in drainage lines.  
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 Acid Sulfate Soils  
According to the Blacktown Council Local Environment Plan (LEP) the Site is not mapped within an area of acid 
sulfate soils. The Commonwealth Scientific and Industrial Research Organisation (CSIRO) Atlas of Australian Acid 
Sulfate Soils (2013) indicates the Site is within an area of Class C for acid sulfate soils. The Class C category is 
considered to have an extremely low probability of acid sulfate soil occurrence (1 – 5% chance).  

 Hydrology  
No Surface water bodies were located at the Site; however, a stormwater drainage channel is located adjacent 
to the north and runs southwest to northeast. In addition, Prospect Reservoir, an approximate 50.2 megalitre 
(ML) potable water supply and storage reservoir, is located approximately 1.5 km to the north.  

Due to the coverage of buildings and hardstand at the Site, the majority of the surface runoff is expected to be 
directed to the municipal stormwater system or the adjacent stormwater channel to the north that runs 
southwest to northeast.   

 Meteorology  
Average monthly and annual rainfall data from the closest meteorological station at the Prospect Reservoir 
weather station (Station ID 67019) is presented in Table 1. 

Table 1 – Rainfall data (mm) 

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

Mean 95.1 99.2 103.1 75.5 68.5 75.5 57.8 50.2 46.3 60.2 72.8 75.5 878.6 

 

A graph showing cumulative residual rainfall (or rainfall departure) over the period from 1887 to 2023 is 
presented as Figure 2.8.1 below. 
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Figure 2.8.1 – Cumulative Residual Rainfall Graph for Prospect Reservoir Weather Station 

The cumulative rainfall departure is calculated as the difference in actual rainfall and average rainfall. The sum 
of the difference in actual and in average rainfall is calculated daily and presented over time to show areas of 
relatively high and low rainfall periods. Negative values represent dry periods while positive values represent 
wet periods. As shown above periods with above average rainfall include 1887 to 1904, 1949 to 1956, and 1986 
to 1992. Periods of below average rainfall include from 1905 to 1948, 1979 to 1983 and 1992 to 2007. More 
recently from February 2020 to October 2022, the area has seen a significant increase in rainfall in a relatively 
short period of time (as show by the steep line from 2020 to 2022) and it’s considered that recent infiltration 
and groundwater levels are relatively higher compared to the average. 

 Hydrogeology  
Aquifer Units 

The Site is located within the Wianamatta Group which consists of three units: the Ashfield Shale, the 
Minchinbury Sandstone and the Bringelly Shale, with the Minchinbury Sandstone of negligible thickness 
(McNally, 2004). In Western Sydney, the Wianamatta Group has a maximum thickness of up to 300 m; however, 
a more typical thickness ranges from 100 to 150 m. 

Two (2) aquifer systems are associated with the shale formations of the Wianamatta Group. The upper aquifer 
typically has a depth of 3 to 10 m and comprises of residual soils and colluvium derived from the shales, 
floodplain alluvium and the weathered saprolite. Hydraulic conductivities reportedly range between 0.01 and 
10-5 m/day with the higher end conductivities suggesting open fractures in weathered shales or ferricrete bands. 
The lower aquifer system occurs comprises of fine – grained mudrocks and occurs below the base of the 
weathering. Hydraulic conductivities reportedly range between 0.001 and 10-8 m/day, with the lower end 
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reflecting the intrinsic impermeability of the unfractured shale. Both aquifers are reported to have limited 
storage and low bore yields, typically less than 0.1 ML/day (McNally, 2004; Parson Brinckerhoff, 2013).  

Aquifers in the Wianamatta Group are not generally targets for water supply due to generally very low yields, in 
places highly saline groundwater (5,000 to >15,000 mg/L in the Western Sydney area) and the lack of water – 
bearing zones (Russell et al., 2009). 

Water Allocations 

A summary of the water allocations for the aquifer is presented in Table 2.  

Table 2 – Recharge, Water Requirements and Extraction Limits of the Southern Sydney Rivers Source 
ML/year) 
Average 
Annual 
Recharge 

Environmental 
Water from 
Recharge 

Basic 
Landholder 
Rights 

Native 
Title 
Rights 

Water Utility 
Share 
Components 

Other Utility 
Share 
Components 

Extraction 
Limit 

15,500 3,294 47.5 0 32,0001 0 13,000 
 

The location of the Prospect Creek Aquifer in relation to the wider sharing plan and the Sydney Basin is presented 
in Figure 2.9.1, Figure 2.9.2. and Figure 2.9.3.  

 

Figure 2.9.1 – Location of the Greater Metropolitan Region Groundwater Sources 

 
1 32,000 ML/year is for the Sydney Catchment Authority.  
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Figure 2.9.2 – Location of the Prospect Creek Groundwater Source 

A cross section of the Sydney Basin adopted from Herron et al. (2019) is presented in Figure 2.9.3 

 

Figure 2.9.3 – Cross-section of the Sydney Basin (Herron et al, 2019). 

 

Licensed Groundwater Information  

No registered groundwater bores were identified at the Site; however, approximately 36 boreholes were 
identified within 2 km of the Site. Of the approximately 36 boreholes, 10 of the bores are within 500 m of the 
Site. A map showing the location of the licensed bores surrounding the Site is presented in Figure 2.9.4. 
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Figure 2.9.4 – Licensed Groundwater Bores Nearby the Site. 

A summary of the 10 bores within 500 m of the Site is presented below: 

• The bores are used for monitoring and were installed between 2006 and 2009. 

• The closest monitoring bore is 332 m from the Site.  

• The total depth of the bores ranged from 1.10 and 5.10 metres below ground level (m BGL).  

• No standing water levels or salinity concentrations were reported.   

Site Specific Hydrogeological Information  

Four (4) groundwater monitoring wells were installed at the site to a maximum depth of 8.50 m BGL. The 
stabilised groundwater details are provided in Table 3. 
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Table 3 – Onsite Monitoring well details 

Well ID Latitude Longitude 
Well 
depth 
(m BGL) 

TOC RL2 (m 
AHD) 

Observed 
Groundwater 
Level (m 
BTOC3) 

Groundwater 
RL (m AHD) 

MW01 304811.9 6252719 
8.5 

51.538 
4.9 46.638 

7.3 5.13 46.408 

MW02 304912 6252903 
6.5 

46.32 
5.52 40.8 

6.81 5.715 40.605 

MW03 304782.8 6252874 
7 

45.343 
3.76 41.583 

7.75 3.853 41.49 

MW04 3050041 6252924 
6.55 

45.22 
4.153 41.067 

6.66 4.375 40.845 
 

MW01 was located on a small hill in the south western portion of the Site and it’s considered groundwater was 
mounded in this area.  

The maximum groundwater elevation across the Site in the most recent monitoring round was 46.408 m AHD 
and regional groundwater was calculated to flow north/northeast towards the drainage channel.  

 Hydrochemistry  
Groundwater sampling was undertaken in the EP Risk DSI (2023) at four (4) on-site monitoring wells. 
Groundwater was generally colourless to pale brown in colour and had low to moderate turbidity. No odour was 
observed in any of the monitoring well. A review of the stabilised groundwater field quality parameters prior to 
sampling indicated the following ranges:   

• Temperature = 20.0 to 23.2°C. 

• Total Dissolved Solids (TDS) = 2,497 to 14,387 mg/L.  

• Oxidation – Reduction reaction (Redox) = 93.9 to 121.0 mV.  

• Electrical conductivity (EC) = 3.8 to 22.1 mS/cm. 

• Dissolved Oxygen (DO) = 0.25 – 1.55 mg/L. 

• pH = 5.99 to 7.00. 

The groundwater parameters indicated the groundwater across the Site was fresh to saline. pH was reported to 
be acidic to neutral throughout the Site. Dissolved oxygen at the Site was reported to be low. 

A number of additional physiochemical parameters were also recorded for the groundwater sample including 
analysis for major cations and major anions, with the results from the 1st November 2023 presented the piper 
diagram as Figure 2.10.1.  

 

 
2 Top of casing, as surveyed by an appropriately licensed land surveyor (Affinity Survey) on 19/10/2023. 
3 M BTOC – metres below top of casing. 
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Figure 2.10.1 – Piper Diagram 

The groundwater sample from all four of the monitoring wells (MW01-MW04) can be classified as sodium 
chloride (Na-Cl) type waters.  

 Groundwater Dependent Ecosystems  
No groundwater – dependent ecosystems (GDE) were identified at the Site; however, one moderate potential 
GDE was identified within 1 km of the Site: 

• Moderate potential GDE – from national assessment – Vegetation – Terrestrial (937 m southwest).  
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 Groundwater Conceptual Model  

 Hydrostratigraphy  
Based on the Detailed Site Investigation (EP Risk, 2023), the Site is underlain by:  

• FILL – Silty SAND: fine to medium sand, dry, loose, angular gravels. Encountered from the surface to 
approximately 0.2 m below ground level.  

• Sandy CLAY: Dark brown – pale grey, moist to wet, low to medium plasticity clay. Encountered below 
the sand to approximately 5 m BGL - 7.5 m BGL.  

• SHALE: extremely weathered (XW) at the bedrock surface, quickly becoming slightly weathered (SW) 
and high strength fresh (FR), medium to coarse grained, grey-pale grey-red, wet. Encountered from 
approximately 5 m BGL to 7.5 m BGL.  

 Aquifer Properties  
A summary of the aquifer properties based on literature values is presented in Table 4. 

Table 4 – Aquifer Properties 

Aquifer Property 
Unit 1 – Residual  (perched aquifer) 
and Alluvial 

Unit 2 - SHALE 

Thickness (m)4 

South West Portion: 
>7.5 m (51 m AHD to <43.5 m AHD) 
Rest of the Site: 
5 – 6 m (46 m AHD to 41 m AHD)  
 

> 4 m (encountered at 41 m AHD to 
<37 m AHD) 

Hydraulic Conductivity5 
(m/s)  1 x 10-3 to 1 x 10-5 m/s 1 x 10-4 to 1 x 10-8 m/s 

Porosity6 0.3 0.2 

 

 Proposed Development  
The proposed development includes demolition of existing buildings and structures on the Site and construction 
and operational use of a single-storey warehouse and distribution centre with ancillary office space and 
amenities, on-site parking, landscaping and access, and other associated works including bulk earthworks, site 
preparation works and site clearance, as well as augmentation and construction/relocation of servicing utilities 
including stormwater and sewer assets. 

An overview showing the proposed development (concept plans) is attached as Appendix A.  

 Conceptual Model Summary  
The conceptual model was created using the above information and a summary of the model is presented in 
Figure 3.6.1.  

 
4 EP Risk Detailed Site Investigation (2021) 
5 McNally (2004) 
6 Hatley (2004) 
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Figure 3.6.1 – Groundwater Conceptual Model Developed for the Site  

The conceptual model is used to inform the groundwater dewatering analysis and subsequent impact 
assessments. 
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 Legislative Context  

 NSW Legislation  

 Protection of the Environment Operations Act 1997 
The Protection of the Environmental Operations Act 1997 (POEO) is NSW legislation administered by the NSW 
Environment Protection Authority (NSW EPA). The POEO Act regulates air and water pollution, noise control and 
waste management and outlines the provision of environmental protection licences that owners or occupiers of 
premises engaged in scheduled activities are required to hold and comply with. The proposal is not considered 
a scheduled activity under the POEO Act.  

Under the POEO Act, there is a legal responsibility to ensure that runoff leaving a site meets an agreed minimum 
water quality standard, including water being discharged from the Site following storm events. 

 Protection of the Environment Administration Act 1991 
The Protection of the Environment Administration Act 1991 is NSW legislation that establishes the EPA, Board 
of the EPA and community consultation forums. The objectives of the Act are to protect, restore and enhance 
the quality of the environment and to reduce risks to human health. It sets out obligations and responsibilities 
for managing activities that may cause environmental harm and allows the Board to determine whether the EPA 
should institute proceedings for serious environmental protection offences. Under the Act, any discharges into 
water of substances likely to cause harm to the environment as a consequence of the proposal activities must 
be reduced to harmless levels. 

 Water Act 1912 and Water Management Act 2000 
The Water Act 1912 and the Water Management Act 2000 (WM Act) are the two major pieces of legislation for 
the management of water in NSW and contain provisions for the licencing of water access and use. The Water 
Act 1912 has historically been the main legislation for managing water resources in NSW, however, is currently 
being progressively phased out and replaced by water sharing plans (WSPs) under the WM Act. 

The aim of the WM Act is to ensure that water resources are conserved and properly managed for sustainable 
use benefiting both present and future generations. It is also intended to provide formal means for the 
protection and enhancement of the environmental qualities of waterways and in-stream uses as well as to 
provide for protection of catchment conditions. 

Water sharing plans 

Water sources in NSW are managed via WSPs under the WM Act. Provisions within WSPs provide water to 
support the ecological processes and environmental needs of groundwater dependent ecosystems and 
waterways. WSPs also regulate how the water available for extraction is shared between the environment, basic 
landholder rights, town water supplies and commercial uses. Key rules within the WSPs specify when licence 
holders can access water and how water can be traded. 

Water access licences (WAL) entitle licence holders to specified share components in the available water that 
may be sustainably extracted from a particular water source. The actual volume of water available to be 
extracted may vary, dependent on available water determinations made under the WM Act. Available water 
determinations are made for each WAL category in each water source and are generally made at the start of a 
water year, although may be altered at any time. 
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The Proposed Development is within the Water Sharing Plan for the Greater Metropolitan Region Unregulated 
River Sources 2011 and the Water Sharing Plan for the Greater Metropolitan Region Groundwater Sources 2011. 

Water Sharing Plan for the Greater Metropolitan Region Groundwater Sources 2011 

The proposal development is within the Water Sharing Plan for the Greater Metropolitan Region Unregulated 
River Sources 2011 (NSW Government 2018) and is located in the Prospect Creek Groundwater Source. This plan 
applies to groundwater sources and includes rules for environmental water provisions, long term average 
extraction limits and access, trading and works approvals. 

Water Access Licences 

Under Schedule 4, Part 1, clause 7 of the Water Management (General) Regulation 2018, extraction of < 3 ML 
of water from any aquifer for the purposes of excavation dewatering is exempt from requiring a WAL.  

Water Supply Work Approval 

Under the Water Management Regulations (2018), to construct a bore or ‘work’ to facilitate the dewatering, A 
water supply work approval must be granted. There are currently no exemptions to this requirement that apply 
to the Site. 

 Policies and Guidelines 
The following policies and guidelines are relevant to this impact assessment. 

 General Policies and Guidelines 

National Water Quality Management Strategy 

Since 1992, the National Water Quality Management Strategy (NWQMS) (ARMCANZ & ANZECC 1994) has been 
developed by the Australian and New Zealand Governments in cooperation with state and territory 
governments. The NWQMS aims to protect the nation's water resources, by improving water quality while 
supporting the businesses, industry, environment and communities that depend on water for their continued 
development. 

The NWQMS consists of three major elements: policy, process and guidelines. The main policy objective of the 
NWQMS is to achieve sustainable use of water resources, by protecting and enhancing their quality, while 
maintaining economic and social development. The process strives to form a nationally consistent approach to 
water quality management through the development of high-status national guidelines. The guidelines provide 
the point of reference when issues are being determined on a case-by-case basis. These include guidance on 
regulatory and market-based approaches to managing water quality as well as regional water quality criteria. 

The Australian and New Zealand Environment and Conservation Council (ANZECC) guidelines are relevant to this 
assessment. 

Australian and New Zealand Guidelines for Fresh and Marine Water Quality 

The Australian and New Zealand Guidelines for Fresh and Marine Water Quality (ANZG, 2018) (hereforth 
referred to as the ANZG guidelines) are based on the policies and principles of the NWQMS. The main objective 
of the guidelines is to provide an authoritative guide for setting water quality objectives required to sustain 
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current or likely future environmental values for natural and semi-natural water resources in Australia and New 
Zealand. The guidelines provide a set of tools to enable the assessment and management of ambient water 
quality in a wide range of water resource types and define the recommended limits to acceptable changes in 
water quality. 

It should be noted that these guidelines have not been designed specifically for direct application in activities 
such as discharge consents, recycled water quality or stormwater quality. They have been derived to apply to 
ambient waters that receive effluent or stormwater discharges and protect the environmental values they 
support. However, the ANZG guidelines have been used as the basis for the groundwater quality assessment 
presented in this report. 

Approved Methods for the Sampling and Analysis of Water Pollutants in New South Wales 

The Approved Methods for the Sampling and Analysis of Water Pollutants in New South Wales (DEC 2004) 
document lists the sampling and analysis methods to be used when complying with a requirement to test for 
the presence or concentration of matter in water and the volume, depth and flow of water or wastewater. 

 Groundwater Policies and Guidelines 

NSW Aquifer Interference Policy 

The NSW Aquifer Interference Policy requires that potential impacts on groundwater sources, including their 
users and groundwater dependant ecosystems, be assessed against the minimal impact considerations outlined 
in the policy. If the predicted impacts of the proposal are less than the minimal impact considerations, then the 
potential groundwater impacts of the proposal are acceptable. 

The NSW Aquifer Interference Policy (NOW, 2012) was finalised in September 2012 and clarifies the water 
licencing and approval requirements for aquifer interference activities in NSW. Many aspects of this policy will 
be given legal effect in the future through an Aquifer Interference Regulation. Stage 1 of the Aquifer Interference 
Regulation started on 30 June 2011. 

This policy outlines the water licensing requirements under the Water Act 1912 and WM Act. A water access 
licence is required whether water is taken for consumptive use or whether it is taken incidentally by the aquifer 
interference activity (such as groundwater filling a void) even where that water is not being used consumptively 
as part of the activity’s operation. 

Sufficient access licences must be held to account for all water taken from a groundwater or surface water 
source as a result of an aquifer interference activity, both for the life of the activity and after the activity has 
ceased. This take of water continues until an aquifer system reaches equilibrium and must be licensed. 

The NSW Aquifer Interference Policy requires that potential impacts on groundwater sources, including their 
users and groundwater dependant ecosystems, be assessed against the minimal impact considerations outlined 
in the policy. If the predicted impacts of the proposal are less than the minimal impact considerations, then the 
potential groundwater impacts of the proposal are acceptable. 

NSW State Groundwater Policy Framework Document 

The objective of the NSW State Groundwater Policy Framework Document (DLWC 1997) is to manage the State’s 
groundwater resources so that they can sustain environmental, social and economic uses for the people of NSW. 
The policy has three component parts: 

• NSW Groundwater Quantity Management Policy (DLWC 1998a) 
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• NSW Groundwater Quality Protection Policy (DLWC 1998b) 

• The NSW State Groundwater Dependent Ecosystem Policy (DLWC 2002). 

NSW Groundwater Quality Protection Policy 

The NSW Groundwater Quality Protection Policy (DLWC 1998b) is a component of the NSW State Groundwater 
Policy. The focus of this policy is to protect from pollution water below the ground surface in aquifers, and 
ecosystems from which these waters are recharged or into which they discharge. It provides a framework for 
the sustainable management of groundwater quality. 

The NSW State Groundwater Dependent Ecosystems Policy 

The NSW State Groundwater Dependent Ecosystems Policy (DLWC 2002) is a component of the NSW State 
Groundwater Policy. It is designed to protect valuable ecosystems which rely on groundwater for survival and 
provides guidance on how to protect and manage these natural systems in a practical sense. 

Guidelines for groundwater quality protection in Australia 

The Guidelines for groundwater quality and protection in Australia (DAWR 2013) are designed to support the 
objectives of the NWQMS as they relate to groundwater. They provide currently known principles and key 
methods for maximising groundwater quality protection under the three following frameworks: 

• Groundwater management – which deals with groundwater entitlements and allocations. 

• Land-use planning – which controls decisions on land development. 

• Environmental protection – which deals with environmental maintenance and hazardous activities. 

Risk Assessment Guidelines for Groundwater Dependent Ecosystems 

The Risk Assessment Guidelines for Groundwater Dependent Ecosystems (OEH 2012) document assists in 
support of the requirements of the Water Management Act 2000 in relation to groundwater dependent 
ecosystems (GDEs). It provides guidance on the methods to identify and value GDEs and risk assessment 
framework. 

Minimum Requirements for Building Site Groundwater Investigations and Reporting 

The minimum requirements for building site groundwater investigations and reporting (NSW DPIE 2021) assists 
in support of the requirements of the Water Management Act 2000 in relation to groundwater dewatering and 
the assessment framework.  
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 Dewatering Assessment 
The proposed development includes demolition of the existing structures on the Site and construction of a large 
warehouse and ground level parking. In addition to the structures, underground services will be required to be 
constructed and/or relocated including stormwater and sewer assets.  

For the purposes of this assessment, the lowest predicted depth of disturbance was estimated by reviewing the 
existing services and proposed development plans and the following was observed:  

• The deepest invert level for the proposed stormwater was 41.77 m AHD and the highest measured 
groundwater level was recorded at 46.408 m AHD.  

• The largest proposed cut is located in the south western portion where the perched water aquifer exists 
and extends up to a maximum of 4.591 m below existing ground level at an elevation of 46.64 m AHD. 
The maximum perched water level measured in MW01 in this area was 46.64 m AHD.  

• The Proposed warehouse floor is 47.10 m AHD +/- 500 mm and is above the maximum groundwater 
level. 

• The proposed development includes construction of a new 225 mm sewer line and connection to the 
existing sewer via a new manhole in the southern and northern portions of the Site. No cross sections 
showing the proposed depth of sewer relocation were provided however review of the existing services 
plan indicated the proposed sewer invert levels would range between 45.8 in the south to 42.0 m AHD 
in the north to connect to the existing sewer infrastructure.  

Based on the information contained in the concept plans provided, it’s considered that dewatering mostly be 
limited to the following: 

• Some minor dewatering of the perched water aquifer in the south western portion during bulk 
earthworks may be required.  

• Some minor dewatering in some proposed stormwater and sewer excavations will be required.   

A further review of the proposed dewatering estimate should be undertaken following the design finalisation.  

 Summary of Proposed Dewatering Methodology 
Vertical dewatering would likely be the preferred dewatering method given the low volumes of dewatering 
required. The groundwater would likely need to be treated given the high salinity at the Site. The treatment 
method would likely comprise pH adjustment and settlement to remove solids to meet the water quality 
objectives.  

Opportunities for reuse of water at the Site that meet the water quality objectives should be prioritised for all 
dewatering activities however reuse applications are limited due the limited footprint of the Site. Where large 
volumes of water are produced, treatment and disposal to sewer under a trade waste agreement (TWA) would 
likely be the preferred disposal option. A detailed water treatment design should be prepared once the 
dewatering method has been decided and disposal / reuse options determined.  

 Calculation of Groundwater Take 
To estimate the total groundwater take during the proposed construction works, calculations were undertaken 
in accordance with the theory presented by Powers (2007) Construction Dewatering: New Methods and 
Applications as presented below.  
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Dewatering via a vertical dewatering bore can be approximated using plane flow and partially penetrating slots 
in an unconfined aquifer. The radius of the cone of depression of the water table of a large diameter bore is 
approximated by the following equations (Equation 1, 2 and 3) as follows: 

𝑹𝑹𝟎𝟎 = 𝟑𝟑𝟎𝟎𝟎𝟎𝟎𝟎(𝑯𝑯− 𝒉𝒉)√𝑲𝑲   -  Equation 1 

Where: 

Ro = radius of influence (m) 

H = Saturated thickness of aquifer prior to dewatering (m) 

h =  Saturated thickness of aquifer at maximum drawdown (m) 

K =  Hydraulic conductivity (m/sec) 

 

𝒓𝒓𝒔𝒔 = √𝒂𝒂𝒂𝒂
𝝅𝝅

    -  Equation 2 

Where: 

rs = radius of the equivalent well system (m) 

a = Length of the excavation (m) 

b =  Width of the excavation (m) 

The calculation of pumping rate can be calculated from Equation 3 below. 

 

𝑸𝑸 = 𝝅𝝅𝑲𝑲(𝑯𝑯𝟐𝟐− 𝒉𝒉𝟐𝟐)

𝑳𝑳𝑳𝑳(𝑹𝑹𝟎𝟎𝒓𝒓𝒔𝒔 )
    -  Equation 3 

Where: 

H =  Saturated thickness of the aquifer prior to pumping (m) 

h =  Saturated thickness of the aquifer at maximum drawdown (m) 

K =  Hydraulic conductivity (m/sec) 

Ro = radius of influence (m) 

Rs = equivalent radius of the well system (m) 

Q = pumping rate from the dewatering system (m3/sec) 

 

Based on the calculations attached as Appendix B, the estimates of groundwater take over the proposed 
construction period is approximately 6.99 ML. The maximum radius of influence was calculated to be 46 m from 
the edge of the excavation.  

 
 
 



  Surface Water and Groundwater Impact Assessment 
88 Newton Road, Wetherill Park, NSW 

Centuria Capital Pty Ltd 

EP3206.002 22 April 2024 Page 19 of 28 
 
 
 

 Construction Impact Assessment  

 Groundwater Level Impacts 
Due to being underlain by Winnamatta Group Shales, the proposal area is classed as a “less productive 
groundwater source” under the NSW Aquifer Interference Policy (AIP). A less productive groundwater source is 
defined by the AIP as a groundwater source having total dissolved solids greater than 1,500 milligrams per litre 
or does not contain water supply works that can yield water at a rate greater than five litres per second. 

The NSW Aquifer Interference Policy requires that potential impacts on groundwater sources, including their 
users and groundwater dependant ecosystems, be assessed against the minimal impact considerations outlined 
in the policy. If the predicted impacts are less than the Level 1 minimal impact considerations for less productive 
fractured rock groundwater sources, then the potential groundwater impacts of the proposal are acceptable. 
The Level 1 minimal impact considerations for less productive porous and fractured rock water sources are: 

• Less than or equal to 10 per cent cumulative variation in the water table, allowing for typical climatic 
‘post-water sharing plan’ variations, at a distance of 40 metres from any high priority GDEs or high 
priority culturally significant site listed in the schedule of the relevant water sharing plan. 

• A maximum of a two metre water table decline cumulatively at any water supply work. 

• Any change in the groundwater quality should not lower the beneficial use category of the groundwater 
source beyond 40 metres of the activity. 

The proposal has been assessed against the adopted Level 1 minimal impact considerations below. 

 Water supply works 
The maximum radius of influence for the proposed dewatering was calculated as 46 and the closest water supply 
works is at least 300 m away from the Site and therefore the proposal would not result in any impacts to a water 
supply work. 

 High priority culturally significant sites 
There are no high priority culturally significant sites listed in the Water Sharing Plan for the Southern Sydney 
Rivers Groundwater Sources. Therefore, the proposal would not result in any impacts to a culturally significant 
site. 

 Groundwater dependent ecosystems 
No high priority GDE’s were identified within 1 km of the Site and based on the limited dewatering, the proposal 
would not result in any impacts to any high priority GDE’s. 

 Summary 
The proposal is not predicted to result in any decline in groundwater pressure or groundwater head at any water 
supply works or high priority GDE and is not predicted to alter the beneficial use of the groundwater. 
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 Water Quality Impacts 
The following potential impacts of the construction phase of the proposal on surface water and groundwater 
quality have been identified: 

• Increased erosion from a range of construction activities resulting in an increase in sedimentation in 
downstream waterways. 

• Contamination of waterways or groundwater from chemical or hydrocarbon spills. 
• Discharge of excess groundwater resulting in pollution of receiving drainage networks and 

watercourses. 
To manage these potential impacts a Soil and Water Management Plan (SWMP) would be prepared and 
implemented and include measures to manage and reduce the risk of water quality impacts associated with the 
works. Mitigating any potential impacts will need to consider best practice in managing the Site, in accordance 
with the Blue Book (Landcom 2004 / DECC 2008). 

Assessment of the water quality outcomes against the ANZECC (2000b) and ANZG (2018) guidelines will be 
undertaken during detailed design once a water quality monitoring program has been implemented and 
sufficient water quality data are available. The detailed design would then take into consideration the findings 
of the assessment and any recommendations for water quality treatment measures, which may include gross 
pollution traps to remove litter and debris. 

 Initial Construction Works 
During the initial stages of construction, various preparatory works would be undertaken such as site 
establishment works and construction access provision. These works would also include: 

• Installation of environmental controls, including sediment and erosion controls following best practice 
guidelines such as the Blue Book (Landcom 2004 / DECC 2008). 

• Any necessary flood mitigation measures to manage overland flows and minimise adverse impacts on 
surrounding environment where possible. 

 6.2.2 Erosion and Sedimentation 
Soil is the most likely potential contaminant that could impact surface water quality during the construction 
phase if runoff is allowed to mobilise soils from exposed areas. Increased erosion and sedimentation would be 
influenced by the severity of a storm event and the slope and footprint of the disturbed area. 

Where possible, construction and drainage activities would be planned considering the upcoming weather 
forecast to minimise the risks of potential heavy rainfall and major surface runoff events. 

Although planning of activities in this manner would not prevent construction during periods of potentially heavy 
rainfall, the risk of having disturbed construction areas or unpreparedness during heavy rainfall periods would 
be reduced. 

 6.2.3 Spills and leaks 
Chemical spills and leaks have the potential to contaminate both surface water via rainfall runoff processes or 
groundwater through infiltration. Prior to construction the need for spill kits should be assessed along with the 
best location for such equipment. Storage of hazardous goods, maintenance activities and refuelling activities 
would be undertaken in bunded areas and away from waterways and stormwater drains. These locations would 
be identified in the SWMP. 
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 Dewatering Discharges 
Where excavation activities are deep enough to intercept groundwater, dewatering may be required. Discharge 
of groundwater without assessment or treatment to receiving environments can introduce pollutants. Where 
possible the dewatered groundwater should be used on-site for irrigation or dust suppression activities. If on-
site use is not possible then offsite discharge or disposal options should be considered in consultation with 
Council and WaterNSW.  
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 Operational Impact Assessment 

 Groundwater Level Impacts 
A large portion of the Site is covered by existing impermeable concrete hardstand and warehouse footprint. The 
slight increase in hard stand areas compared to the existing layout may result in some local changes to the rates 
of rainfall infiltration. The main groundwater receptor is baseflow to waterways. Runoff from hard stand areas 
will continue to flow towards the drainage channel to the north. Therefore, reduction in rainfall infiltration is 
likely to have a negligible effect in flows available to groundwater receptors in the area.  

Due to the lack of long-term interaction of the proposed development with groundwater, the proposed 
development is not predicted to result in any long-term impact on groundwater level. Therefore, it is predicted 
that the groundwater impacts would be less than the Level 1 minimal impact considerations specified in the 
NSW Aquifer Interference Policy and are therefore considered acceptable. 

 Water Quality Impacts 
As mentioned above, due to the lack of long-term interaction of the proposed development with groundwater, 
and only a slight change in hard stand areas compared to the existing development, the proposed development 
is not predicted to result in any long-term impact on groundwater quality. Therefore, it is predicted that the 
groundwater impacts would be less than the Level 1 minimal impact considerations specified in the NSW Aquifer 
Interference Policy and are therefore considered acceptable. 
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 Mitigation and Management Measures  

 Construction Phase 

 Surface water and groundwater management and 
mitigation 

A Soil and Water Management Plan (SWMP) would be prepared as part of the Construction Environment 
Management Plan (CEMP). The SWMP would define the control and mitigation of potential surface water and 
groundwater quality impacts during construction. The SWMP would be developed to incorporate the most 
appropriate or ‘best practice’ controls and measures in accordance with the Blue Book (Landcom 2004/DECC 
2008). The SWMP would be staged to suit the changing needs as the works progress. Due consideration would 
also be given to the extent of works and situation relative to the sensitivity of the environment surrounding the 
construction activity. 

Both the CEMP and SWMP would typically include strategies such as: 

• Bunding of storage areas containing hazardous goods and undertaking of refuelling activities in bunded 

areas. 

• The staging of construction to minimise potential impacts. 

• Separating clean and dirty water and preventing infiltration of impacted surface water into the 

underlying groundwater system. 

• Preventing groundwater seepage from contacting potentially contaminating site activities by 

minimising ponding of water in active areas and making storage facilities impermeable. 

• Preventing impacted groundwater from entering the surface water management system unless it 

represents a credible treatment option. 

• Adequately storing and handling site chemicals. 

• Identifying and responding to chemical spills and managing their clean-up. 

• Monitoring for the emergence of diffuse water quality impacts and implementing response procedures 

to remediate any impact. 

With appropriate strategies in place, the risk of increased sedimentation in the receiving watercourses would be 
substantially reduced. 

Further, existing open swale drains and any other open drainage channels provided through construction areas 
will help provide an opportunity to cut off, via emergency bunding where required, any spills and leaks that may 
begin running off-site or into underground stormwater drainage networks. This would be in the unlikely event 
of chemical spills or leaks occurring within the proposal area. 

Construction-related risks, such as earthworks, spills, and stockpile and equipment locations, are fairly common 
for projects of this size and type and would be managed in accordance with the Blue Book (Landcom 2004 / 
DECC, 2008). 

Impacts on groundwater due to excavations below the groundwater table and associated dewatering should be 
mitigated by minimising time that excavations are left open, minimising size of excavations and siting 
excavations away from groundwater receptors where possible. Any dewatered groundwater may be used on-
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site for dust suppression or irrigation, with excess water potentially discharged to stormwater. If excess water 
is to be discharged then testing is recommended prior to discharge. 

Bunding of storage areas containing hazardous goods and undertaking of refuelling activities in bunded areas 
would reduce the risk of the proposal impacting on groundwater quality. All hazardous goods and re-fuelling 
activities would be undertaken in these bunded areas. These practices would be outlined in the SWMP. 

 Surface water flow monitoring 
Monitoring of surface water flows is not required as impacts from the proposal are considered to be negligible. 

 Residual impact 
Residual impacts of the construction phase of the proposal may include slightly increased surface runoff and 
transport of litter and other pollutants to receiving watercourses. Water quality impacts would be managed 
through implementation of runoff and erosion control measures and the water quality monitoring program. 

 Operational phase 

 Surface water and groundwater management and 
mitigation 

The intent of the proposal design with regard to surface water quality would be to minimise impacts on the 
receiving systems and implement the design criteria. In general, Water Sensitive Urban Design (WSUD) principles 
should be incorporated including erosion control measures such as soil stabilisation, landscaping, planting native 
vegetation and mulching.  

The intent of the proposal design with regard to groundwater quality would be to balance reduced infiltration 
as a consequence on increased impervious area with the need to minimise infiltration of compromised surface 
water into the groundwater system. In general, the measures outlined for the management of surface water 
above should adequately achieve this balance.  

 Material re-use 
To minimise the potential for dispersive erosion following completion of the construction phase, gypsum 
stabilisation of site won material reused as general fill should be considered. 

 Surface water flow monitoring 
Monitoring of surface water flows is not required as impacts are considered negligible. 

 Groundwater elevations and drawdowns 
There is no requirement to monitor groundwater elevations and drawdowns as impacts are considered 
negligible during the operational phase. 

 Surface water and groundwater quality monitoring 
It is not proposed that surface water or groundwater monitoring is required during the operational phase of the 
Project. 
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 Residual impact 
Residual impacts of the operational phase of the proposal may include slightly increased surface runoff and 
transport of litter and other pollutants to receiving watercourses. Water quality impacts would be managed 
through implementation of water sensitive urban design measures. 
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 Conclusion  
A summary of the findings of the impact assessment are presented below. Some impacts have been identified 
however with the implementation of appropriate mitigation and monitoring controls; it is expected that the 
impacts identified will be acceptable. 

Potential construction stage impacts include contamination from chemical or hydrocarbon spills and increased 
sediment loads being discharged to downstream systems as a result of runoff from exposed areas. Construction 
impacts would be managed through implementation of SWMPs in accordance with the Blue Book and detailed 
planning and management of construction sites to avoid impacting overland flow paths without appropriate 
mitigation. 

Water quality impacts would be managed through implementation of water sensitive urban design measures.  

Construction stage impacts on groundwater may occur due to minor interception of groundwater by excavations 
associated with construction. Impacts on groundwater level due to dewatering would occur during the 
construction phase only. 

A summary of the key impacts and proposed mitigation and monitoring measures are presented in Table 5. 

Table 5 – Potential Construction and Operation Impacts and Mitigation Measures 

Activity Potential Impacts  
Risk 
Rating   

Mitigation Measures 
Residual 
Risk 
Rating 

Interception of 
groundwater 
aquifer  

Significant drawdown 
due to dewatering 
operations 

Moderate 
Minimising the duration of time 
that excavations below the water 
table are open. 

Low 

Chemical or 
hydrocarbon 
spill 

Contamination of 
groundwater  Moderate  

Storage of hazardous materials and 
refuelling to be undertaken in 
bunded areas. Spill kits to be kept 
onsite and staff informed of how to 
use them in an incident.  

Low 

Discharge of 
excess 
groundwater 

Contamination of 
stormwater networks by 
discharging 
contaminated 
groundwater.  

Moderate 

Where possible, use the extracted 
water as dust suppression onsite. 
Approval to treat and dispose to 
sewer should be obtained if large 
volumes are required to be 
dewatered.   

Low 
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DEWATERING CALCULATIONS 



Wetherill Park Dewatering Assessment
EP3206.002
Preliminary Dewatering Calculations 

Formula assuming plane flow and partially penetrating slots in an unconfined aquifer to estimate vertical extraction

Where

Equation 1 - Sichardt's formula Ro = radius of influence
rs = radius of the well sytem
H = saturated thickness of aquifer
h = saturated thickness after drawdown

Equation 2 - equivalent radius K = hydraulic conductivity
Q = flowrate 
a = length of excavation
b = width of excavation

Equation 3 - Dewatering

Option A - No Sheet Piling

Parameter Description Amount Unit Source

Depth of aquifer 40.8 [m AHD] EP Risk DSI (residual clay to 5-6 m, average depth of 5.5 m) 
K = Hydraulic conductivity 1.00E-05 [m/sec] Based upon McNally (2004)

RL of groundwater 46.41 [mAHD]
Depth to groundwater [mBGL]

FOS factor of safety 1.5 -
% re-infiltration 100 [%]

Stage Area
Average depth 

of base 
(mAHD)

Additional depth of 
excavation below 

base (m)

Depth of 
excavation 

(mAHD)
RL of Groundwater

Groundwater 
encountered?

Depth of 
dewatering below 

base (mAHD)

Dewatering 
target depth 

(mAHD)
a (m) b a/b Method Average natural surface 

level (mAHD)
H (m)

Saturated thickness at 
maximum drawdown (hw) 

(m)
k (m/sec) Ro (m) rs (m) Q (m3/sec) Q (m3/day) Q (L/day) Q (ML/day) No. days Dewatered 

Volume (ML)

Stage 1 Sewer Excavation (RL 42 - RL 45.8) 43.900 -0.100 43.800 46.408 yes -0.100 43.700 185 8 23.125 Rectangular 46.32 5.61 2.900 1.00E-05 26 22 0.0042935 371 370962 0.371 8 4.4515
Stage 1 Stormwater Excavation (RL 41.77) 41.770 -0.100 41.670 46.408 yes -0.100 41.570 3 3 1 Rectangular 46.32 5.61 0.770 1.00E-05 46 2 0.0002937 25 25379 0.025 1 2.5379

Assumptions: TOTAL 6.99

1 The aquifer is unconfined [ML]

2 The aquifer has an unlimited aerial extent
3 The aquifer is homogenous, isotropic and uniform thickness Sum Total 6.99 (ML)

4 The water table is horizontal prior to pumping
5 The aquifer is pumped at a constant pumping rate
6 The well only partially penetrates an estimated thickness of the aquifer
7 Assume re is calculated assuming a rectangular system
8 Assumes horizontal flow and no vertical component to flow
9 These calculations do not factor in the effects of shoring or sheet piling

10 Assumes that the base of the aquifer is level
12 Assumes steady state conditions
13 Assumes a 24 hour day of pumping
14 Proposed depth of excavation of 0.1 m below the sewer invert level to allow for bedding gravel. 

R𝑜 = 3000(𝐻 − ℎ)√𝐾

𝑄 =
𝜋𝐾 𝐻ଶ − ℎଶ

𝐿𝑁(
𝑅0
𝑟𝑠 )

rs= √
௔௕

గ
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