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Executive summary 
Background 

Roads and Maritime is seeking approval for the Stage 2 Project Network Enhancement Works 

(Stage 2 Project) which forms part of the Northern Beaches Hospital – Road Connectivity and 

Network Enhancements Project Concept Proposal. The approval is sought under Part 5.1 (State 

significant infrastructure) of the Environmental Planning and Assessment Act 1979 (NSW) 

(EP&A Act).  

The Stage 2 Project comprises road upgrades directed towards broader network capacity 

enhancement of the existing road network surrounding the Northern Beaches Hospital at 

Frenchs Forest, within the Warringah local government area (LGA) on Sydney’s Northern 

Beaches (refer to Figure 1). These upgrades focus on Warringah Road which caters for the 

dominant traffic movement.  

On 8th September 2014, the NSW Department of Planning & Environment issued the 

Secretary's Environmental Assessment Requirements (SEARs) for the Stage 2 Project. In 

preparing the SEARs, state government agencies and local authorities were consulted to 

identify key issues and environmental assessment requirements.  The SEARs specify the 

requirements for groundwater and surface water and are discussed in more detail in Section 1.6 

of this report. 

GHD Pty Ltd (GHD) was engaged by SMEC Pty Ltd (SMEC) to assess the potential 

groundwater impacts associated with the Stage 2 Project. 

The key objectives of the groundwater assessment are to: 

 Assess and mitigate the groundwater impacts in accordance with the SEARS, which 

included assessing: 

– The potential water quality impacts and mitigation measures to manage groundwater 

pollution 

– The impacts of road widening and decreased permeability on downstream catchment 

and wetlands 

– The impacts on groundwater recharge and flow paths 

– The works likely to intercept, connect with or infiltrate groundwater services and any 

proposed groundwater extraction 

– The consistency with relevant water sharing plans 

– The cumulative impacts on water sources and mitigation measures to manage 

cumulative impacts 

– The impacts to groundwater dependent ecosystems (GDEs) and surface water 

systems reliant on groundwater. 

 Inform groundwater seepage management requirements for the purposes of assessing 

the requirements for water access licenses with the NSW Office of Water (NOW). 

 Inform groundwater seepage treatment requirements and discharge options. 

 Inform management of wash down and spill water in the slot. 

Overview of Key Environmental Conditions  

The Stage 2 Project is located on a ridgeline extending east to west along Warringah Road and 

Frenchs Forest Road East and West at elevations of around 135 m AHD to 160 m AHD.   
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The head of the shallow groundwater system intersecting the Stage 2 Project is located 

immediately to the north of the Stage 2 Project at the location of the proposed Northern 

Beaches Hospital and Forest High School. 

Groundwater is identified as being relatively shallow at the top of the catchment and as such is 

expected to act as a source of groundwater baseflow to surrounding surface water particularly 

Trefoil Creek to the north and Curl Curl Creek to the south.  Site observations during periods of 

low flow support the presence of groundwater baseflow in Curl Curl Creek and Trefoil Creek 

although baseflows were observed to be very small in Trefoil Creek and small in Curl Curl 

Creek. 

Potentially sensitive ecosystems including Red Crowned Toadlet habitat have been identified in 

the headwaters of Trefoil Creek and Curl Curl Creek and may be impacted by changes in 

groundwater baseflow volumes and quality. The Duffys Forest Ecological Community (DFEC) 

vegetation within the study area would potentially only use groundwater opportunistically during 

low rainfall or drought periods when surface water is in limited supply. 

A number of registered groundwater users are present in the vicinity of the Stage 2 Project and 

may also be impacted by changes in groundwater baseflow volumes and quality. 

Stage 2 Project Sources of Impact 

A review of the Stage 2 Project identified a number of proposed structures that are expected to 

affect groundwater as detailed below: 

 The slot extending along Warringah Road is expected to intersect groundwater and could 

result in removal of groundwater from the system. 

 There are a number of locations where the Stage 2 Project footprint will increase 

impermeable areas. This will result in a reduction in recharge with a subsequent reduction 

in groundwater volumes. 

 A subsurface stormwater retention basin at Aquatic Drive is expected to intersect 

groundwater. A subsurface stormwater retention basin at Fitzpatrick Avenue East is 

shallow and not expected to intersect groundwater.   

 The Stage 2 Project construction activities will increase the potential for impact to the 

groundwater quality through isolated spills and leaks from vehicles and infrastructure 

(such as storage and wash down facilities).  Spills and leaks onto exposed construction 

areas have a greater potential to infiltrate to the underlying groundwater table.    

 The Stage 2 Project operation activities have the potential to impact groundwater quality 

through spills and diffuse contamination associated with traffic activities.  Washdown 

water during operation may also impact water quality.  Spills and leaks may migrate to 

groundwater through exposed surfaces on the road verge or through minor joints or leaks 

in the surface water collection systems.  

 Groundwater discharging into the slot during both construction and operation has 

potential to be impacted by construction and operational activities.  The slot also has the 

potential to draw groundwater form areas impacted by surrounding land use.  Discharge 

of seepage water has potential to impact the surrounding environment. 

Sources of Cumulative Impacts 

The proposed Stage 1 Project Connectivity works and the proposed Northern Beaches Hospital 

have potential to cause additional groundwater impacts associated with: recharge reduction; 

dewatering of basements (hospital only); spills and leaks during construction and operation; and 

discharge of groundwater seepage.  
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Method of Assessing of Impacts 

To assess impacts associated with recharge and groundwater elevation reduction a 

groundwater modelling approach was adopted to characterise local groundwater impacts and 

associated inflow to the subsurface slot located on Warringah Road.  A numerical groundwater 

modelling approach was selected to holistically provide the outcomes and level of detail 

required to meet the SEARs and key stakeholder (i.e. government agencies) expectations.   

The groundwater model was developed using detailed geotechnical data obtained for the 

Concept Proposal. 

The model was calibrated to groundwater elevation data obtained for the Concept Proposal and 

spot height data obtained from elsewhere in the wider project area.  Uncertainty in the 

calibration results was managed by developing a number of different models representing high 

and low storage and high and low recharge.  All models were considered to be potentially 

plausible and were subsequently used for the assessment of impacts. 

The baseline assessment of impacts assumed that the slot remained unlined  during both 

construction and operation and that other projects (including the Northern Beaches Hospital and 

the Stage 1 Project Connectivity works) had no additional cumulative impacts.  It is noted, 

however, that the Northern Beaches Hospital basements were included in the assessment of 

Stage 2 Project impacts and were assumed to be unlined during construction and lined during 

operation.  The Aquatic Drive subsurface stormwater retention basin was also included in the 

model for the assessment of impacts.  The subsurface stormwater basin at Fitzpatrick Avenue 

East was considered unlikely to intersect groundwater and unlikely to significantly change 

recharge conditions near to sensitive receptors and as such was not included in the model.   

A qualitative approach was used to assess the potential for water quality impacts based on: 

 The findings of the numerical groundwater modelling. 

 Analysis of the observed groundwater quality data against selected threshold criteria and 

baseline surface water quality data. 

 The potential for increased risks of water quality impacts associated with proposed Stage 

2 Project construction and operation activities. 

To understand the effects of potential design options additional groundwater modelling was 

undertaken to assess a ‘lined slot’ (Option 1) and a ‘lined slot with underdrainage’ (Option 2).   

A cumulative assessment (Section 7) was completed to assess the combined impacts of the 

Stage 2 Project, the Stage 1 Project and the Northern Beaches Hospital.  Based on the 

understanding of the Stage 1 Project and Northern Beaches Hospital designs the assessment 

assumed that:   

 The Stage 1 Project would not intersect groundwater and that it would have a negligible 

affect on groundwater recharge potential. 

 The Northern Beaches Hospital had free draining basements during construction and 

operation and that groundwater recharge changed with changing land use.  

Impact Assessment Criteria 

The NSW Aquifer Interference Policy (AIP) minimal impact criteria were adopted for assessing 

the presence or absence of adverse impacts.  The minimal impact criteria indicate that impacts 

are acceptable if: 

 There is a shallow groundwater elevation drawdown of less than or equal to 10 percent of 

the 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 GDE or high priority 
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culturally significant site listed in the schedule of the relevant water sharing plan.  A 

maximum of a 2 metre water table decline cumulatively at any water supply work. 

 The change in the groundwater quality should not lower the beneficial use category of the 

groundwater source beyond a distance of 40 metres from the activity. 

Impact Assessment Results 

Water Supply Wells 

The impacts at the nearest wells are predicted to be less than 0.8 m under construction and 

operation scenarios.  This is less than the minimal impact criteria listed in the NSW AIP for the 

groundwater table, which stipulates that less than 2 m of cumulative drawdown at any water 

supply work (water bore) is considered to represent a minimal impact.  As such no groundwater 

wells in the surrounding area are expected to be negatively impacted.  

Groundwater Dependent Ecosystems 

The groundwater impact assessment suggests that the Stage 2 Project will not adversely affect 

Red-crowned Toadlet habitat (Sections 3.10 and 5.5.2). 

There is a low risk of impact to potential opportunistic groundwater dependent vegetation 

(Duffys Forest Ecological Community - DFEC) in and around the Stage 2 Project (Sections 3.10 

and 5.5.2). 

While the risk to DFEC vegetation is considered to be low, mitigation and monitoring measures 

have also been considered to assess if the low risk can be reduced further. These measures 

are summarised further in following sub-sections. 

Groundwater Quality 

Construction  

During construction there will be an increased potential for groundwater quality impacts from 

impacted surface water and spills/leaks to surface soils migrating to the underlying groundwater 

systems.  

Discharge of groundwater seepage to surface water has the potential to change quality of the 

surface water systems that the Red-crowned Toadlet habitat in Trefoil Creek and Curl Curl 

Creek interact with.  This could represent a change in the beneficial use potential (or 

environmental value) of these systems.   

The locations of surrounding groundwater supply wells relative to the groundwater flow 

conditions across the Stage 2 Project suggest that they are unlikely to be downgradient of the 

Stage 2 Project construction activities and are therefore unlikely to be impacted by any 

construction activities. 

Mitigation and monitoring measures have been proposed to manage and mitigate these 

potential impacts and are discussed in following sub-sections. 

Operation  

The Stage 2 Project will result in localised land use changes, however, land use conditions will 

be similar to existing conditions.  As such the potential for additional adverse impacts to the 

beneficial use of groundwater quality is considered to be low. 

Discharge of groundwater seepage into the unlined slot (preferred option) to surface water has 

the potential to change quality of the surface water systems that the Red-crowned Toadlet 
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habitat in Trefoil Creek and Curl Curl Creek interact with.  This could represent a change in the 

beneficial use potential (or environmental value) of these systems.   

Groundwater contours suggest that surrounding groundwater supply wells are unlikely to be 

hydraulically down-gradient of the Stage 2 Project and are therefore unlikely to be impacted by 

any diffuse impacts generated. 

Mitigation and monitoring measures have been proposed to manage and mitigate these 

potential impacts and are discussed in following sub-sections. 

Inflows and Licensing Requirements 

The maximum slot inflows are predicted to be reached at the end of 2017 during construction.  

The maximum slot flows at this time are simulated to be between 26 m3/day (0.3 L/s) and 52 

m3/day (0.6 L/s).  

Under long term (operational) conditions inflows for an unlined slot (preferred option) are 

expected to be between 6 m3/day (0.07 L/s) and 42 m3/day (0.5 L/s). 

While not part of the Stage 2 Project, the maximum inflows into the Northern Beaches Hospital 

basements excavations during construction are simulated to be between 6 m3/day (0.07 L/s) 

and 19 m3/day (0.2 L/s).  Inflows are predicted to approach zero at the start of 2017 when 

dewatering is driven by construction of the slot and when the hospital basements become lined. 

There is available groundwater within the Sydney Basin Central Porous Rock aquifer resource 

for this amount of extraction without the requirement for purchasing of existing water access 

licences, although NOW would need to release this water under a controlled allocation order. 

In the event design Option 1(a lined slot) is adopted then no controlled allocation order would be 

required for operation of the Stage 2 Project. 

Treatment Requirements for Slot Seepage 

Construction Treatment 

During construction seepage into the slot will be required to be discharged to the surrounding 

environment or removed off site. 

Groundwater seepage of up to 52 m3/day will require management.   

General treatment options that could be considered include an on-site batch treatment plant, 

discharge to sewer without treatment, or removal offsite to a licensed waste contractor. The 

treatment system may potentially include partial polishing/treatment of groundwater seepage by 

discharging it through the surface water detention system. 

Surface water and groundwater quality data suggests that treatment will be required for the 

following analytes before discharge to surface water features (as a minimum).  

 Total dissolved solids and other inorganic constituents including chloride, sodium and 

sulphate.  

 pH. 

 Metals including cadmium, iron, lead, nickel, manganese and zinc. 

 Nitrate and phosphorus. 

 Petroleum hydrocarbon related compounds (such as benzene, toluene, ethylbenzene and 

xylene and poly-aromatic hydrocarbons). 

Due to the uncertainty associated with groundwater impacts from surrounding activities, this 

suite will require further consideration at detailed design stage and during construction. 
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Groundwater seepage will need to be managed to be below Environmental Protection Licence 

(EPL), background surface water quality conditions and ANZECC (2000) freshwater criteria 

prior to discharge to the receiving water body.  Background concentrations would be used in 

preference to ANZECC (2000) freshwater criteria where background concentrations are higher 

the ANZECC criteria. As noted in Section 3.11 treatment to baseline surface water quality would 

be the key criteria outside the EPL to be protective of overall instream environmental values, 

identified Red-crowned Toadlet Habitat and to be consistent with surface water quality 

objectives adopted for the Stage 2 Project (GHD, 2015).  There are statistical methods for 

establishing discharge water quality using background surface water quality data in Section 6.0 

of the ANZECC monitoring guidelines (ANZECC, 2000b).  These should be used for 

establishing criteria for discharge water quality. 

In the event that discharge quality requirements cannot be achieved, alternative disposal 
methods would be investigated including applying for a Sydney Water trade waste permit to 
allow extracted groundwater to be discharged to sewer. 

Discharge points will be selected at detailed design phase when the treatment system location 

and design is better understood.  Preferred methods of discharge will be existing drainage lines 

preferably in Curl Curl Creek catchment, Trefoil Creek catchment, Bantry Bay catchment and 

Middle Creek west tributary catchment as this will return the lost groundwater inputs to these 

systems. The construction treatment plant design and location may limit discharge to some 

catchments, however, this will not constitute any adverse impacts to these systems. 

Discharge to the surface water detention systems would add another level of 

treatment/polishing under long term conditions and would represent a similar level of mixing that 

currently occurs with groundwater discharge to surface water.  The additional discharge will not 

result in exceedances of the flood flow capacity for these systems. 

Operation Treatment 

The unlined slot requires infrastructure to separate groundwater from surface water (such as a 

separate groundwater drainage blanket and lined surface water infrastructure).  The designed 

infrastructure would need to facilitate flushing/cleaning activities to remove build-up of sludge 

associated with groundwater precipitates. 

During operation seepage into the slot will be required to be discharged to the surrounding 

environment or removed off site. 

Groundwater seepage of up to 42 m3/day will require management.   

General treatment options that could be considered would include an on-site treatment plant 

(most likely), discharge to sewer without treatment (if a long term licensed can be obtained) or 

removal offsite to a licensed waste contractor (unlikely to be feasible on a long term basis). The 

treatment system may potentially include partial polishing/treatment of groundwater seepage by 

discharging it through the surface water detention system. 

The same measures for managing and treating groundwater seepage quality before discharge 

to surface water for construction would be required for operation, however, there would be no 

EPL criteria and the primary treatment requirements would be based on background 

groundwater and surface water quality conditions (low flow conditions only) and subsequently 

ANZECC (2000) threshold criteria.  As noted in Section 3.11 treatment to background surface 

water quality is recommended to be protective of overall instream environmental values, 

identified Red-crowned Toadlet Habitat and to be consistent with surface water quality 

objectives adopted for the Stage 2 Project (GHD, 2015).  There are statistical methods for 

establishing discharge water quality using background surface water quality data in Section 6.0 
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of the ANZECC monitoring guidelines (ANZECC, 2000b).  These should be used for 

establishing criteria for discharge water quality. 

Discharge points will be selected at detailed design phase when the treatment system location 

and design is better understood.  Preferred methods of discharge will be existing drainage lines 

preferably in Curl Curl Creek catchment, Trefoil Creek catchment, Bantry Bay catchment and 

Middle Creek west tributary catchment as this will return the lost groundwater inputs to these 

systems. The operational treatment plant design and location may limit discharge to some 

catchments, however this will not constitute any adverse impacts to these systems. 

Discharge to the surface water detention systems would add another level of 

treatment/polishing under long term conditions and would represent a similar level of mixing that 

currently occurs with groundwater discharge to surface water. The additional discharge will not 

result in exceedances of the flood flow capacity for these systems. 

In the event design Option 1 (a lined slot) were to be adopted it will negate the need for 

groundwater treatment and disposal. It is noted, however, that with the adoption of a 

groundwater treatment system the unlined slot would have relatively minor impact. For these 

reasons an unlined slot is the preferred option.  

Cumulative Impacts 

The cumulative impact assessment suggests that the Stage 1 Project Connectivity works and 

Northern Beaches Hospital will result in increased drawdowns and flow reductions to surface 

water systems.  These increased drawdowns and reductions were simulated not to result in the 

generation of adverse impacts to surrounding wells, Red-crowned Toadlet habitat and DFEC.   

There will be potential for water quality impacts during construction and operation similar to that 

discussed for the Stage 2 Project that will require similar mitigation measures that are proposed 

for the Stage 2 Project. 

Discharge of hospital basement seepage will require management in accordance with the 

treatment measures proposed for the Stage 2 Project. 

Mitigation Measures 

Construction Flow Impact Mitigation 

Based on the impact assessment there are no adverse impacts expected and no mitigation 

measures are proposed. 

Construction Groundwater Drawdown Impact Mitigation 

There has been a low potential for impacts identified to a stand of DFEC located to the north 

east of the corner of Warringah Road and Wakehurst Parkway. 

It is expected that the temporary nature of the drawdown during construction will not adversely 

impact the vegetation stand.. 

Construction Water Quality Impact Mitigation 

It is recommended that the potential for groundwater quality impacts during construction is 

managed by implementing practices that would limit the potential for impact and respond to 

impacts if they occur.  These procedures will be documented and implemented in a construction 

and environmental management plan (CEMP).  To reduce the potential for groundwater quality 

impacts the CEMP would include methods and procedures for: 
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 Separating clean and dirty water and preventing infiltration of impacted surface water into 

the underlying groundwater system.  Measures adopted should be in accordance with 

relevant NSW and Australian guidelines. 

 Preventing groundwater seepage from contacting potentially contaminating site activities 

and surface water, by minimising ponding of water in active areas and making storage 

facilities impermeable. 

 Preventing impacted groundwater from entering the surface water management system. 

 Adequately storing and handling site chemicals. 

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

 Monitoring for the emergence of diffuse water quality impacts with subsequent response 

procedures to remediate any impact. 

The contents for the CEMP should be required to satisfy relevant stakeholders (such as the 

NSW Environmental Protection Agency [EPA] and Roads and Maritime) that the potential for 

groundwater quality impacts have been acceptably managed. 

Operation Flow Impact Mitigation 

Based on the groundwater impact assessment there is no adverse impacts expected and no 

mitigation measures are proposed. 

Operation Groundwater Drawdown Impact Mitigation 

An unlined slot is simulated to result in acceptable groundwater drawdown and flow reduction 

impacts, other than a low potential risk to low to moderate quality Duffys Forest Ecological 

Community (DFEC), which would potentially use groundwater opportunistically during low 

rainfall or drought.  This is localised to the north east of the corner of Wakehurst Parkway and 

Warringah Road. Given the low risk to the DFEC no mitigation is proposed but monitoring will 

be undertaken to assess for the emergence of adverse impacts. 

Operation Water Quality Impact Mitigation 

The works proposed for the Stage 1 and Stage 2 projects will improve network capacity and 

performance which will have the potential to reduce congestion and the number of crashes, 

especially those crashes that are typical of a congested urban road environment. This will 

reduce the total number of accidents along the upgraded section and therefore the potential of a 

spill of hazardous substances will also reduce.  

The system will be designed to minimise infiltration of contaminants to groundwater by 

redirecting any rainfall and associated run-off from the Stage 2 Project through a treatment 

system that will have no connection to the underlying groundwater systems (i.e. a lined 

impermeable system).  The small quantity of run-off that leaks to the groundwater system would 

be less than that which currently exists.  With reduced leakage of impacted water, it is expected 

that groundwater quality would improve compared to the current system. 

In the event that any spills do occur the spill would be directed to surface water capture 

systems, which would have the capacity to receive a spill with a volume corresponding to that of 

a typical transport truck.  Any surface water capture systems installed will have potential for 

spillage control or containment. The surface water quality treatment measures would be 

required to provide capacity to treat first flush from the pavement surface and reduce the risk of 

spills discharging onto adjacent land or watercourses.  Surface water structures will be designed 

to prevent infiltration to the underlying groundwater system (i.e. they would be appropriately 

lined).  
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To prevent impacts from spills and potential cleaning activities in the slot the surface water 

collection infrastructure would include temporary holding tanks in the discharge lines of suitable 

size to capture the expected volumes from cleaning activities and spills.  Cleaning and spill 

management procedures would be documented in a site operational management plan to 

ensure that impacted water is contained, collected and managed appropriately. 

Monitoring Requirements 

Based on the findings of the impact assessment and to support the implementation of mitigation 

measures during construction and operation the following monitoring is proposed: 

 Qualitative flow monitoring during water quality sampling to identify changes outside

those identified by the groundwater assessment during construction and operation. This

monitoring is recommended to be undertaken on a quarterly basis.

 Ongoing monitoring of groundwater elevations to identify changes outside those identified

by the groundwater assessment during construction and operation. This monitoring is

recommended to be undertaken on a quarterly basis.

 Monitoring of groundwater, surface water and slot seepage quality prior to construction,

during construction and during operation for the purposes of:

– Characterising the emergence of water quality impacts.

– Assessing slot seepage management and treatment requirements.

This monitoring should be undertaken on a quarterly basis for surface water and 

groundwater and on a tailored basis (assessed during detailed design stage) for 

management of slot seepage. 

As a minimum the water quality monitoring should include the following analytes: 

– Total dissolved solids and other inorganic constituents including chloride, sodium and

sulphate.

– pH.

– Metals including cadmium, iron, lead, nickel, manganese and zinc.

– Nitrate and phosphorus.

– Petroleum hydrocarbon related compounds (such as benzene, toluene, ethylbenzene

and xylene and poly-aromatic hydrocarbons).

 Assessment of water quality impacts should focus on background water quality conditions

in preference to ANZECC (2000) threshold criteria and other criteria where possible.

There are statistical methods for establishing discharge water quality using background

surface water quality data in Section 6.0 of the ANZECC monitoring guidelines (ANZECC,

2000b).  These should be used for establishing criteria for discharge water quality.

 The current SMEC surface water and groundwater monitoring network (presented in

Appendix D) are considered to be suitable for undertaking the proposed monitoring.

 These monitoring recommendations can be applied to both construction and operational

conditions, however, during operation the criteria for seepage discharge will not be

subject to an EPL.

 Discharge points will be selected at detailed design phase when the treatment system

location and design is better understood.  Preferred treatment plant discharge locations

will be to the surface water management system in Curl Curl Creek catchment, Trefoil

Creek catchment, Bantry Bay catchment and Middle Creek west tributary catchment as

this will return lost groundwater inputs to these systems.
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1. Introduction 
1.1 Introduction 

Roads and Maritime is now seeking approval for the Stage 2 Project Network Enhancement 

Works (Stage 2 Project) which forms part of the Northern Beaches Hospital – Road Connectivity 

and Network Enhancements Project Concept Proposal. The approval is sought under Part 5.1 

(State significant infrastructure) of the Environmental Planning and Assessment Act 1979 

(NSW) (EP&A Act).  

The Stage 2 Project comprises road upgrades directed towards broader network capacity 

enhancement of the existing road network surrounding the Northern Beaches Hospital at 

Frenchs Forest, within the Warringah local government area (LGA) on Sydney’s Northern 

Beaches (refer to Figure 1). These upgrades focus on Warringah Road which caters for the 

dominant traffic movement.  

1.2 Background 

Roads and Maritime Services (Roads and Maritime) placed the EIS for the Concept Proposal 

and Stage 1 Project Hospital Connectivity Works on public exhibition between 22 October 2014 

to 21 November 2014. A Submissions Report which responds to issues raised during exhibition 

has been prepared and is currently being considered by the Department of Planning and 

Environment as part of its assessment.  Based on this assessment the Department will decide 

whether to recommend concept approval of the Northern Beaches Hospital – Road Connectivity 

and Network Enhancements Project, and Project approval for the Stage 1 Project.  

Northern Beaches Hospital is proposed by NSW Health Infrastructure (HI) and would be located 

at the intersection of Warringah Road and Wakehurst Parkway. The hospital concept proposal 

and the first stage (clearing and utility works) of the hospital project were approved on 22 June 

2014, and the second stage of the Northern Beaches Hospital project (hospital construction and 

operation) is currently being considered by the Department of Planning and Environment.  

The Long Term Transport Master Plan (Transport for NSW, 2012) identifies Warringah Road as 

a key strategic transport corridor linking Dee Why and Chatswood. Heavy traffic flows and 

congestion along Warringah Road during commuter peak periods and, to a lesser degree, 

during business hours result in low average peak travel speeds, unreliable travel times and 

disruptions to traffic movements. This impacts both road users and the adjoining community. 

Warringah Road is already operating at or beyond capacity during peak periods and is expected 

to experience continued traffic growth in the future. 

Based on the anticipated future land use changes, both within and surrounding the Northern 

Beaches Hospital Precinct, under Warringah Council’s structure plan (currently being prepared 

by Warringah Council), and the current level of congestion on Warringah Road (a key strategic 

transport corridor linking Dee Why and Chatswood), the Stage 2 Project is needed at a strategic 

level to: 

 Assist in the management of journeys in connection with anticipated future intensification 

of medical, commercial and residential land uses surrounding the new hospital 

 Mitigate the worsening of traffic congestion on the Warringah Road and Wakehurst 

Parkway arterial road corridors and their principal feeder roads 

 Enhance access arrangements by car, bus and active transport for the Northern Beaches 

Hospital employees, patients, outpatients and visitors 
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 Facilitate improved access to the Northern Beaches Hospital and the surrounding 

employment precincts 

 Have key infrastructure components in place for the proposed hospital opening in 2018. 

1.3 Project location 

The Stage 2 Project is generally proposed to be carried out in the following locations: 

 Warringah Road between west of Fitzpatrick Ave East to west of Allambie Road  

 Forest Way between Warringah Road and the Stage 1 Project tie in (about 100 metres 

north of the Warringah Road intersection) 

 Wakehurst Parkway from the intersection with Warringah Road to about 120 metres 

south of Aquatic Drive 

 Aquatic Drive for about 100 metres east from the intersection with Wakehurst Parkway 

 Allambie Road between Warringah Road and Rodborough Road. 

On Warringah Road, the Stage 2 Project is incorporated largely within the existing road-reserve 

to the north, and extends beyond the existing road-reserve to the south by up to 30 metres.  

The indicative location of the Stage 2 Project is shown in Figure 1. 

1.4 Project Description 

The Stage 2 Project would broadly include the following key project elements (subject to 

detailed design): 

 Provision of four through lanes on Warringah Road (two lanes in each direction for east-

west through traffic) within a grade separated open slot for about 1.3 kilometres 

 Ingress and egress points from and to the slot include: 

– Western extent - Warringah Road near Fitzpatrick Avenue East  

– Eastern extent - Warringah Road from about 350 metres east of the Wakehurst 

Parkway grade separated intersection 

– Provision of a two-lane on-ramp (merging into one lane) from Wakehurst Parkway 

(southbound) into the slot (westbound)  

 Widening of Warringah Road from west of Fitzpatrick Avenue East to west of Allambie 

Road to include: 

– Westbound travel lanes, at surface level on the southern side of the Warringah Road 

corridor for the length of the project 

– Eastbound travel lanes, at surface level on the northern side of the Warringah Road 

corridor (using existing road pavement), for the length of the project 

 The intersections of Warringah Road with Forest Way, Hilmer Street and Wakehurst 

Parkway to form a surface level bridge over the slot to provide all traffic movements at 

surface level and allow east-west through traffic in the slot to pass beneath uninterrupted. 

 Upgrades or adjustments to existing intersections of Warringah Road with the following 

local roads and approaches: 

– Fitzpatrick Avenue East (including the closing of the left turn into Fitzpatrick Avenue 

East from Warringah Road westbound) 

– Rodborough Road 

– Allambie Road 
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 Widening of Wakehurst Parkway from the intersection of Warringah Road to south of 

Aquatic Drive 

 Provision of a new connection at Aquatic Drive including right in from Wakehurst Parkway 

(northbound), left in from Wakehurst Parkway and left out movements from Aquatic Drive 

and Wakehurst Parkway.  

 Provision of shared (pedestrian and cyclist) bridges at the following locations: 

– Across Warringah Road west of the intersection of Forest Way (removal and 

replacement of the existing pedestrian bridge). 

– Across Warringah Road on the western side of the intersection with Hilmer Street 

(new pedestrian bridge). 

 Removal of the existing pedestrian crossing across Warringah Road at Hilmer Street. 

The Stage 2 Project would also include drainage works, landscaping, property acquisition and 

adjustments. The ancillary works would include but not be limited to, construction compounds, 

and stockpile sites. For the purposes of this EIS, the scope of the Stage 2 Project would not 

include ongoing maintenance works. 

1.5 Groundwater Assessment Objectives 

On 8th September 2014, the NSW Department of Planning & Environment issued the 

Secretary's Environmental Assessment Requirements (SEARs) for the Stage 2 Project. In 

preparing the SEARs, state government agencies and local authorities were consulted to 

identify key issues and environmental assessment requirements.  The SEARs specify the 

requirements for groundwater and surface water and are discussed in more detail in Section 

1.6. 

GHD Pty Ltd (GHD) was engaged by SMEC Pty Ltd (SMEC) to assess the potential 

groundwater impacts associated with the Stage 2. 

The proposal included two primary tasks including surface water and groundwater. This report 

documents the groundwater assessment works undertaken. The surface water assessment is 

provided in a separate report. 

The key objectives of the groundwater assessment are to: 

 Assess and mitigate the groundwater impacts in accordance with the SEARS, which are 

presented in detail in the following section. 

 Inform groundwater seepage management requirements for the purposes of assessing 

the requirements for water access licenses with the NSW Office of Water (NOW). 

 Inform groundwater seepage treatment requirements and discharge options. 

Inform management of wash down and spill water in the slot.  
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1.6 Secretary’s Environmental Assessment Requirements 

The SEARS for the Stage 2 Project require that an assessment is undertaken to assess the ‘key 

issues’ relative to Clause 7(1)(d) of Schedule 2 of the Environmental Planning and Assessment 

Regulation (2000).  Clause 7 provides criteria for the content required in an environmental 

impact statement and specifies that the assessment must include (amongst other factors): 

 A general description of the environment likely to be affected by the development

 The likely impact on the environment

 A full description of the measures proposed to mitigate any adverse effects of the

development on the environment

 A list of approvals required before the development can be lawfully carried out.

Further to this the SEARS also state that the assessment must consider potential cumulative 

impacts and the measures to avoid, minimise and if necessary, offset the predicted impacts, 

including detailed contingency plans for managing any significant risks to the environment. 

The ‘key issues’ listed in the SEARS relative to groundwater are presented in Table 1.  The 

table outlines how and where the bulleted criteria presented above are dealt with in the report. 

Section 1.8 provides further clarification on where these criteria are discussed in the report.  
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Table 1 –Groundwater Related SEARS 

Key Issue Key Issue Items Report reference 

Soils, Water and 
Waste - Erosion, 
sediment and water 
quality impacts 

Potential water quality impacts mitigation measures to manage 
water pollution, with reference to relevant public health and 
environmental water quality criteria, including those specified in 
the Australian and New Zealand Guidelines for Fresh and 
Marine Water Quality (ANZECCC/ARMCAMNZ, 2000), and any 
applicable regional, local or site specific guidelines. 

Section 7. 

Soils, Water and 
Waste – Water 
Quantity and 
stormwater impacts 

Potential impacts of road widening and decreased permeability 
on downstream catchment and wetlands 

Section  5 
Groundwater modelling assesses the potential 
decreased groundwater recharge from expansion of 
sealed surfaces. 

Impacts on groundwater recharge and flow path. Section 5 
Groundwater modelling assesses the potential 
decreased groundwater recharge from expansion of 
sealed surfaces and development of the sealed surface. 
Groundwater modelling assesses changes in flows and 
groundwater elevations and the associated impacts. 

Details of any works likely to intercept, connect with or infiltrate 
groundwater services and of any proposed groundwater 
extraction. 

Section 4, 6, 7 and 8 
Groundwater modelling assesses inflow to the slot and 
hospital basement. 

Soils, Water and 
Waste – Impacts on 
water sources, 
sharing and licensing  

Consistency with relevant water sharing plans Section 5. 
The modelled impacts and slot inflows are compared 
against water sharing plan and aquifer interference 
policy criteria. 

Details of water supply sources and the purpose, location, 
construction and expected annual extraction volumes. 

Section 4, 6, 7 and 8 
Groundwater is not expected to be used for a water 
supply, however, there may be a take of groundwater 
associated with seepage into the slot which is 
characterised by the assessment. 
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Key Issue Key Issue Items Report reference 

Potential cumulative impacts on water sources and mitigation 
measures to manage cumulative impacts. 

Section 8. 

Biodiversity - An 
assessment of the 
potential ecological 
impacts of the 
proposal, with specific 
reference to 
vegetation and habitat 
clearing, connectivity, 
edge effects, riparian 
and aquatic habitat 
impacts (including 
groundwater 
dependent 
ecosystems and soil 
and water quality 
impacts.   

Make specific reference to threatened species, wildlife corridors 
and ecological communities, including Duffys Forest 
Endangered Ecological Community (EEC). 

The groundwater assessment results will be considered 
in the ecological assessment. 

Assess the likely significance of these impacts to threatened 
species, wildlife corridors and ecological communities. 

The groundwater assessment results will be considered 
in the ecological assessment. 

Consider the cumulative impacts of the proposal and the 
adjacent Northern Beaches Hospital proposal, particularly with 
regard to the Duffys Forest Endangered Ecological Community, 
threatened species habitat and wildlife corridors. 

The groundwater assessment results will be considered 
in the ecological assessment. 

Identify appropriate avoidance, mitigation and management 
measures, including details of alternative options considered, 
and proposed arrangements for long term management 
(including but not limited to opportunities for connectivity across 
the project). 

Sections 6 and 7. 
Mitigation measures have been assessed to reduce the 
potential for changes at identified sensitive ecological 
communities. 
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1.7 Scope 

The primary aim of the groundwater assessment is to address the key groundwater issues 

identified in the SEARS and the additional objectives (presented in Section 1.5).   

To address the objectives a groundwater modelling investigation has been undertaken to 

characterise local groundwater impacts and associated inflow to the subsurface slot located on 

Warringah Road.  A numerical modelling approach was selected to holistically provide the 

outcomes and level of detail required to meet the SEARs and key stakeholder (i.e. government 

agencies) expectations.   

The investigation included the following key tasks: 

 A desktop groundwater assessment to: 

– Review the legislative requirements for the groundwater assessment. 

– Characterise the current conceptual hydrogeological and groundwater conditions in 

this region.  

– Characterise existing water quality relative to key trigger/threshold criteria that are 

protective of potential receiving systems. 

 Use of the collated information from the desktop groundwater assessment to develop a 

numerical groundwater model to simulate the impacts of the Stage 2 Project on 

groundwater dependent systems (including surface water systems). 

 Use of the groundwater model to assess a range of potential mitigation measures that 

could be adopted to mitigate identified impacts. 

 Development of measures that could be adopted to monitor for emerging impacts and the 

requirement for implementing mitigation measures. 

 Assess the treatment required for discharge of groundwater seepage. 

A reference to where these issues have been dealt within the report is provided in the following 

section. 

1.8 Structure of this Groundwater Assessment 

To document the works completed, the following report layout has been adopted: 

 Section 1 – Introduction – which details the project background, objectives and scope , 

as outlined above 

 Section 2 – Regulatory Context – which details key legislative drivers including the 

SEARS and how these will be addressed by the groundwater assessment 

 Section 3 – Conceptual Model – which details the current understanding of the existing 

environment 

 Section 4 – Groundwater Modelling – which details the modelling work undertaken to 

assess groundwater impacts 

 Section 5 – Assessment of Impacts – which interprets the modelling results relative to 

the receptors identified and in combination with other developments such as the Northern 

Beaches Hospital (cumulative impacts) 

 Section 6 – Mitigation Measures – which details the measures that will be adopted and 

where possible the effect the mitigation measures have on reducing impacts 

 Section 7 – Cumulative Impacts – which details the combined impacts of the Stage 1 

Project, Stage 2 Project and the Northern Beaches Hospital 
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 Section 8 – Proposed Monitoring Requirements – which describes the monitoring 

proposed to assess for the emergence of impacts 

 Section 9 – Assessment Conclusions 

1.9 Limitations 

1.9.1 General Limitations 

This report: has been prepared by GHD for SMEC Australia Pty Ltd and may only be used and 

relied on by SMEC Australia Pty Ltd for the purpose agreed between GHD and SMEC Australia 

Pty Ltd as set out in this report. 

GHD otherwise disclaims responsibility to any person other than SMEC Australia 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.  GHD disclaims liability arising from any of the 

assumptions being incorrect. 

GHD has prepared this report on the basis of information provided by SMEC Australia 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 work. 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. 

1.9.2 Modelling limitations 

The model has the following key assumptions/limitations: 

 Geological and groundwater elevation data is primarily focused on the Stage 1 and Stage 

2 Projects and the Northern Beaches Hospital and the abundant geotechnical data in this 

area has confidently constrained the model design.  In model areas further away from the 

Stage 2 Project, data becomes scarce and therefore the model design relative to 

geological layering and calibration becomes more uncertain in its ability to provide 

realistic outcomes.  LIDAR topographical information has been used to represent 

topography through the model domain while detailed geological data for the Stage 2 

Project has been coupled with geological map information.  These factors combined 

provide a robust understanding of the shallow groundwater system within the model 

domain and at the Stage 2 Project, which is anticipated to be the main aquifer system 

impacted by the Stage 2 Project.  The steeply sloping topography away from the site 

means that topography will exert a very significant influence on the groundwater 

conditions and flow directions, which supports reasonably confident outcomes further 

away for the site.  There are also additional registered bore data further afield that provide 

additional calibration constraints on the regional conditions in the vertical and horizontal 

directions. Given this approach uncertainties associated with model design and layering 

are anticipated to be relatively minimal with regard to providing a realistic estimate of 
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impacts.  Nevertheless, there is inherent uncertainty in all numerical groundwater models 

which is reflective of the limitation of the available data on which a model is designed. 

 The modelling is based on conceptual design information, which has meant that some 

aspects of the modelling may not represent final design conditions, particularly in regards 

to the staging and rates of construction works.  If the design conditions change 

significantly, further modelling should be considered to assess the changes to the 

modelling outcomes. 

 The model has been designed to assess broad scale impacts associated with the Stage 2 

Project.  This means that micro scale impacts, such as those associated with the changes 

in an individual seep from a fracture along a creek embankment, cannot be resolved by 

the model. However, the model can identify the likelihood of an impact occurring at the 

point of seepage and can estimate the magnitude of that impact if it is assessed collective 

over a slightly broader scale (i.e. over a minimum model block size of 10 m). 

 Further to this, the model has inherent limitations associated with simulation of fractured 

systems as it assumes a porous media.  On a macro scale fracture media behaves as a 

porous system and the model can effectively simulate a fracture system in this instance. 

On a micro scale (assumed to be generally less than 10 m, which is the block size of the 

model), the model does not effectively simulate fracture flow and seepage.  While this 

represents a limitation the model has adopted approaches to assess and quantify impacts 

that adequately account for this uncertainty.



 

GHD | Report for SMEC Australia Pty Ltd - Northern Beaches Hospital Network Enhancement - Stage 2, 21/24063/01 | 

15 

2. Regulatory Context 
2.1 Secretary’s Environmental Assessment Requirements 

The SEARS form the primary criteria for assessing the groundwater impacts for the Stage 2 

Project and have been discussed as part of introducing the scope and objectives for the 

groundwater assessment in the preceding report text. 

2.2 Water Management Act 2000 

The Water Management Act 2000 (WMA 2000) is administered by the NSW Office of Water 

(NOW) and is intended to ensure that water resources are conserved and properly managed for 

sustainable use benefitting both present and future generations. The WMA (2000) is also 

intended to provide a 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.  

2.2.1 Water Access Licence 

The WMA 2000 requires that licenses are obtained to install infrastructure (a bore) within an 

aquifer for an intended purposes.  It also requires that an access licence is required to take a 

given volume of water from a groundwater source. 

If a license is required then water extraction monitoring may be required in accordance with the 

NSW Water Extraction Monitoring Policy (2007).  It is up to the discretion of the licensing 

authority (NOW) to determine if water metering will be required under this guidance.   

RMS will continue to consult with NOW to establish extraction monitoring requirements.  

2.2.2 Water Sharing Plans 

The Water Management Act 2000 requires the development of water sharing plans (WSPs) to 

manage water use and access.  The NOW website states that water sharing plans aim to: 

 Clarify the rights of the environment, basic landholder rights users, town water suppliers 

and other licensed user 

 Define the long-term average annual extraction limit (LTAAEL) for water sources 

 Set rules to manage impacts of extraction 

 Facilitate the trading of water between users 

The WSP for the Greater Metropolitan Region (GMR) Groundwater Sources covers 13 

groundwater sources on the east coast of NSW. The Stage 2 Project lies within the Sydney 

Basin Central Porous Rock groundwater source area. The porous rock aquifer is referenced in 

the WSP as sedimentary sandstone and siltstone formations with intervening coal seams.   

The background document for the water sharing plan (NOW, 2011) lists the Sydney Basin 

Central porous rock aquifer as having: 

 Low to moderate contact with surface water with generally long travel times (years to 

decades).  

 Allocated volumes of 2,592 ML/yr versus a long-term average annual extraction limit 

(LTAAEL) of 45,915 ML/yr, which suggests that there is a significant amount of 

groundwater in the aquifer that has not been released for use.  The amount of 

groundwater seepage into the slot is expected to be a very small proportion of the 
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available water. The estimated LTAAEL volumes are based on average recharge rates of 

6 percent of annual rainfall.   

This information suggests that there is available groundwater within the aquifer resource 

for extraction associated with the Stage 2 Project without the requirement for purchasing 

of existing water access licences, although NOW would need to release this water under 

a Controlled Allocation Order  

RMS will continue to consult with NOW to establish extraction licensing requirements.  

The water sharing plan also sets out a number of key water sharing rules for the Sydney Basin 

Central Porous Rock groundwater resource.  These water sharing rules may relate to the take 

of water from the aquifer system beneath the site by the slot.  The water sharing rules are 

outlined below: 

 Eligibility for obtaining water access licences.  Commercial use is permitted in this area 

under a controlled allocation.  It is uncertain whether seepage to the slot falls under this 

criteria and whether it is an eligible use.  NOW may require a licence to be obtained for 

seepage into the slot in accordance with this sharing rule. 

 The distances allowed between new water supply works and neighbouring water supply 

works.  This ranges from 50 metres from a neighbouring property to 1 kilometre from a 

major water utility bore.  The groundwater assessment identifies surrounding water 

supply infrastructure and assesses impacts to these features. 

 The distances allowed between a new water supply works and a contaminated site, which 

ranges from 250 metres to greater than 500 metres depending on the potential for impact.  

While the slot may result in a migration from contaminated groundwater, the slot will 

serve as a capture system for any groundwater contamination, which will be treated 

accordingly before discharge to the receiving environment. 

 A requirement to protect Sandstone aquifers by sealing off shale aquifers that are highly 

saline.  Due to the dewatering nature of the slot and the Northern Beaches Hospital and 

the depth to which they extend, there is unlikely to be an increased risk for migration into 

the underlying sandstone aquifer system. 

 The distances allowed between new water supply works and high priority groundwater 

dependent ecosystems, which range from between 100 metres for basic land rights wells 

to 200 metres for all other uses. Further to this no new water supply works are allowed 

within 40 metres of a river or stream that is 3rd order or above and 40 metres of a 1st and 

2nd order stream unless located within underlying parent material or within 100 metres of 

an escarpment.  The Stage 2 Project may come within 40 m of Curl Curl Creek at the 

very upper reaches, which is a first order stream at this location.  The potential impacts to 

the creek have been characterised in this assessment. 

 The maximum amount of water that can be taken within 500 metres of a contaminated 

site.  As stated above, while the slot may result in a migration of contaminated 

groundwater, the slot will serve as a capture system for any groundwater contamination, 

which will be treated accordingly before discharge to the receiving environment. 

 Permission to trade water allocated under an access licence.  Trading is permitted within 

this groundwater resource.  Any allocation licence required will be permanent for 

operation and will not be traded. 
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2.3 Policies and Guidelines 

2.3.1 NSW Aquifer Interference Policy 

The NSW Aquifer Interference Policy (AIP) was finalised in September 2012 (NOW, 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 commenced on 30 June 

2011. 

The Policy indicates that activities with the potential to contaminate groundwater are considered 

to be an aquifer interference activity.  

The NSW AIP states that aquifer interference approval will not be granted unless the “Minister is 

satisfied that adequate arrangements are in force to ensure that no more than minimal harm will 

be done to any water source, or its dependent ecosystems, as a consequence of being 

interfered with” by the activities the approval relates to. 

The minimal impact criteria for the groundwater source at the site are summarised below: 

 With regard to the water table, impact is considered to be minimal where the water table 

change is less than 10 percent of the cumulative variation in the water table 40 metres 

from any high priority groundwater dependent ecosystem (GDE) or high priority culturally 

significant site listed in the water sharing plan. If an impact is greater than this it must be 

demonstrated to the Ministers satisfaction that the variation will not prevent the long term 

viability of a GDE of cultural significance.  There are no high priority sites listed in the 

water sharing plan near to the site; however, site specific potential GDEs have been 

identified that are considered to be high priority and are considered in this report (See 

Section 3.10).   

 With regard to the water table, impact is considered to be minimal where there is less 

than a cumulative 2 metres decline at any water supply work. If the impact is greater 

make good provisions apply.   

 With regard to water pressure, impact is considered to be minimal where the cumulative 

decline in head is less than 2 metres at any water supply work.  If the impact is greater 

then further studies are required to satisfy the Minister that long term viability of the 

affected water supply works will not be affected. Otherwise make good provisions will 

apply. 

 With regard to water quality, impact is considered to be minimal where the change in 

groundwater quality is within the current beneficial use category of the groundwater 

source beyond 40 metres from the activity. If this cannot be achieved studies will need to 

demonstrate that the change will not prevent the long term viability of the dependent 

ecosystem, or affected water supply works. 

If the predicted impacts are less than the Level 1 minimal impact considerations, then these 

impacts will be considered as acceptable. 

Additional restrictions cover the interception of groundwater that underlies Biophysical Strategic 

Agricultural Land (BSAL), its dependent ecosystems or other water users.  The Stage 2 Project 

is not located within or near to BSAL. 

The assessment will need to consider the potential impacts identified against the criteria 

outlined above.  
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2.3.2 NSW State Groundwater Policy Framework Document (DLWC, 1997)  

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

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 NSW groundwater policy has three 

component parts: 

 NSW Groundwater Quantity Protection Policy outlined in DLWC (1997). 

 NSW Groundwater Quality Protection Policy (DLWC, 1998). 

 NSW Groundwater Dependent Ecosystems Policy (DLWC, 2002). 

NSW Groundwater Quantity Management 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. 

These principles are implemented under the WMA 2000 and the AIP, which have been 

discussed above. 

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. 

These criteria will be incorporated into the assessment by assessing the Stage 2 Project against 

the requirements outlined in the water sharing plan and the AIP.  

2.3.3 National Water Quality Management Strategy (NWQMS) 

The NWQMS policy and principles document (ARMCANZ/ANZECC, April 1994) provides an 

overview of the principles for water quality management in Australia.  The primary objective of 

the guideline/policy is: 

“to achieve sustainable use of the nation's water resources by protecting and enhancing their 

quality while maintaining economic and social development.” 
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The policy and principles document states that: 

“the generally accepted mechanism for establishing in-stream or aquifer water quality 

requirements is a two-step process which involves: 

 establishing a set of environmental values, and 

 establishing scientifically based water quality criteria corresponding to each 

environmental value.” 

Environmental values are often interchanged with the term beneficial use (which is referred to in 

regard to minimum impact criteria set in the aquifer interference policy in Section 2.3.1) and are 

identified in the guidance to include: 

 Ecosystem protection 

 Recreation and aesthetics 

 Drinking water 

 Agricultural water (irrigation and stock water) 

 Industrial water 

Ecosystem protection, in this context, refers to aquatic ecosystems which depend at least in part 

on groundwater to maintain ecosystem health (groundwater-dependent ecosystems). 

Depending on the site setting, this may include surface water bodies such as wetlands, streams 

and rivers reliant on groundwater base flow, some estuarine and near-shore marine systems, as 

well as aquifer and cave ecosystems. 

Criteria have been developed to characterise water quality relative to these environmental 

criteria and are outlined in the Australian and New Zealand Guidelines for Fresh and Marine 

Water Quality and the Australian Drinking Water Guidelines (ADWG) and are discussed further 

below.  The criteria specified in these documents will be used as the basis for assessing the 

current environmental values for this assessment and the treatment requirements for discharge 

to receiving water environments. 

2.3.4 Australian and New Zealand Guidelines for Fresh and Marine Water 
Quality 

The National Water Quality Management Strategy (NWQMS) provides a national framework for 

improving water quality in Australia's waterways. The main policy objective of the NWQMS is to 

achieve sustainable use of the nation's water resources; protecting and enhancing their quality, 

while maintaining economic and social development. The NWQMS process involves community 

and government interaction, and implementation of a management plan for each catchment, 

aquifer, estuary, coastal water or other water body. This includes the use of national guidelines 

for local implementation. 

For this project the national guidelines on water quality benchmarks within the Australian and 

New Zealand Guidelines for Fresh and Marine Water Quality (ANZECC and ARMCANZ, 2000) 

are applicable and provide default trigger values (DTVs) of various analytes for comparison with 

sampled values.  Guideline water criteria are presented in the guidelines for: 

 Aquatic Ecosystems. 

 Primary Industries (which includes agricultural and industrial water criteria). 

 Recreational water quality and aesthetics. 

 Drinking Water. 
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2.3.5 Australian Drinking Water Guidelines 

The Australian Drinking Water Guidelines (ADWG) (NHMRC, 2013) provide a framework for the 

appropriate management of drinking water supplies to achieve a safe and appropriate point of 

supply. The guidelines provide a base standard for aesthetic and health water quality levels.  

Where ADWG water quality trigger levels are above the ANZECC and ARMCANZ (2000) 

guideline levels, the most stringent of triggers between the two guidelines has been considered 

in the assessment. Characterisation of surface water quality has been assessed using the 

ANZECC and ARMCANZ (2000) framework.  

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

The document Approved Methods for the Sampling and Analysis of Water Pollutants in New 

South Wales (DEC, 2004) lists the sampling and analysis methods to be used when acquiring 

water samples for compliance with environmental protection legislation, a relevant licence or 

relevant notice. 

2.3.7 Risk Assessment Guidelines for Groundwater Dependent Ecosystems 

Risk Assessment Guidelines for Groundwater Dependent Ecosystems (NOW, 2012) comprises 

four volumes and provides a conceptual framework for identifying and assessing ecosystems 

along with worked examples of assessments.  The guidelines discuss the identification of high 

probability GDEs and also discuss the ecological value of GDEs. The results from the 

groundwater assessment will be used by ecological specialists to assess potential impacts on 

GDEs. 

2.3.8 Australian Groundwater Modelling Guidelines 

The Australian groundwater modelling guidelines (Barnett et al, 2012) provide a framework for 

numerical modelling of groundwater systems in Australia.  The guidelines state that: 

“These guidelines are a point of reference for best practice for all those involved in the 

development, application and review of groundwater models, and those who use the outputs 

from models. It is anticipated that the guidelines will be adopted by regulatory bodies, modellers, 

reviewers and proponents of groundwater models as a nationally consistent guide to 

groundwater modelling.” 

The guidelines also state that: 

“These guidelines are not regulation or law, as they have not received endorsement from any 

jurisdiction. They should not be considered as de facto standards, as they are likely to evolve 

with modelling requirements and the sophistication of modelling approaches.” 

The modelling guidelines have been used as the basis for groundwater modelling works 

undertaken for this assessment. 
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3. Existing Environment and 
Conceptualisation 
3.1 Topographical Setting 

The Stage 2 Project is located at elevations of between approximately 135 metres AHD (at the 

south western extent of the Stage 2 Project) and approximately 160 metres AHD in central 

areas (at the site of the Northern Beaches Hospital).   

The Stage 2 Project runs east to west along Warringah Road which follows a relatively narrow 

and isolated ridge line that eventually dips to the west toward Middle Harbour and east toward 

the east coast. 

The topography slopes steeply to the north towards the Middle Creek catchment and to the 

south (along Wakehurst Parkway) towards Middle Harbour and Manly Dam. 

The topography is likely to exert significant control on the groundwater system with significant 

truncation and isolation of shallow systems. 

3.2 Surface Water Features 

The surface water hydrology has been characterised by hydrological and hydraulic 

investigations reported in Lyall & Associates (2014). 

The proposed Stage 2 Project is located at the head of the following three catchments 

(presented in Figure 2):  

 Middle Creek catchment which drains north into Narrabeen Lagoon.  The head waters of 

the middle creek catchment that drain directly from the Stage 1 and Stage 2 Project areas 

are referred to as Trefoil Creek 

 Main Creek catchment which drains south to Bantry Bay in Middle Harbour 

 Curl Curl Creek catchment which drains south to Manly Dam 

3.2.1 Middle Creek 

Under existing conditions, about 4.2 hectares (24 per cent) of the Stage 2 Project site drains 

north to Middle Creek via two sub-catchments, which have total surface areas of about 92.6 ha 

and 60.8 ha, respectively (GHD 2015). 

Middle Creek is a major tributary of Narrabeen Lagoon and has a catchment area of around 

1,500 ha. It drains from its headwaters near the Stage 1 and Stage 2 project area, through the 

suburbs of Oxford Falls and Cromer before discharging into Narrabeen Lagoon. 

The catchment is relatively steep in and near the headwaters of Trefoil Creek, but quickly 

flattens to form the Middle Creek floodplain. Wakehurst Parkway follows the line of the creek 

along much of its length. The creek is low-lying and forms a delta plain which is typically flat in 

longitudinal grade at the mouth of Narrabeen Lagoon. 

The catchment is mainly covered by residential land use in the upper reaches. Further 

downstream, it is a mix of residential, public use, retail and forest. Development includes a 

number of schools at Oxford Falls and the Sydney Academy of Sport and Recreation near 

Narrabeen Lagoon.  The dominant land use is forest downstream of Oxford Falls West Road, 

with the majority of the catchment lying within the Garigal National Park. 

Part of the Stage 1 Project discharges to Trefoil Creek, a tributary of Middle Creek with 

headwaters to the North East of Wakehurst Parkway and Frenchs Forest Road East. The Stage 
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2 Project does not directly discharge to this drainage line.  The upper reach of Trefoil Creek 

nearest to Wakehurst Parkway has a significant bushland riparian area.   

3.2.2 Curl Curl Creek 

Under existing conditions, about 9.5 ha of the Stage 2 project area (17.8 ha) drains south to 

Curl Curl Creek via Catchment 6, which has a total surface area of about 135.0 ha. 

The Curl Curl Creek catchment is around 700 ha in area, which includes the Manly Dam 

catchment. Manly Dam was formerly a water supply reservoir for Manly but, since 1942, has 

been used entirely for recreational purposes. Downstream of the dam the creek continues in 

open channel before discharging into Manly Lagoon. 

Catchment grades are up to 8 per cent in the upper reaches of the catchment. In the vicinity of 

the project site, land use is predominantly commercial. The Manly Dam catchment consists 

predominantly of forested areas known as the Manly Dam Reserve, as well as a golf course and 

residential development. Downstream of the dam, the land uses are predominantly residential 

with some commercial lots and open space public reserves. 

According to Warringah Council information, the main creek arm upstream of the dam is known 

as Curl Curl Creek. Downstream of the dam it is known as Manly Creek. For simplicity, Curl Curl 

Creek is used throughout this report to refer to the creek arm to which the Stage 2 Project 

drains. 

3.2.3 Bantry Bay 

The catchment draining to Bantry Bay includes Bates Creek and an unnamed tributary to which 

about 4.2 ha of the Stage 2 project area drains. The tributaries have total catchment areas of 

34.2 ha and 26.7 ha, respectively. 

The Bantry Bay catchment is steep, with grades of around 6 per cent to 20 per cent. Land use in 

the headwaters is largely residential and includes a school, a retirement village and an aquatic 

centre. These areas drain to Bantry Bay via drainage lines that cut through the southern 

catchments of Garigal National Park. 

3.3 Surface Water Field Observations 

Site observations of the upper reaches of Trefoil Creek and Curl Curl Creek were undertaken to 

qualitatively assess flow conditions and the potential for reliance on groundwater inputs.  These 

creeks were investigated because of their proximity to the Stage 2 Project and the presence of 

potential GDEs (which are discussed further in Section 3.10). 

The investigation included walking up the creek lines and documenting: 

 The instream geomorphological conditions with the aim of understanding the likelihood of 

groundwater inputs to the creeks. 

 The flow conditions to better understand the relative inputs for surface water relative to 

groundwater.  

 The presence of groundwater seepage into the creeks with the aim of understanding 

groundwater inputs, especially under dry conditions. 

The site observations included visiting the creeks under relatively wet conditions (expected to 

be higher flow) and then under relatively dry conditions (expected to be lower flow).  The dates 

and rainfall conditions of the wet and dry site visits are summarised below: 
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 Wet Event – completed on 4 February 2015 when rainfall was recorded (at the Australian 

Bureau of Meteorology (BOM) weather station 066182 at Frenches Forest) to be 16 mm 

on 2 February 2015 and 8.0 mm on 3 February 2015.    

 Dry Event – on 18 February 2015 when there had been only 1 mm of rainfall over the 

preceding seven days, which occurred on 15 February 2015 (recorded at the Australian 

Bureau of Meteorology (BOM) weather station 066182 at Frenches Forest). 

A summary of the site observations are provided in the following sub-sections.  

3.3.1 Trefoil Creek 

The upper reaches of Trefoil Creek are located in a bushland reserve down gradient (north) of 

Frenches Forest Road East.  The valley in this area is steeply sided and has frequent areas of 

outcropping bedrock.  Unconsolidated sands, silts and clays overlying the bedrock appear to be 

thin. 

The stream bed is predominantly exposed bedrock and the creek tends to gently cascade 

between depressions in the exposed bedrock.   

Intermittently the creek bed drops rapidly by up to 5 metres creating waterfall type conditions.   

Under dry conditions the flows were observed to be very low and were qualitatively estimated to 

be less than 0.05 L/s.  Given that these flows were observed after a short dry period it is 

expected that an extended dry period would result in further flow reductions and potentially no 

flow conditions.  

A comparison of flow conditions between wet and dry conditions suggested that surface water 

run-off contributes a significant portion of the overall flows in the creek (i.e. after wet weather 

events flows are significantly higher). 

No active groundwater seepages were observed along the creek channel. One very isolated wet 

patch was noted at outcropping bedrock approximately 30 to 50 metres away from the channel 

at the interface between bedrock and overlying unconsolidated sediments. 

The origin of the flows under dry conditions could not be identified as groundwater inputs and as 

such there is potential that the flows were due to discharge from up gradient residential or 

commercial properties. 

The observations suggest that while groundwater inputs are likely to be very small compared to 

surface water inputs they may support instream flows during short term dry conditions.  

3.3.2 Curl Curl Creek 

The upper reaches of Curl Curl Creek located north of the sports fields (that are south of 

Aquatic Drive) are generally within well vegetated extensive riparian bush areas.  Culverts direct 

the creek beneath Aquatic Drive and the aquatic centre entry road.  The creek bed is generally 

gently sloping with intermittent exposure of bedrock in the creek channel.  The embankments 

often include a thin layer (<0.5 m) of unconsolidated sediment overlying bedrock. 

Further to the east near Madison Way the creek originates in a vegetated drain between 

residential developments.  The stream drains to a large water retention basin at the south west 

corner of Madison Way residential development. 

The overall catchment is more gently sloping than at Trefoil Creek with ground surface sloping 

away from the channel banks at gradients generally approximating 1 metre in 10 metres. 

Under wet and dry conditions flows were observed to intermittently disappear beneath 

unconsolidated surficial sediment within the channel. 
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Groundwater seepage was observed to occur from the channel banks at two locations from 

overlying unconsolidated material and at the interface between unconsolidated sediments and 

bedrock.  Further to the east at Madison Way a very small flow was observed to originate over a 

distance of approximately 100 m, which suggested the presence of groundwater seepage in the 

tributary at this location. 

Under dry (lower flow) conditions the flows in GDE areas were qualitatively observed to be 

between 0.05 L/s and 0.1 L/s.  

A comparison of flow conditions between wet and dry conditions suggested that surface water 

run-off contributes a significant portion of the overall flow in the creek (i.e. after wet weather 

events flows are significantly higher) and therefore that groundwater inputs are relatively small. 

In areas of known GDEs and under dry conditions, the origin of the flow up-gradient of identified 

seepage zones could not be identified as groundwater inputs.  As such there is potential that 

some of the flow may be discharged from up gradient residential or commercial properties. 

The observations suggest that while groundwater inputs are likely to be relatively small 

compared to surface water inputs they are likely to support instream flows during short term dry 

conditions and potentially for more extend dry periods. 
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3.4 Geology 

3.4.1 Regional Geology 

The 1:100000 Sydney Geological Sheet (Geological Series Sheet 9130, NSW Government, 

1983) indicates that the area is predominately underlain by Hawkesbury Sandstone, of Triassic 

age. The Sydney Geological Sheet also documents the presence of north-west trending 

Jurassic aged basalt dykes in the vicinity of the project area, however these were not 

encountered during the geotechnical investigations (RMS, 2014a). The Hawkesbury Sandstone 

is interpreted to be overlain by Triassic Aged Wianamatta Group Ashfield Shales in the vicinity 

of the site. 

Investigations undertaken for the Concept Proposal (Stage 1 and Stage 2 Projects) by RMS 
(2014a) stated that “the post depositional geological history of the Hawkesbury Sandstone has 

resulted in numerous generalised identifiable features including: 

 Two prominent sandstone facies (massive and sheet) differentiated according to their 

sedimentary structure (Conaghan, 1980 and Pells, 2002):  

 Sheet facies comprises sets of cross bedded strata  

 Massive facies comprises thick, typically horizontally bedded strata   

 A mudstone facies, typically 0.3 – 3.0 metres thick and laterally discontinuous (often 

referred to as shale lenses), particularly abundant in the top part of the Hawkesbury 

Sandstone (Conaghan, 1980) 

 Composed of medium to coarse grained quartz sandstone (approximately 70 percent) 

with a matrix that includes kaolinite clays (approximately 20 percent) and Sideritic 

cementation (Standard, 1969) 

 Widely spaced vertical and sub-vertical joints (65˚ to 90˚) in two prominent directions (and 

occasionally occurring in joint ‘swarms’: (Pells, 2002) striking:  

– 090˚ to 125˚ and  

– 005˚ to 035˚” 

3.4.2 Site Geology 

Site geology has been characterised by geotechnical investigations presented in the following 

reports: 

 RMS (2014a):  Concept Design Geotechnical Interpretation Report, Northern Beaches 

Hospital Enabling Roadworks, Frenches Forest. 

 RMS (2014b):  Concept Design Geotechnical Investigation Report, Northern Beaches 

Hospital Enabling Roadworks, Frenches Forest. 

The reports document the completion of 29 bores and 17 test pits and 2 hand auger holes over 

the Concept Proposal area to characterise the geological conditions.   

RMS (2014a) provided the following summary of the geotechnical model developed from the 

site investigations.  

“Site topography has been influenced by the subsurface geology and surface geomorphological 

processes. Typically the site subsurface is characterised by organic topsoil (nominally 0.25mm 

thick) in the near surface, overlying a thin residual soil profile (commonly less than 1m thick, 

although this deepens to in excess of 1.5 metres toward the eastern extent of the project). Fill 

materials were encountered along the existing road alignment, and in discreet pockets related to 

other construction activities. Aside from within the existing road alignment, the largest quantities 
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of fill material are expected within the council depot at the western end of Aquatic Drive. 

Colluvial soil, (e.g.  slope-wash) was also encountered at a discreet location within the site. 

Bedrock, where encountered, shows a general pattern of increasing strength and decreasing 

weathering effects with depth below existing ground levels.  The published geology map 

(Geological Survey of NSW, 1983), indicates the presence of an agillaceous (i.e. shale, laminite, 

siltstone) capping layer, overlying sandstone, within the greater Hawkesbury Sandstone unit.” 

The inferred distribution of this shale ‘capping layer’ and associated soils developed by RMS 

(2014a) is presented in Figure 3 and Figure 4. 

The primary units identified within the vicinity of the slot (which is considered to be the area of 

primary concern for aquifer interaction) is summarised in Table 2 below and Figure 5 and Figure 

6. 

Table 2 – Interpreted geological conditions (eastbound slot location) 

Summary Description Depth Range of 
Top of Layer (m) 

Depth Range 
of Base of 
Layer 

Asphaltic Concrete/Road-base Gravels/GRAVEL/Silty 
SAND  

0 0.45 – 1.1 

Silty CLAY/ Sandy CLAY/ CLAY; red brown, grey brown, 
low to medium plasticity, stiff to hard, dry to moist 

0.45 – 1.1  1.05 – 1.95 

SANDSTONE/ Interlaminated SANDSTONE/ SHALE/ Silty 
SANDSTONE; cream to white, pale grey with red brown 
iron cemented layers, extremely to highly weathered, 
extremely low to very low strength with occasional medium 
to high strength  

0.65 – 1.95  2.0 – 5.1 

SANDSTONE/ Interlaminated SANDSTONE; cream to 
white with red brown iron cemented layers, extremely to 
highly weathered, extremely low to low strength with 
occasional medium to high strength  

2.4 – 5.1 4.6 – 6.1 

SANDSTONE/ Interlaminated SANDSTONE/ SILTSTONE; 
cream to white and grey, highly to slightly weathered, low 
to medium strength  

2.0 – 4.8 3.3 – 7.8 

SANDSTONE; pale grey and brown, slightly weathered to 
fresh, medium to high strength  

3.3 – 7.8 11+  

Notes: 

Adapted from Table 5.1 in RMS (2014a) 

The bore log and bore photo log data from the geotechnical investigations (RMS 2014b) 

suggest the presence of frequent natural jointing and fractures (generally less than 100 mm 

spacing) within the upper weathered bedrock with a reduced jointing  and fracture frequency 

(generally between 300 to 1000 mm spacing) within fresh bedrock.  The logs suggest that the 

bedrock is well cemented and likely to have low interstitial effective porosity and permeability. 
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Figure 3 – Extent of Triassic Shales and Residual Soils – Plan view (adapted from RMS 2014a) 
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Figure 4 – Extent of Triassic Shales and Residual Soils – Cross Section (adapted from RMS 2014a) 



 

30 | GHD | Report for SMEC Australia Pty Ltd - Northern Beaches Hospital Network Enhancement - Stage 2, 21/24063/01  

 

Figure 5 – Interpreted Geology of Eastbound Slot – West Section (RMS 2014a) 
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Figure 6 – Interpreted Geology of Eastbound Slot – East Section (RMS 2014a) 
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3.5 Hydrogeological Conditions 

The geological conditions coupled with the topography and surface water catchment 

characteristics are expected to create the following key hydrogeological conditions. 

 Predominantly interstitial (pore space) flow in extremely weathered and unconsolidated 

material located above fresh bedrock.  These are generally confined to shallow zones of 

less than 8 metres below ground surface (bgs).   

 Predominant fracture flow within moderately weathered to fresh bedrock media present at 

depths below 2 metres bgs. Further to this, kaolinate clays within the sandstone matrix 

and sideritic cementation of the sandstone are expected to significantly limit intergranular 

flow. 

Hawkesbury sandstones often include layers of low permeability siltstones and shales with 

preferential migration along horizontal bedding plane fractures.  This results in large anisotropy 

ratios (horizontal hydraulic conductivity/vertical hydraulic conductivity) where vertical flow is 

significantly retarded relative to horizontal flow.  When this is coupled with the topographical 

conditions in this region it creates groundwater flow patterns that result in downward head 

gradients beneath elevated areas (such as where the Stage 2 Project is located). 

3.5.1 Aquifer Parameters 

Hydraulic Conductivity 

Hydraulic conductivity relates to the inherent ability of saturated media to transmit water and is 

the primary parameter dictating the amount of flow that occurs to, within and from saturated 

media. High hydraulic conductivities are generally associated with high flows and vice versa. 

Table 3 summarises the range and the best estimate of horizontal and vertical hydraulic 

conductivities for the key hydrogeological units within the model domain and represent the 

baseline conditions that were assessed during calibration.  These estimates have been collated 

from a range of literature sources, including: Hewitt (2005); Tammetta and Hewitt (2004); and 

Weight and Sonderegger (2000).  

Figure 7 shows the probability distribution of hydraulic conductivity values for Hawkesbury 

Sandstone in the Sydney region, presented in Tammetta and Hewitt (2004), which indicates that 

the expected hydraulic conductivity ranges between 0.001 and 1.7 m/day.  Results presented in 

Hewitt (2005) suggest that the average hydraulic conductivity of the Hawkesbury Sandstone 

varies from about 0.1 m/day at the surface to about 0.002 m/day at depths of 50 metres bgs. 

Based on professional experience working on other subsurface infrastructure projects in the 

Sydney region (including review of packer testing data for the North West Rail Link and the 

Epping to Chatswood line) the hydraulic conductivity of Ashfield Shales are generally expected 

to be lower than the Sandstone units with bulk formation hydraulic conductivities ranging 

between 0.001 m/day to 0.03 m/day. 

Unconsolidated residual silty sandy clays and silty sands and gravels are present within shallow 

zones of the site.  The hydraulic conductivities of these materials are expected to range 

between approximately 0.0001 m/day and 10 m/day depending on the percentage of clay and 

silts present (adapted from Weight and Sonderegger, 2000). 

Vertical hydraulic conductivities of unconsolidated media are generally lower than horizontal 

hydraulic conductivities due to gravitational compaction effects during and after deposition.  

Anisotropy ratios of 10 (Kh/Kz) are generally used as a starting point for representing 

unconsolidated materials.  Within the fractured media (such as within the Hawkesbury 

Sandstone) the orientation of bedding plane partings and jointing can result in much larger 
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anisotropy ratios.  When this is coupled with intermittent low permeability layers (Shales and 

Siltstones) within the bulk formation (which impede vertical flow), Kh/Kv values of 100 to 1000 

can be expected. 

Table 3 – Expected Aquifer Parameters 

Hydrogeological unit 

Horizontal hydraulic 

conductivity (Kh) (m/day) 

Vertical hydraulic conductivity (Kv) 

(m/day) 

Min Pref. Max Min Pref. Max 

Sandy loam 0.01 0.1 10.0 0.001 0.01 0.1 

Residual clay 0.0001 0.01 0.1 0.00001 0.001 0.01 

Hawkesbury 

Sandstone 
0.001 0.04 1.7 0.000001 0.00001 0.001 

Ashfield Shale 0.001 0.005 0.08 0.000001 0.00001 0.001 

 

Figure 7 – Probability distribution of hydraulic conductivities from packer test 
results for Hawkesbury Sandstone in the Sydney region (Tammetta and 
Hewitt, 2004) 

 

Storage Parameters 

Storage parameters are representative of the ability of an aquifer to store and release water.  

These parameters have a significant impact on how aquifers respond to rainfall events or to 

construction of open pits below groundwater (i.e. the slot).  For example, where groundwater is 

intersected by construction works the amount of water that will initially flow into a slot will be 

from storage in the surrounding media.  The amount of flow into the construction works will be a 

function of the amount of storage in the media; high storage properties generally mean that 
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there will be more flow.  Once the storage in the surrounding media completely drains, the flow 

into the construction will be controlled by the hydraulic conductivity properties. 

Large responses to relatively small rainfall events usually coincide with smaller overall storage 

properties and are often indicative of fractured conditions. 

There are two properties that control the amount of storage within and storage release from an 

aquifer system.  This includes: 

 Specific yield (Sy), which generally relates to unconfined aquifer conditions and which will 

be the primary parameters impacting flow into slot. Specific yield is generally equivalent 

to the effective porosity of an aquifer. 

 Storativity (S), which represent the primary factor controlling storage release in confined 

aquifer systems.  Storativity is unlikely to be significant parameter in regard to this 

assessment as the construction works are expected to be shallow and within unconfined 

aquifers.  Storativity generally represents an ability of the aquifer to release water by 

expanding and contracting.  

At present, specific data outlining these properties are scarce; as such literature values have 

been adapted to represent site conditions.  Values for unconsolidated material have been 

adapted from Weight and Sonderegger (2001) and are presented in Table 4.  For fractured 

bedrock (such as the Hawkesbury Sandstone) the open area associated with fractures 

represents the primary storage characteristic.  Assuming horizontal fracture frequencies for the 

sandstone of between 50 mm and 1000 mm (as estimated in logs from the site) with apertures 

of 2.5 mm it can be expected that overall porosity would range between 0.0025 and 0.05 

(dimensionless), which would represent the upper range for specific yield. 

Table 4 – Expected Storage Parameters 

Hydrogeological unit 

Specific Yield 

(dimensionless) 
Storativity (dimensionless) 

Min Pref. Max Min Pref. Max 

Sandy loam 0.01 0.2 0.3 0.00001 0.001 0.001 

Residual clay 0.01 0.06 0.18 0.00001 0.001 0.001 

Hawkesbury 

Sandstone 
0.005 0.01 0.005 0.00001 0.001 0.001 

Ashfield Shale 0.001 0.01 0.1 0.00001 0.001 0.001 

3.6 Groundwater Elevations 

3.6.1 Key groundwater elevations 

There are nine groundwater monitoring wells that were used for water elevation monitoring for 

the Concept Proposal geotechnical investigations.  Their locations are presented in Figure 9. 

The details of the monitoring wells are summarised in Table 5. Groundwater levels have been 

monitored on a 30 minute interval using data loggers, over the period 4/12/2013 – 23/09/2014.  

Bore logs present in RMS (2014b) suggest that the monitoring wells are generally screened 

within 10 metres of the ground surface.  Where bore logs were not available, the data logger 

rope length has been used to provide an indication of the screened depth.  
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The monitoring data suggests that there is a an average fluctuation in the groundwater levels of 

about 1 metre over a nine month monitoring period from December 2013 – September 2014, 

with the largest fluctuation monitored at BHLD01A where the groundwater level ranges by 4.6 

m. Figure 8 presents the water level fluctuations at monitoring well BHLD01A, which is highly 

responsive to rainfall events possibly due to exposed bedrock fractures in this area.  Refer to 

Appendix A for a full set of groundwater hydrographs. 

Figure 8 – BHLD01A Depth to Water (mBGL) and Rainfall (mm)  

 

The depths at which groundwater is encountered generally coincides with zones of weathered 

to fresh bedrock. 

Figure 9 presents groundwater contours estimated using the average groundwater level at the 

nine key monitoring wells across the site. The groundwater contours suggest that groundwater 

typically flows southward across and toward the gully systems located in the Bantry Bay 

catchment and Curl Curl Creek catchment to the south and south east of the project area. 

Further to the above, a groundwater monitoring network has been implemented for the Stage 2 

Project  and has included installing ten additional groundwater monitoring wells across the site 

on the 15th – 16th December 2014.  The locations of the wells are presented in Figure 10.  

Groundwater level readings at the start of the test were also summarised to provide an 

indication of depth to groundwater across the site. It is noted that the groundwater level was 

recorded at these wells as meters below top of casing (mTOC), and at present, the wells are not 

surveyed. The groundwater level (mAHD) was estimated at these wells using the topographical 

data. The details of the monitoring wells are summarised in Table 6. 

Based on the relatively shallow groundwater levels recorded, there is a relatively high potential 

for some groundwater seepage to the creek systems in the area of the Red-crowned Toadlet 

habitat. GW8 has groundwater elevations approximately 1.5 metres below ground surface 

(suggesting a high potential for interaction with surface water).  
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Table 5 – Key groundwater monitoring wells – continuous monitoring 

Bore ID Monitoring Period Screen 

depth mBGL 

(from – to)  

Average depth to 

groundwater 

mBGL  

(min – max) 

Average 

groundwater 

elevation  

(m AHD) 

BH11A 20/12/2013 - 23/09/2014 6.98 - 10.98 2.9 (2.2 - 3.4) 147.9 

BH14 20/12/2013 - 23/09/2014 6.99 - 10.99 5.6 (5.3 - 5.8) 147.7 

BH17 20/12/2013 - 24/01/2014 6.95 - 10.95 5.1 (5 - 5.3) 144.9 

BHLD01A 4/12/2013 - 23/09/2014 2.55 - 6.55 3.5 (0.2 - 4.8) 148.2 

BHLD02A 4/12/2013 - 23/09/2014 7.28 - 11.8 3.9 (3.3 - 4.3) 151.2 

BHP107 4/12/2013 - 4/03/2014 7.9* 6.2 (6 - 6.3) 151.5 

BHPZ01 4/12/2013 - 4/03/2014 19.3* 6 (5.8 - 6.4) 152.6 

BHPZ24 4/12/2013 - 4/03/2014 7.6* 3.1 (2.9 - 3.2) 151.9 

BHPZ31 4/12/2013 - 4/03/2014 11.6* 5.7 (5.5 - 5.9) 155.5 

* Screen depth not available. Value reported is the logger rope length.

Table 6 – Additional groundwater monitoring wells – spot recording 

Bore Monitoring Date Screen depth 
mTOC 
(from – to) 

Depth to 
groundwater 
mTOC 

Estimated 
groundwater 
elevation (mAHD) 

GW1 16/12/2014 9 - 12 4.17 144.7 

GW2 16/12/2014 10.88* 2.77 146.5 

GW3 15/12/2014 6 - 12 5.66 95.8 

GW4 15/12/2014 11.4* 2.97 149.0 

GW5 15/12/2014 9 - 12 10.7 146.0 

GW6 15/12/2014 8.8 - 14.8 2.76 147.2 

GW7 16/12/2014 10 - 16 8.93 154.8 

GW8 15/12/2014 6 - 12 1.56 129.8 

GW9 15/12/2014 6 - 12 4.64 143.8 

GW10 16/12/2014 4.75* 1.87 139.2 

* Screen depth not available. Value reported is the base of bore depth.
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3.6.2 Regional groundwater elevations 

In additional to the data presented in Section 3.6.1 spot readings of the standing groundwater 

level at 48 bores across the model domain were extracted from the NSW Groundwater 

Database. The spot groundwater readings were recorded at completion of drilling and across a 

large time period (1977 to 2010).   

Deeper groundwater bores generally have lower groundwater elevations than shallower areas 

supporting the presence of significant impediments to vertical groundwater flow (i.e. low 

permeability geological conditions impede the vertical hydraulic connection between shallow 

and deep groundwater) 

3.7 Settlement of Soft Sediments 

RMS (2014a) considered the potential for the settlement of soft sediments using the geological 

and groundwater data presented above.  The report stated, when commenting on design 

options for the slot, that “settlement drawdown effects on existing infrastructure and buildings in 

the vicinity of the slot cutting are not expected to be significant.”   

While the interpretation of the potential for soft soil settlement is primarily a geotechnical 

consideration, it appears that soft soil settlement associated with dewatering would be unlikely 

given that groundwater appears to be primarily located within moderately weathered to fresh 

bedrock and hence is less likely to settle when dewatered. 

3.8 Groundwater Recharge 

The Water Sharing Plan for the Greater Metropolitan Region Groundwater Resources adopts an 

annual recharge rate of 6 percent of annual rainfall for assessing available yields within these 

groundwater aquifers systems.  

The CSIRO (Jolly et al, 2011) provides a range of methods for estimating likely recharge rates 

using scarce site data.  This includes a method for estimating the recharge based on clay 

content in the top two metres of soil profile.  The clay content established from particle size 

distribution analysis of samples taken from test pits and bore holes completed across the site 

(20 samples at variable depths from 14 different locations) were used for this method.  This 

method had estimated recharges rate of between 2.5 mm/yr and 340 mm/yr with an average of 

28 mm/yr.  Given an average annual rainfall rate in this area of 1,251 mm/yr (as estimated using 

the map connect website recommended by CSIRO) these recharge rates represent a minimum 

of 0.2 percent, an average of 2.2 percent, and a maximum of 27 percent of average annual 

rainfall. 

Groundwater recharge rates are expected to vary in this region with flatter forested and 

residential areas having relatively high recharge, and higher sloping and densely urban areas 

having relatively lower groundwater recharge. 

3.9 Registered Groundwater Users 

There are in excess of 60 registered groundwater bores used for water supply purposes within 5 

kilometres of the site, which are presented on Figure 11.  Details of the bores are provided in 

Appendix B along with the available information on yield and salinity.  Overall the available data 

suggests that groundwater is currently used for domestic, stock, recreational, farming and 

irrigation purposes. 

Figure 11 and Appendix C suggest that there are approximately three wells within 1 kilometre of 

the site and eight wells within 2 kilometres of the site.  These wells are registered as active and 

are used for domestic, stock and recreational activities.  This indicates that groundwater is 

suitable for these beneficial uses in this area.  
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3.10 Groundwater Dependent Ecosystems 

Communities of potential groundwater dependent ecosystems are identified within the 

Australian Bureau of Meteorology (BoM) groundwater dependent ecosystems (GDE) Atlas.  The 

atlas suggests that the nearest GDEs are likely to be located more than 2 kilometres to the 

north and south in low lying areas that are not expected to have a strong hydraulic connection 

to the site. 

Localised ecological studies undertaken for the Stage 1 Project and the Stage 2 Project have 

identified the presence of Red-crowned Toadlet habitats that rely on the presence of water and 

pools for foraging and breeding.  The locations of the Red-crowned Toadlet foraging and 

breeding areas are presented in Figure 11 as identified by SMEC (2014). These communities 

are located in the upper reaches of Trefoil Creek and the upper reaches of Curl Curl Creek 

(north of the sports fields at Aquatic Drive).  Red-crowned Toadlet communities are understood 

to be particularly sensitive to changing water quality and changing water flow conditions.  Given 

the nature of topography and general depths to groundwater in this area it is expected that the 

groundwater contributions would be relatively small compared with surface water inputs.  The 

groundwater inputs may, however, be important for communities during dry periods. 

Site visits to observe flow and seepage behaviour as detailed in Section 3.3 suggested that 

after relative dry periods (with no significant rainfall within the preceding week) some flow 

remained in both Curl Curl and Trefoil Creeks that could be indicative of groundwater input.  In 

Trefoil Creek this flow was very minor.  The flow was qualitatively estimated to be less than 0.05 

L/s.  In Curl Curl Creek the flows were also small and were estimated to be around 0.1 L/s. 

Groundwater seeps were identified along the banks.   

The site visit completed after reasonable rainfall identified levels in Trefoil Creek and Curl Curl 

Creek to be much higher than during dry periods suggesting that average flows are likely to be 

surface water dominated. 

The site observations suggest that, while groundwater inputs are a small component of overall 

flow in the Creeks where the Red-crowned Toadlet habitat is present, during dryer periods 

groundwater inputs may be responsible for sustaining low flows and water levels in pools in the 

creeks.  Low flows in Curl Curl Creek appeared more likely to persist during extended dry 

periods. 

The Stage 2 Project biodiversity assessment (SMEC, 2015) suggests that, while flows in the 

Red-crowned Toadlet habitat area may be augmented by groundwater inputs the groundwater 

dependence of Red-crowned Toadlet is expected to be limited due to the following factors: 

 Red-crowned Toadlet  habitat are expected to breed in response to rainfall and the 

washing of the eggs downstream to complete their life cycle is also considered to be 

dependent on rainfall and subsequent surface water flows. 

 Red-crowned Toadlet foraging and sheltering habitat (leaf litter piles and dense low 

vegetation close to breeding habitat) is dependent on soil moisture in the upper soil 

profile which is not likely to be affected by groundwater. 

While Red-crowned Toadlet habitat would be affected by changes to surface water flows or 

quality, the changes in the groundwater seepage to surface water are not considered likely to 

significantly impact Red crowned Toadlet. 

The biodiversity assessment conducted for EIS 1 (SMEC, 2014) has also identified flora 

communities of coastal enriched sandstone dry forest, Sydney Ironstone Bloodwood – Silvertop 

Ash Forest (Duffys Forest Ecological Community - DFEC) of varying degrees of condition.  The 

biodiversity assessment conducted for the Stage 2 Project (SMEC, 2015) also considered that 

the Duffys Forest Ecological Community vegetation within the study area would potentially only 
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use groundwater opportunistically during low rainfall or drought periods when surface water was 

in limited supply.  The observed depths to the groundwater table (see Table 5 and Table 6 in 

Section 3.6) in the region of the Concept Proposal and vegetation communities in these areas 

generally range between 1.6 and 10.7 metres below ground surface.  This suggests that the 

vegetation communities in these areas are capable of adapting to a range of depths to the 

groundwater table and that they are not sensitive to groundwater table depth.  Based on this the 

DFECs in and around the Stage 2 Project are considered to have a low dependence on 

groundwater. 

3.11 Water Quality 

Surface and groundwater water sampling has been undertaken for the Northern Beaches 

Hospital Project and the Stage 2 Project for the purposes of characterising the baseline water 

quality conditions and environmental values on which impacts can be assessed and 

management measures can be based. This section summarises the findings of surface water 

and groundwater quality investigations.  

3.11.1 Basis of Water Quality Assessment 

The Australian and New Zealand Guidelines for Fresh and Marine Water Quality (ANZECC 

guidelines) provide a management framework, guideline water quality triggers, protocols and 

strategies to assist water resource managers in assessing and maintaining aquatic ecosystems.  

The primary objective of the ANZECC guidelines is: 

‘To provide an authoritative guide for setting water quality objectives required to sustain current 

or likely future environmental values for natural and semi-natural water resources in Australia 

and New Zealand’. 

The guidelines recommend numerical and descriptive water quality guidelines (water quality 

threshold/trigger criteria) to help managers establish water quality objectives that would 

maintain the environmental values of water resources. They are not standards and should not 

be regarded as such (ANZECC, 2000). It should also be noted that the water quality values are 

not suitable for direct application to stormwater quality. Rather, the guidelines have been 

derived to apply to the ambient waters that receive stormwater discharges and to protect the 

environmental values that they support. 

Of particular importance is the philosophical approach for using the ANZECC guidelines of: 

‘protect environmental values by meeting management goals that focus on concerns or potential 

problems’ (ANZECC, 2000).  

That is, development of a monitoring program, including the performance objectives, standards 

and measurement criteria, should focus on specific issues not on pre-determined guideline 

values. 

The philosophy, management framework and guiding principles outlined in the ANZECC 

guidelines have formed the basis for development of Stage 2 Project specific assessment 

criteria.   

To better understand how the water quality data reported for the site related to the water quality 

threshold criteria presented in ANZECC (2000) the groundwater quality data was compared 
against the criteria presented in ANZECC (2000). The surface water features receiving water 

from the Stage 2 Project and surrounding area are located within urbanised catchments and as 

such are considered to be “slightly modified fresh water systems” (ANZECC, 2000). Based on 

this a protection level of 95 per cent for freshwater ecosystems, as recommended in ANZECC 

(2000) was used for the assessment. 
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The adopted criteria are listed within the analytical results tables presented in Appendix D.  

The ANZECC (2000) also provides screening trigger values for southeast Australia NSW low 

land rivers (less than 150 m in altitude). The low land rivers criterion has also been used in this 

assessment. 

Further to this the groundwater data has been compared against the surface water data to 

better understand the potential for discharge of groundwater seepage into the slot to surface 

water during construction and operation.  In this regard, and in accordance with the ANZECC 

(2000) assessment framework, the threshold criteria are the baseline surface water quality 

conditions.  Groundwater quality would need to meet these conditions prior to meeting the 

recommended ANZECC (2000) threshold criteria before discharge to surface water.  

3.11.2 Groundwater Quality 

Northern Beaches Hospital Investigation 

SMEC (2013) undertook a groundwater assessment at the Northern Beaches Hospital site in 

2013.  The groundwater investigation assessed a broad range of water quality parameters for 

the shallow groundwater system.  This groundwater system represents the up-gradient areas of 

the aquifer system that will be intersected by the Stage 2 Project.  The shallow groundwater 

system is more likely to be influenced by urban environments and as such this groundwater 

data may not be representative of the quality of the deeper groundwater systems in the 

Hawkesbury Sandstone. 

A comparison between the observed water quality data obtained at the hospital site by SMEC 

(2013) and the water quality criteria for a range of beneficial uses are presented in Table D1 to 

D3 of Appendix D. The data are summarised below: 

 The absence of detectable concentrations of chemicals generally associated with urban 

environments such as petroleum hydrocarbons (TRH), polynuclear aromatic 

hydrocarbons (PAH) and pesticides suggests that current surface activities are having a 

negligible impact on groundwater quality in this area. It is noted however that this only 

represents the conditions for a localised area within the Northern Beaches Hospital site 

which is located immediately to the north of the Stage 2 Project area and is potentially up-

gradient of any source of urban activity. 

 Background concentrations of metals were noted to be consistently above freshwater 

criteria of the ANZECC (2000) guidelines.  Low pH groundwater was reported to be 

consistently present and is outside the selected freshwater criteria for lowland rivers.  

There are also isolated exceedances of nitrate criteria.   

 Metals and total dissolved solids concentrations including chloride and sodium suggest 

that the inherent water quality is generally limited with regard to use for stock watering, 

potable water supply, agriculture and recreational uses.  It is noted however, the key 

exceedances for metals are aluminium and iron which have been reported as total 

concentrations as opposed to dissolved concentrations (which the criteria are based on).  

Total concentrations are often much higher than dissolved concentrations and, in this 

instance, will be over stating the exceedances of the aluminium and iron criteria.  

 The ANZECC (2000) guidelines also provide total dissolved solids (TDS) concentration 

criteria for different types of stock (such as poultry, cattle and sheep).  The criteria for no 

adverse impacts range from 2000 mg/L for poultry up to 5000 mg/L for sheep, although 

there are ranges beyond these criteria that stock will tolerate.  The reported TDS 

concentrations in the shallow groundwater generally range from 390 mg/L to 5,200 mg/L 

suggesting that groundwater may range from being acceptable to be marginal for stock 

use.  High TDS concentrations are generally associated with Ashfield shales which may 
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have influenced the reported groundwater quality.  As such, deeper groundwater systems 

within the Hawkesbury sandstone are expected to have lower TDS levels more suitable 

for stock purposes. 

Registered groundwater data from the NSW Pineenna database (2010) and presented in 

Appendix C provides a qualitative commentary on the water quality of the regional groundwater 

system.  While the quality of the data is highly uncertain it suggests that the quality of the 

regional groundwater water system is suitable for licensed purposes, which generally consist of 

stock, domestic, recreation, farming and irrigation purposes. 

Stage 2 Project Groundwater Quality Investigations - URS 

URS Australia Pty Ltd (URS) was engaged by Roads and Maritime to conduct a Phase 2 

Contamination Assessment as part of their Northern Beaches Hospital Road Connectivity and 

Network Enhancement Project.  The investigation included soil and groundwater sampling at a 

number of areas of environment concern (AECs).  The AECs are described below: 

 AEC1 – An area of potential fill material located on the western side of the intersection of 

Forest Way and Warringah Road. 

 AEC2 – An area of potential fill material, now used as a public space and walkway 

extending from Fitzpatrick Avenue to Hilmer Street. 

 AEC3 – An area of potential fill material constituting a grassed area between the southern 

side of Warringah Road and the adjacent industrial estate, extending from 100 m east of 

the Wakehurst Parkway/Warringah Road intersection up to 450 m. 

 AEC4 – A historical brickworks site located at the southwest corner of the intersection of 

Wakehurst Parkway and Warringah Road. 

 AEC5 – The 7Eleven service station located on the southern side of Warringah Road. 

The investigation included sampling of groundwater at AEC2 to AEC5 and identified a number 

of potential groundwater issues that included the following: 

 Concentrations of cadmium, chromium, copper, lead, nickel and/or zinc in groundwater 

were recorded as exceeding the adopted ecological threshold criteria within all AECs. 

Whilst ecological receptors are not anticipated to be present within the AECs during or 

subsequent to proposed excavation activities, groundwater (if encountered) will require 

management during excavation activities to prevent run-off towards these down gradient 

receptors. 

 Concentrations of arsenic, chromium, lead and/or nickel in groundwater were recorded as 

exceeding the adopted health-based (i.e. drinking water) threshold criteria within all 

AECs. Seepage and/or discharge of groundwater during proposed excavation activities 

may present a risk to construction workers exposed to groundwater. 

 Light non-aqueous phase liquid (LNAPL) was identified at a thickness of 2 mm in AEC5 in 

groundwater monitoring well MW_AEC5_2. Seepage and/or discharge of groundwater 

during proposed excavation activities may present a risk to ecological receptors or 

construction workers exposed to groundwater. 

URS noted that due to the restricted access to AEC5, the impacts identified within AEC5 during 

this investigation were only an indication of the condition within the area as a whole. URS 

recommend further assessment in this area.   



 

GHD | Report for SMEC Australia Pty Ltd - Northern Beaches Hospital Network Enhancement - Stage 2, 21/24063/01 | 

45 

Stage 2 Project Groundwater Quality Investigations - SMEC 

A groundwater and surface water monitoring program has been implemented for the Stage 2 

Project by SMEC and is currently at the stage of collecting baseline data.  The monitoring 

results are presented below. 

Groundwater sampling was undertaken by SMEC at 10 locations (GW1 to GW10). The 

sampling locations are presented in Figure 10. Four sample events have been completed and 

were undertaken on: 

 16 December 2014 

 06 - 07 January 2015 

 03 February 2015 

 10 March 2015 

Field parameters (pH, electrical conductivity, oxidation reduction potential, dissolved oxygen, 

temperature) were collected for each event. All groundwater wells were first purged prior to 

sampling using a dedicated bailer until field water quality parameters stabilised. Once the water 

quality parameters stabilised, groundwater samples were collected directly into laboratory 

supplied bottles, containing appropriate preservatives, from a dedicated bailer. Groundwater 

samples requiring metals analysis were filtered by the primary secondary laboratories (Envirolab 

and ALS). 

The samples were analysed at a national association of testing authorities (NATA) accredited 

laboratory for the following analyses: 

 pH 

 Electrical conductivity 

 Total dissolved solids 

 Total and dissolved heavy metals (arsenic, cadmium, chromium, copper. iron, lead, 

manganese, mercury, nickel, zinc) 

 Total recoverable hydrocarbons (TRH) 

 Benzene, toluene, ethyl benzene and total xylenes (BTEX) 

 Polycyclic aromatic hydrocarbons (PAHs) 

 Major and minor cations and anions (with alkalinity and ammonia) 

Results 

A summary of the analytical results is provided in Table D4 (Appendix D). 

Parameters that exceeded the nominated screening criteria and which highlight the differences 

between existing water quality and the selected ANZECC threshold criteria included: 

 Cadmium, chromium, copper, iron, lead, manganese, nickel and zinc: the existing 

(background) concentrations in groundwater samples exceeded the nominated screening 

criteria, however these exceedances could be natural background concentrations  

 Nitrate: the existing (background) nitrate concentrations in groundwater samples 

exceeded the nominated screening criteria at GW4, GW5, GW6 and GW10. 

General comments on the results are provided below: 

 pH ranges from acidic conditions at 3.6 at GW4 to near neutral conditions at 6.5 at GW5. 
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 Total dissolved solids (TDS) concentrations are generally less than 500 mg/L which is 

indicative of freshwater conditions and are likely screened within the Hawkesbury 

sandstone. GW2, GW4 and GW9 have higher TDS values and are likely to be screened 

within the shale laminate.  

 Benzene was detected in GW7 below screening criteria. This well is located near to a 

former petrol station. 

 TRH was detected at all wells during the December monitoring event.  In the subsequent 

three sampling rounds GW2 and GW7 were the only wells with results above the 

laboratory limit of detection. The December event results could be a false positive and 

measuring the natural carbon in the groundwater or influenced by other factors including 

sampling techniques. 

3.11.3 Surface Water Quality 

Surface water sampling was undertaken by SMEC at five locations (SW1 to SW5) across the 

wider catchment. The sampling locations are presented in Figure D1 (Appendix D). Four sample 

events have been completed and were undertaken on: 

 12 November 2014 

 6 January 2015 

 4 February 2015 

 10 March 2015. 

Sampling was undertaken during low flow conditions for all events and field parameters (pH, 

electrical conductivity, oxidation reduction potential, dissolved oxygen, temperature) were 

collected. The samples were analysed at a national association of testing authorities (NATA) 

accredited laboratory for the following analyses: 

 pH 

 Phosphate  

 Electrical conductivity 

 Total dissolved solids 

 Total suspended solids 

 Total and dissolved heavy metals (arsenic, cadmium, chromium, copper. iron, lead, 

manganese, mercury, nickel, zinc) 

 Total recoverable hydrocarbons (TRH) 

 Benzene, toluene, ethyl benzene and total xylenes (BTEX) 

 Polycyclic aromatic hydorcarbons (PAHs) 

 Major cations and anions 

 Nutrients – ammonia, nitrate, nitrate and phosphorus. 

Results 

Field parameters monitored at the time of sampling are detailed in Table E5 (Appendix D). A 

summary of the analytical results is provided in Table E6 (Appendix D). 

The TRH, BTEX and PAHs were all below the laboratory limit of detection.  

Parameters that exceeded the nominated screening criteria and which highlight the differences 

between existing water quality and the selected ANZECC threshold criteria included: 
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 pH: two minor exceedances for SW3 and SW5 in November 2014, which suggest that the

existing pH variation may be outside those normally present in lowland rivers within south

east Australia

 Electrical conductivity: majority of results were above the nominated screening criteria

suggesting that existing catchment water quality has a higher conductance

 Total suspended solids: the existing (background) total suspended solids concentration in

one surface water sample (January 2015 event) at SW3 exceeded the nominated

screening criteria

 Copper, iron and zinc: the existing (background) copper, iron and zinc concentrations in

surface water samples exceeded the nominated screening criteria, however these

exceedances could be natural background concentrations

 Nitrate: the existing (background) nitrate concentrations in surface water samples

exceeded the nominated screening criteria at SW1, SW2, SW3 and SW4.

Total dissolved solids results are indicative of freshwater conditions and is of drinking water 

quality (< 500 mg/L) for the majority of samples analysed. 

3.11.4 Comparison of Surface Water and Groundwater Quality Results 

A comparison of surface water quality data present in (GHD, 2015) against the water quality 

data presented in Appendix D suggests there are a number of analytical concentrations that are 

different between surface water and groundwater that will need to be managed before 

discharge to surface water.  This includes: 

 Higher total dissolved solids concentrations in groundwater.

 pH – groundwater concentrations are significantly lower than surface water

concentrations.

 Higher metals concentrations in groundwater for cadmium, iron, lead, nickel,

manganese and zinc.

 Higher concentrations in groundwater for chloride, sodium and sulphate.

 Higher concentrations in groundwater for nitrate and phosphorus.

If discharge of the groundwater seepage was to occur to surface water these chemicals would 

need to be managed to be within the range of background surface water conditions before 

discharge.  In the instance of cadmium, chromium, nickel and manganese the background 

concentrations in surface water are lower than the nominated ANZECC criteria and therefore 

treatment would only be required to criteria (presented in Appendix D) before discharge of these 

chemicals. 

There are also detectable concentrations of total petroleum hydrocarbons (TPH) and benzene in 

groundwater that have not been detected in surface water.  This data in combination with the 

presence of LNAPL in groundwater identified by URS (2015) suggest that these analytes will 

also require management.   

The main drivers for treating groundwater seepage to existing surface water quality conditions 

are to: 

 Be consistent with the intention of the National Water Quality Management Strategy

which aims to “to achieve sustainable use of the nation's water resources by protecting

and enhancing their quality while maintaining economic and social development.” (See

Section 2.3.3).
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 Meet the overall water quality objective framework outlined in ANZECC (2000) and 

discussed in Section 3.11.1, which is protective of the overall instream environmental 

values.  

 Maintain consistency with the water quality objectives recommended in the surface water 

assessment (GHD, 2015). 

 Minimise risks to sensitive ecological communities identified by the biodiversity 

assessment to interact with surface water systems, including Red-crowned Toadlet 

habitat. 

A more detailed assessment of water quality should be undertaken at detailed design stage 

when more surface water and groundwater monitoring data will be available.  This will further 

characterise the baseline groundwater and surface water quality conditions to inform 

groundwater seepage management requirements for discharge to surface water during 

construction and operation (if there is an unlined slot).  These investigations should include a 

more detailed assessment of the specific quality of each creek and the specific capacity of the 

creeks to receive groundwater seepage.  

3.11.5 Natural Groundwater Quality Changes 

Natural chemical changes in the chemical composition of groundwater seepage may occur as 

groundwater discharges to surface water.  These chemical changes are expected to be 

associated with exposure to air and/or mixing of the seepage water with surface water run-off.  

These changes are likely to result in precipitation of metals (particularly iron), changes in pH, 

redox potential and dissolved oxygen. 

In relation to the Stage 2 Project, any chemical changes to groundwater seeping into the slot 

when it is exposed to air would be similar to the changes that would occur to groundwater as it 

naturally discharges into surface water in this area. 
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4. Groundwater Modelling 
4.1 Model Development 

4.1.1 Model Complexity 

Based on the available data to characterise the conceptual hydrogeological conditions and to 

complete calibration, the model has been developed to a Class 2 level (as defined in the 

Australian Groundwater Modelling Guidelines, SKM, 2012).  With the incorporation of additional 

model runs to adequately deal with inherent uncertainty in the input data (discussed in following 

sections) it is expected that the model outcomes will adequately address the objectives of the 

model and groundwater assessment. 

4.1.2 Model Code Selection  

Numerical model development was undertaken using the Groundwater Vistas modelling 

Graphical User Interface (GUI) which was set up to simulate groundwater flow using 

MODFLOW-SURFACT (Hydrogeologic, 1996). MODFLOW-SURFACT is an enhancement to 

the MODFLOW 96 suite of groundwater modelling code. In particular MODFLOW-SURFACT 

was selected for this application because it provides additional capabilities which include 

representation of groundwater flow in the saturated and unsaturated zone. 

The numerical code selected for this model is MODFLOW-SURFACT v4 (HydroGeoLogic, 

1996), a proprietary modification to the United States Geological Survey’s open source 

MODFLOW-96 (finite difference) code. MODFLOW-SURFACT v4 provides several useful 

enhancements to MODFLOW-96 including: 

 A more robust and flexible numerical solver (PCG5); 

 Simulation of saturated and unsaturated zone flow, resolving many of the issues with cell 

drying and rewetting and associated numerical instabilities of standard MODFLOW; 

 A more flexible and robust well boundary package (FWL4/5); 

 A more flexible recharge package (RSF4), which allows for simulation of recharge 

rejection when groundwater levels are shallow. 

4.1.3 Model Domain 

The model size has been selected to characterise potential changes to surface water features 

located down gradient of the project site and any associated sensitive groundwater dependent 

systems.  

The groundwater model domain covers an area of 100 km2 (10 kilometres by 10 kilometres 

domain) centred on the Stage 2 Project location. The model was given a variable grid resolution 

with a resolution of 10 metres by 10 metres in a region of 3 kilometres (east - west) by 1.4 

kilometres (north - south) surrounding the hospital and a coarser resolution up to 100 metres by 

100 metres at the boundaries of the model domain. This grid refinement allows greater 

resolution of groundwater elevation response from the Stage 2 Project activities in areas of 

greater potential sensitivity. 

The current model grid for the Stage 2 project groundwater model is illustrated in Figure 12. 
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4.1.4 Model Layering 

Based on the conceptual model of the site (outlined in Section 3 and the NSW Department for 

Mines Geological Series 1:250,000 surface geology map of the area, a seven layer model has 

been developed which is summarised below: 

 Layer 1 – Unconsolidated deposits including fill and residual soils

 Layer 2 – Weathered rock units

 Layer 3 – Fresh Bedrock including Ashfield Shales and Hawkesbury Sandstone

 Layer 4 – Fresh Bedrock including Hawkesbury Sandstone

 Layer 5 – Fresh Bedrock including Hawkesbury Sandstone

 Layer 6 – Fresh Bedrock including Hawkesbury Sandstone

 Layer 7 – Fresh Bedrock including Hawkesbury Sandstone

Additional layers to reflect variable weathering conditions of the parent materials as defined in 

the geotechnical report (RMS, 2014a) was not undertaken as it was considered likely to result in 

layer thicknesses that would limit the computational abilities of the model and because there 

were inherent difficulties in interpreting the weathering data from the available bore data (i.e. the 

weathering was variable and inconsistent with depth). 

The layer elevations and thicknesses were developed using a combination of: 

 Topographic surface based on 1 meter resolution LIDAR data

 Interpreted borehole logs from the geotechnical investigations completed for the Concept

Proposal including the Northern Beaches Hospital

 Interpreted borehole logs from the NSW Registered Groundwater Bores database

Within each layer, the areal extent of different deposits, such as residual clay soils within Layer 

1 and Ashfield Shales and Hawkesbury Sandstones in Layer 3, were differentiated through 

parameterisation of the hydraulic conductivity. 

4.1.5 Groundwater recharge 

Recharge was represented in the model via the MODFLOW Recharge Package (RCH). 

Recharge is applied to the top active model layer. 

Four recharge zones were defined based on the following land use classifications: natural 

vegetation; low density residential; high density residential; and steep sloping topography. 

The initial recharge values assigned to each zone were estimated using the CSIRO Recharge 

Estimation spreadsheet (Jolly et. al., 2011), as discussed in Section 3.8.   

4.1.6 Hydraulic conductivities 

Based on the available hydraulic information presented in Section 3.5.1, the ranges in hydraulic 

conductivities summarised in Table 3 have been adopted as initial values for the modelling. 

4.1.7 Boundary conditions 

The boundary conditions adopted in the model are shown in Figure 12 and summarised in 

Table 7 below.  Table 7 provides the rationale for selecting the boundary conditions adopted. 
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Table 7 – Model Boundary Conditions 

Boundary 

Condition 

Location Layers Description/Rationale 

No flow 

boundaries 

South 

western parts 

of the model 

All layers No flow boundaries were assigned to the 

south-western edges of the Middle Harbour 

Creek based on the assumption that there is 

no significant subsurface groundwater inflow 

from adjacent catchments (see Figure 12). 

General 

head 

boundaries 

Model 

boundaries. 

All layers General head boundaries (GHB) have been 

applied along the western edge of Middle 

Harbour Creek along the active model domain, 

and Narrabeen Lagoon (see Figure 12). The 

elevations of the GHBs were set to the 

maximum of either 5 metres below ground 

surface, or 0 mAHD. 

General 

head 

boundaries 

Manly Dam Layers 1 to 3 Designed to represent a constant recharge 

source associated with water storage within 

Manly Dam. 

Drain 

boundaries 

Throughout 

the model 

where creeks 

and streams 

are present. 

Layers 1 to 3 Streams/creeks were simulated using the 

Modflow Drain Package (DRN), which 

operates by allowing baseflow out of the 

aquifer but not allowing leakage from 

watercourses to the aquifer. The drain stage 

elevation was set to 0.1 metres below the top 

of Layer 1 and the drain conductance was set 

to 200 m2/d.  

Drain boundaries were considered to be 

suitable as the creeks and streams are likely to 

be ephemeral and unlikely to act as recharge 

points. 

As surface water flow data is absent within the 

model domain for use in calibration, stream 

cells were not considered necessary. 

They have been assigned within the top three 

layers of the model to promote flow to drainage 

areas where model cell communication is 

limited by steep topography. 

4.2 Model Calibration 

4.2.1 Model Calibration Strategy 

Calibration of the groundwater flow model was undertaken in steady state (stabilised average 

conditions) through comparison of the modelled and average observed groundwater levels at 

the nine key groundwater monitoring well locations (discussed in Section 3.6.1).  
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A broad manual calibration process was undertaken initially to obtain realistic starting values for 

automated calibration using the Parameter Estimation (PEST) modelling software (Doherty, 

2010). 

Automated steady-state calibration was then undertaken using the PEST suite of software 

(Doherty, 2010). The calibration process included specifying preferred and reasonable upper 

and lower bound model input parameter values for PEST. PEST was then programmed to run 

the groundwater model numerous times with different combinations of input values within the 

input constraints specified to build-up an understanding of the input parameter combinations 

that could achieve the best-fit root mean square error result between observed and simulated 

groundwater elevations. 

The primary stressors responsible for uncertainty in the model design include recharge, vertical 

and horizontal hydraulic conductivity, drain conductance and groundwater storage. Other 

potential model input parameters such as layer elevations, general head boundaries and 

surface water feature elevations where considered to be either reasonably constrained or 

unlikely to significantly impact the model outcomes. 

The calibrated hydraulic conductivities are generally proportionate to the recharge rates being 

applied to the model.  So high recharge models generally have higher hydraulic conductivity 

values. To manage the uncertainty in the available hydraulic conductivity and recharge data, 

high and low recharge models were developed which had PEST ranges at the upper and lower 

bound recharge rates expected.  Each model was then calibrated using PEST, where PEST 

was used to vary the hydraulic conductivity parameters within the model to achieve calibration. 

This gave two models with similar calibration results but with different model recharge and 

hydraulic conductivity values.   

Given that the models outlined above were calibrated in steady state conditions, the models did 

not account for the potential change to the storage capacity of the surrounding media. As such, 

the two calibrated models were then run under high and low storage conditions in transient 

mode. All model layers where set to unconfined conditions and as such only the unconfined 

storage parameters (specific yield - Sy) were varied.  

The model runs completed to assess uncertainty in the model design and input parameters are 

summarised below. 

Table 8 – Calibration and Uncertainty Assessment Model Runs 

Run Name Description 

Scenario 1a Low end recharge – low storage parameters 

Scenario 1b Low end recharge – high storage parameters 

Scenario 2a High end recharge – low storage parameters 

Scenario 2b High end recharge – high storage parameters 

The input parameters that were considered within PEST for all models completed, including 

storage parameters used in the transient runs, are presented in Appendix B. 

All models were considered to be potentially plausible and were carried through to the model 

simulations. 

4.2.2 Calibration Targets 

Table 9 presents the observed data used by PEST for optimising the input parameters.  The 

quality column in the table highlights which data is considered to be the most suitable for 
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calibration. The lowest values represent the data considered most important for achieving a 

good calibration as these data are closest to the project area or are located within key 

lithological units and have reliable data.  

The steady-state groundwater model was calibrated using data sourced from the local 

monitoring network (key wells), and from the NSW registered bore database, as outlined below. 

The locations of the calibration data are presented in Figure 13. 

Key wells 

Data from the local groundwater monitoring network, as discussed in Section 3.6, were 

available for the period of December 2013 and March 2014 at 30 minute intervals for use in 

calibration.  The average elevations from the monitoring data have been used for steady state 

calibration of the hydrogeological model.   

Regional bores 

The groundwater data with prefix ‘GW’ has been adapted from the NSW registered bore 

database and the groundwater level data may or may not be reliable, however it has been used 

to constrain groundwater in areas of the model where a tight calibration is less crucial. 

Table 9 – Steady State Calibration Data 

Name Description X Y Layer Quality Average 
Observed 
Elevation 
(mAHD) 

BH11A Key Bore 335951 6264003 4 1 147.92 

BH14 Key Bore 336698 6263889 4 1 147.68 

BH17 Key Bore 336428 6263882 3 1 144.90 

LD01A Key Bore 335851 6263969 2 1 148.22 

LD02A Key Bore 336054 6263953 2 1 151.17 

BHP107 Key Bore 336343 6264031 3 1 151.46 

BHPZ01 Key Bore 336181 6263989 4 1 152.59 

BHPZ24 Key Bore 336442 6264136 4 1 151.87 

BHPZ31 Key Bore 336224 6264182 4 1 155.48 

GW072222 Regional Bore 341158 6262237 1 2 2.59 

GW062258 Regional Bore 339958 6266616 3 2 3.45 

GW105760 Regional Bore 340355 6260674 1 2 0.28 

GW105329 Regional Bore 333822 6267715 6 2 92.31 

GW107745 Regional Bore 339873 6262009 2 2 2.47 

GW106686 Regional Bore 340643 6265793 6 2 2.05 

GW108144 Regional Bore 340078 6263189 6 2 10.67 

GW108250 Regional Bore 337075 6265269 6 2 60.62 

GW107992 Regional Bore 334308 6265259 6 2 77.52 

GW110294 Regional Bore 341175 6258919 4 2 1.73 

GW105850 Regional Bore 340947 6263666 4 2 26.43 

It is noted that the additional spot groundwater level readings for the period 15th – 16th 

December 2014 were not available at the time of model calibration and were therefore not used 
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in the model calibration. Data from these bores were used as a model validation, discussed in 

Section 4.2.3.  
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4.2.3 Calibration Results 

Comparison of Observed and Modelled Groundwater Levels 

Figure 14 presents a scatter plot of modelled against observed average groundwater levels for 

all head targets (regional bores and key wells) used to calibrate the steady-state, and Figure 15 

presents the scatted plot for key wells only.  

For the entire calibration data set (i.e. using key and regional bore data), the scaled root mean 

square error (sRMS) approximated 6 percent for the low flow model (Scenario 1) and 13 percent 

for the high flow model (Scenario 2).  When using the key bore data only, scaled root mean 

square errors (sRMS) of 20 percent and 22 percent for the low flow (Scenario 1) and high flow 

(Scenario 2) models respectively were obtained. These values are above the limit of 5 percent 
recommended in the Australian Groundwater Flow Modelling Guideline (Barnett et al, 2012). 

Calibrated model water balance errors are consistently below one percent, which is within the 

guidelines’ suggested limits.  With the sRMS values being outside the criteria recommended a 

range of modelling scenarios have been assessed, as detailed in Section 4.2.1. 

Figure 14 – Steady State Groundwater Level Calibration: Key Wells and 
Regional Bores 
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Figure 15 – Steady State Groundwater Level Calibration: Key Wells 

Figure 16 presents the simulated groundwater elevations along the slot under existing 

conditions, compared to the observed groundwater elevations from the monitoring data 
(presented as minimum, average and maximum range) and data in the Concept Design 

Geotechnical Interpretation Report (RMS, 2014a).  The figure presents the modelled 

groundwater level for Layers 2 and 3 which represent the primarily saturated units in the model 

intersected by the slot.  The simulated levels in the two layers range from above observed 

conditions to below observed conditions.  The high elevations in Layer 2 ensure a higher 

representation of the groundwater elevations along the alignment and therefore a conservative 

base on which to assess impacts.  

Given the nature of the topography and drainage systems the calibrated model will provide a 

significantly more realistic outcome than with the adoption of analytical methods. 



GHD | Report for SMEC Australia Pty Ltd - Northern Beaches Hospital Network Enhancement - Stage 2, 21/24063/01 | 59 

Figure 16 – Cross Section of Simulated vs Observed Slot Groundwater Elevations – Existing Conditions 
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Calibrated Hydraulic Conductivity 

The calibrated hydraulic conductivities in the numerical models are presented in Appendix B. 

The calibrated hydraulic parameters for the residual clays ranged between 0.002 m/day and 

0.09 m/day, which are towards the upper end of the literature values presented in Section 3.5.1 

but encompass the expected values.  Upper end values promote a greater radius of drawdown 

and slot inflow and are considered to be conservative in the context of this modelling.  

The calibrated hydraulic parameters for the weathered sandstone ranged between 0.1 m/day 

and 0.5 m/day, which is at the upper end of the literature values for the Hawkesbury Sandstone 

documented in Section 3.5.1.  Upper end calibrated values are expected given that the 

Sandstone is weathered. 

The calibrated hydraulic parameters for the fresh sandstone ranged between 0.0001 m/day and 

0.12 m/day with shallow zones having higher end values and deeper zones having lower 

values.  This range corresponds well with the general values and trends for the Hawkesbury 

Sandstone outlined in Section 3.5.1 and spans across the expected values. 

The calibrated hydraulic parameters for the fresh shale ranged between 0.005 m/day and 0.12 

m/day which are generally within the expected ranges but have an upper value that is slightly 

higher than what would normally be expected for Ashfield Shales (see Section 3.5.1). This may 

be due to the shales being shallow and having increased weathering, and in the context of this 

modelling is considered to be conservative as it will promote drawdown and increase slot 

inflows. 

The calibrated vertical hydraulic conductivities in the fresh bedrock units ranged between 1E-6 

m/day and 0.09 m/day.  The higher vertical hydraulic conductivities are present at shallow 

depths in the model while they are lower at depth, which supports hydrogeological information 

of decreasing defects and permeability with depth in the Hawkesbury Sandstone. The Kh/Kv 

ratios are large in the model (up to 3 orders of magnitude). This is supported by hydrogeological 

information for Hawkesbury Sandstone, which suggests that these ratios can be large due to 

lower permeability laminate layers within the sandstone that impede vertical flow and enhanced 

horizontal flow due to fracturing occurring along horizontal bedding planes. 

Overall the calibrated hydraulic conductivity values generally fall within the ranges of the 

baseline information presented in Section 3.5.1.  Further to this the calibrated models include a 

range in values that are similar to, or are at the conservative end of, those presented in Section 

3.5.1.  This suggests that model is producing realistic results while tended toward conservative 

outcomes. 

Recharge  

The calibrated recharge values for the low recharge model (Scenario 1) were between half an 

order and an order of magnitude lower than the high recharge scenario (Scenario 2). Scenario 1 

values were generally less than 34 mm/yr (2.7 percent of annual rainfall), while Scenario 2 

recharge values were generally above 180 mm/yr (15 percent of annual rainfall).  This tested 

range is relatively large, but is only spans the middle to upper percentiles of the expected 

ranges in background conditions outlined in Section 3.8.  It may suggest that the model is 

slightly on the high flow side, which may lead to slightly higher interpretation of slot inflows but 

slightly less drawdown (although with higher hydraulic conductivities this would be expected to 

be counteracted). 
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Model Validation 

Additional spot groundwater level readings for the period 15th – 16th December 2014 were not 

available at the time of model calibration; as such this data was used to validate the calibrated 

models. The spot groundwater levels were compared to the modelled heads from the two 

calibration scenarios, and the results presented in Table 10. The scaled root mean square error 

(sRMS) approximated 27 percent for the low flow model (Scenario 1) and 23 percent for the 

high flow model (Scenario 2).   

It is important to note that the observed groundwater level readings are only indicative, as at 

present, the wells are not surveyed. The results indicate that the model achieves a good 

representation of observed heads at wells located near the Red-crowned Toadlet habitats 

(GW3, GW4, GW8 and GW9).  

Table 10 – Observed and computed groundwater levels for additional 
groundwater monitoring wells 

Target Observed 
Groundwater 
Level (mAHD) 

Scenario 1 - 
Computed Head 
(mAHD) 

Scenario 2 - 
Computed Head 
(mAHD) 

GW1 145 115 127 

GW2 146 143 146 

GW3 96 92 96 

GW4 149 148 149 

GW5 146 159 139 

GW6 148 150 137 

GW7 155 129 122 

GW8 129 114 129 

GW9 144 142 147 

GW10 150 126 135 

4.2.4 Sensitivity Analysis 

In order to account for uncertainty, a range of calibrated model set-ups have been developed.  

Further to this, the model calibration results suggest that potential slot inflows and groundwater 

drawdown impacts will be conservative (i.e. slightly over stated).  Within this framework it is 

considered that additional analysis to test the sensitivity of the model by making unit changes in 

input parameters is unlikely to improve the robustness of modelling outcomes. 

As noted earlier the model has been calibrated under steady state conditions only, which results 

in storage parameters not being accounted for in the calibration process.  For this reason the 

specific yield has been varied in accordance with literature values for specific yield (unconfined 

storage parameters). Refer to Appendix B for adopted storage parameter values. 
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4.3 Model Predictions 

The predictive groundwater models described in this section have been based on an ‘unlined 

slot’ design.  Further consideration is given to assessing different design options (Section 6) and 

cumulative impacts (Section 8).  The potential design options assessment includes two 

groundwater models (Option 1 and Option 2). These options were assessed for their potential 

impacts, which were then compared against the unlined slot (preferred option).  The cumulative 

impact assessment includes model runs that address cumulative potential impacts of the 

Northern Beaches Hospital Project, the Stage 1 Project and the Stage 2 Project.  

4.3.1 Predictive Model Objectives 

To address the overarching objectives of the groundwater assessment presented in Sections 

1.5 and 1.6 the predictive model simulations have been designed to:  

 Characterise the groundwater impacts to sensitive groundwater dependent features.  Of

particular interest are the breeding habitats of the Red-crowned Toadlet, which are

understood to be sensitive to changes in groundwater flow and groundwater quality.

 Characterise the anticipated volumes of groundwater that may be intercepted by the slot

for the purpose of:

– Understanding water access license requirements from NOW during construction and

operation.

– Understanding the volumes of water that may require treatment/management before

discharge back to receiving environments.

 Aid in the process of identification and characterisation of mitigation and monitoring

measures to manage impacts identified.

4.3.2 Predictive Model Construction 

The predictive groundwater modelling focuses on simulating the aspects of the Stage 2 Project 

that will impact the existing groundwater conditions.  This includes simulating flow into 

subsurface infrastructure and changes to groundwater recharge associated with surface 

infrastructure. 

With regard to subsurface infrastructure inflow, the predictive modelling for the Stage 2 Project 

includes the assessment of seepage into the Stage 2 Project slot and the Northern Beaches 

Hospital basement.   

With regard to groundwater recharge changes the predictive modelling for the Stage 2 Project 

simulated the changes in recharge associated with the Stage 2 Project.  Other groundwater 

recharge impacts associated with the Hospital and the Stage 1 Project are considered further in 

Section 8 - Cumulative Impact.  This has been completed to characterise the significance of 

recharge changes on the groundwater impacts and whether active recharge mitigation 

measures are required as part of the Stage 2 Project. 

Details of how the predictive models have been designed to simulate the Stage 2 Project 

groundwater impacts are provided below.  

Slot Simulation 

Outputs from Stage 2 Project 3D preliminary design model (file ref. 141024 - DES NBH OPT3, 

dated 24 October 2014) have been imported into the model domain and used to specify the 

elevations of the slot within the model. 

The preliminary design will be subject to potential change at detailed design phase. Detailed 

design changes may require further consideration for groundwater impacts. 
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The slot has been represented in the model using drain cells which is considered to be the most 

appropriate model tool/package for assessing seepage into the slot. 

The initial simulations assume that seepage to the slot will not be impeded in any way by lined 

infrastructure.   

The slot has been represented with drain cells in Layers 1 to 4 in the model.  The elevation on 

the base of the slot has been taken from the preliminary design model (24th October 2014) 

design drawings (file ref. 141024 - DES NBH OPT3).  

Hospital Simulation  

The Northern Beaches Hospital is expected to have two areas of sub surface infrastructure.  

This includes a carpark located on the western side of the site and the Hospital basement 

located in the central northern area of the site.  Appendix G includes plans and a schematic of 

the hospital as at February 2014.  These plans were used to locate the basements in the 

groundwater model and to represent the depth of the basements in the model. 

The basement of the carpark was set at an elevation of 151.5 m AHD during construction and 

153 m AHD during operation.  The basement floor of the Hospital was set at an elevation of 

152.8 m AHD during construction and 154.3 m AHD during operation.  A deeper elevation was 

used for construction to simulate extra depths required for installation of the basement.  

It has been conservatively assumed in the model that the basements are free draining (unlined) 

for the entire duration of construction.   

To isolate the Stage 2 project operational impacts from those of the other projects in the study 

area (including the hospital), the modelling included the assumption that subsurface hospital 

levels were lined to prevent influx of water into buildings during operation. This was represented 

in the model by introducing low permeability cells at the end of construction.  To understand any 

potential impacts with or from other projects in the study area, the cumulative assessment (refer 

to Section 8) was undertaken by modelling hospital basement conditions known at the time of 

preparing this report.  The permeability selected was based on design leakage rates into lined 

tunnels of 0.084 Litres/m2/day presented on the United State Department of Transportation 

Federal Highway Administration website 

(http://www.fhwa.dot.gov/bridge/tunnel/pubs/nhi09010/01a.cfm).  The permeabilities adopted for 

the slots and hospital basements in the model were 3.8E-06 m/day. 

The Northern Beaches Hospital has been assumed to be constructed progressively over the 

first half of the construction program (See Table 11) for the Stage 1 and 2 Projects.  

Subsurface Detention Simulation  

A subsurface detention basin located beneath Aquatic Drive has been planned for capturing 

surface water run-off from the Stage 2 Project, including the slot.  The design drawings that 

were available as at 10 December 2014 were used to simulate the detention basin in the model. 

It was assumed that the detention basin would be developed at the same time as the slot. The 

subsurface detention basin was simulated in the model as a structure impeding groundwater 

flow by reducing the hydraulic conductivity.  The recharge rate to the sediments above the tank 

were considered to be the same as existing which is appropriate given that the tank will be 

located below currently sealed areas. 

Another subsurface basin is located at the south of Fitzpatrick Avenue East.  This tank is 

currently designed to be shallow and is not expected to intersect groundwater.  It is therefore 

not considered likely to act as a barrier to groundwater flow.  Further to this the tank is proposed 

to be located beneath a residential area largely covered by buildings and sealed surfaces, as 

such it is not considered likely that the groundwater recharge conditions will change 
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significantly.  As such, this tank is not considered to be significant and has not been included in 

the modelling. 

The design drawings highlighting the locations of the tanks are presented in Appendix H. 

Recharge changes 

It has been assumed where there has been a land use change associated with the Stage 2 

Project that these areas are now sealed and that recharge will fall to 80 percent of original 

conditions.  An 80 percent reduction in the recharge is considered to be a realistically 

conservative condition that assumes some diffuse background from the stormwater 

infrastructure. 

The process of identifying areas where recharge will reduce in the model has been undertaken 

by overlapping the Stage 2 Project on the existing land use conditions and in areas where the 

land use has changed significantly the calibrated model recharge has been reduced by 80 

percent. 

The main area where land use change is considered likely to affect recharge conditions is at the 

Northern Beaches Hospital site as there are significant increases in sealed areas relative to the 

previous land use.  This has been assessed as part of the assessment of cumulative impacts 

presented in Section 8. 

The proposed construction compound locations are not expected to result in significant land use 

changes to that which already exists. 

Stress Period and Time Steps 

Construction and operational impacts have been assessed in the model. This has been 

completed by converting the base steady state models into transient model runs.  

Monthly time steps have been used to simulate construction of the slot over a period of 

approximately 1.5 years as indicated in Table 11. 

Table 11 – Indicative Construction Staging 

Construction Activity 2015 2016 2017 2018 

Enabling works X X

Establishment of compounds X

Utilities relocation X X X X

Warringah Road westbound X X X X 

Slot construction X X X X X X

Intersection works (major) X X X X

Intersection works (minor) X X X

New road connections X X X X X

Pedestrian and cyclist bridges X X X

Testing and commissioning X X

Project completion X

Hospital X X X X X X

Subsurface Detention Basin X X X X X X

Operational conditions have been simulated in the transient model as yearly time-steps for a 

period of 17 years (up to 2034) and then for 10 year time-steps for an additional 100 years (up 

to 2134) after the completion of construction.  This is expected to be enough time to facilitate 

steady state conditions. 

Recharge rates for areas unaffected by the Stage 2 Project have been held constant throughout 

the transient model. 
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Initial Groundwater Levels and Model Parameters 

The base case calibrated steady state groundwater elevations have been used as starting 

heads in the model. 

All changes associated with the Stage 2 Project have been assessed relative to these 

elevations. 

Model Simulations 

The calibrated models that are presented in Table 8 (Section 4.2.1) are all considered to be 

equally plausible in representing existing conditions.  As such, these model runs have all been 

used to simulate the Stage 2 Project design assumptions outlined above (i.e. unlined slot). 

Further model runs to assess potential design options and cumulative impacts are presented in 

Sections 6 and 8. 

4.4 Model Results 

4.4.1 Slot Seepage 

Figure 17 presents the simulated slot inflows during construction and under long term 

(operational) conditions.  The maximum inflows are predicted to be reached at the end of 2017 

during construction.  The maximum slot flows at this time are simulated to range between 26 

m3/day (0.3 L/s) and 52 m3/day (0.6 L/s) for the low and high recharge scenarios respectively.   

Under long term (operational) conditions inflows fall for the low recharge scenario to be between 

6 and 14 m3/day (0.07 L/s and 0.16 L/s) but remain high for the high rainfall scenario at around 

42 m3/day (0.5 L/s). The results indicate that there is minimal difference in seepage rates 

between the low and high storage scenarios.  

Based on the conservatism built into the model due to uncertainty in the input data and 

calibration results, it is expected that the overall seepage has potential to be less than the low 

end simulated values.   

Figure 17 – Predicted slot inflows 

Date 
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4.4.2 Hospital Seepage 

Figure 18 presents the simulated inflow to the hospital carpark during construction and under 

long term (operation) conditions.   The maximum inflows are predicted to occur during the 

middle of the hospital construction (December 2015 to October 2016).  The maximum inflows 

into the hospital basements excavations at this time are simulated to range between 7 m3/day 

(0.08 L/s) and 20 m3/day (0.2 L/s) under low and high recharge scenarios respectively.  Inflows 

are predicted to approach zero at the start of 2017, when dewatering is driven by construction of 

the slot and when the hospital basements become lined.  

As noted in Table 11 (Section 4.3.2) the excavation of the Hospital basement is assumed to 

precede construction of the slot by up to 5 months.  As such groundwater impacts in the area 

would therefore be assumed to be occurring prior to the development of the Stage 2 Project 

impacts. 

Based on the conservatism built into the model due to uncertainty in the input data and 

calibration results, it is expected that the overall seepage has reasonable potential to be less 

than the simulated values. 

Figure 18 – Predicted hospital carpark inflows 

 

4.4.3 Recharge Reduction 

Using the conservative approach that adopts an 80 percent recharge reduction in sealed areas 

that intersect former recreational and undeveloped bushland areas the following Stage 2 Project 

groundwater recharge area reductions are expected: 

 Four percent reduction for the high recharge model. 

 0.4 percent reduction for the low recharge model. 

4.4.4 Surface water flows 

Appendix F contains plots of seepage flows to surface water features in proximity of the Stage 2 

Project area during construction and over the long term (operation), where the assessed surface 

water feature extents are shown in Figure 19.  The modelling results indicate that the Stage 2 

Project results in negligible (not measureable) impact to the long-term flows for the majority of 

the down gradient surface water features.  However, some flow changes are simulated at the 

Date 
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Red-crowned Toadlet habitat in Trefoil Creek and the Red-crowned Toadlet habitat in Curl Curl 

Creek, at Bantry Bay Tributary and Middle Creek south west tributary.  The flow changes at 

these sites are summarised below. 

 The Red-crowned Toadlet habitat  in Trefoil Creek is simulated to have groundwater

inflows under existing conditions between 15 m3/day and 97 m3/day.  Based on field

observations undertaken in this area it is expected that the low end value is a more

realistic representation of groundwater inputs under dry conditions, which is when

groundwater dependent systems would most likely rely on groundwater inflows. The long

term permanent reduction in groundwater inflow to the creek due to the Stage 2 Project is

simulated to approximate 1.3 to 3.0 percent (a reduction of 0.5 m3/day under the low

recharge scenario).

 The Red-crowned Toadlet habitat in Curl Curl Creek is simulated to have groundwater

inflows under existing conditions between 3 m3/day and 52 m3/day.  Based on field

observation undertaken in this area it is expected that the low end value is a more

realistic representation of groundwater inputs under dry conditions, which is when

groundwater dependent systems would most likely rely on groundwater inflows.  While

groundwater inputs will continue into the creek once the Stage 2 Project commences the

groundwater input volume will reduce to long term permanent reductions of between 30 to

46 percent of existing values.  Inflows during construction may be reduced by as much as

52 % of existing flows (a reduction of 1.1 m3/day under the low recharge scenario).

 The Middle Creek South West tributary is simulated to have groundwater inflows under

existing conditions between 20 m3/day and 162 m3/day. The reduction in groundwater

inflow to the creek due to the Stage 2 Project is simulated to approximate 3 to 6 percent

(a reduction of 0.7 m3/day under the low recharge scenario).

 The Bantry Bay tributary is simulated to have groundwater inflows under existing

conditions between 121 m3/day and 971 m3/day. The reduction in groundwater inflow to

the creek due to the Stage 2 Project is simulated to approximate 0.4 to 1.6 percent (a

reduction of 0.6 m3/day under the low recharge scenario).
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4.4.5 Groundwater Drawdown 

Figure 20 to Figure 27 present the modelled groundwater drawdown at the end of slot 

construction (March 2018) and under long-term conditions (at 2134) given a free draining slot ( 

preferred option  The results are presented for the low storage models of the high and low 

recharge scenarios, representing a conservative estimate of drawdown. The results are 

presented for Layers 2 and 3 which represent the primarily saturated units in the model 

intersected by the slot. 

Construction 

The low recharge scenario modelling results (Figure 20 and Figure 21) indicate that the 

groundwater drawdown cone at the end of the Stage 2 Project construction (simulated to be at 

the end of March 2018) has a radius of up to 800 metres.  The maximum drawdown of greater 

than 11 metres occurs in Layer 2 in the vicinity of the Hospital and the deepest point of the slot.  

The large drawdown is primarily due to: 

 The relatively high groundwater levels in proximity to the hospital being drawn down to 

the relatively deep slot elevation where the average groundwater level at nearby bore 

BHPZ01 is 152.5 mAHD and the base of the adjacent slot extends down to 143 mAHD 

within 150 metres of the hospital 

 The model slightly over simulating groundwater elevations in Layer 2 resulting in a 

conservatively high estimate of drawdown in Layer 2.  Layer 3 has much lower 

drawdowns (i.e. less than 5 m).  

The high recharge scenario modelling results (Figure 24 and Figure 25) indicate that the 

groundwater drawdown cone at the end of construction has a larger radius of up to 1.1 

kilometres.  The larger drawdown cone is a function of the calibrated higher permeability of the 

shallow lithology associated with the high recharge model.  The maximum drawdown that 

occurs in Layer 2 of greater than 5 metres is present in the vicinity of the Hospital and along the 

slot.  

The maximum drawdown across the Red-crowned Toadlet habitat to the south (Curl Curl Creek) 

and north (Trefoil Creek) of the Stage 2 Project is presented in Table 12 and suggests that 

drawdown in the Red-crowned Toadlet habitats at the end of construction may be as high as 2.0 

metres in localised areas closest to the Stage 2 Project.  The drawdown figures suggest the 

majority of the Red-crowned Toadlet habitat in Trefoil Creek has drawdown of less than 1.0 

metre and the majority of the Red-crowned Toadlet habitat in Curl Curl Creek has drawdown 

less than 1.0 metre. 

Table 12 – Maximum modelled groundwater drawdown to Red-crowned 
Toadlet Habitats 

Red-crowned 

Toadlet Habitat 

Low recharge scenario High recharge scenario 

End of 

construction 

Year 2134 End of 

construction 

Year 2134 

South of Stage 2 

Project area 

2.0 2.1 2.0 3.0 

North of Stage 2 

Project area 

0.5 2.0 2.0 3.0 

Three groundwater wells are interpreted to be within the zone of drawdown influence associated 

with the constructions works.  This includes GW029663, GW031758 and GW106757, which are 
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simulated to have drawdowns of less than 1.0 metre, with drawdown less than 0.2 m in 

GW029663. Relevant construction details for these wells are provided in Table 13. 

No other identified potential receptors are within the zone of drawdown impact. 

Operation 

For the purpose of this assessment, drawdown has been considered under the Stage 2 Project 

for an unlined slot.  By modelling the impacts associated with an unlined)slot, an assessment of 

the potential impacts on sensitive receivers can be characterised and suitable mitigation options 

developed ..  

The low recharge scenario modelling results (Figure 22 and Figure 23) indicate that the zone of 

groundwater drawdown under operational conditions extended further than the drawdown at the 

end of construction, based on the assumption that the slot will not be lined.  This is due to long 

term (operational) dewatering of the slot and has a radius of up to 1.800 kilometres. The 

maximum drawdown of up to 10 metres occurs in Layer 2 in the vicinity of the slot (as a result of 

ongoing dewatering of the unlined slot) and reduced recharge to the Stage 2 Project.  As noted 

for the construction drawdown impacts, the maximum drawdown is slightly over stated for Layer 

2 due to conservatism built into the model.  The drawdown at the hospital basements is a 

manifestation of the model design as opposed to a simulated drawdown. 

The high recharge scenario modelling results (Figure 26 and Figure 27) indicate that the 

groundwater drawdown cone under operational conditions has a larger radius to that at the end 

of construction (up to 1.3 kilometres).  The results indicate that the maximum drawdown occurs 

in model Layer 2 and is up to 10 metres in the vicinity of the Hospital.  

The maximum drawdown across the Red-crowned Toadlet habitat to the south (Curl Curl Creek) 

of the Stage 2 Project is estimated at 2.1 metres under the low recharge scenario and up to 3.0 

metres under the high recharge scenario (Table 12) under long term operational conditions. The 

figures suggest that the majority of the habitat areas will have drawdown of less than 1 m.  The 

drawdown will potentially result in a very localised movement of seepage downslope, however, 

as noted in Section 4.4.4 the drawdown is not sufficient to prevent ongoing groundwater 

seepage to surface water features and only results in a small percentage reduction in seepage 

to areas of Red-crowned Toadlet habitat. 

The maximum drawdown across the Red-crowned Toadlet habitat to the north of the Stage 2 

Project (Trefoil Creek) is estimated at 2.0 metres under the low recharge scenario and up to 3.0 

metres under the high recharge scenario (Table 12) under long term operational conditions.  

The figures suggest that the majority of the habitat areas will have drawdown of less than 1 m. 

The model results suggest that the maximum drawdown exceeds 0.1 metre in the long-term at 

three landholder wells in the vicinity of the site (Table 13). The largest impacts are anticipated at 

Stock bore GW106757 located to the north-east of the site, which could experience up to 0.8 

metres of drawdown under the high recharge model scenarios. 

Table 13 – Modelled maximum groundwater drawdown at landholder wells 

Work 
Number 

Purpose Status Distance 
from Site 
(m) 

Drilled 
Depth 
(mBGL) 

Maximum long term drawdown (m)  

 

Scenario 
1A 

Scenario 
1B 

Scenario 
2A 

Scenario 
2B 

GW106757 DOMESTIC Active 89 7 0.3 0.3 0.7 0.7 

GW031758 STOCK Active 370 58.5 0.3 0.3 0.6 0.6 

GW029663 STOCK Active 560 unknown <0.1 <0.1 <0.2 <0.2 

No other identified receptors are within the zone of drawdown impact.  
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Data source: Google Earth, Aerial Image, 2014; LPI, Basemaps, 2012; GHD, Groundwater Model Layers, 2015; SMEC, Red-crowned Toadlet habitat, 2014, BOM, GDE Map, 2014. Created by: adrummond
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Data source: Google Earth, Aerial Image, 2014; LPI, Basemaps, 2012; GHD, Groundwater Model Layers, 2015; SMEC, Red-crowned Toadlet habitat, 2014, BOM, GDE Map, 2014. Created by: adrummond
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SMEC Australia Pty Ltd
Northern Beaches Hospital Network Enhancement - Stage 2

Groundwater Drawdown (m) Layer 2

High Recharge (Low Storage) - End of Construction

Data source: Google Earth, Aerial Image, 2014; LPI, Basemaps, 2012; GHD, Groundwater Model Layers, 2015; SMEC, Red-crowned Toadlet habitat, 2014, BOM, GDE Map, 2014. Created by: adrummond
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Date 10 Mar 2015

SMEC Australia Pty Ltd
Northern Beaches Hospital Network Enhancement - Stage 2

Groundwater Drawdown (m) Layer 3

High Recharge (Low Storage) - End of Construction

Data source: Google Earth, Aerial Image, 2014; LPI, Basemaps, 2012; GHD, Groundwater Model Layers, 2015; SMEC, Red-crowned Toadlet habitat, 2014, BOM, GDE Map, 2014. Created by: adrummond
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SMEC Australia Pty Ltd
Northern Beaches Hospital Network Enhancement - Stage 2

Groundwater Drawdown (m) Layer 2

High Recharge (Low Storage) - Long Term (2134)

Data source: Google Earth, Aerial Image, 2014; LPI, Basemaps, 2012; GHD, Groundwater Model Layers, 2015; SMEC, Red-crowned Toadlet habitat, 2014, BOM, GDE Map, 2014. Created by: adrummond
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SMEC Australia Pty Ltd
Northern Beaches Hospital Network Enhancement - Stage 2

Groundwater Drawdown (m) Layer 3

High Recharge (Low Storage) - Long Term (2134)

Data source: Google Earth, Aerial Image, 2014; LPI, Basemaps, 2012; GHD, Groundwater Model Layers, 2015; SMEC, Red-crowned Toadlet habitat, 2014, BOM, GDE Map, 2014. Created by: adrummond
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5. Assessment of Impacts
5.1 Impact Assessment Method 

The impact assessment method has been developed by: 

 Establishment of a hydrogeological model for the Stage 2 Project and surrounding areas.

 Characterising the existing local and regional hydrogeological conditions.

 Predicting the hydrogeological changes in groundwater levels and flows using numerical

groundwater modelling.

 Inferring and documenting the magnitude of potential changes in groundwater conditions

and surface flow discharges from the numerical groundwater model results.

 Characterising the legislative criteria against which predicted changes in groundwater

conditions can be compared to establish whether the groundwater changes represent

acceptable or adverse impacts.

The bulleted points above have been detailed in the proceeding chapters of this assessment 

and form the basis for undertaking the impact assessment presented in this chapter. 

The aim of this impact assessment is to bring together the information present in preceding 

chapters to characterise the presence of adverse or acceptable impacts.  The chapter 

summarises the key sources of infrastructure potentially impacting groundwater, the identified 

sensitive receptors potentially affected and the criteria adopted from the legislative requirements 

against which impacts have been assessed. The chapter then uses the groundwater modelling 

results to characterise the presence or absence of adverse impacts at the receptors using the 

established criteria. 

The impact assessment presented herein is based on a preferred ‘unlined slot’ design scenario 

that includes the following key conditions, which have been included in the modelling works 

detailed in Section 4.3: 

 The slot is free draining during construction and operation.

 The Northern Beaches Hospital basements are free draining during construction but are

lined once draining commences (i.e. negligible removal of groundwater).

 The Northern Beaches Hospital manages site rainfall so that the net groundwater

recharge conditions for the site as a whole are the same as before hospital construction

(i.e. no recharge effects).

This represents the ‘unlined slot’ option, further consideration is given to different designs 

(Section 6) and cumulative impacts (Section 8).  The potential design options assessment 

includes two groundwater models (Option 1 and Option 2). These options were assessed for 

their potential impacts, which were then compared against the unlined slot (preferred option). 

The cumulative impact assessment includes model runs that combine potential impacts of the 

Northern Beaches Hospital Project, the Stage 1 Project and the Stage 2 Project (assuming a 

lined slot).  

For the purposes of the impact assessment the unlined slot assume negligible influence from 

the Northern Beaches Hospital Project for the purpose of isolating the Stage 2 Project impacts.  

The cumulative assessment provides results the Stage 2 Project and the influences of the 

Northern Beaches Hospital and Stage 1 Project by assuming hospital basements are not lined 

and that they influence recharge to groundwater. 
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5.2 Sources of Impact 

The key sources of risk can differ significantly between construction and operation and as such 

have been reviewed independently in the following sections.  

5.2.1 Construction impact sources  

Construction impacts may include potential changes to groundwater quality and groundwater 

levels. Further detail on these impacts is provided below. 

Changed groundwater recharge conditions 

The construction of access roads, tracks and the isolation of areas for stockpiling of construction 

materials can alter groundwater recharge. Compaction of shallow soils due to construction 

works may occur in areas of unconsolidated alluvial sediments which can also result in reduced 

groundwater recharge. Excavation of the slot, other subsurface infrastructure and surface works 

that change land use (such as construction of the westbound lanes that result in removal of a 

large proportion of Karingal Reserve that is currently grassed/vegetated) can also locally reduce 

groundwater recharge and lower the water table.  This could impact surrounding groundwater 

receptors including groundwater users and GDEs. 

A detailed construction management plan is not currently available for the development of the 

Stage 2 Project.  For this reason the construction of the Stage 2 Project has made broad 

assumptions about construction progress which are presented in Section 4.3.2.  Figure 28 

presents the key areas expected to be subject to groundwater recharge reduction during 

construction, which has been incorporated into the modelling simulations presented in Section 

4. 

The groundwater changes associated with the Stage 2 Project construction are presented in 

Section 4.4. 

The assessment of whether these groundwater changes represent adverse impacts to the 

identified sensitive receptors is provided in Section 5.5. 

Groundwater drawdown 

Deep excavations such as the slot, the subsurface detention basin located near to Aquatic Drive 

and Fitzpatrick Avenue and the Northern Beaches Hospital basement may require temporary 

localised dewatering during the construction phase. Drawdown associated with this can affect 

groundwater elevations and yields/flows at key receptors such as the surface water features, 

groundwater dependent ecosystems and groundwater users. 

A subsurface detention basin is located at the south of Fitzpatrick Avenue East.  This tank is 

currently designed to be shallow and is not expected to intersect groundwater and result in 

dewatering impacts.   

Dewatering will be required during the construction of the slot. The impacts will depend on the 

local hydraulic conductivity of the aquifer matrix and fracture features.  This drawdown would be 

permanent and would remain after construction as the slot would act as an ongoing 

groundwater discharge point. 

In addition to the above impacts, groundwater elevation impacts can also be created by 

groundwater abstraction for water supply during construction.  The Stage 2 Project will obtain 

construction water from reticulated water supplies or other non-groundwater related sources 

(i.e. no groundwater supply will be required).  
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Figure 28 presents the key areas expected to be subject to groundwater seepage reduction 

during construction, which has been incorporated into the modelling simulations presented in 

Section 4. 

The groundwater changes and inflow/dewatering rates associated with the Stage 2 Project and 

the Hospital basement construction are presented in Section 4.4 

The assessment of whether these groundwater changes represent adverse impacts is provided 

in Section 5.5 below. 

Groundwater quality 

Potential groundwater quality risks include isolated spills and accidents occurring during 

construction and through diffuse impacts associated with general construction activities such as 

use of machinery.  Contaminants of primary concern generally consist of hydrocarbon 

contamination. Impact is likely to occur through the infiltration of spilt or diffuse contamination 

through the ground surface or through dirty water retention facilities (such as temporary 

sediment basins) to the underlying groundwater systems.  

The location of temporary construction sediment basins or treatment systems is currently 

unknown but will be required to manage and treat surface run off from the construction site.  

The placement and location of these would be presented in the construction and environmental 

management plan for the site and the locations are not considered further as part of this 

groundwater assessment. 

Groundwater seepage into the slot will require disposal.  If seepage is disposed to groundwater 

or surface water there will be a potential for water quality impacts to surface water or 

groundwater that will need to be considered.  The water quality impacts from seepage water 

may be due to introduced chemicals from site activities, surrounding land use activities (such as 

service stations) and or due to natural changes in groundwater as it is exposed to air.  The 

chemical changes on exposure to air will potentially result in changes to pH, dissolved oxygen, 

oxygen reduction potential, metals and precipitation of metals (iron and manganese). Elevated 

total dissolved solids and nitrate levels in background groundwater may also present a potential 

impact for surface water. 

5.2.2 Operational impact sources 

On-going impacts may also occur during the long-term operation phase of the project. These 

impacts may include changes to groundwater quality and groundwater levels. Further detail on 

the potential source of operation impacts is provided below. 

The preferred method of ongoing operation is to allow inflow into the slots.  This water would 

then be collected and discharged in accordance with appropriate water quality criteria presented 

in an EPL or other applicable Australian Water Quality criteria that is protective of the receiving 

environment.   

Reduced Groundwater Recharge 

The Stage 2 Project will result in widening of the road infrastructure in a number of areas.  The 

widening will result in replacement of some existing reserve areas and residential housing areas 

with sealed road infrastructure surfaces. 

Increasing the sealed surface will increase runoff and decrease groundwater recharge.  This 

could reduce groundwater elevations resulting in potential impacts to surrounding groundwater 

dependent systems on a permanent basis. 

Figure 28 presents the key areas expected to be subject to groundwater recharge reduction 

during operation. 
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The groundwater changes associated with the Stage 2 Project operation are presented in 

Section 4.4. 

Interception of groundwater and groundwater drawdown 

Drawdown is predicted to occur during construction of the slot and other subsurface structures 

which will remain after construction and throughout the lifetime of the upgrade (.  This may 

result in potential impacts to surrounding groundwater receptors on a permanent basis.  

In some places it is expected the road slot will intersect groundwater by up to 7 m, near to the 

Red-crowned Toadlet habitat located in Curl Curl Creek catchment. 

Figure 28 presents the key areas expected to be subject to groundwater recharge reduction 

during construction. 

The groundwater changes and inflow/dewatering rates associated with the Stage 2 Project and 

the Hospital basement operation are presented in Section 4.4 

The assessment of whether these groundwater changes represent adverse impacts is provided 

in Section 5.5 below. 

Groundwater quality 

Road runoff can contain pollutants associated with vehicular movement and normal use due to 

leaks, spills and accidents.  

It is noted that the current Stage 2 Project area includes large residential and commercial areas 

and arterial infrastructure (i.e., Warringah Road, Wakehurst Parkway and Frenches Forest 

Road) and as such the groundwater environment will already be reflective of this type of land-

use.   

The surface water system implemented to capture and treat surface water could potentially act 

as a diffuse source of groundwater quality impacts.  All subsurface stormwater collection 

systems have potential to have some leakage to groundwater, however, it can be expected that 

with improved design and newer systems compared with current conditions that there will be 

less infiltration of impacted groundwater than under current conditions.  Further to this, the 

stormwater treatment systems and subsurface detention systems will be designed to prevent 

leakage and infiltration to groundwater.  

Based on the current understanding of aquifer properties and likely groundwater migration rates 

it is expected that any potential impacts would emerge slowly as groundwater impacted by site 

activities migrates down hydraulic gradient. 

The primary chemicals of concern associated with site activities (i.e. traffic) are expected to 

arise from metals and petroleum hydrocarbons (including poly aromatic hydrocarbons) but there 

also may be a risk from fire retardants and other chemicals associated with managing accidents 

and spills. 

The options for an unlined slot for disposal could include either/or: discharge back to 

groundwater; discharge to surface water drainage lines; transport offsite; and/ or discharge to 

trade waste. The treatment system would be determined at detailed design phase.  If 

groundwater seepage mixes with surface water run-off it will potentially be impacted by site 

activities (i.e. hydrocarbons). 

Surrounding land use has been identified to have impacted groundwater quality, which has the 

potential to seep into the slot and require management before disposal.  

Changes in the chemical composition of the groundwater seepage into the slot may occur 

between the seepage point and the point of discharge, which could adversely impact the 
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receiving environment.  These chemical changes are expected to be associated with exposure 

to air and/or mixing of the seepage water with surface water run-off. 

Any chemical changes to groundwater seeping into the slot when it is exposed to air would be 

similar to the changes that would occur to groundwater as it naturally discharges into surface 

water in this area. Based on this, these chemical changes are not expected to represent an 

adverse impact.  The chemical changes are likely to result in changes to pH, dissolved oxygen, 

oxygen reduction potential, dissolved metals and metals precipitation. 

Spills and water derived from washing walls within the slot may act as a source of groundwater 

quality impacts if it is not stored, managed and disposed of effectively and is allowed to leak or 

is actively infiltrated to the underlying groundwater systems. 

5.3 Sensitive Receptors 

As discussed earlier, the primary sensitive receptors identified in Sections 3.9 and Section 3.10 

and presented in Figure 11 include: 

 Registered groundwater wells that are used for domestic, stock, recreational, farming and

irrigation purposes.  These uses may be impacted by both changes in water quality and

changes in groundwater drawdown (and hence abstraction volumes).  Potable water use

is not considered to be a beneficial end use (and hence receptor) as Sydney is on a

reticulated potable water system.

 The habitats of Red-crowned Toadlet, which are understood to be sensitive to changes in

both surface water quality and surface water flows.

 Other vegetation communities such as coastal enriched sandstone dry forest, Sydney

Ironstone Bloodwood – Silvertop Ash Forest (DFEC) of varying degrees of condition.

These receptors have been discussed in relation to the groundwater changes in Section 5.5 and 

Section 5.6 

The groundwater changes associated with the Stage 2 Project construction are presented in 

Section 4.4. 
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5.4 Criteria for Undertaking Assessment 

The NSW AIP requires that potential impacts on groundwater sources, including their users and 

GDEs, be assessed against minimal impact considerations, outlined in Table 1 of the Policy. If 

the predicted impacts are less than the Level 1 minimal impact considerations, then these 

impacts will be considered as acceptable. The predicted groundwater impacts have been 

assessed with reference to the minimal impact considerations for less productive groundwater 

sources.  A less productive (low yields and variable water quality) system has been selected 

based on the conceptual understanding of the conceptual hydrogeological conditions. These 

criteria are as follows: 

 Water table – less than or equal to 10 percent 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 GDE or high priority culturally significant site listed in the schedule

of the relevant WSP. A maximum of a 2 metres water table decline cumulatively at any

water supply work.

 Water pressure – a cumulative pressure head decline of not more than 40 percent of the

‘post-water sharing plan’ pressure head above the base of the water source to a

maximum of a 2 metres decline at any water supply work.

 Water quality – any change in the groundwater quality should not lower the beneficial use

category of the groundwater source beyond a distance of 40 metres from the activity.

The characterisation of impacts has adopted these criteria as a basis for establishing the 

presence of potentially adverse impacts, on which, further investigations or mitigation measures 

are proposed in Section 6.  These criteria need to be considerate of the changing conditions 

temporally and spatially in order to provide a comprehensive assessment of impacts. 

5.5 Groundwater Flow and Drawdown Impacts 

5.5.1 Groundwater wells 

The predicted impacts at the nearest wells are predicted to be less than 0.7 m under 

construction and operation scenarios.  This is less than the minimal impact criteria listed in the 

NSW AIP for the groundwater table, which stipulates that less than 2 m of cumulative drawdown 

at any water supply work (water bore) is considered to represent a minimal impact.  As such no 

groundwater wells in the surrounding area are expected to be negatively impacted.  

It is noted that there are also criteria for water pressure which usually are associated with 

groundwater elevations in deeper confined aquifer systems.  As the impacts associated with the 

Stage 2 Project are primarily related to shallow unconfined aquifer systems (i.e. the water table) 

these criteria have not been considered further. 

5.5.2 Groundwater Dependent Ecosystems 

The maximum groundwater drawdown across the Red-crowned Toadlet habitat located to the 

south (Curl Curl Creek GDE) of the Stage 2 Project area is estimated to be up to 2.0 metres at 

the end of construction, and 3.0 metres in the long-term.  The maximum groundwater drawdown 

across the Red-crowned Toadlet habitat located to the north (Trefoil Creek GDE) of the Stage 2 

Project area is estimated to be up to 0.5 metres at the end of construction, and 3.0 metres in the 

long-term.  The NSW AIP minimal impact criteria stipulate that there is a minimal impact when 

there is less than a 10 percent 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 

GDE.  Section 3.6 generally suggests natural variation in groundwater levels are in the order of 

1 m and 10 percent of this would be in the order to 0.1 m, which is smaller than the simulated 
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drawdown during both construction and operation.  As such impacts are considered to be more 

than minimal (i.e. potentially significant) and need to be considered further.  

Based on the understanding of Red-crowned Toadlet habitat outlined in the Stage 2 Project 

biodiversity assessment (SMEC, 2015) these groundwater changes are unlikely to result in a 

reduction in surface water flows that will adversely impact Red-crowned Toadlet habitats. As 

such, the Red-crowned Toadlet habitats are not considered to be adversely impacted by the 

changes during both construction and operation. 

Duffys Forest Ecological Community vegetation within the vicinity of the Stage 2 Project will 

potentially use groundwater opportunistically (SMEC, 2015) during low rainfall or drought 

periods.  As noted in Section 3.10 depths to the groundwater table in these areas are variable 

(ranging between 1.6 and 10.7 metres below ground surface) and suggest that the vegetation in 

these areas are not sensitive to groundwater table depth and therefore that they have a low 

groundwater dependence.  While the project will result in drawdowns greater than 5 m in 

isolated areas around the Stage 2 Project, in most areas where vegetation is present the 

drawdowns will be less than 2 m.  Given the current range in depths to the groundwater table 

this drawdown is not expected to be significant or represent an adverse impact.  There is one 

stand of Sydney Ironstone Bloodwood – Silvertop Ash Forest located to the northeast of the 

intersection of Warringah Road and Wakehurst Parkway that is in good to moderate condition 

where drawdown associated with the Stage 2 is simulated to be greater than 5 m.  There may 

be a low potential for adverse impacts during dry periods during both construction and operation 

at this location. 

5.5.3 Settlement of Soft Sediments 

The groundwater drawdown plots suggest that there will be significant drawdown of existing 

groundwater elevations around the slot.  Previous geotechnical work completed by RMS (RMS, 

2014a) suggests that settlement affects from the slot dewatering would not be significant.  This 

is supported by the hydrogeological conditions present at the site (discussed in Section 3.7), 

Despite this it is recommended that the potential for settlement to occur is reconsidered by the 

geotechnical specialists given the revised drawdown information obtained from the groundwater 

modelling. 

5.6 Groundwater Quality Impacts 

The sources for groundwater quality impacts differ between construction and operation 

however, as detailed in Section 5.2, the impacts will arise from infiltration of contaminants 

released by residual site activities or spilt or leaked chemicals during both the construction and 

operation phases. Further to this groundwater seeping into the slot that has been impacted by 

surrounding urban activities may require management before discharge to a selected receiving 

environment.  

The NSW AIP minimal impact criteria state that any change in water quality should not change 

the beneficial use category of the water beyond 40 m of the activity.  The potential for changes 

to the beneficial use of the water quality under construction and operation conditions is 

discussed further below. 

Construction  

During construction there will be an increased potential for groundwater quality impacts from 

impacted surface water and spills/leaks to surface soils migrating to the underlying groundwater.  

Further to this management will be required of groundwater seepage into the slot impacted by 

surrounding activities before discharging back to the environment.  These potential sources of 

impact are likely to be additional potential sources of impact to those that currently exist.  
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Comparison of selected water quality objectives (Sections 2.3.3 and Section 3.11.1), surface 

water quality data and groundwater quality data suggest that groundwater seepage into the slot 

during operation will require management and treatment before discharge to surface water. As 

such, appropriate mitigation and monitoring measures need to be implemented during 

construction to mitigate these impacts.  Mitigation and monitoring measures are discussed 

further in Sections 6 and 9. 

The locations of surrounding groundwater supply wells relative to the groundwater flow 

conditions across the Stage 2 Project suggest that they are unlikely to be hydraulically 

downgradient of the Stage 2 Project construction activities and are therefore unlikely to be 

impacted by any construction activities. 

Operation  

It is expected that while the Stage 2 Project will result in localised land use changes, overall the 

land use conditions will be the same as the existing conditions.  This means that the risk to the 

beneficial use of the underlying groundwater system will be the same as the existing conditions. 

As such the potential for an adverse impact to groundwater quality is considered to be low; 

however, this assumes that the design and management practices of the operation Stage 2 

Project would limit infiltration of impacted surface water to groundwater to a similar or better 

level than the existing system.  It is expected that design and management practices for the 

Stage 2 Project will reduce the potential for diffuse impacts to emerge, however, design and 

management practices that should be considered to reduce the potential for diffuse impacts to 

groundwater quality are presented in the mitigation section (Section 6).  

Comparison of selected water quality objectives (Sections 2.3.3 and Section 3.11.1), surface 

water quality data and groundwater quality data suggest that groundwater seepage into the slot 

during operation will require management and treatment before discharge to surface water. 

Further to the above, groundwater contours suggest that surrounding groundwater supply wells 

are unlikely to be hydraulically downgradient of the Stage 2 Project and are therefore unlikely to 

be impacted by any diffuse impacts. 
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6. Design Options Assessment
6.1 Introduction 

To assess the potential improvements that could be made to identified drawdown impacts and 

slot seepage management requirements (associated with the unlined slot) additional 

groundwater modelling was undertaken that considered lining the slot during operation.  Roads 

and Maritime modelled two potential design options which included lining the slot only (Option 1) 

and lining the slot with underground drainage (Option 2). The design features of these options 

are outlined in Section 6.2. 

The modelled options did not consider the slots to be lined during construction as there will be 

an ongoing excavation face. However, the exposed face and associated seepage could be 

minimised by progressively installing an operational liner behind the excavation face or by 

having temporary walls (such as sheet piling or shotcrete liner) during construction to minimise 

the seepage from exposed areas.  During operation the installation of a liner will serve to 

prevent seepage and removal of groundwater from the aquifer systems in this area.   

Residual water quality risks are also associated with managing and disposing of groundwater 

seepage into the slot during construction and operation.  If this seepage water is impacted 

either by site activities, surrounding activities and/or chemical changes it may require treatment 

or other additional management prior to disposal to the selected receiving system.  A lined slot 

would prevent seepage into the slot and therefore eliminate the requirement for management 

and treatment of the groundwater before disposal.  As noted above, during construction this will 

not be achievable as there will be an ongoing excavation face, however, the exposed face and 

associated seepage could be minimised by progressively installing an operation liner behind the 

excavation face or by having a temporary walls (such as sheet piling or a shotcrete liner) during 

construction to minimise the seepage from exposed areas.  During operation the installation of a 

liner will serve to prevent seepage and the ‘take’ of groundwater from the aquifer systems in this 

area. 

The model simulations have been developed for the purpose of better understanding the 

variations in outcomes associated with lining the slot and should be considered in the context of 

the relatively minor to no impacts that will occur with an unlined slot and the ability to manage 

groundwater seepage into the slot. 

6.2 Groundwater Drawdown and Groundwater Seepage Impact 
Mitigation 

The lined slot modelling considered two different design options as detailed below. 

 Option 1 – Lining the slot only to:

– Minimise interaction with the underlying groundwater system and hence limit

groundwater seepage.  This was only assumed to occur during the operation phase.

The slots were considered to be completely open to inflow during the construction

period, which was considered to be conservative as lining of the slot could occur as

construction progresses.

 Option 2 – Lining the slot with subsequent under drainage to:

– Minimise interaction with the underlying groundwater system and hence limit

groundwater seepage.  This included the same liner conditions for construction and

operation used for Option 1 above.
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– Facilitate groundwater flow from one side of the slot to the other and hence potentially 

reducing any impacts associated with the slot acting as a barrier to flow. 

These design options were incorporated into the calibrated groundwater model to assess the 

potential for reducing the identified flow and drawdown impacts.  A summary of the model set-

up used for the design options assessed is provided below. 

6.2.1 Mitigation Modelling Set-up 

The same model design used for the initial simulation (unlined slot) of impacts was used except 

for the changes outlined above.  The hospital design was assumed to be the same. The set-up 

of the model used for the impact assessment (unlined slot) is provided in Section 4.3.  The key 

differences in the models developed to simulate Option 1 and 2 are summarised below:   

 The slot cells in the model were assigned very low hydraulic conductivities during 

operation to represent a lined slot.  The hydraulic conductivity selected was based on 

design leakage rates into lined tunnels of 0.084 Litres/m2/day presented on the United 

State Department of Transportation Federal Highway Administration website 

(http://www.fhwa.dot.gov/bridge/tunnel/pubs/nhi09010/01a.cfm).  The hydraulic 

conductivities adopted for the slots and hospital basements in the model were 3.8E-06 

m/day. 

 Recharge volumes in the model were kept the same as in the calibrated model however, 

for modelling purposes, some spatial redistribution of recharge was undertaken to prevent 

the generation of unrealistic results (i.e. areas of mounding over the slots, which were 

represented as low hydraulic conductivity zones). 

 Under drainage used in Option 2 was represented as high permeability zones running 

under the base of the slot.  In the absence of specific design information a drainage 

blanket was placed under the slot to facilitate flow beneath the slot.  The drainage blanket 

was given a hydraulic conductivity value of 10 m/day.   

6.2.2 Modelling Results 

As there are no differences to the construction conditions, the simulated construction impacts 

are the same as for the unlined slot modelling.  As such the following discussion is focused on 

the long term operational impacts associated with the Stage 2 Project.  It should be noted 

however, that if the slot was to be lined it would probably occur as construction progressed 

which would limit the area exposed to seepage and the overall drawdown associated with 

seepage during construction. 

The modelling results are summarised below. 

Option 1 – Slot Liner Only 

 The groundwater drawdown plots are presented in Appendix E1 to Appendix E4 and 

groundwater seepage changes are presented in Appendix F. 

 The results suggest that long term (operation) drawdown and flow changes to the Red-

crowned Toadlet habitat present in Trefoil Creek will be removed (i.e. no drawdown). This 

is an improvement on the unlined slot. While there is an improvement, it is noted that 

impacts are considered to be acceptable with an unlined slot.  

 The model suggests that groundwater recovery and hence flows into Trefoil Creek will 

recover to existing levels or higher within 2 to 3 years of construction completion. This is 

an improvement on the unlined slot. While there is an improvement, it is noted that 

impacts are considered to be acceptable with an unlined slot. 
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 The results suggest some residual impacts remain at the Red-crowned Toadlet habitat 

located in Curl Curl Creek when compared against the NSW AIP minimal impact criteria.  

However, based on the understanding of the Red-crowned Toadlet habitat in these areas 

(SMEC, 2015), which suggests that the habitats are not groundwater dependent; this is 

not considered to represent an adverse impact.  It is noted that the maximum simulated 

drawdown approximates 1 metre in a very isolated location and the majority of the 

drawdown across the GDE area is less than 0.5 m. This is about half the drawdown 

simulated for the unlined slot as documented in Section 4.4.4. 

 An area of significant drawdown that exists under the unlined slot scenario, to the 

northeast of the corner of Warringah Road and Wakehurst Parkway, has been mitigated.  

This removes the low potential risk to potential opportunistic GDE vegetation in this area 

that exists with an unlined slot. 

 The long term operational baseflow reduction into Curl Curl Creek GDE is simulated to 

fall by between 13 and 28 percent (See Appendix F and Section 5.5.2).  This is an 

improvement over an unlined slot condition, however, there are no adverse impacts 

considered to exist to Curl Curl Creek with an unlined slot. 

 A review of simulated changes in groundwater elevations up gradient of the slot (to the 

north and west of the hospital) and down gradient of the slot (to the south and next to 

Wakehurst Parkway) are presented in Figure 29 and Figure 30.  The results suggest that 

the slot acts as a barrier to flow resulting in long term (operation) drawdown in the 

groundwater elevations on the down gradient (southern) side of the slot and a rise in long 

term groundwater elevations on the up-gradient (northern) side of the slot.  This 

represents excess groundwater in the system that could be used to reduce drawdown in 

the GDE areas to the south of the slot.  A pressure relief system could drain excess 

groundwater to the GDE areas on the southern side of the slot, however, impacts are 

already considered to be acceptable. Preliminary groundwater model runs suggest that 

this is a feasible option. 

 As a point of note, there are negligible drawdown impacts to surrounding groundwater 

users. 

 Groundwater seepage into the slot is reduced to negligible amounts, which removes the 

requirement to treat and manage groundwater on a long term operational basis. 

 The reduction of groundwater seepage to negligible amounts will remove a potential 

requirement to obtain a water access license from the NSW Office of Water. 

 Based on the findings, Option 1 (lined slot) provides improvements to the groundwater 

drawdown impacts relative to a free draining unlined slot, and with the development of a 

pressure relief system it is expected that all groundwater drawdown and surface water 

flow changes can be reduced to minimal levels.   

 It is noted that, while the lined slot results in improvements to groundwater drawdown and 

groundwater flow reduction, an unlined slot  is simulated to result in acceptable 

groundwater drawdown and flow reduction impacts (other than a low potential risk to 

potential opportunistic GDE vegetation in a localised area). With the adoption of an 

unlined slot further consideration of the water treatment will be required to avoid adverse 

water quality impacts from discharge to surface water.  Water quality management is 

discussed further in Section 7. 
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Figure 29 – Mitigation Option 1 Groundwater Response South of Slot 

 

 

Figure 30 – Mitigation Option 1 Groundwater Response North of Slot 

 

 

Option 2 – Slot Liner with Under Drainage 

 The groundwater drawdown plots are presented in presented in Appendix E5 to Appendix 

E8 and groundwater seepage changes are presented in Appendix F. 

 The large drawdown is expected to be due to the preferential drainage of the aquifer 

system within higher permeability material placed under the slot.  There is no 

improvement on the unlined slot.  A different arrangement for the under drainage (isolated 

sections) would likely improve the outcomes of this option. 

 The results suggest that long term (operational) drawdown impacts in excess of 5 m have 

the potential to remain at both the southern and northern GDE’s.  In accordance with the 
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NSW AIP minimal impact criteria this represents a potential adverse impact, however, 

flow changes do not result in adverse impacts to Red-crowned Toadlet habitat. 

 The long term baseflow reduction into Curl Curl Creek GDE is simulated to fall by 

between 21 and 100 percent (i.e. no groundwater inflow).  This is an improvement on the 

unlined slot. 

 The long term baseflow reduction into Trefoil Creek GDE is simulated to fall by between 2 

and 9 percent. This is an improvement on the unlined slot. 

 An area of significant drawdown, that existed under the unlined slot, to the northeast of 

the corner of Warringah Road and Wakehurst Parkway remains.  This drawdown 

represents a low potential risk to potential opportunistic GDE vegetation in this area. 

 Groundwater seepage is reduced to negligible amounts, which removes the requirement 

to treat and manage groundwater on a long term (operation) basis. 

 The reduction of groundwater seepage to negligible amounts will remove a potential 

requirement to obtain a water access license from the NSW Office of Water. 

 As a point of note, while there is drawdown simulated at nearby wells the drawdown is 

simulated to be less than the NSW AIP minimal impact criteria and is therefore 

considered to represent an acceptable impact. 

 A comparison with the results for Option 1 (lined slot only) suggests that the modelling 

results are sensitive to the installation of underdrainage.  Further analysis using targeted 

drainage at isolated locations (i.e. in and around the Red-crowned Toadlet habitat in Curl 

Curl Creek) is expected to improve the outcomes of this option.   

 Based on the findings, Option 2 does not provide significant improvements to the 

groundwater drawdown impacts relative to the unlined slot conditions, and as such is not 

considered to be a suitable option.  A different arrangement for the under drainage 

(isolated sections) would likely improve the outcomes of this scenario.  

6.2.3 Flow Reduction  

The flow reductions simulated for the unlined slot and the lined slot mitigation scenarios are not 

considered to create adverse flow impacts to surface water features and GDE’s dependent on 

flows in surface water.    

6.2.4 Groundwater Drawdown  

Groundwater drawdown impacts occur during construction due to seepage into the slot.  The 

modelling works adopt a worst case approach where by the slot is considered to be completely 

drained throughout construction.  While groundwater drawdowns are expected to present a low 

risk of impact to potentially opportunistic GDE vegetation in and around the Stage 2 Project, 

measures that could be considered to reduce the low risk could include: 

 Installing temporary walls (such as shotcrete liners or sheet piling) during construction 

behind the progressing work area. This will reduced open seepage faces and therefore 

reduce drawdown. 

 Installing liners (if selected) as soon as possible behind the working face to limit open 

seepage faces and therefore reducing the overall potential for seepage and drawdown. 

During operation, the lined slot scenario results in a removal of groundwater drawdown changes 

on the up-gradient (north side) of the slot.  With the inclusion of a pressure relief system that 

transfers groundwater build up from the up-gradient side (north side) to the down gradient side 

(south side) of slot it is expected that most drawdown changes will be removed on the south 
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side of the slot also.  This drawdown improvement will further reduce the already low risk 

potential for impacts identified to the opportunistic GDE vegetation in and around the Stage 2 

Project area.   While there is an improvement, it is noted that impacts are considered to be 

acceptable with an unlined slot. 

  



 

94 | GHD | Report for SMEC Australia Pty Ltd - Northern Beaches Hospital Network Enhancement - Stage 2, 21/24063/01  

7. Mitigation measures 
7.1 Groundwater Quality 

7.1.1 Construction 

Mitigating Construction Activity Risks 

It is expected that the risk posed by construction activities would be low due to stringent 

management measures imposed during construction as part of the CEMP.  The CEMP would 

include methods and procedures for: 

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

the underlying groundwater system.  Measures adopted should be in accordance with 

relevant NSW and Australian guidelines 

 Preventing groundwater seepage from contacting potentially contaminating site activities 

and surface water, by minimising ponding of water in active areas and making storage 

facilities impermeable 

 Preventing impacted groundwater from entering the surface water management system 

 Adequately storing and handling site chemicals 

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

 Monitoring for the emergence of diffuse water quality impacts with subsequent response 

procedures to remediate any impact 

The contents for the CEMP would be required to satisfy relevant stakeholders (such as the 

NSW Environmental Protection Agency [EPA] and Roads and Maritime) that the potential for 

groundwater impacts have been acceptably managed. 

Proposed monitoring procedures are outlined further in Section 9. 

Mitigating Groundwater Seepage Risks 

Groundwater seepage will be required to be transported away from active construction areas 

and discharged back to the environment and/or removed/discharged offsite to an appropriately 

licensed treatment facility.  . 

Once seepage has been generated it will require management.  Developing a suitable seepage 

management system is a culmination of a number of dependent factors including: 

 The seepage water quality and volumes produced. 

 Water quality objectives/criteria and capacity of the receiving water body. 

 The treatment system required to treat the seepage quality and volumes to a level 

required for discharge to the selected disposal option (receiving water body). 

Based on the water quality conditions discussed in Section 3.11 and the selected water quality 

objectives, groundwater seepage into the slot will require some form of treatment before it can 

be discharged to surface water.  This is based on the current understanding of the impact to the 

surrounding groundwater systems (including the potential for LNAPL seepage), natural chemical 

changes (mainly metals, pH and TDS), the potential for impact from site activities and the 

inherent difference between the groundwater quality and surface water quality. 

A comparison of water quality objectives, surface water quality data and the groundwater quality 

data presented in Appendix D suggests there are a number of parameters that are different 
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between surface water and groundwater that will need to be managed before discharge to 

surface water.  This includes: 

 Total dissolved solids 

 pH – groundwater concentrations are significantly lower than surface water 

concentrations. 

 Higher metals concentrations in groundwater for cadmium, iron, lead, nickel, manganese 

and zinc. 

 Higher concentrations in groundwater of chloride, sodium and sulphate.  

 Higher concentrations in groundwater of nitrate and phosphorus. 

If discharge of the groundwater seepage was to occur to surface water these chemicals would 

need to be managed to be within the range of background surface water conditions (using 

suitable statistical techniques presented in the ANZECC 2000 monitoring guidelines) before 

discharge.  In the instance of cadmium, chromium, nickel and manganese the background 

concentrations in surface water are lower than ANZECC (2000) criteria and therefore treatment 

would only be required to the selected ANZECC (2000) threshold criteria (presented in 

Appendix D) before discharge of these chemicals. 

There are also detectable concentrations of total recoverable hydrocarbons (TRH) and benzene 

in groundwater that have not been detected in surface water.  This data in combination with the 

presence of LNAPL in groundwater identified by URS (2015) suggest that these analytes will 

also require management.   

As noted in Section 3.11 treatment to baseline surface water quality would be the key criteria, 

outside the EPL, to be protective of overall instream environmental values, identified Red-

crowned Toadlet Habitat and to be consistent with surface water quality objectives adopted for 
the Stage 2 Project (GHD, 2015).In the event that discharge quality requirements cannot be 
achieved, alternative disposal methods would be investigated including applying for a 
Sydney Water trade waste permit to allow extracted groundwater to be discharged to 
sewer. 

The particular groundwater seepage treatment system adopted for construction to prevent 

impact to groundwater and surface water and the treatment systems adopted would be 

developed during detailed design phase.  General options that could be considered would 

include an on-site batch treatment plant, discharge to sewer without treatment or removal offsite 

to a licensed waste contractor.  The treatment system may potentially include partial 

polishing/treatment of groundwater seepage by discharging it through the surface water 

detention system.   

Independent of the treatment system selected, the following broad criteria should be considered 

for managing groundwater seepage. 

 Seepage mitigation management systems and procedures should be adopted to minimise 

seepage volumes and therefore improve the potential feasibility of a range of disposal 

options (i.e. trucking off-site).  This would include minimising active working areas and 

reducing seepage from inactive areas (i.e. by shotcreting or sheet piling) and/or by 

keeping groundwater seepage separate from surface water run-off. 

 Groundwater seepage quality will need to meet the EPL criteria, followed by background 

surface water quality (see Appendix D) and then ANZECC (2000) freshwater criteria prior 

to discharge to surface water. There are statistical methods for establishing discharge 

water quality using background surface water quality data in Section 6.0 of the ANZECC 
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monitoring guidelines (ANZECC, 2000b).  These should be used for establishing criteria 

for discharge water quality.  

 Key contaminants that are likely to require treatment include (although a larger suite may 

be required depending on further monitoring data): 

– Total dissolved solids and other inorganic constituents including chloride, sodium and 

sulphate  

– pH 

– Metals including cadmium, iron, lead, nickel, manganese and zinc. 

– Nitrate and phosphorus 

– Petroleum hydrocarbon related compounds (such as benzene, toluene, ethylbenzene 

and xylene and poly-aromatic hydrocarbons) 

 Any treatment system developed would need to be able to manage up to 53 m3/day but 

additional capacity may be required if surface water mixes with groundwater seepage and 

should be planned for during construction if mixing is expected.  It is noted that based on 

field observations of creek flows the low recharge model is more likely to represent actual 

site conditions and therefore the 53 m3/day (simulated for the high recharge model) is 

expected to represent a very high end seepage rate that has a low potential of being 

exceeded. 

 A more detailed assessment of water quality should be undertaken at detailed design 

stage when more surface water and groundwater monitoring data will be available.  This 

will further characterise the baseline groundwater and surface water quality conditions to 

inform groundwater seepage management requirements for discharge to surface water. 

 Consideration should be given to discharging treated seepage to Trefoil Creek catchment 

(via surface water catchment 2 – see GHD, 2015), Curl Curl Creek catchment (via 

surface water catchment 6), Bantry Bay catchment (via surface water catchment 4/5) and 

the Middle Creek West tributary catchment (via surface water catchment 1).  The 

discharge would further minimise flow changes created by the Stage 2 Project in these 

catchments/creeks.  Final treatment plant design and location may limit the potential for 

discharge to some catchments, however, this will not constitute any adverse impacts to 

these systems. 

 Discharge of a worst case 53 m3/day (0.6 L/s) proportionately between the preferred 

catchment is not expected to create a significant scour or erosion risk.  Scour and erosion 

risks would primarily be associated with peak flood events which have been modelled as 

part of the surface water assessment and next to which the additional groundwater 

seepage volumes equate to a negligible amount. 

 The actual discharge points for treated slot seepage during construction will be 

determined during detailed design when ‘on the ground’ conditions and construction 

logistics are better understood. 

 Provided the water quality meets the appropriate water quality criteria treated seepage 

water could be discharged directly back to drainage lines of the catchments identified 

above, infiltrated on riparian areas and or discharged to the construction surface water 

detention systems.  Discharge to the surface water detention systems would add another 

level of treatment/polishing.  The additional discharge will not result in exceedances of the 

flood flow capacity for these systems. 
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7.1.2 Operation 

Mitigating Residual Operational Risk 

The works proposed for the Stage 1 and Stage 2 Projects will improve network capacity and 

performance which will have the potential to reduce congestion and the number of crashes, 

especially those crashes that are typical of a congested urban road environment. This would 

reduce the total number of accidents along the upgraded section and therefore the potential of a 

spill of hazardous substances would also reduce.  

The system will be designed to minimise infiltration of contaminants to groundwater by 

redirecting any rainfall and run-off from the Stage 2 Project through a surface water treatment 

system that will prevent connection to the underlying groundwater systems. The systems will be 

appropriately designed to facilitate this and would include drainage systems and storage 

systems that are impermeable or minimise leakage (such as lining the proposed stormwater 

retention basin beneath Wakehurst Parkway and Aquatic Drive).  The small quantity of run-off 

that may leak to the groundwater system would be less than that which currently exists and 

would have a low risk of impact to the existing groundwater quality beyond the immediate road 

corridor.  With reduced leakage of impacted water, it is expected that groundwater quality would 

improve compared to the current system. 

In the event that any spills do occur the spill would be directed to surface water capture 

systems, which would have the capacity to receive a spill with a volume corresponding to that of 

a typical transport truck.  Any surface water capture systems installed will have capacity for 

spillage control or containment. The surface water quality treatment measures would be 

required to provide capacity to treat first flush from the pavement surface and reduce the risk of 

spills discharging onto adjacent land or watercourses.  The potential for spillage control or 

containment would be based on the hydrologic conditions prevailing at the time of the spill. 

Structures would be designed to limit the potential for infiltration to the underlying groundwater 

system (i.e. they would be appropriately lined).  

To prevent impacts for spills and cleaning activities in the slot the surface water collection 

infrastructure would include temporary holding tanks in the discharge lines of suitable size to 

capture the expected volumes from cleaning activities and spills.  There would be subsequent 

removal off-site of the captured water by a licensed waste contractor.  Cleaning and spill 

response procedures would be documented in a site management plan to ensure that impacted 

water is contained, collected and managed appropriately. 

Mitigating Groundwater Seepage Risks 

Groundwater seepage into an unlined slot will be required to be kept separate from surface 

water, treated and discharged back to the environment and/or removed/discharged offsite to an 

appropriately licensed treatment facility.   

There is inherent uncertainty associated with the degree of treatment required on a long term 

(operational) basis. The requirements for treatment should be assessed further at detailed 

design stage using the additional surface water and groundwater quality data currently being 

collected by SMEC and by monitoring groundwater seepage water quality during construction. 

General treatment options that could be considered would include an on-site treatment plant 

(most likely), discharge to sewer without treatment (if a long term licensed can be obtained) or 

removal offsite to a licensed waste contractor (unlikely to be feasible on a long term basis). The 

treatment system may potentially include partial polishing/treatment of groundwater seepage by 

discharging it through the surface water detention system. 
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Independent of the treatment system selected, the following factors should be considered for 

the unlined slot: 

 Designing the slot infrastructure to prevent interaction of groundwater seepage with 

surface water run-off from the Stage 2 Project and slot.  The designed infrastructure 

would need to facilitate flushing/cleaning activities to remove build-up of sludge 

associated with groundwater precipitates. 

 The same measures for managing and treating groundwater seepage quality before 

discharge to surface water for construction would be required for operation; however, 

there would be no EPL criteria and the primary treatment requirements would be based 

on background groundwater and surface water quality conditions (low flow conditions 

only) and subsequently ANZECC (2000) threshold criteria.  As noted in Section 3.11 

treatment to background surface water quality is recommended to be protective of overall 

instream environmental values, identified Red-crowned Toadlet Habitat and to be 

consistent with surface water quality objectives adopted for the Stage 2 Project (GHD, 

2015). There are statistical methods for establishing discharge water quality using 

background surface water quality data in Section 6.0 of the ANZECC monitoring 

guidelines (ANZECC, 2000b).  These should be used for establishing criteria for 

discharge water quality. 

 Any treatment system developed would need to be able to manage up to 43 m3/day but 

additional capacity may be required if surface water mixes with groundwater seepage and 

should be planned for during operation if mixing is expected. It is noted that based on 

field observations of creek flows the low recharge model is more likely to represent actual 

site conditions and therefore the 43 m3/day (simulated for the high recharge model) is 

expected to represent a very high end seepage rate that has a low potential of being 

exceeded. 

 Consideration should be given to discharging treated seepage to Trefoil Creek catchment 

(via surface water catchment 2 – see GHD, 2015), Curl Curl Creek catchment (surface 

water catchment 6), Bantry Bay catchment (surface water catchment 4/5) and the Middle 

Creek West tributary catchment (surface water catchment 1).  The discharge would 

further minimise flow changes created by the Stage 2 Project in these catchments/creeks.  

The final treatment plant design and location may limit discharge to some catchments, 

however, this will not constitute any adverse impacts to these systems. 

 Discharge of a worst case 43 m3/day (0.6 L/s) proportionately between the preferred 

catchment is not expected to create a significant scour or erosion risk.  Scour and erosion 

risks would primarily be associated with peak flood events which have been modelled as 

part of the surface water assessment and next to which the additional groundwater 

seepage volumes equate to a negligible amount. 

 The actual discharge points for treated slot seepage during construction will be 

determined during detailed design when the treatment system location and design is 

better understood. 

 Provided the water quality meets the appropriate water quality criteria treated seepage 

water could be discharged directly back to the headwaters of the catchments identified 

above, infiltrated on riparian areas at the headwaters and or discharged to the operational 

surface water detention systems. Discharge to the surface water detention systems would 

add another level of treatment/polishing under long term conditions and would represent 

a similar level of mixing that currently occurs with groundwater discharge to surface 

water. The additional discharge will not result in exceedances of the flood flow capacity 

for these systems. 
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 Groundwater, surface water and treatment system water quality monitoring will be 

required to assess the overall effectiveness of the mitigation measures.  
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8. Cumulative Impact Assessment 
8.1 Groundwater Flow and Drawdown Impacts 

8.1.1 Method 

A cumulative impact assessment was undertaken to assess the combined impacts of the Stage 

1 and Stage 2 Projects including the Northern Beaches Hospital on overall project impacts. 

The cumulative impact on groundwater flow was completed using the numerical groundwater 

model. Option 1 (lined slot during operation) was used as the base for the cumulative 

assessment as this was considered to be the most suitable option for reducing flow, drawdown 

and potential water quality impacts. The results from the lined slot scenario were then used to 

interpret likely outcomes of an unlined slot (preferred option).  

In developing the cumulative assessment model the following key assumptions/inclusions were 

made: 

 The Stage 1 Project Connectivity works where considered unlikely to significantly change 

the sealed road area and therefore to reduce groundwater recharge, as such, land use 

conditions (and therefore recharge conditions) were kept the same. 

 Recharge at the locations of subsurface Northern Beaches Hospital infrastructure was 

assumed to be zero. Recharge in all other sealed areas of the Northern Beaches Hospital 

has also been assumed to be zero. 

 Parkland and vegetated areas along the southern, eastern and northern boundaries of 

the proposed Northern Beaches Hospital site (See Appendix F) have been assigned a 

recharge value for the revised land use. The land use recharge values were adopted from 

the calibrated model.  It is noted that in some isolated areas this has resulted in an 

increase in recharge rate. 

 The subsurface Northern Beaches Hospital infrastructure and the slot were unlined during 

construction (which is the same as all other options assessed) and are unlined during 

operation. 

 During operation the slot is lined (Option 1). The results from the lined slot scenario have 

also been used to interpret likely outcomes for an unlined slot (preferred option).  

 

8.1.2 Results 

The results are presented in Appendix E9 to E12 and Appendix F and suggest that the 

drawdown changes associate with the Hospital are expected to be greater than those present 

for Option 1 (lined slot scenario) only.  The impacts of the greater drawdown are discussed 

below. 

 There are small decreases in flows to groundwater seepage into Trefoil and Curl Curl 

Creeks as presented in Table 14.  Based on the understanding of Red-crowned Toadlet 

habitat (i.e., they are not groundwater dependent) in these creeks the changes are 

expected to be insignificant. 

 There is an increased drawdown due to the Hospital in and around areas of low risk 

potential opportunistic GDE vegetation in this area compared with the base case 

conditions (which assume lined hospital basements and no reduction in recharge – see 

Appendix E1 to E4). This drawdown is generally less than 2 m, which is considered to 
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represent an acceptable change given the ranges in depth to the existing groundwater 

table.  As such no adverse impacts are expected.  

 The drawdown at surrounding groundwater supply wells are within the acceptable criteria 

outlined in Section 5.4. Therefore no adverse impacts are expected. 

 

Table 14 –Flow Reductions  

Mitigation Option Inflows at Curl Curl Creek 
GDE (m3/day) 

Inflows at Trefoil Creek GDE 
(m3/day) 

Construction  Operation Construction  Operation 

Mitigation Option 1 - 
Lined Slot 

0.9 (32) 0.8 (27) 0.06 (0.3 %) -0.3 (-2.0 %) 

Cumulative Impact 
Assessment  

0.9 (32) 1.2 (40) 0.07 (0.5 %) 0.25 (1.7 %) 

Notes:  Bracketed values represent percent reduction in flow. Negative values represent an increase in 

groundwater seepage compared with existing conditions. 

The results have been presented for the low recharge scenario which based on site observations are 

considered to be the most representative of site conditions. 

The interaction between the unlined slot (preferred option) and hospital basement during 

construction as presented in Figure 31 provides an indication of the likely operational cumulative 

impacts with an unlined slot.  The figure suggests that during construction of the slot, when the 

hospital basement has already been constructed and there is seepage into both the hospital 

and the slot, the seepage into the hospital basement tends to 0 m3/day.  This suggests that the 

slot inflows will dominate operational seepage and that the overall drawdown and creek inflow 

impacts would tend toward those of an unlined slot .  There may be a slight increase in 

drawdown and flow impacts associated with recharge reduction for the catchment area, 

however, this is expected to be minor compared with seepage impacts.  As such, it is expected 

that the overall cumulative operational impacts associated with the hospital and an unlined slot 

would be similar to that of the base case assessment presented in Section 4 and 5.  These 

impacts have been assessed to be acceptable,  

Based on the results the cumulative flow and drawdown impacts to surrounding sensitive 

receptors are considered to be acceptable.  

8.2 Cumulative Water Quality Impacts 

The water quality impacts and mitigation measures will be the same as for the Stage 2 Project 

construction but will also be present at the Stage 1 Project and Northern Beaches Hospital area. 

Similar to the Stage 2 Project impacts, it is expected that the Northern Beaches Hospital Site 

and the Stage 1 Project will result in localised land use changes, however, overall the land use 

conditions will be the same as the existing conditions.  This means that the risk to the beneficial 

use of the underlying groundwater system will be the same as the existing conditions.  As such 

the potential for an adverse impact to groundwater quality is considered to be low, however, this 

assumes that the design and management practices of the operation for the Stage 1 Project 

and Northern Beaches Hospital will prevent infiltration of impacted surface water to a similar or 

better level than existing systems. 

As there is unlikely to be an increased risk of diffuse impacts to groundwater quality the 

potential for adverse impacts to down gradient receptors (such as the GDEs present in Trefoil 

Creek and Curl Curl Creek and surrounding groundwater users) is considered to be low.  
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However, this is reliant on suitable design and management practices being implemented for all 

Projects to minimise impacted surface water from migrating to underlying groundwater. 

While not associated with the requirements for the Stage 2 Project, the adoption of a free 

draining hospital basement during construction and operation will require consideration of 

discharge options to minimise the impacts to the receiving surface water.  As noted in Section 7 

one method to manage groundwater seepage into the basements would be to reduce the 

generation of seepage by lining the basements. Alternatively consideration will need to be given 

to ensuring that groundwater is treated successfully before discharge to surface water.  As 

noted in Section 7 the currently water quality information has identified the following analytes as 

likely to require treatment before disposal. 

 Total dissolved solids and other inorganic constituents including chloride, sodium and 

sulphate.  

 pH. 

 Metals including cadmium, iron, lead, nickel, manganese and zinc. 

 Nitrate and phosphorus. 

 Petroleum hydrocarbon related compounds (such as benzene, toluene, ethylbenzene and 

xylene and poly-aromatic hydrocarbons). 

The expected inflows to the hospital basements under cumulative impact conditions are 

presented in Figure 31.  The figure suggests that any treatment system for the Hospital would 

be required to have a capacity of between: 

 6 m3/day and 19 m3/day during construction with a lined slot. 

 1.6 m3/day and 6.4 m3/day during operation with a lined slot. 

 <0.5 m3/day if an unlined slot scenario is adopted. 

Based on the findings the cumulative impacts to groundwater quality associated with the 

Northern Beaches Hospital and the Stage 1 and Stage 2 Projects are considered to be 

manageable. 

While not considered to be associated with the Stage 2 Project the cumulative assessment 

results suggest that the Hospital Basement seepage will require further consideration before 

discharge to surface water to minimise changes in surface water quality. 
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Figure 31 – Simulated flow into unlined hospital basements 

 

Date
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9. Proposed Monitoring 
The proposed monitoring to assessing impacts from construction and operation activities are 

presented below. 

9.1 Construction Monitoring 

9.1.1 Flow monitoring 

A reduction in groundwater seepage is not expected to result in adverse impacts to identified 

potential GDE’s (Red-crowned Toadlet habitat) present in creeks that drain the Stage 2 Project.  

As such, flow monitoring is not recommended. 

Despite this, to identify changes outside of those simulated by the groundwater modelling, 

during routine water quality sampling a qualitative assessment of flow is recommended.  

9.1.2 Groundwater Drawdown 

Ongoing monitoring of the groundwater elevations on a quarterly basis should be undertaken to 

identify changes outside of those simulated by the groundwater modelling and hence if further 

assessment is required.  

9.1.3 Water Quality Monitoring 

The impact assessment suggests that while the risk to groundwater will be minimised by 

implementing appropriate activity methods, controls and procedures a residual risk to 

groundwater quality from site activities will remain.  It is therefore recommended that 

groundwater quality and surface water quality are monitored during construction.  Groundwater 

quality should be monitored at locations down gradient at depths equivalent to the depth of 

construction impacts.  Surface water quality monitoring would focus on dry periods when 

groundwater seepage potentially dominates flow. The current locations being monitored by 

SMEC are considered to be suitable for this purpose (See Appendix D). 

As the emergence of groundwater quality impacts is expected to be slow, quarterly monitoring 

would be suitable and is recommended.  

It is expected that the analytical suite used for water quality monitoring would focus on key 

contaminants likely to be associated with construction activities, surrounding land use and those 

that are protective of the receiving environment.  The analytical suite adopted by SMEC for 

surface water and groundwater quality monitoring for the Stage 2 Project is considered to be 

acceptable for this purpose.  As a minimum the analytical suite should include: 

 Total dissolved solids. 

 pH. 

 metals, particularly cadmium, iron, lead, nickel, manganese and zinc. 

 chloride, sodium and sulphate.  

 nitrate and phosphorus. 

 Total recoverable hydrocarbons,  

 BTEX  

 Polycyclic aromatic hydrocarbons (PAHs) 
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Water quality monitoring results would be linked to emergency response and remediation 

requirements outlined in the CEMP.  

The available surface water and groundwater quality data suggests that there are potential 

impacts to identified GDEs in Curl Curl Creek and Trefoil Creek from discharging groundwater 

seepage into the slot back to surface water and that treatment will be required before discharge 

of slot seepage can occur to surface water.   

An onsite treatment system  will be required for treating groundwater seepage before disposal 

to surface water (if discharge to surface water is adopted).  Monitoring will be required of the 

treated water prior to disposal for the same suite of analysis outlined above.  The frequency for 

monitoring discharge water prior to disposal will depend on the treatment system in place before 

discharge occurs.  This would be determined at detailed design phase. If there is a high degree 

of confidence in the treatment system then monthly monitoring would be required, however, if 

the treatment system adopted is simple then a higher frequency of monitoring will be required 

(i.e. every three days which is the minimum laboratory turn-around time). 

It is expected that criteria to be used for determining the acceptability of water quality for 

discharge or for the characterisation of no impact will be the EPL, followed by background 

groundwater and surface water quality data, followed by the ANZECC 2000 freshwater criteria 

for the protection of 95 % of freshwater species. 

9.2 Operation Monitoring 

9.2.1 Flow monitoring 

A reduction in groundwater seepage is not expected to resulting in adverse impacts to identified 

potential GDEs (Red-crowned Toadlet habitat) present in creeks that drain the Stage 2 Project.  

As such, flow monitoring is not recommended. 

Despite this, to identify changes outside of those simulated by the groundwater modelling, 

during routine water quality sampling a qualitative assessment of flow is recommended.  

9.2.2 Groundwater Drawdown 

Ongoing monitoring of the groundwater elevations on a quarterly basis should be undertaken to 

identify changes outside of those simulated by the groundwater modelling and hence if further 

assessment is required.  

9.2.3 Water Quality Monitoring 

The impact assessment suggests that while the risk to groundwater will be minimised by 

implementing a design that limits contact and infiltration to underlying groundwater and that risk 

to groundwater quality and beneficial use will be lower than currently exists a residual risk will 

be present.  As such it is recommended that groundwater quality and surface water quality are 

monitored during operation.  Groundwater quality should be monitored at locations down 

gradient at depths equivalent to the depth of construction impacts.  Surface water monitoring 

would concentrate on dry periods when groundwater seepage is potentially significant. The 

current locations being monitored by SMEC are considered to be suitable for this purpose (See 

Appendix D). 

As the emergence of groundwater quality impacts is expected to be slow, quarterly monitoring is 

expected to be suitable. 

A commitment to a minimum monitoring period of three years following the completion of 

construction or until the affected waterways and/or groundwater resources are certified by a 
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suitably qualified and experienced independent expert as being rehabilitated to an acceptable 

condition.  

It is expected that the analytical suite used for water quality monitoring would focus on key 

contaminants likely to be associated with construction activities, surrounding land use and those 

that are protective of the receiving environment.  The analytical suite adopted by SMEC for 

surface water and groundwater quality monitoring for the Stage 2 Project is considered to be 

acceptable for this purpose.  As a minimum the analytical suite should include: 

 Total dissolved solids. 

 pH. 

 metals, particularly cadmium, iron, lead, nickel, manganese and zinc. 

 chloride, sodium and sulphate.  

 nitrate and phosphorus. 

 Total recoverable hydrocarbons,  

 BTEX  

 Polycyclic aromatic hydrocarbons (PAHs) 

Further consideration of groundwater seepage management will be required for the unlined slot. 

In particular, further assessment of the potential for groundwater seepage to adversely impact 

surface water quality (and thereby affecting Red-crowned Toadlet habitat in Curl Curl Creek and 

Trefoil Creek). This may result if unsuitably treated seepage is discharged back to surface 

water.  Monitoring will be required to assess the quality of treated water before discharge to 

surface water.  It is recommended that more frequent monitoring is undertaken initially (monthly) 

to assess the performance of any adopted treatment system with subsequent reduction in 

monitoring over time once confidence has been gained in the water quality (6 monthly).  This 

monitoring would subside after 3 to 5 years if the monitoring was consistently meeting water 

quality criteria or was found not to be impacting GDE health. 

The sample analysis should include the analytical parameters outlined above. 

It is expected that criteria to be used for determining the acceptability of water quality for 

discharge or for the characterisation of no impact will be background groundwater and surface 

water quality data (assessed using appropriate statistical methods outlined in the ANZECC 

monitoring guidelines (ANZECC 2000b), followed by the ANZECC 2000 freshwater criteria for 

the protection of 95 % of freshwater species. 

Background water quality data for surface water, groundwater and slot seepage water will be 

essential for characterising the treatment required before discharge can occur.  As such 

ongoing monitoring of these parameters before construction, during construction and during 

operation will be necessary.  Monthly to quarterly monitoring as required to understand the 

baseline water quality characteristics is recommended. 
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10. Summary and Conclusions 
The findings of the groundwater assessment are presented below. Some impacts have been 

identified, however, with the implementation of appropriate mitigation and monitoring controls it 

is expected that the impacts identified will be acceptable. 

A summary of the key impacts and proposed mitigation and monitoring measures are presented 

in Table 15. 

10.1 Impact Assessment 

The impact assessment was based on an unlined slot during construction and operation.  It was 

also assumed that the Northern Beaches Hospital basements were unlined during construction 

and lined during operation with no changes in existing groundwater recharge conditions. 

A summary of the impact assessment findings is provided below. 

10.1.1 Groundwater Flow and Drawdown 

Water Supply Wells 

The impacts at the nearest wells are predicted to be less than 0.8 m under construction and 

operation scenarios.  This is less than the minimal impact criteria listed in the NSW AIP for the 

groundwater table, which stipulates that less than 2 m of cumulative drawdown at any water 

supply work (water bore) is considered to represent a minimal impact.  As such no groundwater 

wells in the surrounding area are expected to be adversely impacted.  

Groundwater Dependent Ecosystems 

The groundwater impact assessment suggests that changes in groundwater flow and drawdown 

created by the Stage 2 Project will not adversely affect Red-crowned Toadlet habitat. 

There is a low risk of impact to potential opportunistic groundwater dependent vegetation 

(Duffys Forest Ecological Community - DFEC) in and around the Stage 2 Project. 

While the risk to DFEC vegetation is considered to be low, mitigation and monitoring measures 

have been proposed to reduce the low risk further and are summarised further in following sub-

sections. 

10.1.2 Groundwater Quality 

Construction  

During construction there will be an increased potential for groundwater quality impacts from 

impacted surface water and spills/leaks to surface soils migrating to the underlying groundwater 

systems.  

Discharge of impacted groundwater to surface water has the potential to change quality of the 

surface water systems that the GDEs in Trefoil Creek and Curl Curl Creek rely upon.  This could 

represent a change in the beneficial use potential (or environmental value) of these systems.   

The locations of surrounding groundwater supply wells relative to the groundwater flow 

conditions across the Stage 2 Project suggest that they are unlikely to be downgradient of the 

Stage 2 Project construction activities and are therefore unlikely to be impacted by any 

construction activities. 

Mitigation and monitoring measures have been proposed to manage and mitigate these 

potential impacts and are discussed in following sub-sections. 
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Operation  

The Stage 2 Project will result in localised land use changes, however, land use conditions will 

be similar to existing conditions.  As such the potential for additional adverse impacts to the 

beneficial use of groundwater quality is considered to be low.  

Discharge of impacted groundwater to surface water has potential to change quality of the 

surface water systems that the GDEs in Trefoil Creek and Curl Curl Creek rely upon.  This could 

represent a change in the beneficial use potential (or environmental value) of these systems.   

Groundwater contours suggest that surrounding groundwater supply wells are unlikely to be 

hydraulically down-gradient of the Stage 2 Project and are therefore unlikely to be impacted by 

any diffuse impacts generated. 

Mitigation and monitoring measures have been proposed to manage and mitigate these 

potential impacts and are discussed in following sub-sections. 

10.2 Inflows and Licensing Requirements 

The maximum slot inflows are predicted to be reached at the end of 2017 during construction.  

The maximum slot flows at this time are simulated to be between 26 m3/day (0.3 L/s) and 52 

m3/day (0.6 L/s).  

Under long term (operational) conditions inflows for an unlined slot are expected to be between 

6 m3/day (0.07 L/s) and 42 m3/day (0.5 L/s).   

While not part of the Stage 2 Project, the maximum inflows into the Northern Beaches Hospital 

basements excavations during construction are simulated to be between 6 m3/day (0.07 L/s) 

and 19 m3/day (0.2 L/s).  Inflows are predicted to approach zero at the start of 2017, when 

dewatering is driven by construction of the slot and when the hospital basements become lined. 

There is available groundwater within the Sydney Basin Central Porous Rock aquifer resource 

for this amount of extraction without the requirement for purchasing of existing water access 

licences, although NOW would need to release this water under a controlled allocation order  

In the event Option 1(a lined slot) is adopted then no controlled allocation order would be 

required for operation of the Stage 2 Project. 

10.3 Treatment Requirements for Slot Seepage 

10.3.1 Construction Treatment 

During construction seepage in to the slot will be required to be managed and/or discharged 

offsite.  Seepage rates of up to 52 m3/day have been simulated by the modelling. 

General treatment options that could be considered would include an on-site batch treatment 

plant, discharge to sewer without treatment or removal offsite to a licensed waste contractor. 

The treatment system may potentially include partial polishing/treatment of groundwater 

seepage by discharging it through the surface water detention system. 

Surface water and groundwater quality data suggests that treatment will be required for the 

following analytes before discharge to surface water features (as a minimum).  

 Total dissolved solids.

 pH.

 metals, particularly cadmium, iron, lead, nickel, manganese and zinc.

 chloride, sodium and sulphate.
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 nitrate and phosphorus.

 Total recoverable hydrocarbons,

 BTEX

 Polycyclic aromatic hydrocarbons (PAHs)

Due to the uncertainty associated with groundwater impacts from surrounding activities, this 

suite will require further consideration at detailed design stage and during construction. 

Groundwater seepage will need to be managed to be below Environmental Protection Licence 

(EPL), background surface water quality conditions and ANZECC (2000) freshwater criteria 

prior to discharge to the receiving water environment.  Background concentrations would be 

used in preference to ANZECC (2000) freshwater criteria where background concentrations are 

higher than the ANZECC criteria.  As noted in Section 3.11 treatment to baseline surface water 

quality would be the key criteria, outside the EPL, to be protective of overall instream 

environmental values, identified Red-crowned Toadlet Habitat and to be consistent with surface 

water quality objectives adopted for the Stage 2 Project (GHD, 2015). 

A statistical based approach should be adopted for setting discharge criteria for treated water 

based on natural variation in receiving water quality as outlined in the Australian Guidelines for 

Water Quality Monitoring and Reporting (Water Quality Monitoring Guidelines) (ANZECC, 

2000b).  

Discharge of the treated seepage water back to the catchments with reduced flows is 

recommended were possible. This would further minimise flow changes created by the Stage 2 

Project in these catchments/creeks.  Discharge to the surface water detention systems would 

add another level of treatment/polishing under long term conditions and would represent a 

similar level of mixing that currently occurs with groundwater discharge to surface water. The 

additional discharge will not result in exceedances of the flood flow capacity for these systems. 

In the event that discharge quality requirements cannot be achieved, alternative disposal 
methods would be investigated including applying for a Sydney Water trade waste permit to 
allow extracted groundwater to be discharged to sewer. 

10.3.2 Operation Treatment 

It is recommended the design includes infrastructure to separate groundwater from surface 

water (such as a separate groundwater drainage blanket and lined surface water infrastructure).  

The designed infrastructure would need to facilitate flushing/cleaning activities to remove build-

up of sludge associated with groundwater precipitates. 

During operation seepage into the slot will be required to be discharged to the surrounding 

environment or removed off site. 

Groundwater seepage of up to 42 m3/day will require management.   

General treatment options that could be considered would include an on-site treatment plant 

(most likely), discharge to sewer without treatment (if a long term licensed can be obtained) or 

removal offsite to a licensed waste contractor (unlikely to be feasible on a long term basis). The 

treatment system may potentially include partial polishing/treatment of groundwater seepage by 

discharging it through the surface water detention system. 

The same measures for managing and treating groundwater seepage quality before discharge 

to surface water for construction would be required for operation. However, there would be no 

EPL criteria and the primary treatment requirements would be based on background 

groundwater and surface water quality conditions (low flow conditions only) and subsequently 

ANZECC (2000) threshold criteria.  As noted in Section 3.11 treatment to background surface 
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water quality is recommended to be protective of overall instream environmental values, 

identified Red-crowned Toadlet Habitat and to be consistent with surface water quality 

objectives adopted for the Stage 2 Project (GHD, 2015). There are statistical methods for 

establishing discharge water quality using background surface water quality data in Section 6.0 

of the ANZECC monitoring guidelines (ANZECC, 2000b).  These should be used for 

establishing criteria for discharge water quality.  

Discharge of the treated seepage water back to the catchments with reduced flows is 

recommended where possible. This would further minimise flow changes created by the Stage 2 

Project in these catchments.  Discharge to the surface water detention systems would add 

another level of treatment/polishing under long term conditions and would represent a similar 

level of mixing that currently occurs with groundwater discharge to surface water. The additional 

discharge will not result in exceedances of the flood flow capacity for these systems. 

10.4 Mitigation Measures 

10.4.1 Construction 

Flow Impact Mitigation 

Based on the impacts assessment there are no adverse impacts expected and no mitigation 

measures are proposed. 

Groundwater Drawdown Impact Mitigation 

There has been a low potential for impacts identified to a stand of potential opportunistic GDE 

vegetation (DFEC) located to the north east of the corner of Warringah Road and Wakehurst 

parkway. 

It is expected that the temporary nature of the drawdown during construction will not adversely 

impact the vegetation stand. 

Water Quality Impact Mitigation 

It is recommended that the potential for groundwater quality impacts during construction are 

managed by implementing practices that would limit the potential for impact and respond to 

impacts if they occur.  These procedures will be documented and implemented in a construction 

and environmental management plan (CEMP).  To reduce the potential for groundwater quality 

impacts the CEMP would include methods and procedures for: 

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

the underlying groundwater system.  Measures adopted should be in accordance with

relevant NSW and Australian guidelines

 Preventing groundwater seepage from contacting potentially contaminating site activities

and surface water, by minimising ponding of water in active areas and making storage

facilities impermeable

 Preventing impacted groundwater from entering the surface water management system

 Adequately storing and handling site chemicals

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

 Monitoring for the emergence of diffuse water quality impacts with subsequent response

procedures to remediate any impact
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The contents for the CEMP should be required to satisfy relevant stakeholders (such as the 

NSW Environmental Protection Agency [EPA] and Roads and Maritime) that the potential for 

groundwater impacts have been acceptably managed. 

10.4.2 Operation 

Flow Impact Mitigation 

Based on the impacts assessment there are no adverse impacts expected and no mitigation 

measures are proposed. 

Groundwater Drawdown Impact Mitigation 

An unlined slot is simulated to result in acceptable groundwater drawdown and flow reduction 

impacts, other than a low potential risk to low to moderate quality Duffys Forest Ecological 

Community (DFEC), which would potentially use groundwater opportunistically during low 

rainfall or drought.  This is localised to the north east of the corner of Wakehurst Parkway and 

Warringah Road. Given the low risk to the DFEC no mitigation is proposed but monitoring will 

be undertaken to assess for the emergence of adverse impacts. 

Operation Water Quality Impact Mitigation 

The works proposed for the Stage 1 and Stage 2 Projects will improve network capacity and 

performance which will have the potential to reduce congestion and the number of crashes, 

especially those crashes that are typical of a congested urban road environment.  This will 

reduce the total number of accidents along the upgraded section and therefore the potential of a 

spill of hazardous substances will also reduce.  

The system will be required to be designed to minimise infiltration of contaminants to 

groundwater by redirecting any rainfall and associated run-off from the Stage 2 Project through 

a treatment system that will have no connection to the underlying groundwater systems (i.e. a 

lined impermeable system).  The small quantity of run-off that leaks to the groundwater system 

would be less than that which currently exists.  With reduced leakage of impacted water, it is 

expected that groundwater quality would improve compared to the current system. 

In the event that any spills do occur the spill would be directed to surface water capture 

systems, which would have the capacity to receive a spill with a volume corresponding to that of 

a typical transport truck.  Any surface water capture systems installed will have potential for 

spillage control or containment. The surface water quality treatment measures would be 

required to provide capacity to treat first flush from the pavement surface and reduce the risk of 

spills discharging onto adjacent land or watercourses.  Surface water structures will be designed 

to prevent infiltration to the underlying groundwater system (i.e. they would be appropriately 

lined).  

To prevent impacts from spills and cleaning activities in the slot the surface water collection 

infrastructure would include temporary holding tanks in the discharge lines of suitable size to 

capture the expected volumes from cleaning activities and spills.  Cleaning and spill 

management procedures would be documented in a site operational management plan to 

ensure that impacted water is contained, collected and managed appropriately. 

10.5 Monitoring Requirements 

Based on the findings of the impact assessment and to support the implementation of mitigation 

measures during construction and operation the following monitoring is proposed: 
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 Qualitative flow monitoring during water quality sampling to identify changes outside

those identified by this groundwater assessment during construction and operation. This

monitoring is recommended to be undertaken on a quarterly basis.

 Ongoing monitoring of groundwater elevations to identify changes outside those identified

by this groundwater assessment during construction and operation. This monitoring is

recommended to be undertaken on a quarterly basis.

 Monitoring of groundwater, surface water and slot seepage quality prior to construction,

during construction and during operation for the purposes of:

– Characterising the emergence of water quality impacts.

– Assessing slot seepage management and treatment requirements.

This monitoring should be undertaken on a quarterly basis for surface water and 

groundwater and on a tailored basis (assessed during detailed design stage) for 

management of slot seepage. 

As a minimum the water quality monitoring should include the following analytes: 

– Total dissolved solids.

– pH.

– metals, particularly cadmium, iron, lead, nickel, manganese and zinc.

– chloride, sodium and sulphate.

– nitrate and phosphorus.

– Total recoverable hydrocarbons,

– BTEX

– Polycyclic aromatic hydrocarbons (PAHs)

 Assessment of water quality impacts should focus on background water quality conditions

in preference to ANZECC (2000) threshold criteria and lowland rivers criteria where

possible.  There are statistical methods for establishing discharge water quality using

background surface water quality data in Section 6.0 of the ANZECC monitoring

guidelines (ANZECC, 2000b).  These should be used for establishing criteria for

discharge water quality.

 The current SMEC surface water and groundwater monitoring network (presented in

Appendix D) is considered to be suitable for undertaking the proposed monitoring.

 These monitoring recommendations can be applied to both construction and operational

conditions, however, during operation the criteria for seepage discharge will not be

subject to an EPL.
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Table 15 – Summary of Groundwater Assessment Findings 

Stage 2 Project 
Phase 

Potential Impact 
Source/Activity 

Potential Receptor Impacts (in the 
absence of management and/or 
mitigation) 

Proposed Management and/or  
Mitigation Measures 

Proposed Monitoring 

Construction Groundwater 
drawdown due to 
seepage into the slot 

Impacts to Water Supply Wells - 
Groundwater modelling 
undertaken suggests impacts to 
surrounding groundwater wells will 
be less than minimal impact 
criteria and will therefore be 
acceptable. 

No mitigation measures proposed. No monitoring proposed 

Construction Groundwater 
drawdown due to 
seepage into the slot 

Impacts to Red-crowned 
Toadlet habitat –  
Drawdown impacts to Red-
crowned Toadlet habitat in Trefoil 
Creek and Curl Curl Creek are 
greater than minimal impact 
criteria.  Biodiversity assessment 
suggests that the flow changes 
will not impact identified potential 
Red-crowned Toadlet habitat.  

No mitigation measures proposed. Ongoing pre-construction, construction and 
operation groundwater elevation monitoring 
to assess for impact outside those identified 
by the groundwater assessment. 

Construction Groundwater 
drawdown due to 
seepage into the slot 

Impacts to Duffys Forest 
Ecological Community –  
Drawdown changes beneath 
potential opportunistic DFEC 
located in and around the Stage 2 
Project are greater than minimal 
impact criteria. Existing variation 
in depth to groundwater suggests 
low reliance and simulated 
drawdown is within normal 
background variation except in 
isolated areas.  This suggests the 
risk is low.  

No mitigation measures proposed. Ongoing pre-construction, construction and 
operation groundwater elevation monitoring 
to assess for impact outside those identified 
by the groundwater assessment. 
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Stage 2 Project 
Phase 

Potential Impact 
Source/Activity 

Potential Receptor Impacts (in the 
absence of management and/or 
mitigation) 

Proposed Management and/or  
Mitigation Measures 

Proposed Monitoring 

Construction Groundwater 
drawdown due to 
seepage into the slot 

Impacts to Structures - 

Settlement of ground resulting in 
impacts to existing infrastructure. 

While an initial assessment suggests 
that due to inherent geological and 
groundwater conditions settlement will 
not be an issue it is recommended that 
the groundwater drawdown plots from 
the modelling be considered further by 
a geotechnical specialist. 

No monitoring proposed. 

Construction Groundwater quality 
changes due to 
construction activities. 

Impacts to Water Supply Wells - 

Groundwater flow gradients in this 
area suggest that there is unlikely 
to be groundwater wells 
downgradient of site activities and 
therefore the beneficial use based 
on groundwater quality of 
surrounding water supply wells is 
unlikely to change.  

No mitigation measures proposed. No monitoring proposed. 

Construction Groundwater quality 
changes due to 
construction activities. 

Impacts to Red-crowned 
Toadlet habitat –  
Groundwater flow modelling 
suggests that groundwater flows 
beneath the Stage 2 Project into 
surface water where Red-crowned 
Toadlet are present.  Degradation 
of water quality may impact 
identified GDEs. 

Development of appropriate site 
management practices and emergency 
response procedures in accordance 
with Australian and NSW 
criteria/guidance to limit potential for 
seepage into underlying groundwater 
system. 

Methods and procedures adopted to be 
documented within a construction and 
environmental management plan 
(CEMP) which will satisfy relevant 
stakeholder requirements (EPA, NOW 
and Roads and Maritime). 

Monitoring of groundwater and surface water 
quality during the construction to 
characterise the emergence of impacts. 

Construction Groundwater quality 
changes due to 
construction activities. 

Impacts to Red-crowned 
Toadlet habitat and instream 
environmental values – 
Slot seepage discharge into 
surface water may impact Red-
crowned Toadlet habitat in surface 
water. 

Minimise contact of groundwater 
seepage with construction activities. 
Treat groundwater to acceptable 
concentrations prior to discharge using 
EPL criteria, then background surface 
water quality and groundwater quality 
criteria and then ANZECC 2000 criteria. 

Background surface water quality and 
groundwater quality monitoring required to 
inform treatment requirements and criteria. 

Monitoring of slot seepage and treatment 
system discharge prior to discharge to 
groundwater or surface water. 



GHD | Report for SMEC Australia Pty Ltd - Northern Beaches Hospital Network Enhancement - Stage 2, 21/24063/01 | 115 

Stage 2 Project 
Phase 

Potential Impact 
Source/Activity 

Potential Receptor Impacts (in the 
absence of management and/or 
mitigation) 

Proposed Management and/or  
Mitigation Measures 

Proposed Monitoring 

Key contaminants of concern include: 

 Total dissolved solids and other
inorganic constituents including
chloride, sodium and sulphate.

 pH.

 Metals including cadmium, iron,
lead, nickel, manganese and zinc.

 Nitrate and phosphorus.

 Petroleum hydrocarbon related
compounds (such as benzene,
toluene, ethylbenzene and xylene
and poly-aromatic hydrocarbons).

Operation Groundwater 
drawdown due to 
reduction in recharge 
and seepage into the 
slot 

Impacts to Water Supply Wells -
Groundwater modelling 
undertaken suggests impacts to 
surrounding groundwater wells will 
be acceptable. 

Cumulative impacts associated 
with the Northern Beaches 
Hospital and the Stage 1 Project 
are not simulated to result in 
adverse impacts to water supply 
wells.  

No mitigation measures proposed. No monitoring proposed 

Operation Groundwater 
drawdown due to 
seepage into the slot 

Impacts to Red-crowned 
Toadlet habitat –  
Drawdown impacts to Red-
crowned Toadlet habitat in Trefoil 
Creek and Curl Curl Creek are 
greater than minimal impact 
criteria.  Biodiversity assessment 
suggests reduction in the flow will 
not impact identified Red-crowned 
Toadlet habitat.  

No mitigation measures proposed. Ongoing pre-construction, construction and 
operation groundwater elevation monitoring 
to assess for impact outside those identified 
by the groundwater assessment. 



 

116 | GHD | Report for SMEC Australia Pty Ltd - Northern Beaches Hospital Network Enhancement - Stage 2, 21/24063/01  

Stage 2 Project 
Phase 

Potential Impact 
Source/Activity 

Potential Receptor Impacts (in the 
absence of management and/or 
mitigation) 

Proposed Management and/or  
Mitigation Measures 

Proposed Monitoring  

Operation Groundwater 
drawdown due to 
seepage into the slot 

Impacts to Duffys Forest 
Ecological Community –  
Drawdown changes beneath 
potential opportunistic DFEC 
located in and around Stage 2 
Project are greater than minimal 
impact criteria. However, existing 
variation in depth to groundwater 
suggests low reliance and 
simulated drawdown is within 
normal background variation 
except in isolated areas.  This 
suggests the risk is low.  

No mitigation measures proposed. Ongoing pre-construction, construction and 
operation groundwater elevation monitoring 
to assess for impact outside those identified 
by the groundwater assessment. 

Operation Groundwater quality 
changes due to 
operation activities. 

Impacts to Water Supply Wells - 

Groundwater flow gradients in this 
area suggest that there is unlikely 
to be groundwater wells 
downgradient of site activities and 
therefore the beneficial use based 
on groundwater quality of 
surrounding water supply wells is 
unlikely to change. 

No mitigation measures proposed. No monitoring proposed 

Operation Groundwater quality 
changes due to 
operation activities. 

Impacts to Red-crowned 
Toadlet habitat – 

Groundwater flow modelling 
suggests that groundwater flows 
beneath the Stage 2 Project into 
surface water where Red-crowned 
Toadlet habitat is present. 
 
Degradation of water quality may 
impact identified Red-crowned 
Toadlet habitat. 
 
Overall land use in this area is 
unlikely to change and as such 
groundwater quality changes 
outside current quality and 
beneficial uses are unlikely.  

Design of the Stage 2 Project, 
particularly the surface water capture 
and treatment systems, to prevent 
infiltration to underlying groundwater 
systems. 
 
 

Monitoring of groundwater and surface water 
quality during the operation (three years) to 
characterise the design performance and the 
emergence of impacts.  
 



 

GHD | Report for SMEC Australia Pty Ltd - Northern Beaches Hospital Network Enhancement - Stage 2, 21/24063/01 | 117 

Stage 2 Project 
Phase 

Potential Impact 
Source/Activity 

Potential Receptor Impacts (in the 
absence of management and/or 
mitigation) 

Proposed Management and/or  
Mitigation Measures 

Proposed Monitoring  

 
A residual risk is present if design 
of Stage 2 Project allows 
additional leakage of impacted 
surface water to the underlying 
groundwater system. 

Operation Groundwater quality 
changes due to 
operation activities. 

Impacts to Red-crowned 
Toadlet habitat and instream 
environmental values – 

Slot seepage discharge into 
surface water may impact Red-
crowned Toadlet habitat 
interacting with surface water. 

Separation of groundwater seepage 
from surface collection will be required 
in the design. Groundwater seepage 
will require treatment to acceptable 
concentrations prior to discharge using 
background surface water (dry 
conditions) and groundwater quality 
and then ANZECC (2000) freshwater 
criteria.  Statistical analysis of surface 
water quality data to establish 
discharge criteria will be required in 
accordance with the ANZECC 2000 
monitoring guidelines (ANZECC 
2000b). 
Key contaminants of concern include: 

 Total dissolved solids and other 
inorganic constituents including 
chloride, sodium and sulphate.  

 pH. 

 Metals including cadmium, iron, 
lead, nickel, manganese and zinc. 

 Nitrate and phosphorus. 

 Petroleum hydrocarbon related 
compounds (such as benzene, 
toluene, ethylbenzene and xylene 
and poly-aromatic hydrocarbons). 

 

Discharge points will be selected at 
detailed design phase when the 
treatment system location and design is 
better understood.  Preferred methods 

Background surface water quality and 
groundwater quality required to inform 
treatment requirements and criteria 
development. 
 
Ongoing monitoring of treatment system 
water quality until confidence in quality can 
be achieved (three years). 
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Stage 2 Project 
Phase 

Potential Impact 
Source/Activity 

Potential Receptor Impacts (in the 
absence of management and/or 
mitigation) 

Proposed Management and/or  
Mitigation Measures 

Proposed Monitoring  

of discharge will be to the surface water 
management system at the head 
waters of Curl Curl Creek, Trefoil 
Creek, Bantry Bay catchment and 
Middle Creek west tributary. 
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Appendix A – Groundwater Monitoring 
Hydrographs  
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