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Executive Summary 

The purpose of this groundwater assessment is to assess groundwater quantity and quality 

impacts from the project operation and construction, and where required, identify feasible and 

reasonable management measures. Potential water quality impacts on surface water systems 

are not assessed in this report and have been considered in the Water Quality and Watercourse 

Assessment report for the project (GHD 2016b). 

The identified groundwater systems include a deeper regional aquifer and perched aquifers 

above siltstone layers. The perched groundwater system is present along the ridgeline that runs 

north to south along the study area. The perched groundwater is expected to flow through 

localised weathered and fractured zones in the Newcastle Coal Measures. Recharge of the 

system is from the infiltration of rainfall along the ridgeline, with groundwater discharging at 

surface seepage zones along the slopes. 

The project includes a number of cuttings along the ridgeline that runs north to south along the 

study area. These proposed cuttings are predicted to intercept perched groundwater in the 

study area. This local perched groundwater is separate and disconnected to the groundwater 

system that supports the Ramsar wetlands that are located about six kilometres downstream of 

the project.  

Perched groundwater inflows into each of the proposed cuttings have been estimated by 

analytical calculations using the methodology outlined in Marinelli and Niccoli (2000). The 

equations presented by Marinelli and Niccoli (2000) provide a simple means of estimating 

steady state or long-term average inflows to a pit or cutting. Cumulative groundwater inflows are 

estimated to be between 12.4 and 403.9 cubic metres per day for all cuttings combined, with the 

most likely estimate considered to be about 57.7 cubic metres per day. Based on estimated 

cumulative groundwater inflows of 57.7 cubic metres per day an annual allocation of up to 21 

mega litres per year may need to be licensed under the Water Management Act 2000. 

Potential groundwater impacts have been assessed against the impact criteria specified in the 

NSW Aquifer Interference Policy (DTI 2012) for less productive groundwater sources to address 

the Secretary’s Environmental Assessment Requirements (SEARs). Groundwater impacts have 

been assessed to be low and consistently below the Level 1 minimal impact considerations 

defined in the Aquifer Interference Policy. In particular, it was found that it is unlikely that Cutting 

2 would impact the known groundwater dependent ecosystem, a Gahnia clarkei variant of the 

Smooth-barked Apple Red Bloodwood open forest. Impacts to intermittent groundwater 

dependent ecosystems are considered to be low and would be mitigated by discharging 

groundwater inflow back into the local watercourses that support these groundwater dependent 

ecosystems. 

The contamination assessment (GHD 2016a) carried out for the project identified there are no 

widespread groundwater contamination issues in the study area and given there are no known 

users of the local groundwater, with the implementation of management measures it is unlikely 

there would be any impacts to existing or future groundwater uses. During construction and 

operation, groundwater inflows would be captured and managed in the water management 

system before discharge to local watercourses. Proposed controls identified as part of the water 

quality assessment (GHD, 2016b) would minimise potential risks to surface water quality.  

This assessment has identified that the project is unlikely to result in significant impacts to 

groundwater, surface water, groundwater dependent ecosystems or sensitive downstream 

receivers including Ramsar wetlands. Management measures have been recommended to 

manage potential impacts during the detailed design, construction and operation phases of the 

project, including continued groundwater monitoring to confirm the predictions in this 

assessment.  



 

ii | GHD | Report for Aurecon Australasia Pty Ltd - Newcastle Inner City Bypass - Rankin Park to Jesmond, 22/17656  

Glossary and acronyms 

Term/acronym Description 

Alluvial Deposition from running waters. 

Aquifer Underground water storage in either disturbed or undisturbed 

strata. 

Australian Height Datum 

(AHD) 

A common national surface level datum generally corresponding 

to mean sea level. 

Bore Constructed connection between the surface and a groundwater 

source that enables groundwater to be transferred to the surface 

either naturally or through artificial means. 

Catchment The land area draining through the main stream and tributary 

streams to a particular location. 

Datum A level surface used as a reference in measuring distances. 

Drawdown A reduction in piezometric head in an aquifer. 

Groundwater Water in a saturated zone, stratum or aquifer beneath the 

surface of the land. 

Groundwater Dependent 

Ecosystem 

Communities of plants, animals and other organisms whose 

extent and life processes are dependent on groundwater. A 

groundwater dependent ecosystem may either be entirely 

dependent on groundwater for survival or it may use groundwater 

opportunistically or for a supplementary source of water. 

Hydrogeology The area of geology that deals with the distribution and 

movement of groundwater in soils and rocks. 

Perched groundwater Groundwater occurring in an aquifer above the regional water 

table. 

Recharge Water entering an aquifer from rainfall or surface water. 

Riparian Pertaining to, or situated on the bank of a river of other water 

body. 

SEARs Secretary’s Environmental Assessment Requirements 

Standpipe piezometer A construction in a borehole that allows head to be measured. 
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This report has been prepared by GHD for Aurecon Australasia Pty Ltd and may only be used and relied on by 

Aurecon Australasia Pty Ltd for the purpose agreed between GHD and the Aurecon Australasia Pty Ltd as set out 

in section 1.4 of this report. 

GHD otherwise disclaims responsibility to any person other than Aurecon Australasia Pty Ltd arising in connection 

with this report. GHD also excludes implied warranties and conditions, to the extent legally permissible. 

The services undertaken by GHD in connection with preparing this report were limited to those specifically 

detailed in the report and are subject to the scope limitations set out in the report.  

The opinions, conclusions and any recommendations in this report are based on conditions encountered and 

information reviewed at the date of preparation of the report.  GHD has no responsibility or obligation to update 

this report to account for events or changes occurring subsequent to the date that the report was prepared. 

The opinions, conclusions and any recommendations in this report are based on assumptions made by GHD 

described in this report (refer sections 3.2 and 3.3 of this report).  GHD disclaims liability arising from any of the 

assumptions being incorrect. 

GHD has prepared this report on the basis of information provided by Aurecon Australasia Pty Ltd and others who 

provided information to GHD (including Government authorities), which GHD has not independently verified or 

checked beyond the agreed scope of ork. GHD does not accept liability in connection with such unverified 

information, including errors and omissions in the report which were caused by errors or omissions in that 

information. 

The opinions, conclusions and any recommendations in this report are based on information obtained from, and 

testing undertaken at or in connection with, specific sample points. Site conditions at other parts of the site may 

be different from the site conditions found at the specific sample points. 

Investigations undertaken in respect of this report are constrained by the particular site conditions, such as the 

location of buildings, services and vegetation. As a result, not all relevant site features and conditions may have 

been identified in this report. 

Site conditions (including the presence of hazardous substances and/or site contamination) may change after the 

date of this Report. GHD does not accept responsibility arising from, or in connection with, any change to the site 

conditions. GHD is also not responsible for updating this report if the site conditions change. 
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1. Introduction 

1.1 Project overview 

Roads and Maritime Services (Roads and Maritime) is seeking approval to construct the fifth 

section of the Newcastle Inner City Bypass between Rankin Park and Jesmond (the project). 

The approval is sought under Part 5.1 of the Environmental Planning and Assessment Act 1979 

(EP&A Act) and the Environment Protection and Biodiversity Conservation Act 1999 (EPBC 

Act). 

The Newcastle Inner City Bypass is part of Roads and Maritimes’ long-term strategy to provide 

an orbital road within Newcastle’s road network to connect the Pacific Highway at Bennetts 

Green with the Pacific Highway at Sandgate.  

Construction of the project would form part of the Newcastle Inner City Bypass. This would 

provide improved traffic flows across the western suburbs of Newcastle and connect key 

regional destinations such as Bennetts Green, Charlestown and Jesmond shopping centres, 

John Hunter Hospital precinct, The University of Newcastle and the Pacific Highway. 

The north-south road corridor was first planned in the 1950s and incorporated into the 

Northumberland County Planning Scheme in 1957. 

Sections of the Newcastle Inner City Bypass have opened progressively since the early 1980s 

as outlined in Table 1-1. 

Table 1-1 Newcastle Inner City Bypass sections status 

Section Route Length Status 

A West Charlestown Bypass 6 km Completed in 2003 

B Kotara to Rankin Park 2.4 km Completed in 1983 

C Rankin Park to Jesmond 3.4 km Subject to this planning approval 

D Jesmond to Shortland  3.2 km Completed in 1993 

E Shortland to Sandgate 2.3 km Completed in 2014 

A strategic design for the Rankin Park to Jesmond project was displayed for community 

comment in 2007. Community feedback was considered to finalise the preferred route corridor, 

which was reserved in Newcastle City Council’s local environmental plan. 

In June 2014 the NSW Government announced it would complete the $280 million Rankin Park 

to Jesmond section of the bypass, including $150 million from Restart NSW to progress the 

project. Roads and Maritime has since carried out a comprehensive review of the 2007 strategic 

design and a refined strategic design was displayed for community feedback in May and June 

2016. A concept design has since been developed for the project, which forms the basis of this 

assessment that has been prepared to support the environmental impact statement (EIS) for the 

project. 
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1.2 The project 

The project would involve the construction of about 3.4 kilometres of new four lane divided road 

between Lookout Road at New Lambton Heights and Newcastle Road at Jesmond. The project 

is located in the Newcastle local government area (LGA), about 11 kilometres west of the 

Newcastle central business district and about 160 kilometres north of Sydney (Figure 1-1). 

Key features of the project (Figure 1-2) include: 

 New road with two lanes in each direction, separated by a median. 

 Three interchanges, consisting of: 

– Northern interchange providing access to Newcastle Road and the existing Jesmond 

to Shortland section of the Newcastle Inner City Bypass. The full interchange provides 

all movements to/from the bypass and Newcastle Road. 

– Hospital interchange providing access between John Hunter Hospital precinct and the 

bypass. The half-interchange providing access to/from the north. 

– Southern interchange providing access to Lookout Road and the existing Kotara to 

Rankin Park section of the Newcastle Inner City Bypass. The bypass would travel 

under McCaffrey Drive. The half interchange provides connection in both directions on 

Lookout Road. 

 Structures along the road to allow for drainage, animal and bushwalker access. 

 Tie in and upgrades to connecting roads, including Lookout Road, McCaffrey Drive and 

Newcastle Road. 

 Large cut and fill embankments due to steep and undulating terrain. 

 Pedestrian and cycling facilities, including a shared path bridge over Newcastle Road. 

 Noise barriers and/or architectural treatment, as required. 

 Permanent operational water quality measures. 

Ancillary work to facilitate construction of the project (Figure 1-3), including: 

 Adjustment, relocation and/or protection of public utilities and services. 

 Mine subsidence treatment, as required. 

 Temporary construction facilities, including sedimentation basins, compounds and 

stockpile sites. 

 Temporary and permanent access tracks. 

 Concrete/asphalt batching plant, as required. 

1.3 Project objectives 

The key objectives of the project are to: 

 Provide continuity of the Newcastle Inner City Bypass between Bennetts Green and 

Sandgate. 

 Reduce travel times and congestion on the Newcastle Inner City Bypass. 

 Provide traffic relief on key parts of the surrounding road network. 

In so doing, it is intended to: 

 Improve road safety. 

 Minimise impacts on the natural and built environment. 

 Provide value for money.  
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To support the project objectives, the concept design and EIS has been developed by: 

 Designing the project to consider the environmental constraints and avoid or minimise 

impacts to the environment 

 Satisfying the technical requirements for the design of the project 

 Optimising the concept design to ensure the project can be constructed and maintained 

both practically and efficiently 

 Applying appropriate urban design, landscape and visual principles in the concept design 

of the project elements 

 Carrying out appropriate community and stakeholder consultation 

 Designing all connections, modifications and improvements necessary to link the project 

to the existing road network 

 Planning temporary arrangements which minimise disruption to local and through traffic 

and maintain access to adjacent properties during construction. 

The overall project goal is to achieve the best possible result for each of these tasks, both in 

isolation and when considered together. 

1.4 Purpose of this report 

The purpose of this study is to assess groundwater impacts from the project operation and 

construction, and where required, identify feasible and reasonable management measures. 

This groundwater assessment has been prepared to address the Secretary’s Environmental 

Assessment Requirements (SEARs) for the Newcastle Inner City Bypass between Rankin Park 

and Jesmond for the purpose of seeking project approval for state significant infrastructure 

under Part 5.1 of the Environmental Planning and Assessment Act 1979. Table 1-2 outlines the 

requirements relevant to this assessment and where they are addressed in the report.  

Table 1-2 Secretary’s Environmental Assessment Requirements 

Requirement Where addressed 

The environmental impact statement must include the following:  

Water quantity and stormwater impacts, including: 

 Details of any works likely to intercept, connect with or infiltrate 

groundwater resources and of any proposed groundwater extraction 

 Impacts on groundwater recharge and flow path 

Section 3 

 

Sections 3.3 and 

3.4 

Impacts on water sources, sharing and licensing, including: 

 Consistency with relevant water sharing plans 

 Potential cumulative impacts on water sources and mitigation 

measures to manage the cumulative impacts 

Section 1.7, 

Section 3.3, 

Section 3.5 and 

Section 4 

1.5 Study area 

The study area subject to this assessment is between Lookout Road, Rankin Park and 

Newcastle Road, Jesmond. It consists of the operational and construction footprints in addition 

to areas which could be indirectly impacted by the project and includes the extent of potential 

drawdown of perched groundwater sources. The study area is shown in Figure 2-1. 



 

4 | GHD | Report for Aurecon Australasia Pty Ltd - Newcastle Inner City Bypass - Rankin Park to Jesmond, 22/17656  

1.6 Methodology 

The methodology for the groundwater assessment was developed in consultation with the 

Department of Primary Industries Water (DPI Water) to address the requirements of the 

groundwater assessment listed in Section 1.4.  

This groundwater assessment includes characterisation of the existing groundwater conditions 

including groundwater level, groundwater quality and identification of potential groundwater 

receptors. The assessment included identification of locations where groundwater may be 

intercepted by the project. At locations where groundwater may be intercepted analytical 

equations using the Marinelli and Niccoli (2000) method has been used to estimate the 

groundwater take and groundwater drawdown. Further information on the modelling 

methodology is provided in Section 3.2. Groundwater impacts have been assessed against the 

criteria specified in the NSW Aquifer Interference Policy (Department of Trade and Investment 

(DTI) 2012). Groundwater management measures have been identified as part of this 

groundwater assessment.  

1.7 Relevant legislation and guidelines 

1.7.1 Water Act 1912 

Groundwater sources in the study area are no longer regulated under The Water Act 1912 due 

to the start of the Water Sharing Plan for the North Coast Fractured and Porous Rock 

Groundwater Sources 2016 (Department of Primary Industries 2016).  

1.7.2 Water Management Act 2000 

The Water Management Act 2000 (WM Act) is intended to ensure that water resources are 

conserved and properly managed for sustainable use benefitting both present and future 

generations. It is also intended to provide formal means for the protection and enhancement of 

the environmental qualities of waterways and their in-stream uses as well as to provide for 

protection of catchment conditions. 

From 1 July 2016, the groundwater sources in the study area are now regulated by the Water 

Sharing Plan for the North Coast Fractured and Porous Rock Groundwater Sources 2016 

(WSP). The site is located within the Sydney Basin North Coast groundwater source of this 

WSP. According to the WSP, there is 96,047 ML/year of entitlement within this groundwater 

source all of which is currently allocated to existing users. Therefore, a licensed groundwater 

user will only be able to obtain additional entitlement via trading within the groundwater source 

(or via a controlled allocation order) (refer to Section 3.6 for further discussion). 

1.7.3 NSW Aquifer Interference Policy 

The NSW Aquifer Interference Policy (Department of Trade and Investment (DTI) 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 
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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. The minimal impact considerations include a 

requirement that any change in the groundwater quality should not lower the beneficial use 

category of the groundwater source beyond 40 metres of the activity. If the predicted impacts 

are less than the minimal impact considerations for less productive fractured rock groundwater 

sources, then the potential groundwater impacts of the project are acceptable. Further details 

regarding the minimal impact considerations adopted for this project and the assessment of the 

project against the adopted minimal impact considerations is provided in Section 3.4. 

1.7.4 NSW State Groundwater Policy Framework Document 

The objective of the NSW State Groundwater Policy Framework Document (NSW Department 

of Land and Water Conservation (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 Protection Policy. 

 NSW Groundwater Quality Protection Policy. 

 NSW Groundwater Dependent Ecosystem Policy. 

NSW Groundwater Quantity Protection Policy 

The principles of this policy include: 

 Maintain total groundwater use within the sustainable yield of the aquifer from which it is 

withdrawn. 

 Groundwater extraction shall be managed to prevent unacceptable local impacts. 

All groundwater extraction for water supply is to be licensed. Transfers of licensed entitlements 

may be allowed depending on the physical constraints of the groundwater system. 

NSW Groundwater Quality Protection Policy 

The objective of this policy is the ecologically sustainable management of the State’s 

groundwater resources so as to: 

 Slow and halt, or reverse any degradation in groundwater resources. 

 Direct potentially polluting activities to the most appropriate local geological setting so as 

to minimise the risk to groundwater. 

 Establish a methodology for reviewing new developments with respect to their potential 

impact on water resources that will provide protection to the resource commensurate with 

both the threat that the development poses and the value of the resource. 

 Establish triggers for the use of more advanced groundwater protection tools such as 

groundwater vulnerability maps or groundwater protection zones. 

NSW Groundwater Dependent Ecosystems Policy 

This policy was designed to protect ecosystems, which rely on groundwater for survival so that, 

wherever possible, the ecological processes and biodiversity of these dependent ecosystems 

are maintained or restored for the benefit of present and future generations. 
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2. Existing environment 

2.1 Landforms and watercourses 

The topography of the site is dominated by a ridgeline that runs with a general north-south 

orientation through most of the study area. This ridgeline reaches a peak of about 142 metres 

Australian Height Datum (AHD) near the southern extent of the study area. From this southern 

end, this ridgeline follows Lookout Road as it gradually dips to an elevation of about 108 metres 

AHD just outside the study area to the east of John Hunter Hospital precinct. From the hospital 

precinct elevations generally decrease towards a valley near Newcastle Road, although there is 

another peak in the ridgeline of about 90 metres AHD to the north-west of the hospital precinct. 

To the east and west of this ridgeline elevations decrease to flatter areas that occur along creek 

and drainage lines surrounding the study area. 

The ridgeline that dominates the study area marks the boundary of a number of catchments 

intersecting the study area. North of the hospital precinct the study area drains to Dark Creek 

and then into Ironbark Creek. Areas east of Lookout Road drain towards a number of unnamed 

tributaries that flow towards Styx Creek. To the west of Lookout Road, the study area drains into 

Blue Wren Creek and an unnamed creek that both flow into Ironbark Creek.  

A Water Quality and Watercourse Assessment has been carried out for the project (GHD, 

2016b). The assessment identified that the study area intersects five mapped watercourses. 

Most of these watercourses are un-named, first order streamlines, typically characterised by a 

steep gradient channel occupying a narrow v-shaped valley. Of these, Dark Creek is a highly 

modified system consisting of a concrete lined stormwater drain leading into a culvert that flows 

under the Newcastle Road roundabout at Jesmond. The remaining four un-named creeks drain 

into either Dark Creek or Ironbark Creek (some via Blue Wren Creek) of variable morphology 

and existing extents of erosion. 

2.2 Geology 

The Newcastle Coalfields Regional Geology 1:100,000 map (NSW Department of Mineral 

Resources, Edition 1 1995) indicates that the Permian Newcastle Coal Measures outcrop in 

most of the study area. The outcropping Newcastle Coal Measures typically consist of Permian 

coals, tuffs, conglomerates, sandstones and shales. The Tomago Coal Measures outcrop to the 

north of Newcastle Road.  

2.3 Hydrogeology 

The upper groundwater source in the study area is considered to be low yielding perched 

groundwater. The deeper regional groundwater table is reported to be at about sea level (Coffey 

1983). There is no known alluvial groundwater in the study area.  

According to the NSW Aquifer Interference Policy (DTI 2012), groundwater is defined as all 

water that occurs beneath the ground surface in the saturated zone. The policy does not contain 

a definition for perched water, although it is well understood that perched water refers to water 

that occurs in the unsaturated zone above the saturated groundwater system (although there 

may be part of the perched system that are saturated). Therefore, it is noted that the perched 

groundwater that occurs in the study area is not technically groundwater, as defined by the 

policy. However, there are known groundwater dependent ecosystems in the study area (Figure 

2-4) and these are likely to be supported by perched groundwater. Therefore, for the purposes 

of this assessment the potential impacts on perched groundwater have been assessed in 

accordance with the policy. 
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In the local perched groundwater system groundwater is expected to flow through localised 

weathered and fractured zones in the underlying Newcastle Coal Measures. Recharge of the 

system is from the infiltration of rainfall along the ridgeline, with perched groundwater 

discharging at surface seepage zones along the slopes above siltstone and claystone layers. 

Groundwater elevations in the study area are summarised in Section 2.3.1. 

Previous studies have identified seepage of water on and below sloped areas in the study area 

and surrounds (RTA 2006). This seepage is likely to be perched groundwater.  

The upper groundwater source in the study area is considered to be low yielding perched 

groundwater. The perched aquifer is a highly localised system that is limited in extent to the 

higher areas of topography immediately surrounding the study area. It is not connected with any 

other aquifers in the surrounding area. 

Perched groundwater is generally separated from regional groundwater by layers of lower 

permeability, collectively referred to in this assessment as the siltstone/claystone aquitard. As a 

result of this aquitard and the presence of seepage zone, the natural vertical movement of 

perched groundwater to the regional groundwater source is minimal. The regional groundwater 

source is mostly recharged in areas where the strata of the lower Newcastle Coal Measures 

outcrops ie to the north of the study area, rather than from the overlaying perched groundwater 

source.  

Due to the relatively shallow depth of the perched groundwater and local topography, it typically 

seeps out on the existing side slopes and enters ephemeral watercourses. The amount of 

seepage is proportional to the amount of rainfall with typically little to no seepage during dry 

periods. The perched groundwater would be recharged during rainfall events through infiltration. 

2.3.1 Groundwater monitoring data 

A number of standpipe piezometers were installed in 2015 as part of geotechnical investigations 

carried out for the project. The groundwater monitoring locations are shown in Figure 2-1 and 

details are provided in Table 2-1. Most of the standpipe monitoring bores are located along the 

ridgeline that dominates the study area.  
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Table 2-1 Groundwater monitoring locations 

ID Easting Northing Ground level 

(m AHD) 

Standpipe depth  

(m bgl) 

Screened depth 

(m bgl) 

Proposed 

Structure 

Screened strata 

BHAG01 377621.09 6355517.02 131.59 8.7 5.3 – 8.5 Fill 1  Gravelly clay, sandy gravel 

BHAG03 377689.3 6355729.58 121.83 11.76 1.75 – 11.76 Cut 1 (Bridge 1) Residual soil possibly fill (sandy clay), 

extremely weathered sandstone, tuff, 

tuffaceous sandstone, coal 

BHAG06 377637.87 6355610.93 109.17 25.19 19 – 25.19 Fill 1 (Bridge 1) Slightly fractured Sandstone, siltstone,  

BHAG11 377612.32 6356410.59 54.914 15 9 – 15 Fill 3 (Bridge 3) Tuffaceous sandstone, tuff, coal (Yard 

seam), interlaminated sandstone and 

siltstone 

BHAG15 377448.4 6356907.7 63.536 9.78 - Fill 4 - 

BHAG18 377411.59 6357260.53 84.452 28.1 22.1 – 28.1 Cut 4 Tuff 

BHAG21 377585.18 6357096.99 83.409 12.19 6.2 – 12.19 Fill 4/Cut 4 Highly fractured to slightly fractured 

Siltstone, fractured sandstone, fractured 

coal 

BHAG22 377463 6357375 78.5 - - Cut 4 - 

BHAG23 377607.26 6357608.96 32.718 15.3 9.3 – 15.3 Cut 4 Siltstone, coal, sandstone. 

BHAG30 377719.13 6358283.46 10.145 12.09 0.8 – 5.1 Fill 7 (Bridge 6) Sandy clay, silty clay, silty clayey 

gravelly sand 

BHAG34 377753.43 6358470.76 16.554 10 6 – 9 Bridge 6 Fill (silty clay), gravel, claystone 

BHAG41 377394.88 6356950.45 56.124 15 12 – 15 Fill 4 Interlaminated sandstone and mudstone 
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ID Easting Northing Ground level 

(m AHD) 

Standpipe depth  

(m bgl) 

Screened depth 

(m bgl) 

Proposed 

Structure 

Screened strata 

BHAG42 377540.08 6357219.91 85.116 24 15 – 21  Cut 4 Conglomerate, fractured to slightly 

fractured siltstone, fractured coal, 

fractured claystone 

BHSM05G 377649.35 6357749.55 31.51 33.5 4 – 10 Fill 5 (Bridge 5) Highly weathered siltstone, interbedded 

sandstone and siltstone 

BHSM08 377633.63 6357882.14 37.326 29.6 24 – 29.6 Cut 5 Coal, sandstone (Waratah sandstone) 

BHSM11G 377676.24 6357990.35 30.305 20.2 1.25 – 14 Cut 5 Some silty clay, extremely weathered 

siltstone, moderately fractured 

claystone/siltstone, moderately plastic 

siltstone 

m AHD – metres Australian Height Datum 

m bgl – metres below ground level 
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Groundwater levels 

All depth to groundwater and groundwater elevation data are provided in Appendix A. 

Monitoring of groundwater levels has been carried out on a number of occasions (up to five 

rounds) between 25 May 2015 and 27 August 2015 and an additional round of groundwater 

level monitoring was carried out on 24 March 2016.  

In general, there is considerable spatial variability in groundwater elevations as shown in Figure 

2-2. Groundwater elevations tend to vary with topography, indicating perched groundwater 

conditions. As shown in Figure 2-2, the monitoring locations at higher elevation appear to be 

intercepting perched groundwater above a siltstone layer of the Newcastle Coal Measures. 

Recorded groundwater levels at monitoring locations intercepting perched groundwater range 

from about 21.5 metres AHD at BHSM05G to 125 metres AHD at BHAG01. 

However, there is minimal temporal variation in groundwater levels, with groundwater levels 

varying by less than one metre at almost all monitoring locations. Exceptions to this includes 

BHSM05G which screens shallow siltstone and sandstone strata, BHAG34 which monitors 

groundwater levels in fill material to the north of Newcastle Road, and BHAG06 which screens 

sandstone and siltstone strata. All of these monitoring locations went dry (under natural 

conditions) in the monitoring period. This suggests that the perched aquifers may be subject to 

complete drying in some areas under lower rainfall conditions.  

At lower topographic elevations, it is considered that groundwater monitoring bores are 

intercepting regional groundwater of the lower Newcastle Coal Measures and underlying 

Tomago Coal Measures. Regional groundwater is monitored mostly at the northern portion of 

the study area. Since the strata dips regionally to the south, it is unlikely that regional 

groundwater seeps out along the incised valleys in the study area. Monitoring location BHSM08 

screens coal (likely to be the Borehole Seam) and the Waratah sandstone at a depth of over 

24 m bgl or an elevation of about 8 to 13 metres AHD. Groundwater elevations at BHSM08 

were relatively stable over the monitoring period, varying between 11.33 and 11.38 metres AHD 

during August 2015. 

Monitoring bores BHSM11G and BHAG23 screen a range of strata including coal, siltstone and 

sandstone between about 16 and 29 metres AHD and 17 and 23 metres AHD respectively. Both 

monitoring bores are also considered to be intercepting regional groundwater. Groundwater 

level at BHSM11G varied between 14.8 and 16.5 metres AHD during August 2015 while 

groundwater level at BHAG23 varied between 17 and 18.4 metres AHD during August 2015.  

BHAG30 screens a range of strata including shallow sandy clay, silty clay and silty clayey 

gravelly sand to the south of Newcastle Road. Groundwater levels in the shallow strata varied 

between 8.15 and 8.64 metres AHD between mid-July and late August 2015. 

Groundwater quality 

Groundwater sampling was carried out on 20 August 2015 at standpipes BHAG03, BHAG11, 

BHAG41, BHAG21, BHAG42, BHAG23, BHSM08, BHSM11G, BHAG30 and BHAG06 to 

characterise existing groundwater quality. Analytical results are summarised in Table 2-2 and 

Appendix B.   
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Table 2-2  Groundwater quality summary 

Parameter Units ANZECC(a) Regional 
groundwater 

Perched 
groundwater 

Arsenic (dissolved) mg/L 0.013 0.002 0.001 to 0.02 

Cadmium (dissolved) mg/L 0.0002 < 0.0001 to 0.0102 < 0.0001 to 0.0001 

Chromium (dissolved) mg/L 0.001 < 0.001 to 0.002 < 0.001 to 0.002 

Copper (dissolved) mg/L 0.0014 0.001 to 0.087 <0.001 to 0.002 

Nickel (dissolved) mg/L 0.011 0.139 to 1.750 0.005 to 0.024 

(a) ANZECC (2000) Fresh water ecosystem trigger values for 95% species protection (used for reference only). 

Regional groundwater is represented by monitoring bores BHSM11G and BHSM08. ANZECC 

(2000) freshwater trigger values for 95% species protection were exceeded at regional 

monitoring bore BHSM11G for dissolved cadmium by two orders of magnitude; copper by one 

order of magnitude and nickel by two orders of magnitude. ANZECC (2000) freshwater trigger 

values for 95% species protection were exceeded at regional monitoring bore BHSM08 for 

dissolved nickel by one order of magnitude and dissolved chromium by less than one order of 

magnitude.  

As concentrations of heavy metals in the regional groundwater do not generally correspond with 

any particular source, it is considered that the elevated heavy metal concentrations are likely to 

be naturally occurring and potentially indicative of regional water quality. 

Soil sampling carried out as part of geotechnical investigations (Aurecon, 2015) for the project 

indicated concentrations of some contaminants above ecological assessment criteria and health 

investigation levels in shallow fill/soil samples. The results indicate there is a low potential for 

significant widespread soil contamination associated with previous land uses in the study area. 

Based on the standing water levels (generally greater than six metres bgl) it is considered that 

there is a low potential for the observed soil contamination to have migrated to groundwater and 

potentially contaminated groundwater to have migrated from the study area (GHD, 2016a). 

It should be noted that regional groundwater at the northern end of the study area will not be 

intercepted by the project and therefore this groundwater with elevated metal concentrations will 

not be discharged into local waterways. Based on the available groundwater quality data, the 

beneficial use of this regional groundwater would be limited to industrial use. As outlined in 

Section 2.3.2, there is no known existing usage of this groundwater. 

Perched groundwater quality (sampled at bores BHAG03, BHAG11, BHAG41, BHAG21, 

BHAG42, BHAG23, BHAG30 and BHAG06) is generally characterised by dissolved metal 

concentrations that are below the ANZECC (2000) freshwater trigger values for 95% species 

protection. Exceedances of ANZECC (2000) freshwater trigger values for 95% species 

protection include dissolved copper and dissolved nickel at BHAG03; dissolved arsenic and 

dissolved nickel at BHAG21; dissolved chromium at BHAG30 and; dissolved nickel at BHAG06. 

All exceedances of ANZECC (2000) freshwater trigger values for 95% species protection for 

dissolved metals were by less than one order of magnitude. Total suspended solids (TSS) 

concentrations in the groundwater samples were likely to be high, as indicated by total metal 

concentrations generally being substantially higher than dissolved metal concentrations. High 

TSS concentrations in the samples is likely to be attributable to insufficient purging before 

sampling and does not indicate a TSS risk associated with groundwater inflows into cuttings or 

high concentrations of bioavailable metals.  
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The solids content in the groundwater samples likely resulted in the high total nitrogen (TN) 

concentrations at most locations as well as the presence of hydrocarbons at some locations. 

Therefore, it is not considered that these results (total concentrations) provide a true 

representation of the perched groundwater quality that may be discharged to local waterways. 

Given the isolated minor exceedances of a few analytes are distributed throughout the study 

area and they do not generally correspond with any particular source, it is considered that they 

are likely to be naturally occurring and potentially indicative of perched groundwater water 

quality. The perched groundwater currently naturally seeps into local watercourses and is 

already influencing surface water quality in the surrounding ephemeral watercourses that drain 

to Dark Creek and Ironbark Creek. 

Based on the available groundwater quality data, the beneficial use of the perched groundwater 

in the study area would be aquatic ecosystem support and, as outlined in Section 2.3.2, it is 

considered that perched groundwater in the study area provides some support to groundwater 

dependent ecosystems (GDEs). It is considered that the 95% level of species protection is 

appropriate for the slightly disturbed freshwater environment near the study area. 

2.3.2 Groundwater receptors 

NSW bore database search 

Searches of the NSW Groundwater Bore Database (Department of Primary Industries – Water, 

carried out on 24 May 2016) and of the NSW Office of Water Waterinfo Pinneena Database 

(carried out on 24 May 2016) were carried out to identify registered bores within a one kilometre 

radius of the construction footprint. The search identified eight bores, one of which had a 

cancelled licence while the remainder were registered as monitoring bores and all outside of the 

study area. Bore locations are shown in Figure 2-3 and details are outlined in Table 2-3.  

Overall the search of the database indicates that there is no known groundwater usage or 

reliance on groundwater for domestic, industrial or irrigation purposes in or near the study area. 

There are no known private bores operating under basic landholder rights within a one kilometre 

radius of the construction footprint.  

The perched aquifer is not used for any other purposes such as groundwater extraction via 

groundwater bores. The identified groundwater bores near the study area extract groundwater 

from the regional aquifer and not from the perched aquifer. 
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Table 2-3 Results of NSW bore database search 

Bore No Licence No Easting Northing Authorised use Depth 

(metres) 

SWL 

(m bgl) 

Salinity 

(ppm) 

Yield 

(L/s) 

GW202023 20BL168685 377010 6358275 Monitoring Bore 5.3 3 – – 

GW202024 20BL168685 376985 6358340 Monitoring Bore 4.3 1 – – 

GW202025 20BL168685 377075 6358320 Monitoring Bore 10 2 – – 

GW202753 20BL173083 377087 6358861 Monitoring Bore 4.2 1.62 – – 

GW202754 20BL173083 377101 6358892 Monitoring Bore 3 0.88 – – 

GW202755 20BL173083 377114 6358871 Monitoring Bore 3.4 1.47 – – 

GW202756 20BL173083 377115 6358855 Monitoring Bore 3.5 1.79 – – 

GW053186 20BL118687 377409 6358935 Cancelled Licence 32.0 0 – – 

m bgl – metres below ground level 

ppm – parts per million 

L/s – litres per second 
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Groundwater dependent ecosystems (GDEs) 

Two intermittently dependent and one dependent ecosystem have been identified in and 

surrounding the study area as part of biodiversity surveys conducted for the project by Parsons 

Brinckerhoff (2015). Details regarding these are shown in Table 2-4 and Figure 2-4. 

As part of biodiversity surveys conducted by Parsons Brinckerhoff (2015) the two variants of the 

Sydney Blue Gum – White Mahogany shrubby tall open forest (Syncarpia glomulifera variant 

and atypical variant) were identified as being riparian communities. These communities are 

likely to rely on surface water runoff and accessing groundwater when groundwater levels are 

high and were therefore classified as being intermittently dependent on groundwater. The 

Gahnia clarkei variant of the Smooth-barked Apple Red Bloodwood open forest was considered 

by Parsons Brinkerhoff (2015) to likely occur as a result of groundwater seep and be dependent 

on groundwater sourced from the perched aquifer. These groundwater receptors have 

developed from the existing perched groundwater quality. As discussed in Section 2.3.1, the 

beneficial use of the perched groundwater in the study area is aquatic ecosystem support, 

however the perched groundwater was characterised by a number of exceedances of ANZECC 

(2000) freshwater trigger values for 95% species protection for dissolved metals. 

The identified GDEs are not listed as high priority GDEs in the WSP for the North Coast 

Fractured and Porous Rock Groundwater Sources. The closest high priority GDEs to the study 

area are wetlands associated with Hexham Swamp  

The identified GDEs are not listed under either the NSW Threatened Species Conservation Act 

1995 or Commonwealth Environment Protection and Biodiversity Conservation Act 1999. 

Table 2-4 Identified groundwater dependent ecosystems 

Plant community type (1) Type Class Habitat Dependency on 

groundwater (2) 

HU637 Sydney Blue Gum – 

White Mahogany shrubby tall 

open forest – Syncarpia 

glomulifera variant 

Riparian and 

terrestrial 

vegetation  

T1 – Riparian 

vegetation 

community 

Terrestrial Intermittently 

HU637 Sydney Blue Gum – 

White Mahogany shrubby tall 

open forest – atypical variant 

Riparian and 

terrestrial 

vegetation  

T1 – Riparian 

vegetation 

community 

Terrestrial Intermittently 

HU621 Smooth-barked Apple 

– Red Bloodwood open forest 

– Gahnia clarkei variant 

Wetlands  W10 – Sedge 

Swamp 

Epigean Known 

(1) Vegetation communities as per Parsons Brinckerhoff (2015) 

(2) Known groundwater dependency as per (Eamus et al. 2006).  
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3. Impact assessment 

3.1 Impact avoidance 

The project is a regionally significant road infrastructure project which has a long history of 

design planning and refinement. The preferred corridor for the project was originally identified in 

1957 and incorporated at that time into the Northumberland County Planning Scheme for future 

planning purposes. The alignment for the project has been subsequently refined over many 

years, specifically in 1985, 2006 and 2016. During each design refinement, environmental and 

community impacts were specifically considered when carrying out the options evaluation. 

Several alignment options were discounted over the years due to adverse impacts. The final 

preferred project alignment was selected based on this process.  

Due to the steep undulating topography through which the project passes, the options selection 

and design development processes have carried out to minimise road grades and earthworks 

volumes (cuts and fills) as far as practicable while minimising environmental impacts on the 

surrounding bushland and sensitive receivers including residential areas and the John Hunter 

Hospital precinct. 

In order to meet the required road design criteria for road grades and for the project to provide 

connectivity to the surrounding road network, areas of cuts and fills are required. The concept 

design has been further refined to minimise the depth of cuttings as far as practicable while 

meeting all other project objectives. 

Six separate cuttings are proposed along the project as listed in Table 3-1 and shown on Figure 

3-2. Based on the groundwater monitoring data, it is considered that perched groundwater 

interception is possible in five of these cuttings. None of the cuttings would intersect with the 

regional groundwater aquifer. 

Table 3-1 Proposed cuttings 

Cutting Groundwater elevation 

(metres AHD) 

Groundwater system 

intercepted 

Cutting 1 112.83 Perched 

Cutting 2 89.17 Perched 

Cutting 3 70.32 Perched 

Cutting hospital access road 77.72 Perched 

Cutting 4 70.32 Perched 

Cutting 5 n/a Nil 

3.2 Modelling methodology 

3.2.1 Description 

Preliminary groundwater inflow estimates have been carried out using the analytical equations 

and approach outlined in Marinelli and Niccoli (2000). The equations presented by Marinelli and 

Niccoli (2000) provide a simple means of estimating steady state or long-term average inflows 

to a pit or cutting. 
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The solutions presented consider: 

 The effect of decreased saturated thickness near the pit (cut) walls. 

 Distributed recharge to the water table. 

 Upward flow through the pit (cut) bottom. 

Separate flow calculations are carried out for inflow into the pit (cut) walls (Q1, Zone 1) and pit 

(cut) base (Q2, Zone 2) (Figure 3-1). Assumptions inherent in the flow calculation for Zone 1 

include: 

 Pit (cut) walls are approximated as a circular cylinder. 

 Groundwater flow is horizontal (Dupuit - Forchheimer approximation is valid). 

 The static (pre-mining (cutting)) water table is horizontal. 

 Groundwater flow toward the pit (cut) is axially symmetric. 

 Uniform distributed recharge occurs across the site as a result of surface infiltration. 

 All recharge in the radius of influence is captured by the pit (cut). 

 The perched aquifer extends below the base of the pit (cut). 

Assumptions relevant to Zone 2 include: 

 Hydraulic head is initially uniform throughout the zone. Initial head is equal to the 

elevation of the initial water table in Zone 1. 

 The disk sink has constant hydraulic head equal to the elevation of the pit late water 

surface. If the pit (cut) is completely dewatered the disk sink is equal to the elevation of 

the pit (cut) bottom. 

 Flow to the disk sink is three dimensional and axially symmetric. 

 Materials in Zone 2 are anisotropic and the principal co-ordinate directions for hydraulic 

conductivity are horizontal and vertical. 

 

Figure 3-1  Pit inflow hydraulic model (Marinelli and Niccoli 2000) 
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Relevant equations presented in Marinelli and Niccoli (2000) are: 

 

Where: 

 ho = Initial (pre-mining (cutting)) saturated thickness (metres above base of pit (cut)) 

 hp = Saturated thickness at pit wall (metres above base of pit (cut)) 

 W = Distributed recharge flux (metres per day) 

 Kh1 = Horizontal hydraulic conductivity Zone 1 (metres per day) 

 Kh2 = Horizontal hydraulic conductivity Zone 2 (metres per day) 

 Kv2 = Vertical hydraulic conductivity Zone 2 (metres per day) 

 rp = Effective pit (cut) radius (metres) 

 ro = Radius of influence (metres) 

 d = Depth of the pit (cut) lake (metres) 

3.2.2 Input Data 

Data sources and assumptions used to derive input values for each of the parameters required 

for the equations developed by Marinelli and Niccoli (2000) are outlined in the following section. 

Initial (pre-construction) saturated thickness (ho)  

The initial (pre-construction) saturated thickness was estimated to be equal to the height of 

groundwater (indicated by the groundwater monitoring data) above the base of the cutting. It 

should be noted that monitored groundwater levels are indicative of conditions at the time at 

which monitoring occurred and that groundwater levels may increase or decrease over time. 

Saturated thickness at pit wall (hp) 

The cuttings are assumed to be fully dewatered during construction and fully drained during 

operation. Therefore, the saturated thickness at pit wall (hp) was assumed to be equal to zero. 

Distributed recharge flux (W) 

Based on other numerical modelling work carried out by GHD in the Newcastle Coal Measures, 

a net recharge rate of two to four per cent of long-term average rainfall recorded at Newcastle 

Nobbys Signal Station AWS Bureau of Meteorology Station (station number 061055) was 

adopted for the assessment. This station was adopted for the assessment based on the length 

and the quality of the data record and the proximity to the site. Long-term average annual 

rainfall over the period 1862 to 2014 was 1125.8 millimetres per year. A net recharge rate of two 

per cent gives an estimated long-term average recharge rate of 22.5 millimetres per year or 

6.17 x 10-5 metres per day. A net recharge rate of four per cent gives an estimated long-term 

average recharge rate of 45 millimetres per year or 1.23 x 10-4 metres per day. 
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Hydraulic conductivity Zones 1 and 2 (Kh1, Kh2 and Kv2) 

Hydraulic conductivities of the perched aquifer have been assumed to be equal to generally 

accepted values for sandstone/dense rock. Boreholes across the site indicate that the strata 

vary from highly weathered sandstone and siltstone to slightly weathered sandstone and 

siltstone to claystone and siltstone. Based on the hydraulic conductivity values adopted by 

Kruseman and de Riddler (1994) for sandstone of 1 x 10-3 metres per day to one metre per day 

and for dense solid rock of less than 1 x 10-5 metres per day, a horizontal hydraulic conductivity 

of 0.1 metres per day was adopted. It was assumed that the horizontal hydraulic conductivity is 

10 times the greater than vertical hydraulic conductivity. 

Effective radius (rp) 

Effective pit (cut) radius was estimated by calculating the area of the cutting based on the length 

and the width of the cutting. The area of inflow was estimated by comparing available water 

level data to project design levels and cutting widths along the length of each cutting. The 

calculated area was input into the formulae for the area of a circle (ie A = π rp
2) in order to 

calculate the effective radius. The calculated length and width and effective radius of each 

cutting is shown in Table 3-2. 

Radius of influence (ro) 

The radius of influence (ro) of any groundwater abstraction represents a balance between the 

hydraulic conductivity of the strata and the rate of recharge incident at the water table. The 

radius of influence is therefore significantly affected by the presence or absence of 

hydrogeological recharge (such as perennial rivers) and/or no flow boundaries (such as 

geological boundaries) and therefore cannot be accurately predicted in advance. 

Due to the perched nature of the intercepted aquifer, the radius of influence is limited by 

outcropping of the aquifer. The radius of influence has therefore been limited to the geological 

boundaries of each perched aquifer. 

Table 3-2 Calculated cut radius and groundwater elevation 

Cutting Cutting 

length 

(m) 

Cutting width  

(m) 

Effective pit 

radius (rp) 

(m) 

Groundwater 

elevation 

(m AHD) 

Initial (pre-

construction) 

saturated 

thickness 

(ho) 

(m) 

Cutting 1 140 34.1 39.0 112.83 6.23 

Cutting 2 100 30.9 31.3 89.17 3.63 

Cutting 3 140 23.1 32.1 70.32 2.74 

Cutting 4 340 54.2 76.6 70.32 7.25 

Cutting 5 260 38.0 56.1 – 0 

Cutting 

hospital 

access road 

120 29.93 33.8 77.22 2.94 

Note: Groundwater monitoring data indicates no groundwater in Cutting 5. 
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3.3 Predictions of inflow and radius of influence 

As discussed in Section 3.1, the concept design for the project has minimised cuttings as far as 

practicable to minimise groundwater inflow. Groundwater inflows have been estimated for each 

of the proposed cuttings using the analytical equations developed by Marinelli and Niccoli 

(2000) as described in Section 3.2. Groundwater inflows have been estimated for a range of 

scenarios. Table 3-3 to Table 3-8 provide the predicted inflows for each of the cuttings for the 

following scenarios: 

 Scenario 1 is considered to be a base case, where the best estimate for hydraulic 

conductivity, mean recharge and initial saturated thickness (height of groundwater level 

above pit floor) were used in the assessment. 

 Scenario 2 reduced the recharge to two per cent of rainfall. 

 Scenario 3 increased the water level in each of the cuts by two metres. 

 Scenario 4 increased hydraulic conductivity by 10 times. 

 Scenario 5 decreased hydraulic conductivity by 10 times relative to Scenario 1. 
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Table 3-3  Predicted groundwater inflows – Cutting 1 

Scenario Distributed 

recharge flux, W 

(m/d) 

Horizontal hydraulic 

conductivity 

kh (m/d) 

Radius of 

influence 

ro (m) 

Initial saturated 

thickness 

ho (m) 

Horizontal 

groundwater inflow 

Q1 (m3/day) 

Vertical 

groundwater inflow 

Q2 (m3/day) 

Total groundwater 

inflow 

Qt (m3/day) 

1 1.23 x 10-4 0.1 175.0 6.23 11.3 3.1 14.4 

2 6.17 x 10-5 0.1 223.4 6.23 9.4 3.1 12.5 

3 1.23 x 10-4 0.1 212.7 8.23 16.9 4.1 21.0 

4 1.23 x 10-4 1 411.2 6.23 65.0 30.7 95.7 

5 1.23 x 10-4 0.01 87.7 6.23 2.4 0.3 2.7 

m – metres, m/d – metres per day, m3/day - cubic metres per day 

Table 3-4  Predicted groundwater inflows – Cutting 2 

Scenario Distributed 

recharge flux, W 

(m/d) 

Horizontal hydraulic 

conductivity 

kh (m/d) 

Radius of 

influence 

ro (m) 

Initial saturated 

thickness 

ho (m) 

Horizontal 

groundwater inflow 

Q1 (m3/day) 

Vertical 

groundwater inflow 

Q2 (m3/day) 

Total groundwater 

inflow 

Qt (m3/day) 

1 1.23 x 10-4 0.1 113.6 3.63 4.6 1.4 6.1 

2 6.17 x 10-5 0.1 143.0 3.63 3.8 1.4 5.2 

3 1.23 x 10-4 0.1 152.5 5.63 8.6 2.2 10.9 

4 1.23 x 10-4 1 257.1 3.63 25.2 14.4 39.6 

5 1.23 x 10-4 0.01 60.5 3.63 1.0 0.1 1.2 

m – metres, m/d – metres per day, m3/day - cubic metres per day 
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Table 3-5  Predicted groundwater inflows – Cutting 3 

Scenario Distributed 

recharge flux, W 

(m/d) 

Horizontal hydraulic 

conductivity 

kh (m/d) 

Radius of 

influence 

ro (m) 

Initial saturated 

thickness 

ho (m) 

Horizontal 

groundwater inflow 

Q1 (m3/day) 

Vertical 

groundwater inflow 

Q2 (m3/day) 

Total groundwater 

inflow 

Qt (m3/day) 

1 1.23 x 10-4 0.1 96.4 2.74 3.2 1.1 4.3 

2 6.17 x 10-5 0.1 119.6 2.74 2.6 1.1 3.7 

3 1.23 x 10-4 0.1 136.6 4.74 6.8 1.9 8.8 

4 1.23 x 10-4 1 209.5 2.74 16.6 11.1 27.7 

5 1.23 x 10-4 0.01 54.6 2.74 0.8 0.1 0.9 

m – metres, m/d – metres per day, m3/day - cubic metres per day 

Table 3-6  Predicted groundwater inflows – Cutting 4 

Scenario Distributed 

recharge flux, W 

(m/d) 

Horizontal hydraulic 

conductivity 

kh (m/d) 

Radius of 

influence 

ro (m) 

Initial saturated 

thickness 

ho (m) 

Horizontal 

groundwater inflow 

Q1 (m3/day) 

Vertical 

groundwater inflow 

Q2 (m3/day) 

Total groundwater 

inflow 

Qt (m3/day) 

1 1.23 x 10-4 0.1 244.8 7.25 21.0 7.0 28.0 

2 6.17 x 10-5 0.1 305.3 7.25 16.9 7.0 24.0 

3 1.23 x 10-4 0.1 285.4 9.25 29.3 9.0 38.3 

4 1.23 x 10-4 1 539.7 7.25 110.6 70.3 180.9 

5 1.23 x 10-4 0.01 135.7 7.25 4.9 0.7 5.6 

m – metres, m/d – metres per day, m3/day - cubic metres per day 
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Table 3-7  Predicted groundwater inflows – Cutting 5 

Scenario Distributed 

recharge flux, W 

(m/d) 

Horizontal hydraulic 

conductivity 

kh (m/d) 

Radius of 

influence 

ro (m) 

Initial saturated 

thickness 

ho (m) 

Horizontal 

groundwater inflow 

Q1 (m3/day) 

Vertical 

groundwater inflow 

Q2 (m3/day) 

Total groundwater 

inflow 

Qt (m3/day) 

1 1.23 x 10-4 0.1 – 0 0 0 0 

2 6.17 x 10-5 0.1 – 0 0 0 0 

3 1.23 x 10-4 0.1 107.0 2 3.2 1.4 4.6 

4 1.23 x 10-4 1 200.0 2 14.3 14.2 28.5 

5 1.23 x 10-4 0.01 73.3 2 0.9 0.1 1.0 

Note: Groundwater monitoring data indicates no groundwater in Cutting 5. Groundwater level increased to two metres above base of cut for scenario 3, 4 and 5 

m – metres, m/d – metres per day, m3/day - cubic metres per day 

Table 3-8  Predicted groundwater inflows – Cutting hospital access road 

Scenario Distributed 

recharge flux, W 

(m/d) 

Horizontal hydraulic 

conductivity 

kh (m/d) 

Radius of 

influence 

ro (m) 

Initial saturated 

thickness 

ho (m) 

Horizontal 

groundwater inflow 

Q1 (m3/day) 

Vertical 

groundwater inflow 

Q2 (m3/day) 

Total groundwater 

inflow 

Qt (m3/day) 

1 1.23 x 10-4 0.1 102.7 2.94 3.6 1.3 4.9 

2 6.17 x 10-5 0.1 127.5 2.94 2.9 1.3 4.2 

3 1.23 x 10-4 0.1 142.9 4.94 7.5 2.1 9.6 

4 1.23 x 10-4 1 223.7 2.94 19.0 12.6 31.5 

5 1.23 x 10-4 0.01 57.9 2.94 0.9 0.1 1.0 

m – metres, m/d – metres per day, m3/day - cubic metres per day 
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Based on the analytical calculations, cumulative groundwater inflows (all cuttings combined) are 

between 12.4 and 403.9 cubic metres per day with the most likely estimate considered to be 

57.7 cubic metres per day (based on scenario 1). Note that the groundwater inflow rates are 

average long-term rates along each cutting. The actual rate of inflow is unlikely to be constant 

along the entire length of each cutting. The actual inflow rate would likely change along the 

length of each cutting as the base of each cutting changes in level and as groundwater levels 

vary along the length of each cutting.  

The groundwater levels utilised in calculating groundwater inflows may vary over time. It is 

expected that groundwater inflows into the proposed cuttings would increase following rainfall 

events due to recharge of the perched aquifer. Conversely groundwater inflows would likely be 

low to potentially negligible following extended periods of little or no rainfall (once all 

groundwater has been released from storage).  

The radius of influence on groundwater of each cutting has been estimated. The perched 

aquifer is bounded by the outcropping of the aquifer which limits the actual radius of influence of 

each cutting. The estimated radius of influence calculated for scenario 4 (the most conservative 

scenario), considering the outcropping of the aquifer, is shown in Figure 3-3. 

Due to the small distance between the proposed cuttings and the outcropping of the intercepted 

aquifer it is anticipated that the most of the inflows into each cutting would occur soon after the 

start of construction. There is limited up gradient areas to provide ongoing groundwater inflows 

to each pit. Ongoing flow into each of the cuts is anticipated to only occur following rainfall 

events.  

  



CARDIFF
HEIGHTS

RANKIN
PARK

LAMBTON

ELERMORE
VALE

WARATAH
WESTJESMOND

NEW
LAMBTON

WALLSEND

NEW LAMBTON
HEIGHTS

NORTH
LAMBTON

CROUDACE ROAD

MCCAFFREY DRIVE

BL
UE

 G
UM

 R
OA

D

GE
OR

GE
 ST

RE
ET

JANET STREET

HOWE STREET

ALNWICK ROAD

CRESSINGTON WAY

OR
CH

AR
DT

OW
N 

RO
AD

RUSSELL ROAD

GRANDVIEWROAD

DO
UG

LA
S S

TR
EE

T

CR
OU

DA
CE

ST
RE

ET

LO
OKO

UT ROAD

NEWCASTLE ROAD

NEWCASTLE ROAD

ROBERT STREET

ST
EE

L S
TR

EE
T

DE
NT

ST
RE

ET

RIDGEWAY ROAD

BIR
CH

GR
OV

EDRIVE
ROBINSON

AVENUE

Jesmond 
Park

Blackbutt 
Reserve

John 
Hunter 
Hospital

George
McGregor 

Park

Cutting 1

Cutting 2

Cutting 3

Cutting 
Hospital access

Cutting 4

Cutting 5

DARK
CRE EK

WC3

DA
RK CREEK

BLUE WREN CREEK

W C2

WC4

Figure 3-3
G:\22\17656\GIS\Maps\Deliverables\Groundwater\2217656_GW005_PredictedInfluence_0.mxd

0 125 250 375 50062.5

Metres

LEGEND

© 2016. Whilst every care has been taken to prepare this map, GHD, Aurecon, PB, Nearmap and LPI make no representations or warranties about its accuracy, reliability, completeness or suitability for any particular purpose and cannot accept liability and responsibility 
of any kind (whether in contract, tort or otherwise) for any expenses, losses, damages and/or costs (including indirect or consequential damage) which are or may be incurred by any party as a result of the map being inaccurate, incomplete or 
unsuitable in any way and for any reason.

Job Number
Revision 0

22-17656

Date 26 Aug 2016o
Rankin Park to Jesmond
Groundwater Assessment
Predicted radius of influence
(groundwater drawdown) for cuttings

Data source:  Aurecon: Construction footprint / Design, 2016; Nearmap: Aerial Imagery, 20160331; LPI: DTDB, 2012; PB: Vegetation,2015. Created by: fmackay, tmorton

Level 3, GHD Tower, 24 Honeysuckle Drive, Newcastle NSW 2300 T 61 2 4979 9999 F 61 2 4979 9988 E ntlmail@ghd.com W www.ghd.com.au

Map Projection: Transverse Mercator
Horizontal Datum:  GDA 1994
Grid: GDA 1994 MGA Zone 56

 
Paper Size A4

Predicted radius of drawdown
Construction footprint
Watercourse

Design features
Pavement
Bridge
Earthworks cut
Earthworks fill

Vegetation communities
Smooth-barked Apple - Red Bloodwood open
forest - Gahnia clarkei variant (HU833)

Sydney Blue Gum - White Mahogany shrubby
tall open forest - atypical variant (HU782)
Sydney Blue Gum - White Mahogany tall open
forest - Syncarpia glomulifera variant (HU782)



CARDIFF
HEIGHTS

RANKIN
PARK

LAMBTON

ELERMORE
VALE

WARATAH
WESTJESMOND

NEW
LAMBTON

WALLSEND

NEW LAMBTON
HEIGHTS

NORTH
LAMBTON

CROUDACE ROAD

MCCAFFREY DRIVE

BL
UE

 G
UM

 R
OA

D

GE
OR

GE
 ST

RE
ET

JANET STREET

HOWE STREET

ALNWICK ROAD

CRESSINGTON WAY

OR
CH

AR
DT

OW
N 

RO
AD

RUSSELL ROAD

GRANDVIEWROAD

DO
UG

LA
S S

TR
EE

T

CR
OU

DA
CE

ST
RE

ET

LO
OKO

UT ROAD

NEWCASTLE ROAD

NEWCASTLE ROAD

ROBERT STREET

ST
EE

L S
TR

EE
T

DE
NT

ST
RE

ET

RIDGEWAY ROAD

BIR
CH

GR
OV

EDRIVE
ROBINSON

AVENUE

Jesmond 
Park

Blackbutt 
Reserve

John 
Hunter 
Hospital

George
McGregor 

Park

Cutting 1

Cutting 2

Cutting 3

Cutting 
Hospital access

Cutting 4

Cutting 5

DARK
CRE EK

WC3

DA
RK CREEK

BLUE WREN CREEK

W C2

WC4

Figure 3-9

Figure 3-6

Figure 3-7

Figure 3-5

Figure 3-8

Figure 3-4
G:\22\17656\GIS\Maps\Deliverables\Groundwater\2217656_GW008_CrossSectionLocations_0.mxd

0 125 250 375 50062.5

Metres

LEGEND

© 2016. Whilst every care has been taken to prepare this map, GHD, Aurecon, PB, Nearmap and LPI make no representations or warranties about its accuracy, reliability, completeness or suitability for any particular purpose and cannot accept liability and responsibility 
of any kind (whether in contract, tort or otherwise) for any expenses, losses, damages and/or costs (including indirect or consequential damage) which are or may be incurred by any party as a result of the map being inaccurate, incomplete or 
unsuitable in any way and for any reason.

Job Number
Revision 0

22-17656

Date 26 Aug 2016o
Rankin Park to Jesmond
Groundwater Assessment
 
Cutting cross sections

Data source:  Aurecon: Construction footprint / Design, 2016; Nearmap: Aerial Imagery, 20160331; LPI: DTDB, 2012; PB: Vegetation,2015. Created by: fmackay, tmorton

Level 3, GHD Tower, 24 Honeysuckle Drive, Newcastle NSW 2300 T 61 2 4979 9999 F 61 2 4979 9988 E ntlmail@ghd.com W www.ghd.com.au

Map Projection: Transverse Mercator
Horizontal Datum:  GDA 1994
Grid: GDA 1994 MGA Zone 56

 
Paper Size A4

Construction footprint
Watercourse
Cutting cross sections

Design features
Pavement
Bridge
Earthworks cut
Earthworks fill

Known groundwater dependent ecosystems
Smooth-barked Apple - Red Bloodwood open
forest - Gahnia clarkei variant (HU833)

Intermittent groundwater dependent ecosystems
Sydney Blue Gum - White Mahogany shrubby
tall open forest - atypical variant (HU782)
Sydney Blue Gum - White Mahogany tall open
forest - Syncarpia glomulifera variant (HU782)



 

34 | GHD | Report for Aurecon Australasia Pty Ltd - Newcastle Inner City Bypass - Rankin Park to Jesmond, 22/17656  

3.4 Aquifer interference policy 

Due to there being no known groundwater usage or reliance on groundwater for domestic or 

irrigation purposes in or near the study area, and the limited extent of the groundwater source, 

the perched groundwater has been classified as a less productive fractured rock groundwater 

source under the NSW Aquifer Interference Policy (DTI 2012). A less productive groundwater 

source is defined by the AIP as a groundwater source having total dissolved solids greater than 

1500 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 (DTI 2012) 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 project are acceptable. The Level 1 

minimal impact considerations for less productive fractured rock groundwater sources are: 

 Water table: 

– 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 

 Water pressure - a cumulative pressure head decline of not more than a two metre 

decline at any water supply work. 

 Groundwater quality - any change in the groundwater quality should not lower the 

beneficial use category of the groundwater source beyond 40 metres of the activity. 

Water supply works 

There are no water supply works listed in the WSP for the North Coast Fractured and Porous 

Rock Groundwater Sources. Further there are no water supply works in or near the study area. 

Therefore, the project 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 WSP for the North Coast 

Fractured and Porous Rock Groundwater Sources. Aboriginal heritage assessments conducted 

for the project have not identified any cultural sites in or near the study area. Therefore, the 

project would not result in any impacts to a culturally significant site. 

Groundwater dependent ecosystems 

As discussed in Section 2.3.2 the project is not predicted to result in any variation in the water 

table within 40 metres of any high priority GDEs. As shown on Figure 3-3 the identified GDEs 

are located in the predicted radius of influence of Cuttings 1, 2, 3 and 4. In order to assess the 

potential impacts on GDEs a number of cross sections of the proposed cuttings and the GDEs 

have been developed. The locations of these cross sections are shown in Figure 3-4. 
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The known GDE, a Gahnia clarkei variant of the Smooth-barked Apple Red Bloodwood open 

forest as mapped by Parson Brinckerhoff (2015), occurs more than 250 metres from the nearest 

proposed cutting (Cutting 2). As shown in Figure 3-5 the perched aquifer likely to be intercepted 

by Cutting 2 is separate from the perched aquifer that supports the GDE. It is likely that any 

groundwater near Cutting 2 will discharge to the outcrop areas of the perched aquifer. Due to 

the hydrogeological separation of the perched aquifer that feeds the known GDE and the 

proposed cutting by a steep sided valley, the known GDE will continue to be fed by seepage 

from the perched aquifer. Therefore, Cutting 2 would not have any impact on the known GDE. 

An intermittent GDE, an atypical variant of the Sydney Blue Gum – White Mahogany shrubby 

tall open forest as mapped by Parsons Brinckerhoff (2015), occurs about 90 metres from the 

closest proposed cutting (Cutting 1). This intermittent GDE is in the predicted zone of impact on 

groundwater as shown in Figure 3-3. Cutting 1 is predicted to intercept a perched aquifer that 

occurs along the top of the ridgeline as shown in Figure 3-6. This may result in some reduced 

baseflow to the intermittent GDE. However, the intermittent GDE would continue to be fed by 

surface water runoff and from groundwater flow from aquifers that are underlying Cutting 1. In 

addition, groundwater inflow into Cutting 1 would ultimately drain back to the watercourse that 

supports the intermittent GDE during both construction and operation. 

An intermittent GDE, a Syncarpia glomulifera variant of the Sydney Blue Gum – White 

Mahogany shrubby tall open forest as mapped by Parsons Brinckerhoff (2015), occurs in two 

locations near Cutting 3. One community is mapped as occurring next to the proposed cutting to 

the north-west and the second occurrence of the GDE is located about 230 metres to the south-

west of the proposed cutting.  

Figure 3-7 shows a north-west to south-east cross section that runs through Cutting 3 generally 

along the centreline of the proposed road. Figure 3-7 shows the extent of the GDE that occurs 

to the north-west of Cutting 3. This intermittent GDE, at the closest point to Cutting 3, would be 

cleared and covered with a fill embankment. The impact on the intermittent GDE from the 

placement of fill is detailed in the biodiversity assessment for the project (GHD, 2016c). There 

would be limited impact on the intermittent GDE outside the footprint of the fill as it would 

continue to be fed by seepage from aquifers that lie below the proposed Cutting 3 and from 

surface water runoff. In addition, groundwater inflow into Cutting 3 would ultimately drain back to 

the watercourse that supports the intermittent GDE during both construction and operation. 

Figure 3-8 shows a south-west to north-east cross section through Cutting 3 and shows the 

intermittent GDE that lies to the south-west of this cutting. Figure 3-8 indicates that the impact 

on this intermittent GDE would be limited to some loss of seepage from the aquifer intercepted 

by the cutting. This GDE will continue to be fed by surface water runoff and seepage from 

aquifers that occur below the cutting. In addition, groundwater inflow into Cutting 3 would 

ultimately drain back to the watercourse that supports the intermittent GDE during both 

construction and operation. 

An intermittent GDE, a Syncarpia glomulifera variant of the Sydney Blue Gum – White 

Mahogany shrubby tall open forest as mapped by Parsons Brinckerhoff (2015), occurs within 

about 50 metres of the proposed Cutting 4. Figure 3-9 indicates that the impact on the GDE 

would be limited to loss of seepage from the aquifer intercepted by this cutting. The GDE would 

continue to be fed by groundwater seepage from aquifers that are located below the proposed 

cutting and from surface water runoff. In addition, groundwater inflow into Cutting 4 would 

ultimately drain back to the watercourse that supports the intermittent GDE during both 

construction and operation. 
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The project design, including the operational drainage system, aims to maintain flows to GDEs 

including maintaining seepage from the perched aquifer below the base of any cuttings and 

ensuring that groundwater inflows into cuttings ultimately drain back to watercourses that 

support GDEs.  

Recharge and flow paths 

The project would involve the construction of new fill and hardstand areas that may change the 

local movement of perched groundwater in some areas. This may result in a minor localised 

change to where perched groundwater seeps in these areas, however the project design does 

not change the drainage line to which this seepage reports. Based on available groundwater 

information, the design has been developed so that where fill is placed over existing seepage 

areas, groundwater seepage would occur at or near the base of the new fill and as such this 

would not change the drainage line to which this seepage reports. Therefore, it is not expected 

that this change to perched groundwater flow pathways would impact on intermittent GDEs 

since the drainage lines that currently support these GDEs would continue to receive the same 

seepage from the perched aquifer. 

The presence of fill and hardstand areas may result in some local changes to the rates of 

rainfall infiltration into the perched aquifers and hence the recharge of these aquifers. Hardstand 

areas would be expected to result in some minor localised reductions in recharge. The impacts 

of the permanent cuttings and road on groundwater drawdown have been taken into account in 

the determination of radius of influence shown in Figure 3-3. The loss of recharge to perched 

aquifers is not considered to impact GDEs since the rainfall that would have infiltrated would be 

collected in the surface water management system and discharged to watercourses 

downstream of the existing seepage areas.  
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Groundwater quality and discharge water quality 

The project would involve a number of cuttings that would intercept perched groundwater. As 

discussed in Section 3.1, the concept design for the project has minimised cuttings as far as 

practicable to minimise groundwater inflow. However, during operation, it is expected that 

limited volumes of perched groundwater would continue to flow into the cuttings, mostly 

following rainfall events. Potential surface water impacts from groundwater inflow include the 

mobilisation of naturally occurring contaminants to surface water impacting on surface water 

quality, downstream sensitive receptors and/or groundwater dependent ecosystems. There is 

also a minor potential risk of exposure to site workers and future site users via direct contact. It 

is noted that the risks are unlikely to be significant with minor consequences (reversible health 

effects of little concern).  

Perched groundwater would be intercepted in most cuttings as detailed in Section 3.3. The 

perched groundwater currently naturally seeps into local watercourses and will continue to do so 

outside the area of influence of the project. Based on the available groundwater quality data 

(Section 2.3.1), it is considered that the perched groundwater is suitable for discharge to the 

local watercourses with only isolated minor exceedances of a few analytes above the 95% 

species protection guideline values. Any impact on groundwater quality and the receiving 

environment will be negligible and as per existing conditions the beneficial use of the 

groundwater seepage will be maintained as aquatic ecosystem support with minor exceedances 

of a few analytes above the 95% species protection guideline values. Therefore, the proposed 

interception of perched groundwater does not represent a change from the existing condition 

and the resulting impacts to water quality are considered to be minimal. 

Acid sulfate rock testing was carried out as part of the geotechnical assessment for the project 

(Aurecon 2016a). Chromium reducible sulfur results for all 21 samples were low, ranging from 

<0.005 to 0.03 % w/w, indicating low potential acidity in the samples and a low risk of acid 

generation resulting from the exposure of these samples to the atmosphere. Based on these 

results, it is unlikely that the quality of perched groundwater would change as a result of the 

exposure of rock cuttings to the atmosphere, and the beneficial use category (aquatic 

ecosystem support) would be maintained. 

The project would not intercept with, or result in the intrusion of poorer quality regional 

groundwater into higher quality perched groundwater. The deeper, poorer quality regional 

groundwater would not be intercepted by the cuttings and the project would not result in 

regional groundwater being discharged to local watercourses and will not result in any negative 

impact on the perched groundwater or the receiving environment. 

The contamination assessment (GHD 2016a) carried out for the project identified there are no 

widespread groundwater contamination issues in the study area and given there are no known 

users of the local groundwater, with the implementation of management measures it is unlikely 

there would be any impacts to existing or future uses.  

During construction, groundwater inflows would be captured and managed in the construction 

water management system (eg sedimentation basins) before discharge to local watercourses. 

This would reduce the suspended sediment content of the water and provide some removal of 

metals, nutrients and hydrocarbons.  
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During operation, groundwater inflows would continue to be captured by the drainage system 

and discharged to the local watercourses. While the quality of the captured groundwater is not 

expected to change significantly, the project includes a range of controls to manage the 

captured water and these are detailed in the Water Quality and Watercourse Assessment 

(GHD, 2016b). These controls are proposed to include retaining and modifying some of the 

construction phase sediment basins as operational water quality treatment structures. The 

design of the operational water quality treatment structures will be refined during the detailed 

design phase. 

As identified in the contamination assessment (GHD 2016a), soil testing results indicate there 

are no widespread soil contamination issues in the study area. Given the observed 

exceedances are generally localised, scattered in the construction footprint and are only located 

in relatively shallow soils, with the implementation of management measures no significant 

impacts are expected. Potential impacts to surface water and groundwater from contaminated 

soils are discussed in the Water Quality and Watercourse Assessment (GHD 2016b).  

The project would encounter coal seams in Cuttings 1, 2, 4 and 5, which could result in 

groundwater seepage that contains naturally occurring hydrocarbons. Exposing the coal seams 

has the potential to accelerate the release of these naturally occurring hydrocarbons by 

increased oxidisation and dewatering. To minimise these risks, the exposed coal seams would 

be sealed with shotcrete or by over-excavation and backfilling with an inert material. As a result, 

there are not expected to be ongoing groundwater impacts associated with excavation and 

exposure of the coal seams. Therefore, the groundwater quality will be maintained and the 

beneficial use of the groundwater will be maintained as aquatic ecosystem support.  

The coal material that would be excavated during construction has been identified to be either 

of poor quality and/or occurs in seams too thin to be extracted and sold on the market as a coal 

material. It is proposed that this material be blended with other fill materials and deep buried in 

the final formation. As a result, there are no expected impacts during construction associated 

with the excavated coal material. 

Mine void grouting, to address future potential subsidence issues associated with historical 

mining activities, would be required for the bridge over watercourse 2. Mine void grouting would 

involve pumping of a concrete based material into shallow voids via pre-drilled boreholes. 

Typical materials required for mine grouting operations are water, flyash, cement and a fine 

aggregate (crusher dust). Potential risks to groundwater quality include surface spillage during 

grouting operations and grout interacting with groundwater. 

There is the potential for grouting to impact groundwater quality and flow paths in the immediate 

area, however given the limited extent of grouting and observed depths to groundwater in this 

area these impacts are not expected to be significant. A mine remediation management plan will 

be prepared to manage potential risks associated with grouting operations. The plan will detail 

measures to manage the risk of escape of grout through natural fractures and an emergency 

spill response procedure. Management measures would be implemented to control and 

remediate these grout flows particularly those with the potential to interact with groundwater 

and/or enter surface water. Further groundwater monitoring will be carried out during detailed 

design and construction to confirm the depth to groundwater near the proposed mine 

remediation area to help with development of any specific mitigation measures. 
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Summary 

Overall, it is predicted that the groundwater impacts from the project would be less than the 

Level 1 minimal impact considerations specified in the NSW Aquifer Interference Policy (DPI 

2012) and therefore are considered to be acceptable. 

The project is not predicted to result in any decline in groundwater pressure head at any water 

supply work (noting there are none near the study area). There are no culturally significant sites 

in or immediately near the study area. 

The project would not result in any changes to the existing groundwater quality and would not 

result in any impacts to the receiving environment. As a result, there would not be any change 

to the beneficial use category (aquatic ecosystem support) of groundwater.  

3.5 Cumulative impacts 

There are no other known projects or activities currently impacting the perched groundwater 

source and GDEs in the study area. The perched aquifer is a highly localised system that is 

limited in extent to the higher areas of topography immediately surrounding the study area. It is 

not connected with any other aquifers in the surrounding area and therefore, the potential for 

cumulative impacts is very low. 

Potential impacts on intermittent GDEs and ephemeral waterways are predicted to occur as a 

result of changes to both groundwater and surface water flows. The proposed cuttings would 

result in the interception of perched groundwater (as discussed in Section 3.3), although this 

water would be returned to the same watercourse following discharge from the project drainage 

system. 

The surface water flow regime would also change as a result of the project, altering runoff 

volumes, flow rates and flow durations to watercourses as discussed in the Water Quality and 

Watercourse Assessment (GHD 2016b) and the Flooding and Drainage Assessment (Aurecon 

2016b). It is predicted that the project would increase flows into most of the watercourses due to 

the increase in impervious surfaces. Further, most of the surface water captured in the project 

drainage system would be discharged to the same watercourse as it would have drained to 

under existing conditions. 

Therefore, it is expected that there would be minimal loss, if any, in total flow volumes entering 

each watercourse. Since these waterways are ephemeral, the receiving environment including 

intermittent GDEs are currently already in an environment of variable flows and therefore the 

impacts of the changes induced by the project are expected to be minor. Potential impacts to 

GDEs are discussed further in the Biodiversity Assessment Report (GHD 2016c). 

The project would intercept some local perched groundwater in the study area. The release of 

groundwater through the drainage system is not expected to result in any significant impacts to 

surface waters, including those that drain to the Ramsar wetlands, or any ecological values in or 

downstream of the study area. These potential impacts are discussed further in the Water 

Quality and Watercourse Assessment (GHD 2016b) and Biodiversity Assessment Report (GHD 

2016c) carried out for the project. 

As discussed in Section 2.3, the natural recharge to the regional groundwater source from the 

overlaying perched aquifer system is minimal. Therefore, the interception of perched 

groundwater by the project is not expected to impact the regional groundwater source, which is 

mostly recharged in areas of outcrop of the lower Newcastle Coal Measures.  
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3.6 Licensing 

Based on a predicted total groundwater inflow of 57.7 cubic metres per day, an annual 

allocation of up to 21 mega litres per year may need to be licensed under the WM Act may be 

required and will be confirmed during detailed design in consultation with WaterNSW.   
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4. Management measures 

This assessment has identified that the project would have minimal impacts on the groundwater 

of the study area in accordance with the NSW Aquifer Interference Policy (DTI 2012).  

Environmental safeguards listed in Table 4-1 will be implemented. 

Table 4-1  Summary of potential impacts and environmental safeguards 

Impact Environmental safeguards Responsibility Timing 

Groundwater 

inflow 

During detailed design the cuttings will be 

designed to minimise the volume of 

groundwater inflow as far as is practicable. 

Roads and 

Maritime 

Detailed design 

Groundwater 

monitoring 

A groundwater monitoring program will be 

prepared and implemented. The program will 

include: 

 Installation of monitoring bores (to replace 
those that would be removed during 
construction). 

 New monitoring bores will be installed both 
inside and outside the predicted zones of 
perched groundwater drawdown to confirm 
the conceptual model. New bore(s) will be 
established in the proposed mine 
remediation area to confirm the depth to 
groundwater and groundwater quality. 

 Establishment of project specific water 
quality objectives. 

 Bores will initially be monitored monthly for 
12 months to collect baseline data. 
Monitoring will start as soon as possible 
and before the start of construction and will 
continue until completion, which may be 
after the start of construction. The 
frequency of monitoring will then be 
reviewed to determine the appropriate 
regime. 

 Bores will be monitored for standing water 
level and water quality (including pH, total 
dissolved solids, dissolved metals, 
nutrients and total recoverable 
hydrocarbons (silica gel clean-up).  

 A program of reporting of the monitoring 
results so that any unforeseen impacts are 
identified and responded to in a timely 
manner. 

 The monitoring program will continue until 
12 months after completion of construction 
with an annual review of groundwater data 
unless results permit an earlier end date. 

Roads and 

Maritime 

Detailed design, 

pre-

construction, 

construction and 

operation 
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Impact Environmental safeguards Responsibility Timing 

Groundwater 

discharge 

During detailed design Roads and Maritime will 

review the monthly groundwater monitoring 

data to confirm the proposed construction and 

operational water management controls are 

appropriate and the project specific water 

quality objectives can be achieved. 

Roads and 

Maritime 

Detailed design 

Groundwater 

dewatering 

A construction groundwater and dewatering 

management plan will be prepared to manage 

groundwater inflows during construction.  

Construction 

contractor 

Pre-construction 

and construction 

Groundwater 

discharge 

During construction, all groundwater seepage 

in the cuttings will be handled in the 

construction phase surface water management 

system.  

Construction 

contractor 

Construction  

Groundwater 

quality 

Coal seams exposed by cuttings will be sealed 
with shotcrete or over-excavated and backfilled 
with an inert material. 

Construction 

contractor 

Construction  

Mine 

remediation 

– grouting 

A mine remediation management plan will be 
prepared to manage potential risks associated 
with grouting operations. The plan will be 
prepared with reference to groundwater 
monitoring data to determine the risk of 
grouting impacting on groundwater. The plan 
will detail measures to manage the risk of 
escape of grout, including into surface 
watercourses or groundwater, through natural 
fractures including: 

 Consultation 

 Monitoring 

 Emergency spill response procedure.  

Construction 

contractor 

Construction 

Groundwater 

management 

An operational groundwater management plan 

will be prepared if groundwater monitoring 

results indicate there are likely to be post-

construction groundwater quality discharge 

exceedances of the project specific water 

quality objectives. 

Roads and 

Maritime 

Operation 
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5. Conclusion 

This report has assessed the potential groundwater impacts relating to the project in order to 

address the Secretary’s Environmental Assessment Requirements (SEARs) and assessment 

requirements from DPI Water. 

The identified groundwater systems include a deeper regional aquifer and perched aquifers 

above siltstone layers. A conceptual groundwater model has been developed that indicates that 

the perched groundwater system is present along ridgelines along the study area. The perched 

groundwater is expected to flow through localised weathered and fractured zones in the 

Newcastle Coal Measures. Recharge of the system is from the infiltration of rainfall along the 

ridgeline, with groundwater discharging at surface seepage zones along the slopes. 

The proposed cuttings were identified to intercept several perched aquifers. Groundwater 

inflows into each of the proposed cuttings have been estimated by analytical calculations. 

Cumulative groundwater inflows are estimated to be between 12.4 and 403.9 cubic metres per 

day with the most likely estimate considered to be 57.7 cubic metres per day. An annual 

allocation of up to 21 mega litres per year may need to be licensed under the Water 

Management Act 2000. 

Potential groundwater impacts have been assessed against the impact criteria specified in the 

NSW Aquifer Interference Policy (DTI 2012) for less productive groundwater sources. 

Groundwater impacts have been assessed to be consistently below the Level 1 minimal impact 

considerations and are considered to be acceptable. In particular, it was found that it is unlikely 

that Cutting 2 would impact the known groundwater dependent ecosystem, a Gahnia clarkei 

variant of the Smooth-barked Apple Red Bloodwood open forest. Impacts to intermittent GDEs 

would be mitigated by discharging groundwater inflow back into the local watercourses that 

support these GDEs. 

This assessment has identified that the project is unlikely to result in significant impacts to 

groundwater, surface water, groundwater dependent ecosystems or sensitive downstream 

receivers including SEPP 14 and Ramsar wetlands. Management measures have been 

recommended to manage potential impacts during the detailed design, construction and 

operation phases of the project, including continued groundwater monitoring to confirm the 

predictions in this assessment.  
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Appendix A – Groundwater level data 
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Name Depth to groundwater (m bgl)       Groundwater level (m AHD)      

 25/05/2015 10/07/2015 5/08/2015 19/08/2015 27/08/2015 24/03/2016 25/05/2015 10/07/2015 5/08/2015 19/08/2015 27/08/2015 24/03/2016 

BHAG01 – – 6.50 – 6.5 DRY – – 125.09 – 125.09 – 

BHAG03 – – 9.00 9.02 9.08 – – – 112.83 112.81 112.75 – 

BHAG06 – – 20.00 20.6 20.69 24.35 – – 89.17 88.571 88.48 84.83 

BHAG11 – – 12.6 12.68 12.67 – – – 42.31 42.234 42.24 – 

BHAG15 – 26.2 – – – – – 37.37 – – – – 

BHAG18 26.2 – 26.4 27.7 27.64 27.6 58.25 – 58.05 56.752 56.81 56.85 

BHAG21 11.6 6.2 11.1 11.3 11.31 – 71.81 77.22 72.31 72.109 72.10 – 

BHAG22 14.0 – – 12.68 – – 66.51 – – 67.829 – – 

BHAG23 – – 14.3 15.1 15.3 15.1 – – 18.42 17.618 17.42 17.62 

BHAG30 – 1.5 1.8 20 2 – – 8.64 8.37 -9.855 8.15 – 

BHAG34 – 7.7 6.5 7.1 DRY – – 8.86 10.05 9.454 – – 

BHAG41 – 11.8 11.8 12.55 12.55 12.805 – 44.32 44.32 43.574 43.57 43.32 

BHAG42 14.8 – 19.6 21 20.33 – 70.32 – 65.52 64.116 64.79 – 

BHSM05G – – 10.0 10.13 DRY – – – 21.51 21.38 – – 

BHSM08 – – 26.0 26 25.95 – – – 11.33 11.326 11.38 – 

BHSM11G – – 13.8 14.8 14.96 – – – 16.51 15.505 15.35 – 
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Analyte Units LOR ANZECC 

(2000)1 

BHAG03 BHAG11 BHAG41 BHAG21 BHAG42 BHAG23 BHSM08 BHSM11G BHAG30 BHAG06 

Dissolved Metals              

Arsenic mg/L 0.001 0.013 0.005 0.001 0.003 0.020 0.008 0.002 0.002 0.002 0.010 0.002 

Cadmium mg/L 0.0001 0.0002 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 0.0102 0.0001 <0.0001 

Chromium mg/L 0.001 0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 0.002 <0.001 0.002 <0.001 

Copper mg/L 0.001 0.0014 0.002 <0.001 <0.001 <0.001 <0.001 <0.001 0.001 0.087 <0.001 <0.001 

Lead mg/L 0.001 0.0034 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 0.003 <0.001 <0.001 

Nickel mg/L 0.001 0.011 0.019 0.005 0.006 0.024 0.010 0.008 0.139 1.75 0.007 0.014 

Mercury mg/L 0.0001 0.0006 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 

Total Metals              

Arsenic mg/L 0.001 - 0.038 0.013 0.315 0.215 0.084 0.112 0.196 0.113 0.016 0.080 

Cadmium mg/L 0.0001 - 0.0028 0.0017 0.0074 0.0120 0.0039 0.0038 0.0038 0.0148 0.0004 0.0019 

Chromium mg/L 0.001 - 0.241 0.041 0.805 0.452 0.208 0.305 0.625 0.325 0.010 0.274 

Copper mg/L 0.001 - 0.720 0.115 1.18 2.08 1.19 0.431 1.35 1.18 0.012 0.231 

Lead mg/L 0.001 - 0.248 0.082 0.595 1.45 0.407 0.202 0.518 0.357 0.006 0.247 

Nickel mg/L 0.001 - 0.248 0.052 0.665 1.03 0.247 0.402 1.24 2.69 0.017 0.119 

Mercury mg/L 0.0001 - 0.0002 0.0002 0.0005 0.0002 <0.0001 <0.0001 0.0003 0.0002 0.0004 0.0001 
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Analyte Units LOR ANZECC 

(2000)1 

BHAG03 BHAG11 BHAG41 BHAG21 BHAG42 BHAG23 BHSM08 BHSM11G BHAG30 BHAG06 

Nutrients              

Ammonia  

(as N) 

mg/L 0.01 0.9 0.28 0.41 0.2 0.21 0.31 0.16 0.25 0.38 1.00 0.20 

Nitrate  

(as N) 

mg/L 0.01 0.7 0.04 0.03 0.04 0.06 0.02 0.03 0.04 0.04 0.03 0.04 

Nitrite  

(as N) 

mg/L 0.01 - <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 

Nitrite + Nitrate  

(as N) 

mg/L 0.01 - 0.04 0.03 0.04 0.06 0.02 0.03 0.04 0.04 0.03 0.04 

Total Kjeldahl 

Nitrogen 

mg/L 0.1 - 11.8 7.4 10.6 60.8 19.2 7.3 31.2 11.5 12.4 6.8 

Total Nitrogen 

(as N) 

mg/L 0.1 - 11.8 7.4 10.6 60.9 19.2 7.3 31.2 11.5 12.4 6.8 

Other Parameters              

Sulfate mg/L 1 - 70 91 79 82 53 82 452 707 21 173 

Chloride mg/L 1 - 56 376 169 248 102 377 303 118 142 210 

1. ANZECC (2000) Fresh water ecosystem trigger values for 95% species protection (used for reference only) 
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