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Abbreviations 
Abbreviation Expanded form 

AEP Annual Exceedance Probability 

AHD Australian Height Datum 

CHMP Cultural Heritage Management Plan 

DELWP Department of Environment, Land, Water and Planning 

EES Environment Effects Statement 

EPA Victoria Environment Protection Authority Victoria 

EPBC Act Environment Protection and Biodiversity Conservation Act 1999 

FFG Act Flora and Fauna Guarantee Act 1988 

FoS Factor of Safety 

GDE Groundwater Dependent Ecosystem 

LiDAR Light Detection and Ranging 

µg Microgram 

the Minister Minister for Planning 

Noise Protocol EPA Victoria (2021) Publication 1826.4: Noise limit and assessment protocol 
for the control of noise from commercial, industrial and trade premises and 
entertainment venues 

PM Particulate matter  

Project proponent Willatook Wind Farm Pty Ltd 
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Glossary of terms 
Term Definition 

Acid sulfate soil Naturally occurring soils, sediments and peats that contain iron sulfides, 
predominantly in the form of pyrite materials. Without oxygen, these materials 
remain and do not pose a significant risk to human health or the environment. 
However, if acid sulfate soil is disturbed and exposed to oxygen, the iron sulfides 
in the material produces sulfuric acid. The acidification of the soil from this process 
can impact the environment, land use, infrastructure and human health. 

AERMOD Victoria’s regulatory air dispersion model, used to assess pollutants emitted to the 
air from quarry activities (PM10, PM2.5, respirable crystalline silica and dust 
deposition). 

Airblast (overpressure) Sub-audible, low frequency (1-20 Hertz) change of air pressure that radiates from 
blast sites 

Annual Exceedance 
Probability 

The probability or risk of a flood of a given size occurring or being exceeded in any 
given year. 
A flood with a 1% AEP has a one in a hundred chance of being exceeded in any 
year, whereas a flood with a 10% AEP has a ten in a hundred chance of being 
exceeded. 

Aquifer Permeable rock which collects water that seeps into the ground (i.e., 
groundwater). 

Batters The slope of a wall, expressed as vertical/horizontal (e.g., 1V:2H). That is, for 
every two units moved horizontally, the slope height increases / decreases by one 
unit. 

Bench Section of quarry where material is loaded and transported away from the site. 
The work authority would operate with a two-face single bench and/or a single 
face operation, depending on rock quality. 

Bund Drainage structure to contain spills of liquids and uncontrolled surface water flows. 

Community Engagement 
Committee  

Committee established by Moyne Shire Council in 2010 to provide a forum for 
direct engagement between the project team, representatives from the local 
community, and the Moyne Shire Council (including councillors and staff). 

Contour drain Drainage channel, following the land contour, to direct any runoff into the work 
authority drainage control system. 

Cultural Heritage 
Management Plan 

Required under the Aboriginal Heritage Act 2006 when an activity is considered to 
pose a risk to Aboriginal cultural heritage, being both a ‘high impact activity’ and 
occurring in an ‘area of cultural heritage sensitivity’ (as defined in the Aboriginal 
Heritage Regulations 2018), or if an EES is required. 

‘Current wetlands’ Wetlands mapped within the DELWP Victorian Wetland Inventory, which shows 
the extent and types of wetlands in Victoria, incorporating local and regional 
wetland datasets.  

dB(A) A-weighted noise level measured in decibels (i.e., unit for expressing sound 
intensity) 
A-weighting is the frequency adjustment representing the response of the human 
ear, devised to attempt to take into consideration that human response (or 
sensitivity) to sound is not consistent across all frequencies. 

Dewatering In-pit sump pumping of groundwater inflow, surface water run-off and rainfall. 
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Term Definition 

Environmental values Identified in the Environment Reference Standard, environmental values are 
aspects of the environment and how we use it that are important to the Victorian 
community.  
Environmental values relevant to the project are: 
• Water dependent ecosystems and species – water quality that is suitable to 

protect the integrity and biodiversity of water dependent ecosystems. 
• Agriculture and irrigation – water quality that is suitable for agricultural 

activities such as stock watering and irrigation, as well as a range of other 
uses such as the irrigation of domestic gardens, commercial agriculture, 
parks and golf courses. 

• Traditional Owner cultural values. 

Extraction area Area of 10.5 hectares and a maximum depth of 14 metres within the work 
authority area. 
See also ‘work authority area’. 

Factor of Safety Expresses how much stronger a system is than it needs to be for an intended 
load.  

General environmental 
duty 

At the centre of the Environment Protection Act 2017, the general environmental 
duty requires any person in Victoria (businesses, industry and the community) 
engaging in an activity that may risk harming human health and the environment 
from pollution and waste to minimise those risks, so far as reasonably practicable. 

Geoheritage Encompasses global, national, statewide, and local features of geology, at all 
scales that are intrinsically important sites or culturally important sites offering 
information or insights into the evolution of the Earth; or into the history of science, 
or that can be used for research, teaching, or reference (M Brocx & V Semeniuk, 
2007). 

Groundwater dependent 
ecosystem 

Ecosystem (terrestrial or aquatic) that relies on groundwater (either permanently 
or intermittently) to meet some or all of its water requirements to maintain the flora 
and fauna, ecological processes and ecosystem services it supports. 

Hardstand area Paved area to locate product stockpiles and any mobile processing plant. 

Hydraulic conductivity (K) Represents the ease in which water can move through the pore spaces and 
fractures in the rock. 

Hydraulic modelling Rain-on-grid, or direct rainfall model used to establish the extent of the floodplain 
and streamflow characteristics for different flood events by simulating runoff 
generated. These characteristics include flood level, velocity and duration. 
The project used hydraulic modelling software TUFLOW. 

Hydrogeological 
conceptual model 

Represents the hydrogeological (groundwater) setting, including movement of 
groundwater, groundwater-surface water interactions and groundwater receptors 
(users and receiving environments). 

Non-stakeholder dwelling Landowner not hosting wind farm infrastructure. 
See also ‘stakeholder dwelling’. 

Overburden Material (excluding soil and topsoil) that needs to be removed to access the 
materials to be mined. 

Particulate matter (PM) – 
including PM2.5 and PM10 

Refers to particles (solid and liquid droplets) in the air. 
PM10 are particles with diameters less than or equal to 10 microns that, when 
inhaled, can enter the lungs. Smaller than PM10 particles are those with diameters 
less than or equal to 2.5 microns (referred to as PM2.5). These particles can pass 
from the lungs into the bloodstream.  

Quarry sump Water dam, to be developed in a low point of the quarry floor. 
Surface water runoff would be directed to a sediment trap then the quarry sump. 
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Term Definition 

Respirable crystalline 
silica 

Created during activities such as cutting, grinding, and drilling of materials such as 
stone, rock, concrete and mortar that contain silica, and can enter lungs when 
inhaled. 

Sediment trap Collects sediment from water. 
Surface water runoff would be directed to a sediment trap then the quarry sump 
located in the base of the excavation. 

Sensitive receptor Defined by EPA Victoria as land uses that require protection of the air 
environment, such as for human health and wellbeing and local amenity. This 
includes places such as residential dwellings, education facilities and outdoor 
recreation sites. 

Solid inert waste Hard industrial waste (e.g., concrete, bricks, asphalt, dry timber, plastic, metals) 
that has negligible activity or effect on the environment. 

Stakeholder dwelling A dwelling located on the same land as the wind energy facility, or one that has an 
agreement with the wind energy facility to exceed the noise or shadow flicker limit. 
See also ‘Non-stakeholder dwelling’. 

Total Suspended 
Particulates 

Mass concentration of particulate matter comprising particles with diameters less 
than or equal to approximately 50 microns 

Unincorporated 
groundwater area 

Areas where there has been no significant development of the groundwater 
resource (not within a defined Water Supply Protection Area or Groundwater 
Management Area). 

Work authority Granted under section 77I of the Mineral Resources (Sustainable Development) 
Act 1990, regulated by Earth Resources Regulation, for the extraction of stone. 
To obtain a work authority, the proponent must prepare a work plan for the 
proposed quarry under section 77G of the Mineral Resources (Sustainable 
Development) Act 1990, which includes a Risk Management Plan, Rehabilitation 
Plan and Community Engagement Plan. 

Work authority area About 30 hectares, containing the on-site quarry. 
See also ‘extraction area’ and ‘work authority boundary’. 

Work authority boundary Perimeter of work authority area. 
See also ‘work authority area’. 
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Chapter 1 
Introduction 

 Acknowledgement to Traditional Owners 
Wind Prospect acknowledges the traditional custodians of the land that the project is located on, being the 
Eastern Maar People, and wishes to pay respect to Elders, both past and present. We acknowledge the 
ongoing connection between the Traditional Owners with the land and waters. 

 Background 
The Willatook Wind Farm (the project) is a wind farm development in Moyne Shire in south-western Victoria 
that would consist of up to 59 wind turbines and supporting infrastructure. The wind farm would operate for 
a period of at least 25 years after a two-year construction period and supply more than 1,300 gigawatt 
hours of renewable electricity to the National Electricity Market each year, equivalent to the average 
electricity usage of more than 200,000 Victorian households.  

An on-site quarry is proposed to service the construction of the project (as the preferred option), with the 
aim of reducing the impacts to local roads and limit increases to local traffic volumes. This option was 
chosen after consultation with the local community and Moyne Shire Council.  

This preliminary draft quarry work plan draws from the outcomes from the project’s Environment Effects 
Statement (EES) findings and proposed design measures and management controls. Preparation of a work 
plan is a requirement of the Mineral Resources (Sustainable Development) Act 1990 for those intending to 
develop an extractive industry project.  

The preliminary draft quarry work plan:  

• describes the context for the project 
• describes the nature and scale of the proposed extractive industry activities 
• identifies potential social and environmental effects of the quarry and how these impacts would be or 

managed 
• presents conceptual and technical information on mine rehabilitation 
• describes the approach to community engagement.  

If the project is approved, the final work plan would serve as the primary instruments by which the quarry 
would be regulated under the Mineral Resources (Sustainable Development) Act 1990.  

 Project overview 
The project located at Willatook, about 22 kilometres to the north of Port Fairy and 32 kilometres to the 
north-west of Warrnambool. Locally, it is situated about 3 kilometres north-east of the town of Orford 
(Figure 1.1).  

The project is situated to the south of Woolsthorpe–Heywood Road and lies between Penhurst–
Warrnambool Road to the east and Hamilton–Port Fairy Road to the west. The broader wind farm site, 
defined as the area within the project boundary, covers an area of about 4,154 hectares of mostly private 
land used for agriculture (predominately sheep and cattle grazing). The area has a relatively low density of 
dwellings (compared to other parts of Victoria) and contains an open and unobstructed landscape with good 
road access. 
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Figure 1.1 Project location 
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The on-site quarry would be within a work authority area of about 30 hectares. The quarry would operate for 
at least 12 months and possibly up to 24 months to extract around 450,000 cubic metres of basalt for use in 
the construction of access tracks and hardstand areas. It would also be used for foundations at each wind 
turbine location if the material is of suitable quality. The extraction area would measure 10.5 hectares and 
have a maximum depth of 14 metres. After the quarry has finished operating, and as agreed with the 
landowner, the area would be rehabilitated and the quarry filled with water. 

 Project proponent and author of plan 
Willatook Wind Farm Pty Ltd, owned by Wind Prospect Pty Ltd (Wind Prospect), is the project proponent. 
The planning permit application will be submitted by Willatook Wind Farm Pty Ltd. 

Wind Prospect is an independently owned renewable energy project developer that has operated in 
Australia since 2000. During that time Wind Prospect has gained planning approval for twenty wind farms 
and two solar farms within Australia, totalling more than 3,000 megawatts of generating capacity, of which 
more than 2,100 megawatts is operational.  

Wind Prospect is focused on compliance with relevant legislative and regulatory requirements as well as 
strong stakeholder engagement. The company maintains a commitment to deliver long-term benefits to the 
local Willatook, Orford and surrounding communities, as well as helping to achieve policy objectives at all 
levels of government.  

This preliminary draft quarry work plan has been drafted by Cameron Black of BCA Consulting and Wind 
Prospect.  

 Scope and purpose 
The purpose of this preliminary draft quarry work plan is to detail the potential environmental effects of the 
quarry and how these will be avoided or mitigated in the development of the quarry.  

The preliminary draft quarry work plan addresses regulatory requirements set out in the Mineral Resources 
(Sustainable Development) (Mineral Industries) Regulations 2019 and has been prepared in accordance 
with the Department of Jobs, Precincts and Regions’ Guideline for Preparation of Work Plans and Work 
Plan Variations - Guideline for Extractive Industry Projects (December 2020). 

The aim of the preliminary draft quarry work plan is to provide sufficient detail to enable a reader to 
understand the activities proposed to be undertaken at the site, their potential impacts, and the proposed 
management actions that would be implemented to develop and operate the quarry. 

As the project is preparing an EES for the broader project, which the quarry is a key element, this 
preliminary plan is intended to outline the nature and scale of the proposed extractive industry activities and 
provide an overview of technical aspects of the quarry. It also identifies potential social and environmental 
impacts of the project and how these impacts would be avoided or managed.  

The intention is for this preliminary draft quarry work plan to contain sufficient information to enable 
stakeholders and the Minister to consider the likely effects of the proposed quarry, in addition to the EES. 
Following assessment of the EES (and preliminary quarry draft work plan), a final work plan would be 
prepared considering outcomes of the EES process. This final work plan would require formal assessment 
by Earth Resources Regulation (part of the Department of Jobs, Precincts and Regions) with input from 
other statutory bodies. 
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Chapter 2 
Regulatory framework 
The project (including the concept of an on-site quarry) was referred to the Minister for Planning (the 
Minister) in October 2018 under the Environment Effects Act 1978. On 27 December 2018, the Minister 
determined an EES was required due to the potential for the project to have significant effects on 
environmental and social values.  

The completed EES informs the Minister’s assessment of the acceptability of environmental effects of the 
project including the quarry, which in turn is provided to Commonwealth, Victorian and local decision 
makers to inform all applicable planning and environmental approvals.  

As outlined in the EES scoping requirements issued by the Victorian government, the key approvals 
required under Victorian legislation are:  

• a planning permit under the Moyne Planning Scheme consistent with the Planning and Environment Act 
1987 

• an approved Cultural Heritage Management Plan (CHMP) under the Aboriginal Heritage Act 2006 

• an approved work plan and work authority under the Mineral Resources (Sustainable Development) Act 
1990. Statutory decision makers must consider the Minister’s assessment in deciding whether to grant 
approval. 

Figure 2.1 depicts the EES process under the Environment Effects Act 1978 and its interplay with other 
legislation and the approvals required for the project. 

The extraction of stone requires a work authority under section 77I of the Mineral Resources (Sustainable 
Development) Act 1990, regulated by Earth Resources Regulation (part of the Department of Jobs, 
Precincts and Regions), Victoria’s regulator of quarrying activities. To obtain a work authority, the proponent 
must prepare a work plan for the proposed quarry under section 77G of the Mineral Resources (Sustainable 
Development) Act 1990, which includes a Risk Management Plan, Rehabilitation Plan and Community 
Engagement Plan.  

The Minister's assessment of the EES (and preliminary draft quarry work plan) issued under the 
Environment Effects Act 1978 would provide authoritative statutory findings on environmental effects and 
environmental risks, as well as recommendations to be taken into account by statutory decision makers 
(local and state government agencies and authorities).  

Following release of the Minister’s assessment, a final work plan would be updated including relevant 
recommendations. The final work plan requires approval by Earth Resources Regulation. The work plan 
must meet all prescribed criteria specified in the Mineral Resources (Sustainable Development) Act 1990, 
consider relevant requirements specified in the Minister’s assessment, and include review by relevant 
agencies (e.g. Environment Protection Authority (EPA) Victoria, Moyne Shire Council, First Peoples – State 
Relations Group, catchment and water authorities) before it is approved and quarrying can commence.  
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Figure 2.1 Interplay between the EES process and other statutory approvals 

 

The following steps would be completed following the submission of the final work plan including: 

• assessment of the work plan by Earth Resources Regulation to determine that all major components of 
a work plan are included and may request changes if required 

• referral of the work plan to statutory referral authorities and other relevant agencies by Earth Resources 
Regulation. Statutory referral authorities have 30 days to provide any comments 

• formal assessment of the work plan by Earth Resources Regulation (minimum 28 days) 
• decision of approval (or otherwise) by Earth Resources Regulation. If approved, Earth Resources 

Regulation will provide a letter setting out advice of approval and next steps, along with a statement of 
reasons, conditions and work plan. 
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A range of other approvals and consents would also be required to authorise commencement of quarrying 
activities, including: 

• approvals under the Water Act 1989 to construct dams (Section 67) and to take and use water from 
quarry void (Section 51) 

• an approved CHMP, required before commencement of on-ground works (Section 49(2) of the 
Aboriginal Heritage Act 2006) 

• federal approval under the Environment Protection and Biodiversity Conservation Act 1999 (EPBC Act) 
due to the potential impacts on Matters of National Environmental Significance, following completion of 
the State's assessment, issued by the Minister for Planning under the Environment Effects Act 1978. 

EPA Victoria is the primary regulator for water discharges from mining and quarrying activities and advise 
Earth Resources Regulation in their assessment of the quarry work plan on air discharges, noise and waste 
management, and environmental management conditions related to waste and pollution.  

The design and delivery of the project must comply with appropriate regulations and guidelines under the 
Environment Protection Act 2017 where they apply to works and other project activities. 
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Chapter 3 
Project context 

 Location and land tenure 
The project is located at Willatook, about 22 kilometres to the north of Port Fairy and 32 kilometres to the 
north-west of Warrnambool. The quarry is located immediately, east of the Old Dunmore Road and 
approximately 4 kilometres to the north-east of Orford (Figure 3.1). The extraction area would measure 
10.5 hectares within a work authority area of about 30 hectares. 

 

Figure 3.1 Quarry location 

 Topography  
The topography of the quarry site and surrounding area is relatively flat and is characterised by an 
undulating surface with a series of small depressions with informal drainage lines, creating several small 
independent localised catchments. These catchments are susceptible to periods of inundation and reliant 
on infiltration and evaporation to disperse the water. The site itself is located over a ridge and has no 
upstream catchment, with the site draining via depressions located towards the north-western and southern 
boundary and a flow path draining to the eastern boundary in north-eastern corner of the site. The site has 
an elevation difference of around 6 metres between the highest point along the north boundary (95.0 metres 
Australian Height Datum (AHD)) and lowest point along the north-western boundary (88.7 metres AHD).  

The topography of the quarry site is shown in Figure 3.2, along with the proposed site infrastructure 
including the extraction area, stockpile area, works authority boundary, site access and parking. 
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Figure 3.2 Topography of the quarry site 

 Climate 
A desktop review of local meteorology and existing air quality of the project investigation area was 
undertaken to identify any existing air quality issues and the meteorological conditions that influence local 
air quality.  

Mean monthly minimum and maximum temperatures for the Mortlake Racecourse Bureau of Meteorology 
station, from 1991–2021, are shown in Figure 3.3. These temperature statistics are expected to be similar 
for the quarry site. 

 

Figure 3.3 Mean maximum and minimum daily temperatures for Mortlake Racecourse Bureau of 
Meteorology station from 1991 to May 2021 
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Mean monthly relative humidity (%) at 9 am and 3 pm for the Mortlake Racecourse station, from 1991 to 
2010, are shown in Figure 3.4. The relative humidity statistics for the project site are expected to be slightly 
higher than at Mortlake Racecourse station as the project is closer to the coast.  

Mean monthly rainfall and the highest monthly rainfall for calendar months between 1994 to 2021, recorded 
at the Mortlake Racecourse station, are shown in Figure 3.4. That is, the average of all rainfall recorded in 
each calendar month over the time period (e.g. average of rainfall from all months of January during the 
time period), and the highest monthly rainfall recorded in each calendar month (e.g. highest monthly rainfall 
recorded during each of the Januarys throughout the 20-year time period). 

 

Figure 3.4 Monthly rainfall (top) and relative humidity (bottom) at the Mortlake Racecourse Bureau 
of Meteorology station 

The annual average wind speed at the Mortlake Racecourse station, from 2003 to 2021, was 3.9 metres per 
second. Observations at the local project area for 2018 recorded an annual average wind speed of 
5.2 metres per second, with the prevailing wind direction at 9 am typically being from the north-west and 
from the south-west at 3 pm (Figure 3.5). 

To assess the validity of the local observation data collected at the project site for the purposes of 
meteorological modelling, comparisons were made with the long-term wind parameters for closest Bureau 
of Meteorology stations (Mortlake Racecourse and Warrnambool Airport NDB) for the model year 2018. It 
was confirmed that the local observation data could be used for the project meteorological modelling as it is 
comparable with long-term wind speeds and patterns of the nearby Bureau of Meteorology stations. 
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Figure 3.5 Wind rose at 9 am (left) and 3 pm (right) showing wind speed and direction for the local 

project observations over 2018  

 Geology 
The project is on the southern margin of the Western Volcanic Plain, north of Port Fairy. This volcanic 
region is part of a broad basaltic lava province that has been active over the past six million years and is 
referred to as the Newer Volcanic Province, a major geological unit of southern Australia.  

The surface geology within the region consists of the Newer Volcanic Group basalt flows (Qbn) with isolated 
occurrences of Alluvium (Qa) and Colluvium (Qrc) restricted to lower lying areas. Other surface geological 
layers mapped within the region, but outside the project site and immediate surrounds, are the Molineaux 
Sand (Qd) and Port Campbell Limestone (Czipc). The quarry location is mapped within Newer Volcanic 
Group basalt flows (Qbn). 

 Surface water 
An assessment of the effects on surface water as a result of developing the quarry is detailed in the 
hydrogeological and hydrological impact assessment (Appendix A), prepared by Water Technology Pty Ltd. 

The quarry is situated within the Shaw River catchment, which covers a rural area of approximately 
234 square kilometres within the Portland Coast basin. The Shaw River catchment is comprised largely of 
agricultural land dominated by dryland sheep and cattle grazing, as well as dryland cereal cropping.  

The closest watercourse to the quarry is the Shaw River located approximately 3 kilometres to the west. 
The Shaw River is a perennial designated waterway, as mapped by the Glenelg Hopkins Catchment 
Management Authority (Waterway 37/09-02), that flows through the north-western part of the project site. 
The Shaw River originates near Ripponhurst and is fed by Kangaroo Creek and Carmichael Creek 
upstream of the project site, flowing through the Cockatoo Swamp complex within the project site before 
discharging into Lake Yambuk and Portland Bay. 

The Shaw River catchment contains no streamflow gauges. However, there have been numerous anecdotal 
large floods on the Eumeralla/Shaw River system, which have included: 1946 (largest on record), 1954, 
1976, 1978 and 1983. 

No defined surface water features pass through the quarry site. Hydraulic model results for the 1% Annual 
Exceedance Probability (AEP) event (Appendix A) demonstrate that the quarry site is not influenced by an 
external catchment. The site experiences inundation up to a maximum of 300 millimetres in the localised 
depressions and flow paths across the site. Flood levels across the site range from 89.0 metres AHD along 
the northern boundary to a maximum of 92.7 m AHD within the site (Figure 3.6). Due to the topography of 
the site and height difference between the ridge and depressions/flow paths, some areas of the site 
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experience velocities up to 0.4 metres per second. Flow velocities quickly reduce to under 0.2 metres per 
second once in the depressions/flow paths. The product of flood depth and velocity (depth x velocity) does 
not exceed 0.3 m2/s across the entire site, classifying it as Low Hazard (H11). 

The proposed extraction area is mainly influenced by localised rainfall, though the area marginally 
intercepts a flow path in the north-eastern corner. The proposed quarry access track within the works 
authority area is not influenced by inundation.  

 

Figure 3.6 Modelled flood depths (metres) during a 1% AEP rainfall event 

 Groundwater 
A groundwater assessment of effects of the quarry on groundwater is detailed in the hydrogeological and 
hydrological impact assessment (Appendix A), prepared by Water Technology Pty Ltd. A combination of 
desktop information and field-based survey techniques were used to characterise groundwater including: 

• review of legislation and policies relevant to the assessment of groundwater impacts  

• review of existing land and water use, including the identification of: 

̵ registered groundwater bores via the Visualising Victoria’s Groundwater website 
̵ Groundwater Dependent Ecosystems (GDEs) as shown in the Bureau of Meteorology GDE Atlas 

• characterisation of the surface and underlying geology, based on review of the Geoscience Australia 
database and relevant literature applicable to the project site 

• development of a hydrogeological conceptual model to determine potential ‘impact pathways’, and the 
effect of project activities on groundwater resources and users that incorporated: 

̵ local geological information 
̵ groundwater flow systems of the Glenelg Hopkins Catchment Management Authority region 
̵ LiDAR ground elevation data 

 

 

1 17 Ball J, Babister M, Nathan R, Weeks W, Weinmann E, Retallick M, Testoni I, (Editors), 2019, Australian 
Rainfall and Runoff: A Guide to Flood Estimation, Commonwealth of Australia, Book 6, Chapter 7. 
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̵ hydraulic conductivity (K) of shallow geological units based on previous groundwater studies carried 
out in the regional area 

̵ bore data for the presence of perched aquifers (i.e. seasonally high-water table due to winter rainfall, 
rather than from groundwater rising from below). 

Twenty-three exploration boreholes were drilled within the proposed quarry area at depths ranging from 
6.9 to 21.3 metres below natural surface level. The geological logs from these boreholes were analysed to 
determine the characteristics of the underlying basalt material. Water level gauging was also done on 
5 February 2021 at five boreholes within the proposed quarry extraction area (i.e. quarry pit). 

3.6.1 Aquifers 
The primary aquifer units that occur in the project site are associated with the following geological layers: 

• Newer Volcanic Group basalts (Upper Tertiary/Quaternary Basalt) 
• Port Campbell Limestone (Upper mid-Tertiary Aquifer, part of the Upper Middle/Limestone Aquifer). 

Newer Volcanic Group basalts (Upper Tertiary/Quaternary Basalt) 

The local Upper Tertiary/Quaternary Basalt comprises the Newer Volcanic Group basalt flows, overlain 
locally by stony rises and scoria. These basalt flows and stony rises comprise the majority of the project site 
surface geology. The Newer Volcanic Basalts occur between the natural surface to a depth of around 
50 metres. 

Stony rises occur in areas within the project site where lava flows buried soil that was present on previous 
lava flows. The stony rises are reported to be less weathered and more fractured, allowing for higher 
volumes of groundwater recharge and storage.  

Across the project site the Newer Volcanic Group basalt and stony rises behave as an unconfined fractured 
rock aquifer. In these aquifers, groundwater flow is controlled by fracture zones through which groundwater 
infiltrates and flows, as well as the rock type, level of rock deformation and undulations of the land surface. 
While both basalt flow and stony rise aquifers are important for groundwater supply, the aquifer potential in 
stony rises is reported to be higher. 

Port Campbell Limestone (Upper mid-Tertiary Aquifer) 

Beneath the Newer Volcanic Group basalts is the Port Campbell Limestone, comprised of marine silts and 
clays from depths of around 20 to 200 metres below the natural surface. This Upper mid-Tertiary Aquifer is 
typically around 100–200 metres thick across the South-west Coast sub-region and is a major aquifer in the 
region. Outcropping of Port Campbell Limestone occurs in some areas and overlain by Newer Volcanic 
Group basalts in others. Small outcrops occur between Yambuk and Orford. The Port Campbell Limestone 
aquifer is classified as ‘partially (or semi) confined’ in areas where it is overlain by Newer Volcanic Group 
basalts. No outcrop areas of Port Campbell Limestone are mapped within the project site. 

3.6.2 Depth to groundwater 
Depth to groundwater varies across the region. It also varies at different times of the year, influenced by 
seasonal rainfall and longer-term climatic changes. In general, groundwater is shallow across the project 
site, estimated to be between 1 and 12 metres below natural surface level. Localised areas of shallow 
groundwater (less than 3 metres below natural surface level) are likely to occur, particularly in topographic 
lows. 

Groundwater levels range from around 2.1 to 5.2 metres below ground level based on water level gauging 
undertaken on 5 February 2021 from five cased drillholes located within the proposed extraction area. The 
groundwater levels equate to elevations of 89.8 to 93.9 metres AHD (Figure 3.7). The available 
groundwater elevation data suggests a groundwater flow gradient from the north-west to the east, south-
east and south of the extraction area. 
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Figure 3.7 Groundwater levels and direction of flow 
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3.6.3 Groundwater flow, recharge and discharge 
On a regional scale, groundwater flow in the Newer Volcanic Group basalts (Upper Tertiary/Quaternary 
Basalt) is southwards towards the coast. Groundwater flow is driven by recharge which predominantly 
occurs via infiltrating rain (during winter and spring), with estimates of between 10 to 40 millimetres per 
annum reported by Dahlhaus et al. (2002). The underlying Port Campbell Limestone aquifer is recharged 
via indirect rainfall infiltration where it is overlain by basalt aquifers, and via direct rainfall infiltration where 
the aquifer is expressed at the surface. 

Discharge from the Newer Volcanic Group basalt aquifer occurs through groundwater extraction from wells 
and at the edge of formations and topographic lows where surface expressions of groundwater (e.g. springs 
and freshwater meadows) are common.  

Groundwater flow within the Newer Volcanic Group basalt aquifer is variable, due to the inherent variability 
in hydraulic parameters that exist in aquifers of volcanic origin. The parameter of interest is hydraulic 
conductivity. Hydraulic conductivity values are reported to range from 0.001 to 100 m/d (metres per day) for 
the Newer Volcanic basalt, with the lower estimate described as tight fractures and the upper estimate 
described as open fractures and lava tubes. 

3.6.4 Groundwater quality 
The geology, water-rock interactions and local groundwater flow systems can influence groundwater quality 
and recharge. Groundwater salinity (measured as electrical conductivity or as total dissolved solids) is 
generally used as a measure of quality, due to its implications for groundwater use and land management. 

Using the Visualising Victoria’s Groundwater database, groundwater salinity is expected to range from 
1,001 to 3,500 mg/L in the water table aquifer across much of the project site. In general, groundwater in 
the project site is too brackish and hard for potable domestic use but is of sufficient quality to be used for 
irrigation, stock and some industrial processes. 

3.6.5 Groundwater users 
There are three registered groundwater bores within 2 kilometres of the quarry site, the closest being 
1 kilometre west.  

The Bureau of Meteorology’s GDE Atlas indicates the presence of aquatic and terrestrial GDEs in the 
project site. These ecosystems are rated as having moderate to high likelihood of receiving groundwater 
inflows.  

Mapped aquatic GDEs include temporary freshwater marshes and meadows, which are predicted to receive 
some groundwater inflows. Potential terrestrial GDEs in proximity to the quarry include the Plains Grassy 
Wetland and Stony Knoll Shrubland vegetation community. The closest mapped groundwater dependent 
ecosystems are approximately 500 metres north-east. 

 Flora and fauna 
Nature Advisory have completed extensive investigations of the flora and fauna of the project site detailed 
in the flora and fauna impact assessment, and the Brolga assessment (Nature Advisory, 2021a; 2021b). 

The project is within the Victorian Volcanic Plain bioregion. Volcanic activity in this region has, over a long 
geological period, deposited thin broad shields or long lava flows of basalt, creating extensive flat to 
undulating plains interspersed with volcanic cones. Within this landscape are scattered shallow lakes and 
incised watercourses. Native grasslands occur in areas where these flows have experienced long periods of 
weathering, producing heavy grey, red or black cracking clay soils, which are generally fertile but poorly 
drained. In contrast, the youngest relatively unweathered lava flows are known as stony rises and have thin 
soils and support woodland vegetation. Trees and shrubs are either absent or are restricted to 
watercourses, swamps or rocky hills and slopes bordering the plains.  
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The project site itself has been used for sheep and cattle farming for more than 100 years and the majority 
(about 90%) is comprised of introduced and planted vegetation, including grazing pasture, areas of 
cropping, and wind breaks comprising of non-indigenous species. The site has been subject to extensive 
removal of native vegetation in the past and much of the area comprises rocky knoll country with lower 
depressions in the landscape that remain saturated after periods of heavy rain.  

The quarry location has been selected to avoid all known ecological constraints, including native vegetation 
mapped at the site and Department of Environment, Land, Water and Planning (DELWP) mapped ‘current 
wetlands’.  

Nature Advisory (2022a) completed a detailed flora and impact assessment for the broader wind farm 
project site. This assessment found that the quarry site is currently comprised of paddocks used for grazing 
dominated by non-native vegetation. None of the vegetation mapped within the quarry site met the 
threshold to be classified as a native vegetation patch according to the Guidelines for the removal, lopping 
or destruction of native vegetation (DELWP, 2017). All vegetation on site was therefore identified as non-
native. 

Nature Advisory (2022a) characterised the flora and fauna of the broader wind farm site. In relation to the 
likelihood of occurrence of these listed species within the quarry site, no threatened fauna species listed 
under the EPBC Act or the Flora and Fauna Guarantee Act 1988 (FFG Act) that were identified to 
potentially occur at the wind farm site during the EES assessment process are expected to rely upon or 
regularly use be present at the quarry site due to the lack of suitable habitat. 

Riparian habitat along the Shaw River and the Blue Gum Plantation immediately to the south-west of the 
quarry site was found to provide habitat, albeit infrequently, for two threatened bat species: Southern Bent-
wing Bat (Miniopterus orianae bassanii) (listed as critically endangered under both the EPBC Act and 
FFG Act) and Yellow-bellied Sheathtail Bat (Saccolaimus flaviventris) (listed as vulnerable under the 
FFG Act). 

Over the last decade significant efforts have been made to assess Brolga activity (listed as endangered 
under the FFG Act) and suitable habitat at the wind farm project site and surrounding area. A total of 
28 Brolga breeding sites were identified by Nature Advisory within 10 kilometres of the project site. Six of 
these sites are within 3 kilometres of a potential wind turbine location (Nature Advisory, 2022b). The closest 
Brolga breeding wetland to the proposed quarry site is 2.1 kilometres.  

The Shaw River provides suitable habitat for two threatened fish species: Little Galaxias (Galaxiella 
toourtkoourt) (listed as vulnerable under the EPBC Act and endangered under the FFG Act) and Yarra 
Pygmy Perch (Nannoperca obscura) (listed as vulnerable under the EPBC Act and FFG Act). The river may 
also be used as a movement corridor for Growling Grass Frog (Litoria raniformis) (listed as vulnerable 
under the EPBC Act and FFG Act) following heavy rainfall events. 
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Figure 3.8 Mapped native vegetation in the vicinity of the quarry 
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 Heritage 

3.8.1 Aboriginal cultural heritage 
The Aboriginal cultural heritage of the region is described in the Aboriginal cultural heritage impact 
assessment (Ecology and Heritage Partners, 2022a). Prior to European arrival, the region was inhabited by 
the Dhauwurd wurrung (Gundidjmara) people. Their traditional lands extended from approximately the 
western Victorian border, east along the coast to Warrnambool and north close to Hamilton and were 
divided into 59 clans. Three of these clans are likely to have resided within the project site: Art gundidj, and 
the Yowen gundidj in the east and the Nartitbeer gundidj in the west. 

A targeted survey (i.e. standard assessment) of the area quarry site was undertaken on 22 September 2020 
with representation from the Eastern Maar Aboriginal Corporation. Following this survey, modifications to 
the proposed location of the quarry site were made and a further standard assessment survey was 
undertaken by Ecology and Heritage Partners and Eastern Maar on 21 April 2021.  

As stony rises were present it was decided to test the area proposed for the quarry to ascertain if any 
Aboriginal cultural heritage was present, although it was noted the area was not sheltered and subject to 
prevailing winds. However, the proximity of the Shaw River meant that the potential for heritage should be 
considered. 

An intensive complex assessment of the proposed quarry area was also undertaken due to the impacts that 
would result from the extraction of stone as well as being the location of the proposed site offices/amenities 
and truck parking areas during the construction of the wind farm.  

The complex assessment of the quarry area was undertaken in two stages in September 2020 and June 
2021 (with representation from the Eastern Maar Aboriginal Corporation and Gunditj Mirring Traditional 
Owners Aboriginal Corporation) based on the changing footprint of the quarry and associated infrastructure 
and amenities. The assessment commenced in the east of the quarry area where extraction and storage of 
overburden would occur and dam facilities would be constructed. A total of four test pits and 15 shovel test 
pits were excavated in the first phase of testing for the quarry. In the second stage of complex assessment 
for the proposed quarry site one test pit was excavated at the location of the proposed truck parking and 
amenities area, and six shovel test pits were excavated in the area where general disturbance (such as 
access tracks) would occur. The locations of the complex assessment surveys are shown in Figure 3.9. 

The test excavations undertaken at the quarry site did not identify any Aboriginal cultural heritage. 

The complex assessment tested stony rise landforms, mid-slopes and low-lying areas subject to inundation. 
The soil profiles within the proposed quarry area are consistent with those found elsewhere across the 
activity area and comprise shallow clayey silt topsoils overlying either sterile clay base or rocky bottoms (or 
a combination of the two). The excavations generally reached maximum depths ranging from  
120–330 millimetres. 

No Aboriginal cultural heritage was located during the complex assessment of the quarry area. The closest 
registered sites are located about 2 kilometres south. 

 

 



 

18 Willatook Wind Farm | Preliminary Quarry Work Plan  
Project context  

 

 

Figure 3.9 Quarry complex heritage assessment 
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3.8.2 Historical heritage 
The historic heritage of the region is described in the historical heritage impact assessment (Ecology and 
Heritage Partners, 2022b). The Moyne region was first visited by French explorers in 1802. This was 
followed by whalers and sealers and the settlement at Port Fairy was established in 1810. Following 
European settlement in the region, the land within what is now Moyne Shire became renowned for its rich 
pasture land and agricultural productivity. By the mid-1830s squatters had taken up pastoral runs. 
Europeans first settled in the Hawkesdale area in the 1840s when three pastoral runs were established. 
The Hawkesdale Inn opened around 1855, with the area subsequently named after the inn in 1860. First 
European settlement in Orford dates to 1856. A series of acts were passed in 1898 and 1904 in which large 
pastoral holdings were compulsorily acquired and subdivided to allow for closer settlement. Soldiers 
returning from first World War 1 and then World War 2 were able to acquire parcels of land under the 
Soldier Settlement Scheme.  

No sites of historical heritage importance were recorded near the quarry location (Ecology and Heritage 
Partners, 2022b). 

 Social and cultural context 
Sensitive land uses (also known as sensitive receptors) are defined by EPA Victoria (e.g., EPA, 2013) as 
land uses that require protection of the air environment, such as for human health and wellbeing and local 
amenity. This includes places such as residential dwellings, education facilities and outdoor recreation sites. 

The nearest sensitive receptor site to the quarry site is located approximately 1.4 kilometres south-east of 
the quarry site boundary (Figure 3.1). This is an isolated residential dwelling. Other sensitive receptor sites 
are located along the Hamilton-Port Fairy Road approximately 3 kilometres south-west of the quarry site, 
and along Woolsthorpe-Heywood Road approximately 3 kilometres north of the quarry site. All of these 
sensitive receptors are residential properties.  

The number of sensitive receptors within 3 kilometres of the quarry site are included in Table 3.1 below. 

Table 3.1 Distance of air quality sensitive receptors from quarry work authority boundary 

Distance from quarry work authority boundary Number of sensitive receptors 

< 500 metres 0 

501–1,000 metres 0 

1,001–1,500 metres 1 

1,501–2,000 metres 0 

2,001–2,500 metres 0 

2,501–3,000 metres 3 

The closest town to the quarry is Orford, located approximately 4 kilometres south-west from the quarry 
site. The closest hub to Orford for retail and education is Port Fairy, with the closest secondary schools in 
Warrnambool and Hawkesdale. 

Orford has seen a progressive decline in population since the early 20th century, with the only primary 
school having closed in 1949. Today, Orford has a population of 102 residents and minimal community 
facilities, which include Orford Memorial Hall, Orford Recreation Reserve and Orford Country Fire Authority. 
The community hall is used by the local Orford Table Tennis Association and for community meetings and 
events. The recreation reserve serves as a hub for outdoor recreation, and a starting point for some horse 
trail riding gatherings. 



 

20 Willatook Wind Farm | Preliminary Quarry Work Plan  
Assessment of alternatives  

 

Chapter 4 
Assessment of alternatives 
Avoidance and minimisation of impacts has been central to the development of the proposed quarry 
concept. The approach has been to firstly avoid potential impacts, if possible, then to minimise the severity 
of the impact over space and time.  

The use of an on-site quarry for the broader project would reduce construction traffic (particularly dump 
trucks) on surrounding local roads, limit subsequent impacts on the local road pavement and minimise 
traffic accidents risk. However, the quarry does introduce a range of other potential impacts including 
groundwater drawdown, and noise and dust generation.  

The quarry site was selected based on the quality and availability of the rock resource, and to avoid 
environmental, hydrological, cultural, biodiversity and geo-morphological constraints. The location chosen 
for the quarry involved a site selection process with various alternative options assessed. Initially, four 
potential on-site quarry locations were identified by BCA Consulting (quarry consultant) within the site (see 
Figure 4.1). These locations were based on project constraints (including environmental, social and heritage 
aspects), accessibility and basalt resource. Each of the four options were inspected and evaluated by a 
quarry consultant, which led to preliminary drilling tests of the resource potential at two of the sites. One of 
these two locations was excluded when turbine free buffers around potential Brolga breeding areas were 
developed in 2020.  

Once the quarry location had been selected, the design underwent several iterations as a result of feedback 
from the various stakeholders and technical specialists. The closest dwelling is located approximately 
1.4 kilometres to the south-east of the work authority area and is owned by a landowner involved in the 
project (i.e. a stakeholder dwelling). Two further neighbouring dwellings not involved in the project (i.e. non-
stakeholder dwellings) are located within 3 kilometres of the work authority area. 
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Figure 4.1 Alternative infrastructure locations considered 



 

22 Willatook Wind Farm | Preliminary Quarry Work Plan  
Project description  

 

Chapter 5 
Project description 

 Overview 
The quarry would consist of the following: 

• access track 
• extraction zone (or pit) where blasting would occur 
• office facility with toilets 
• rock crushing facility 
• stockpiling areas for topsoil, overburden and crushed rock 
• car parking area 
• water storage dams 
• wheel washing area 
• potable water storage.  

It is expected the quarry would be in use for up to 24 months and extract around 450,000 cubic meters 
(about 1 million tonnes) of basalt for use in the construction of access tracks, hardstand areas and the 
temporary construction compound. Aggregate may also be used for wind turbine foundations if the rock is of 
suitable quality. 

The proposed layout of the on-site quarry is shown Figure 5.1 and a summary of key features is provided in 
Table 5.1. 

Table 5.1 Key project features 

Features Description 

Current extraction area Agricultural land using for grazing. 

Quarry lifetime production 1 million tonnes 

Peak production  600,000 tonnes per year 

Disturbance area 20.0 hectares  

Volume of extraction 
excluding topsoil 

The total volume of the extraction is approximately 1.22 million cubic metres. 

Quarry pit configuration Up to 2 working faces and 1 bench 
Maximum terminal face height 7 metres  
Maximum working face height 13 metres 
Minimum bench width 20 metres 
Overall terminal wall angle (top crest to bottom toe) is 1V:2H, (27 degrees). 

Blast frequency 1 or less per week, 40–50 per year 

Blast area 1,000 metres squared (approximately) 

Crushing/screening trains 2 

Crushing and screening 
rate 

600,000 tonnes per year 

Moisture content of 
excavated material 

2% by mass 

Operating hours 7 am – 6 pm Monday to Friday  
7 am – 1 pm Saturday  
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Figure 5.1 Quarry layout 
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 Geology and resource 
The geology of the quarry site is comprised of deeply weathered basalts of the older lavas of the Newer 
Volcanic Province, fresh to slightly weathered basalt of the Mount Rouse Lava flows, and lake and wetland 
organic and mineral sediments with varying degrees of seasonal and on-going saturation. The proposed 
quarry is in an area of Mount Rouse – Port Fairy lava flow. 

As discussed in Chapter 4, BCA Consulting identified four potential onsite quarry locations within the 
broader wind farm project boundary. In May 2018 BCA Consulting visited each of the sites to evaluate their 
locations and ground truth. This led to preliminary testing of resource potential at two sites through 
conductivity testing.  

Once the preferred location for the quarry was identified, a geophysical survey was carried out followed by 
a program of targeted percussion drill holes to a depth of about 16 metres (Figure 5.2). Drill cuttings (chip 
samples) were collected at 1.8-metre intervals, then washed and logged to assess the quality of the 
resource. This program confirmed the suitability of the site for the quarry. 

Figure 5.2 
 Drilling at quarry site 

 

The resource drilling undertaken identified the resource to be at least 14 metres thick. The resource 
investigation identified clayey overburden ranging from 0 to 3.6 metres, with a variable weathered zone of 
up to 3.6 metres. 

The extraction area contains a viable resource in the order of two million tonnes of fresh to moderately 
weathered basalt. Materials would be excavated across several low, elongate basalt rises and associated 
depressions. 

 Method and scale of operation 
The quarry would be a traditional shallow drill and blast basalt quarry. The maximum depth including 
overburden would be approximately 14 metres and would operate with either two 5–7 metre faces or a 
single 13 metre blasted face, depending on rock quality and specific product requirements. The sole 
purpose of the quarry is to supply the wind farm with construction materials, predominantly commercial 
grade sub base and base course material for access tracks and hardstand areas, and potentially concrete 
aggregates. The quarry would not be open to the general public for sales of materials and would be 
accessed via the private road network established for the project, close to the Old Dunmore Road access. 

Working faces and terminal faces are shown diagrammatically in Figure 5.3. The work authority would 
operate with a two-face single bench and/or a single face operation, depending on rock quality. Regardless 
of working face profile, the terminal edge design would be a two face, 20 metre bench profile (to balance 
available overburden with rehabilitation requirements). The terminal pit profile is designed as a two-face 
profile, maximum 7 metre high face. Overburden ranges from 0 to 3.6 metres, but typically is assumed at 
1.5 metres. 
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Figure 5.3 Diagrammatic representation of quarry operation 
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 Depth of extraction 
To allow for the inherent variability of the resource a maximum design depth of 14 metres (i.e. 2 metres of 
overburden and 12 metres of basalt as measured at the terminal boundary) has been adopted. The pit floor 
would generally reflect the surface topography, but would vary according to the resource, surface 
topography and rehabilitation in order to develop a quarry sump(s) in a low point of the quarry floor. 

Two cross sections of the quarry site are shown in Figure 5.4 and Figure 5.5. 

 Proposed stages of extraction 
The extraction process would consist of the following steps: 

• soil removed and stored in mounds along the edge of the disturbance area prior to use in progressive 
rehabilitation or stored in temporary stockpiles at the edge of the disturbance area 

• overburden removed and used to create the initial hardstand, plant and stockpile areas, then placed in 
storage mounds within the disturbance area, or later on used directly in progressive rehabilitation or 
backfilling/re-profiling 

• resource extracted and hauled to the mobile processing plant 
• cut off drains, soil mounds and other surface water management control features would be continually 

updated and modified to ensure dirty water is directed to the quarry sumps and clean water is directed 
away from the disturbance area. 

The basic staging methodology is to start the excavation on the western edge of the extraction area, 
developing the first groundwater recharge dam, Dam 1, at the same time. The office, weighbridge, 
workshop, and associated buildings and services would be established to the north-west of this location 
early in the life of the quarry, and would be located to easily access the project road network. Infrastructure 
in this area would maintain a minimum 20 metre buffer to the work authority boundary. The hardstand area 
would be developed to locate product stockpiles and any mobile processing plant, at natural surface level. 
The excavation would progressively develop east of the initial extraction area, expanding to the north and 
east as material quality allows, exposing a significant amount of quarry face to allow the blending of 
material to achieve the required product mix.  

Depending on the project demands and the quality of the resource, the advancing faces may be split into 
two 5–7 metre faces to allow the higher-grade products to be produced, or the advancing face may be a 
single 13 metre face, where the full depth of the resource is suitable to supplying the project demands. This 
combination of the faces would be necessary to allow for flexibility in accessing the resources variable 
quality, and at a terminal face to balance the overburden requirements to achieve the desired rehabilitation 
profile. 

The results of the Competent Person’s Assessment (Appendix B) preliminary slope stability analyses 
undertaken, indicates that a minimum Factor of Safety (FoS) greater than 2.0 is achieved for an overall 
(large) scale instability. Accordingly, large scale instability is not expected for the terminal batter geometry. 
The Competent Person’s Assessment also conducted a sensitivity analyses for a hypothetical scenario, i.e., 
grass level flood due to heavy rainfall, where the batters becomes fully saturated. However, it is noted that 
as part of the operational phase, a swale drain and safety bund will be established around the crest of 
terminal faces to minimise the potential for uncontrolled surface flows over the pit crest. The results of the 
fully saturated case sensitivity analyses indicate that a factor of safety against large scale instability is 
greater than FoS 2.0. 

The results of the seismic analyses indicates that a minimum FoS of above 2.0 was achieved for a global 
scale (i.e., deep seated) failure for a 1 in 500 year seismic event. Accordingly, large scale (overall) 
instability is not expected for a 1 in 500 year seismic event. 

Based on the results of the preliminary stability analyses presented above, the proposed water dam location 
is considered to be suitable from stability perspective. Other critical infrastructure should be placed about 20 
metres from the crest of the batters. 

Terminal faces would be rehabilitated as soon as practicable after they are established as a permanent 
place for overburden and for the early re-establishment of pasture. 
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Figure 5.4 Cross section AA running from the north to the south of the quarry 

 

Figure 5.5 Cross section BB running from the north-west to south-east of the quarry 

 
Figure 5.6 Locations of cross sections  
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The work authority has the capacity to accept significant volumes of imported materials, which typically 
includes paddock rock, clean fill and/or soil. The import of any offsite materials would need to be 
appropriately approved and conducted in accordance with the Environment Protection Regulations 2021. 
While the volume of overburden generated by the work authority is sufficient to fulfil the rehabilitation 
requirements (see Section Chapter 10), imported material may be used to supplement products, 
overburden or soil materials to assist in rehabilitation. 

 Extraction methods  
The quarry would employ both traditional soft rock (excavator, dozer) techniques to remove soil, overburden 
and highly weathered basalt, and hard rock (drill and blast) methods to extract the fresher, harder basalt. 
Product classification would be based on project demand and would be a combination of physical properties 
and material colour.  

Soil would be stripped and initially stockpiled in windrows at the edge of the disturbance area to assist in 
surface water diversion, then either used directly in progressive rehabilitation or stockpiled within the 
disturbance area for later use in rehabilitation. The location of soil stockpiles is shown Figure 5.1. 

The depth of overburden varies and ultimately is determined by product requirements/project demands. 
Overburden generally consists of diggable clays and extremely weathered material and may be 
supplemented by highly weathered material and plant reject material, such as plant oversize, unsellable 
product and/or out of specification products. The diggable material may be blended with weathered basalt 
at varying proportions to make a low-grade “soft” road base product that is traditionally used to top dress 
lightly trafficked hardstand areas, pedestrian pathways and/or light vehicle access areas. 

Blasted/broken material would be loaded into dump trucks and taken to the Primary Raw Feed (PRF) 
stockpile(s) for crushing and processing at the plant(s) to produce a range of crushed rock products and 
aggregates. 

 Stockpiling facilities  
Stockpiling of topsoil and overburden would take place when the sequencing of stripping, extraction and 
progressive rehabilitation does not allow direct placement. 

Soil stockpiles would be limited in height to not greater than 2 metres, located at the edge of the 
disturbance area at a location close to extraction crests or the edge of hardstand areas where they would 
be ultimately used in rehabilitation. Soil stockpiles would be contoured, stabilised and grassed to manage 
erosion until they are required for use in rehabilitation. While not required, they would assist in shielding the 
extraction area from outside views. There would be no soil stockpiles post closure as all the soil would be 
used in rehabilitation. 

Overburden stockpiles would be limited in height to a maximum 12 metre when located within the 
excavation, or 8 metres if placed on natural ground. As much as possible, overburden would be placed in 
worked-out areas of the excavation and located to not impact the overall risk assessment of the work 
authority. Overburden stockpiles would have 1V:2H side slopes with a contour drain at the base of the 
dump to direct any runoff into the work authority drainage control system. Overburden stockpiles would be 
contoured and vegetated as required or otherwise stabilised to manage erosion. 

Product stockpiles would generally be located close to the mobile processing plant. The maximum height of 
product stockpiles would be 12 metres. Product stockpiles are dynamic in nature as they are continuously 
produced and then transported to the wind farm construction areas. Product stockpiles from the mobile 
screening plants/stacking units would typically be 8 metres high. Occasionally it would be necessary to 
construct ramped stockpiles with a loader. It is anticipated that the initial quarry development would 
commence before construction of the wind farm access track network and turbine hardstand areas, 
resulting in large areas of the disturbance area and extraction areas being temporarily taken up with product 
stockpiles. 

Soil and overburden stripping would be avoided on hot, dry, windy days, or as much as possible after 
extended dry periods where the inherent moisture content is very low.  
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 Stone processing  
Material suitable for crushing and screening would be processed through mobile crushing and screening 
plants. The location of the processing plant, shown on Figure 5.1, is to the west of the extraction area within 
the disturbance area. It is planned to retain the processing plant in the same location throughout the life of 
the quarry. 

The mobile processing plants would require loaders and/or excavators to feed the self-powered units, which 
would comprise crusher(s), screen(s), sizing unit(s), stacking conveyors and blending units to produce and 
stockpile the required end product(s).  

 Water management 
Process water (which is clean water used in dust suppression, any product rinsing and irrigation of 
rehabilitated areas) would be obtained from incident surface water collected from the disturbed areas of the 
quarry and supplemented by ground water sourced from the ground water recharge dams and, if 
necessary, non-potable water transported to the work authority. Surface water runoff would be directed to a 
sediment trap then the quarry sump located in the base of the excavation. The location of the quarry sump 
would be dynamic as the excavation progresses but would always be at the lowest point of the quarry, 
inside the excavation and at least 12 metres below the existing or rehabilitated ground level. The capacity of 
the quarry sumps throughout the life of the quarry is more than satisfactory to accommodate storm events.  

The water flow would be designed and managed so that water is given sufficient retention time in the 
various structures to allow solids to fall out of suspension. There would be no discharge of dirty water from 
the quarry. 

Estimated water usage on the work authority is 15 mega litres per year, comprising water for dust 
suppression on the access track, around the plant and stockpile area, on the processing plant and for 
mixing with road base products.  

A sump (water dam) would be located in the extraction area, and is shown in Figure 5.6, which also shows 
the location of drains and other surface water control features for the development stages of the operation. 

 Dust suppression 
There would be ample water (supply and storage) on the work authority to manage dust through traditional 
methods, i.e., water carts, water sprays, sprinkler systems etc. A plant water tank would be located adjacent 
to the processing plant for use in dust suppression. Water would be sourced from incident collection and 
from the groundwater recharge dams (and storage in the quarry sump). If required, non-potable water used 
for dust suppression would be transported to the work authority as needed. 

 Waste disposal  
The only waste products produced by the quarry would be overburden, plant rejects, plant oversize, out of 
specification products and/or unusable products, and only then when it is not blended with other material for 
use as a low-grade product. These materials are all natural and contain no added chemicals or other 
harmful products, and may be used in quarry rehabilitation, either directly or following temporary stockpiling 
inside the excavated area. Where it is not possible to place overburden in the excavated area, overburden 
would be placed on the surface (as shown on Figure 5.1) in profiled and neatly presented mounds up to a 
maximum 12 metres in height. No slimes are produced by the quarry.  

Quarry reject material generated by the quarry would be classified by its physical properties, with any 
clayey materials used in compacted backfill on terminal benches or as fill material in the quarry floor. 

The quarry would generate a small amount of domestic and industrial rubbish. Domestic rubbish includes 
toilet waste, general office waste, and food and paper waste from the office and amenities. Industrial waste 
includes redundant/discarded plant and equipment, discarded conveyor belting, discarded screen decks, 
discarded tyres, discarded grease cartridges, discarded oil drums and oily rags. These materials would be 
removed by appropriately licenced contractors and/or, as in the case of tyres and conveyor belting, by the 
supplier of the replacement items. 
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Figure 5.7 Quarry water management  
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 Potable water 
There is no access to mains water supply for the quarry. The amenities would be serviced by rainwater 
tank. Additional bottled water for consumption would be supplied as required.  

Non-potable water would be sourced from incident rainfall collection or from groundwater recharge dams for 
use in amenities (non-potable supply) and industrial (extractive industries) for dust suppression around the 
plant and the working areas. The Work Authority Holder will apply to Southern Rural Water for a 
Commercial/Industrial groundwater extraction licence, as required. Advice from Southern Rural Water is 
that this work authority is in an unincorporated groundwater area, allowing for a new application to be made 
and eliminating the need for a transfer of licence from a third party.  

 Hydrocarbons 
Quarry activities would be contracted out, with the relevant contractor responsible for the refuelling, 
servicing and general maintenance of their equipment. Initially there would be no fuel stored on site, 
however individual contractors may locate an AS1940 compliant oil/grease store for daily servicing needs, 
or choose AS1940 compliant vehicle-mounted oil and grease stores. Fuel would initially be supplied via 
AS1940 compliant vehicle mounted fuel tanks with refuelling undertaken on the hardstand areas. An 
AS1940 compliant, portable, fully containerised type, fuel store (approximately 2,000 litres) may be supplied 
if a suitable arrangement can be negotiated. If supplied, this fuel store, along with any portable oil and 
grease stores, would be located in the north of the site in the processing/stockpile area. 

All refuelling and minor servicing would be conducted on the hardstand area or the processing plant/ 
stockpile area, and not in the excavation to minimise potential interaction with groundwater. 

 Amenities 
This preliminary draft quarry work plan describes the establishment of temporary portable facilities in the 
quarry that would include a weighbridge, office, amenities, workshop and fuel store. The location of this 
infrastructure is to the north-west of the quarry, close to the quarry access point, as shown on Figure 5.1. 
Quarry infrastructure would be installed progressively as the quarry develops, initially starting with some 
basic amenities, then expanding to equipment stores, fuel stores, workshop, and oil and grease stores as 
the quarry develops and more mobile equipment is delivered to the quarry, culminating in the weighbridge. 

 Other quarry infrastructure 
Additional processing activities that typically occur on the quarry include accepting, sizing, sorting, mixing 
and blending of imported and / processed materials, product mixing and stockpiling, quality control product 
testing, and loading and dispatching loaded materials from the quarry. 

Other activities that occur on the quarry include: 

• maintenance of access tracks and haul roads  
• accepting, sorting and placing inward material and soils 
• accepting, sorting and placing clean fill into stockpiles or batters 
• maintenance, servicing and upgrading of mobile equipment, mobile plant and the sand processing plant. 

Material imported as part of the quarry’s operations would be handled in accordance with an Imported 
Materials Management Plan. Imported material typically includes clean fill, soil or material suitable for 
reprocessing (i.e. structural/engineered fill) to be blended with quarry products, such as “paddock rock” from 
nearby properties, spoil/overburden from the road construction process and potentially material from the 
turbine footings.  

It is acknowledged that whilst importing “solid inert waste” (as defined in the Imported Material Management 
Plan) for recycling into separate products is encouraged by Earth Resources Regulation, the process is 
outside Earth Resources Regulation’s jurisdiction and, if required and undertaken, would require separate 
planning permission. 
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 Access 
Old Dunmore Road would be upgraded as part of the project construction to an all-weather gravel road. The 
risk of dust/mud deposition onto public roads as a direct result of quarry traffic is difficult to quantify, and 
onto the closest sealed road almost impossible to quantify, given the amount of local traffic and construction 
traffic associated with local farmer movements and the wind farm infrastructure traffic. 

 Workforce 
The quarry would employ six to eight people on a full-time basis, with contractors engaged for specific 
activities such as, but not limited to, stripping, drilling, blasting and maintenance. 
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Chapter 6 
Assessment of likely effects 
Once the effects of the project and the quarry have been considered by the Minister and the Minister’s 
assessment released, it is proposed this preliminary draft quarry work plan would be revised considering 
submissions received on the EES and preliminary draft quarry work plan, and Minister’s assessment. The 
final work plan would include a Risk Management Plan, Rehabilitation Plan and Community Engagement 
Plan.  

The Risk Management Plan would include standard quarrying risks as well as site specific impacts and 
risks identified through the EES process. To inform the assessment of likely impacts and effects, the 
preliminary draft quarry work plan has focused on objectively describing the potential impact pathways and 
likely effects.  

 Flora and fauna 
Development of the quarry has the potential to impact terrestrial and aquatic biodiversity values on distinct 
impact pathways including:  

• direct habitat loss from ground disturbance associated with construction earthworks 

• habitat degradation from the introduction or spread of invasive species or pathogens, hydrological 
changes, groundwater drawdown, deposition of eroded sediments or from contamination caused by 
accidental spills of hazardous materials 

• reduced abundance and/or diversity of flora and fauna populations because of: 

̵ injury, death or displacement of flora and fauna from vegetation clearing and earthworks, or collision 
with vehicles 

̵ increased disturbance (through project-related activity such as noise, vibration and lighting) 
disrupting the behaviour of fauna and potentially reducing reproductive success. 

The quarry location has been selected to avoid all known ecological constraints including native vegetation 
mapped at the site and DELWP mapped ‘current wetlands’. As such, the proposed quarry was not predicted 
to directly impacts to native vegetation or DELWP mapped wetlands. 

While the likelihood of resident fauna occurring the quarry area was assessed to be low due to lack of 
suitable habitat, there is the possibility of increased disturbance (from noise and vibration) that could disrupt 
the behaviour of fauna.  

The proposed quarry is located approximately 2.1 kilometres from the closest Brolga breeding wetland. The 
sensitivity of Brolga to ground motions and low air blast and noise levels from distant blasts is unknown. 
Based on observations and presence of other bird species near regional quarries, it is likely that occasional 
blast events at the quarry would not cause disturbance to Brolgas nesting or foraging (Terrock, 2022). 
Blasting would occur about two times per month and would be of a similar intensity to thunder at the 
distance of the Brolga breeding wetlands and therefore would not be expected to result in significant 
disturbance.  

Biosis undertook monitoring of the effects of quarry blasting on wetland birds close to an operational basalt 
quarry in southern Victoria for an EES investigation in 2005. The responses of 40 species were 
documented. They included Australian Pelican, six species of ducks, herons, egrets, ibis, spoonbills, 
multiple shorebird species and others, but did not include Brolgas. A total of 2,435 observations of bird 
responses to thirteen quarry blasts were recorded under variable weather conditions on thirteen different 
days. The birds were using a wetland situated approximately 1,200 metres from blast locations. Responses 
of the birds were classified as follows: 

  



 

34 Willatook Wind Farm | Preliminary Quarry Work Plan  
Assessment of likely effects  

 

1. No change from pre-blast behaviour (e.g. birds continued feeding, sleeping) 
2. Birds noticeably changed their behaviour (e.g. birds stopped foraging, awoke, became more alert) 
3. Birds took flight. 

Type 1 response was recorded in 89.7% of observations, type 2 response was observed in 2.2% of 
observations and type 3 response was observed in 8.1% of observations. There was no apparent pattern 
for which species responded in various ways. 

The primary measure taken to minimise residual impacts of the quarry on Brolgas has been the choice of 
the quarry location. Both Nature Advisory and Biosis did not predict Brolgas to respond negatively to quarry 
blasting. 

To ensure project-related disturbance does not aversely effect Brolga breeding attempts, behavioural 
monitoring of Brolga would be conducted throughout the breeding season period.  

 Geoheritage 
Key impact pathways to geoheritage during project construction include direct physical damage to 
geoheritage features of significance through excavation and levelling to enable the construction of access 
tracks, hardstand areas, and during construction and operation of the temporary quarry. These impacts by 
their nature would have a permanent impact on the local geoheritage values, however the project has been 
designed to maintain the significance of this landscape. 

The geomorphology of the area immediately south and east of Shaw River has state significance as it is 
one of the largest contiguous areas of the Mount Rouse – Port Fairy lavas. It includes a diverse range of 
landforms with greater relief than much of the southern lava flows, defines the course of Shaw River, and 
despite the extensive artificial drainage, there are still substantial areas of active wetland in enclosed or 
contained depressions. The proposed quarry is on this flow, immediately east of Old Dunmore Road. 
Project construction would result in localised disturbance to surface geological in these locations, which 
would be permanent. 

The quarry is at the southern edge of a larger integrated lava feature. This is a major feature of this part of 
the lava flow and is of high regional significance. The proposed quarry would be excavated across several 
low plateau and elongate rises and associated depressions of the main lava flow covering 10.5 hectares. 
This would result in a high magnitude impact on this feature, which would be permanent. 

The modified quarry layout avoids significant impacts to specific elongated lava ridges identified as being of 
significant value. Redesign of quarry to avoid excavating the significant parts of the plateau (Figure 6.1) has 
reduced the impact to low. 
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Figure 6.1 Proposed quarry site east of Old Dunmore Road with boundaries designed to minimise 
impact on the lava plateau 

 Groundwater 
The potential for groundwater-related issues associated with the construction and operation of the project 
relates to the potential for adverse impacts to existing users of groundwater and to GDEs because of 
reduced groundwater levels and associated impacts to the supply of groundwater. Impacts may also occur 
due to reduced groundwater quality.  

These impacts could occur through the following potential impact pathways: 

• dewatering of groundwater during construction and lowering the water table resulting in groundwater 
drawdown that affects water availability 

• disruption of groundwater discharge to watercourses or waterbodies by intersecting groundwater 
discharge water features (e.g. natural springs) or from a reduction in groundwater availability (e.g. due to 
dewatering  

• groundwater contamination, including from accidental spills or formation of acid sulfate soils. 

The degree of impact would depend on the reliance that existing users and GDEs have on groundwater, 
and the extent, timing and duration of impacts resulting from project activities. 

Given the main factor in groundwater flow within the project site is rainfall recharge, an estimation of the 
groundwater inflow to the proposed on-site quarry pit and the extent of drawdown was made by simplifying 
the hydrogeological environment. The inputs for this assessment included proposed quarry depth and pit 
radius, aquifer thickness and the depth of the groundwater in the pit, as well as aquifer hydraulic 
conductivity and recharge. Multiple scenarios were assessed to provide a range of possible groundwater 
inflows and drawdown extents (see Appendix A). Anecdotal evidence from the Tarrone basalt quarry, 
10 kilometres to the south-east of the proposed on-site quarry and of similar physical and hydrological 
characteristics, was also used to constrain the project quarry inflow and drawdown assessment. 
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6.3.1 Quarry operation (drawdown) 
The Newer Volcanic Group basalts aquifer would be intersected by the proposed on-site quarry. 
Groundwater inflow, as well as surface water run-off and rainfall, are proposed to be managed through in-pit 
sump pumping (i.e. dewatering). Groundwater inflows in the quarry excavation site are expected to be 
around 77 cubic metres per day during operation, however, groundwater inflows could be higher if hydraulic 
conductivity is greater than anticipated. The key mitigation measure to avoid impacts of groundwater 
dewatering was the selection of the quarry location in an area that has few nearby environmental values 
such as groundwater bores or potential GDEs. 

Likely drawdown from the quarry pit dewatering is predicted to extend out to 518 metres from the quarry. 
This distance represents the point at which the drawdown is predicted to be zero. If hydraulic conductivity is 
greater than predicted (i.e., high) the drawdown could extend out to 1,080 metres, as a worst-case scenario 
(Figure 6.2). The closest registered groundwater bore (ID 69405) to the quarry site is about 1,000 metres 
west of the proposed quarry (Figure 6.2). At this location, negligible drawdown from quarry operations is 
predicted for the likely or worst case scenario. 

Several factors were considered in the assessment of potential impacts to potential aquatic GDEs, including 
the surface water contribution to the GDEs, seasonal groundwater level variations and other historic 
landscape changes that have influenced these systems. Surface water modelling suggests that these 
systems are predominately surface water driven with inundation occurring during winter and spring months 
(Water Technology, 2022). During summer, these systems are dry, which confirms that groundwater does 
not provide a permanent water source. This conceptualisation is consistent with groundwater level 
variations at the site which show seasonal highs in winter and groundwater levels which are around 1.5 
meters lower in summer. These systems have also been heavily modified since European settlement, and 
groundwater levels are reported to be higher than pre-European times due to increased recharge as a 
result of land clearance (Dahlhaus et al., 2002). 

The predicted residual effects on aquatic and terrestrial GDEs from quarry pit dewatering are summarised 
in Table 6.1. 

Table 6.1 Residual effects on aquatic and terrestrial GDEs from quarry pit dewatering 

 GDE type 

Aquatic GDEs Terrestrial GDEs 

GDE 
description 

Temporary freshwater marshes and 
meadows that are predicted to receive some 
groundwater inflows during winter and 
spring, although surface water was predicted 
to be the primary water source. 

Potential terrestrial GDEs in proximity to the 
quarry include the Plains Grassy Wetland 
vegetation community. 

Base case 
scenario 

A small area of mapped potential aquatic 
GDE is on the edge of the 0-metre 
drawdown contour for the likely groundwater 
drawdown scenario (Figure 6.2). 
The maximum drawdown at this GDE is 
predicted to be around 2 metres. The 
recovery of groundwater levels may take up 
to several decades. Locating the proposed 
water storage ponds between the quarry and 
these GDEs would assist mitigating this 
effect. 

The nearest patch occurs about 450 metres 
north-east from the quarry pit, the edge of 
the likely groundwater drawdown extent 
(Figure 6.2). 
Some reduction of groundwater levels 
beneath this patch of potential GDE could 
occur, particularly during winter/spring when 
groundwater levels are highest. 

High hydraulic 
conductivity 
scenario 

There are five patches of mapped areas of 
aquatic GDE within the worst-case 
drawdown extent. Under this worst-case 
scenario, drawdown may be up to 6 metres 
at the closest wetland. 
Some reduction in groundwater inflow 
(particularly during winter and spring) to 
these fragments could occur during the 
operation of the quarry if high hydraulic 
conductivity is significantly greater than 

Groundwater drawdown is predicted to 
intersect with six patches of the Plains 
Grassy Wetland vegetation community and 
three patches of Stony Knoll Shrubland 
under this scenario and therefore could 
indirectly reduce groundwater availability to 
these communities. Surface water modelling 
suggests that these systems are 
predominately surface water driven with 
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 GDE type 

Aquatic GDEs Terrestrial GDEs 
expected. Recovery of groundwater in these 
areas is predicted to occur over several 
years. However, as noted above surface 
water modelling suggests that these systems 
are predominately surface water driven with 
inundation occurring following rainfall events 
in winter and spring. 

inundation occurring following rainfall events 
in winter and spring.  

Important note The mapped aquatic GDEs are 
temporary/ephemeral ecosystems that are 
known to fill seasonally after periods of 
rainfall in winter and spring. This indicates 
that although groundwater may form a 
component of these ephemeral systems, 
their primary water source is rainfall-fed 
surface run-off. As such, even under a worst-
case scenario, reduced groundwater levels 
are not predicted to potential GDEs around 
the proposed quarry site. 

Plains Grassy Wetland within the project site 
typically occurs in depressions away from 
watercourses that fill seasonally with rainfall. 
This suggests that although this community 
may interact with groundwater expressions, it 
is not their primary water source. Similarly, it 
is unlikely that Stony Knoll Shrubland 
depends on groundwater considering the 
shallow root systems of the plants that make 
up the community and the likely groundwater 
levels (and annual fluctuations) around the 
quarry. The Bureau of Meteorology GDE 
Atlas includes potential native vegetation as 
potential terrestrial GDEs. The distribution of 
native vegetation (some of which may 
access groundwater) has been refined based 
on field surveys.     

 

Noting the uncertainties surrounding the hydraulic conductivity, groundwater levels would be monitored at 
the closest registered groundwater bore (ID 69405) and other nearby bores prior to construction to validate 
the drawdown predictions. If any assumptions underpinning predictions of groundwater drawdown from the 
quarry change following the additional monitoring, drawdown predictions would be updated and a complete 
a site-specific risk analysis for neighbouring environmental values would be carried out. The risk analysis 
would contribute to the Water Management Plan, which would include groundwater level triggers for further 
management measures, if needed. The choice of any subsequent management response would be 
commensurate with the extent, magnitude and duration of the impact. If groundwater dependence has been 
confirmed and warrants management intervention, measures that would be considered include: 

• Partitioning areas within the quarry to reduce the area needing dewatering. 

• Altering the timing and duration of dewatering to maintain groundwater levels (e.g., dewater during 
wetter months when GDEs are supported by rainfall and surface water and groundwater levels are 
seasonally higher). 

• Environmental watering of priority GDEs (subject to assessment of source and receiving water quality). 

• Re-injection of groundwater to maintain groundwater levels near priority GDEs. 

The need for and type of management intervention would rely on monitoring groundwater levels, surface 
water flow/inundation and ecosystem health, the details of which would be documented in the Water 
Management Plan.  
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Figure 6.2 Quarry pit drawdown extent and groundwater receptors 
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6.3.2 Quarry post closure 
Post-operation, the quarry pit would be converted to a water storage. During this time, the rate of inflow 
would be controlled by losses from evaporation, water usage, and the permeability of the Newer Volcanic 
Group basalt aquifer. Water quality within the quarry and the onsite storages would be a combination of 
groundwater and surface water, both of which are anticipated to have similar water quality characteristics 
(including total dissolved solids). Near the quarry, groundwater salinity is expected to be in the order of 
1,000 to 3,500 mg/L based on regional salinity mapping available through Visualising Victoria’s 
Groundwater platform. Wells located closer to the quarry suggest that salinities may be at the lower end of 
this salinity range (around 1,000 mg/L). When mixed with surface water, lower salinities can be expected. 
As such, it is likely that groundwater and surface water are well connected within the project site, and 
mixing of these water sources is unlikely to result in undesired impacts. 

It is assumed that uniform clay layers identified during exploration drilling at the proposed quarry site would 
prevent hydrogeological interaction with the Port Campbell Limestone aquifer. Additionally, the base of the 
quarry pit, proposed at 14 metres, would be well above the Port Campbell Limestone formation. As such, 
impacts to this aquifer from the quarry site are not anticipated. 

6.3.3 Groundwater contamination 
Contamination could occur if significant quantities of fuels, chemicals or other substances were accidentally 
released from contained areas onto the ground. During construction and operation of project, the use of 
fuels and chemicals can pose a threat to groundwater quality if not managed appropriately. Bulk liquid 
chemicals, including fuels and lubricants, would also be stored on site.  

If construction controls and spill prevention and abatement techniques are not properly carried out, 
accidental spills of hydrocarbons or other chemicals have the potential to result in contamination of the 
groundwater system, impacting surrounding groundwater users including GDEs and groundwater bores. 
The impact of an uncontrolled release of hazardous material is predicted to be highly localised near the 
spill. Measures would be outlined in the Construction Environmental Management Plan to prevent, manage 
and contain spills. As such, impacts are predicted to be low. Uncontrolled releases are considered unlikely 
with best-practice construction and operational management approaches in place (see Section 7.1). 

 Surface water 
The construction, operation and decommissioning of the project has the potential to impact surface water 
environments and their capacity to support environmental values. These impact pathways relate to changes 
to streamflow hydrology (flow rate and volume) and water quality. More specifically they include: 

• hydrological changes to surface water flows due to construction of project infrastructure with the 
introduction of impermeable surfaces 

• reduced water quality (e.g. turbidity, dissolved oxygen) due to: 

̵ surface water runoff (erosion) and sedimentation due to stockpiles and earthworks for infrastructure, 
tracks and hardstands  

̵ uncovering of acid sulfate soil during earthworks for infrastructure, tracks and hardstands 
̵ accidental spills of hazardous waste during construction and operation. 

To determine the potential flooding impacts, flood behaviour within the quarry site catchment was assessed 
using hydraulic modelling (rain-on-grid, or direct rainfall) of the Shaw River catchment and the project site 
using hydraulic modelling software TUFLOW, run for a range of flood events. This modelling is used to 
establish the extent of the floodplain and streamflow characteristics for different flood events by simulating 
runoff generated including: 

• flood level (referred to as afflux) – how high the flood waters get  
• velocity – how fast the water is flowing 
• duration – how long the flood event lasts. 
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This model considers factors such as vegetation, floodplain geometry (e.g. topography) and structures 
(e.g. bridges, culverts) within the catchment. For the project, this model was used to identify how wetlands 
and other depressions are filled, their maximum size, and their interconnectivity. 

The on-site storage requirements for the quarry to manage surface water and groundwater inflows were 
assessed using a MUSIC water balance model for the operational and decommissioning phases of the 
project. The MUSIC model is used to represent the project catchment area for the purpose of stormwater 
modelling, incorporating the proposed project drainage design, including stormwater treatments. 

Hydraulic flood modelling has shown that during a 1% AEP event (i.e. 1 in 100 years) the quarry is not 
within an area of inundation, with limited localised depressions predicted to experience up to 
300 millimetres in the localised depressions and flow paths across the site. Overall, the influence of surface 
water across the quarry is localised and should be able to be managed as part of development, through 
drainage infrastructure be it storages or diversion.  

The quarry has been designed as a zero-discharge facility. In other words, water entering the site via 
overland flows, groundwater and rainfall would not flow (or be discharged) from the work authority area. In 
terms of water management of the quarry during its operation, water collecting at the quarry sump (i.e. low 
point) would be pumped to a storage dam or tanks close to the processing plant.  

Two water retention basins would be established to capture water run-off from the quarry site and to contain 
water from quarry dewatering. The onsite storage requirements to manage surface water and groundwater 
inflows were assessed using a model for the operational and post operational phases of the project. Water 
balance modelling demonstrated that during operation a 1.75-hectare storage can hold both a 90th and 
99th percentile surface water inflow per year and the predicted groundwater inflow. If inflows are greater 
than predicted, additional water storage retention basins would be required, or a portion of the pit could be 
used. Noting the uncertainties surrounding the hydraulic conductivity, groundwater and surface water 
inflows would be monitored to check if they are within the predicted range and plan for additional storage if 
they are not. 

Post operation, the quarry pit would be converted to a water storage. Water Technology (Appendix A) 
concluded that water spills from the dam were not considered to be a hazard as the dam would comprise of 
natural inflows and undisturbed water. Spills would occur over a grassed spillway as per standard 
agricultural dam design. Considering the volume and that groundwater recharge would occur when the 
pond level increases above the groundwater level, the impact was assessed to be negligible. 

Water within the quarry and the on-site storages would be a combination of groundwater and surface water. 
Groundwater salinity is expected to be in the order of 1,000 mg/L (suitable as use for livestock water) based 
on regional salinity mapping and salinity of agricultural bores located in proximity to the quarry. When mixed 
with surface water, lower salinities can be expected. Turbidity within the storages is likely to be dependent 
on the type of drains and operational management of the quarry and surrounds. Some settling of 
suspended solids would occur during the life of the storages and they would be designed to ensure no 
external site discharge. 

Through the incorporation of conservative assumptions and contingency measures into the design of the 
quarry, no impacts are predicted to receiving waters within the Shaw River catchment as a result of the 
quarry.  

 Air quality 
Air emissions during construction and operation of the quarry would result from activities such as material 
handling, transport and processing, crushing and screening, drilling and blasting, and wind erosion of 
stockpiles and exposed areas. These activities would cause emissions of very small (inhalable) dust 
particles, known as airborne particulate matter. In addition to emissions of particulate matter there would 
also be gas emissions at the quarry site, primarily from the combustion of diesel and the blasting of 
explosives. These gases would include nitrogen oxides, carbon monoxide, volatile organic compounds and 
sulphur dioxide. Air emissions from the quarry site, which would be in use for at least 12 months and 
possibly up to 24 months, are expected to represent the most significant source of air quality impact for the 
project. 
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The air quality impact assessment was undertaken in accordance with EPA Victoria Publication 1191: 
Protocol for Environmental Management: Mining and Extractive Industries. EPA Victoria’s draft Publication 
1961: Guideline for assessing and minimising air pollution in Victoria and the Environment Reference 
Standard were also considered in the establishment of standards suitable for the project air quality 
assessment. A conservative approach was applied whereby the lowest regulated limits between the two 
publications were adopted for the assessment.  

Air dispersion modelling (a quantitative assessment) was undertaken to quantify the potential air quality 
impacts from the quarry, with dust emissions being the primary focus of the assessment. Quantitative 
assessment of the quarry is needed since it would operate throughout the construction phase (of 
approximately two years), whereas other areas of the site would see shorter periods of excavation and 
construction. Under the new legislation, the dispersion modelling is used as a tool to assist in understanding 
air pollution risks. Any model predicted exceedences of pollutant criteria help to identify an unacceptable 
level of risk; the pollutant criteria do not represent concentrations below which no action is required. It is 
acknowledged that modelling assessments should not be used to predict real impacts that will occur, but 
rather the assessment is intended to conservatively estimate the risks to ensure that adequate controls are 
implemented (EPA, 2021a). 

The dust emission rates were determined using published emission factors for mining operations, including 
from Emission Estimation Technique Manual for Mining (National Pollutant Inventory 2012) and Compilation 
of Air Pollutant Emission Factors, AP-42 (US EPA 1985 and updates). Other input information included 
estimates for expected haul road distances and routes within the quarry work authority area, truck sizes, 
soil moisture content and activity operating hours. 

The quarry has been proposed in a part of the project site away from occupied dwellings. The closest 
occupied dwelling is 1.4 kilometres from the quarry boundary. This distance is greater than the minimum 
separation distance of 500 metres for quarries specified in EPA Victoria Publication 1518: Recommended 
separation distances for industrial residual air emissions. 

6.5.1 Dust-generating activities 
During quarry operation, the highest emission rates are attributed to dust that is generated by trucks hauling 
material over unsealed roads, followed by loading and unloading operations. Drilling and blasting activities 
are the smallest contributors to the total dust emissions. The calculated annual dust emission estimates 
(incorporating management control reductions) as Total Suspended Particulates, PM10 and PM2.5 for the 
quarry operation activities are summarised in Table 6.2.  

Table 6.2 Estimated dust emissions from the quarry activities 

Quarry activity Annual emissions (kilograms per year) 

Total Suspended 
Particulates 

PM10 PM2.5 

Excavators loading overburden to trucks 3,032 1,434 152 

Hauling overburden to dumps 30,183 8,919 1,509 

Unloading overburden to dumps 12,144 4,352 607 

Drilling rock 1,328 698 66 

Blasting rock 348 180 17 

Excavators loading shot rock to trucks 1,798 850 90 

Hauling shot rock to raw product stockpiles 17,895 5,288 895 

Loading raw product stockpiles 1,200 510 60 

Loading shot rock to mobile crusher 1,798 850 90 

Primary crushing 3,000 1,200 150 

Secondary crushing 9,000 3,600 450 
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Quarry activity Annual emissions (kilograms per year) 

Total Suspended 
Particulates 

PM10 PM2.5 

Screening 9,000 3,600 450 

Loading crushed product to stockpiles via 
conveyor 

1,798 850 90 

Loading crushed product to trucks 2,400 1,020 120 

Hauling crushed product off-site 21,086 6,231 1,054 

Wind erosion from exposed areas/dumps 10,862 5,431 815 

Wind erosion from active stockpiles 3,329 1,664 250 

TOTAL 130,200 46,078 6,865 

6.5.2 Air dispersion modelling 
Air dispersion modelling was undertaken using the emission estimates in Table 6.2 and meteorological 
data. 

Modelling indicates that predicted ground-level concentrations near the quarry site boundary exceed the air 
quality standard for PM10, PM2.5, respirable crystalline silica and deposited dust during quarry operations. Of 
these particulate emissions, predicted PM10 concentrations for both the 24-hour and annual average were 
modelled to have the greatest potential to impact ambient air quality, with elevated levels above the project 
standard (the most conservative standard taken from legislation) predicted up to 1,000 metres south 
beyond the quarry work authority boundary. The AERMOD contour maps for these particulate emissions 
are shown in Figure 6.3 (maximum 24-hour PM10) and Figure 6.4 (annual average PM10). However, at the 
nearest sensitive receptor site (a stakeholder landowner, 1.4 kilometres east), the predicted ground-level 
concentrations do not exceed the project standards for all air pollutants emitted from the quarry operations. 
As such, there is a low potential for air quality impacts at this site or other sites further away. 

A summary of the maximum predicted ambient ground-level concentrations for all grid points in the quarry 
model area and across all sensitive receptor sites is provided in Table 6.3 below.  

Table 6.3 Summary of AERMOD model results 

Assessment 
parameter 

Averaging 
time 

Units Project 
standard 

Modelled result* 
Maximum grid 
ground-level 

concentrations 

Maximum sensitive 
receptor ground-level 

concentrations 

PM10 24 hours µg per m3 50 802 30 

Annual µg per m3 20 161 15 

PM2.5 24 hours µg per m3 25 112 9.7 

Annual µg per m3 8 26 6.5 

Respirable 
crystalline silica 

Annual µg per m3 3 20 0.1 

Deposited dust Monthly g per m2 
per month 

4 63 2.1 

* For each model, the highest predicted ground-level concentration at a sensitive receptor occurs for the nearest 
receptor site located approximately 1.4 km south-east of the quarry site. 
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Figure 6.3 Maximum PM10 ground-level concentrations for the 24-hour average (µg per m3) 
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Figure 6.4 PM10 ground-level concentrations for the annual average (µg per m3) 
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6.5.3 Gas emissions 
Due to the relatively small fleet of heavy moving equipment, mobile processing plants and light mobile 
equipment required for the project, and the short and periodic nature of the blasting operations, gas 
emissions from diesel combustion and blasting are expected to be insignificant for the project quarry site.  

Air pollutant emission modelling for quarry operation activities indicates that ground-level concentrations 
surrounding the quarry site exceed the air quality standard for PM10, PM2.5, respirable crystalline silica and 
deposited dust. The quarry work plan, as required under the Mineral Resources (Sustainable Development) 
Act 1990, would contain measures for the control of emissions of dust or other particulates from the quarry 
work authority area during construction and operation of the quarry. No exceedances of the project air 
quality standards were predicted at any of the sensitive receptors in the vicinity of the quarry.  

Gas emissions from diesel combustion and blasting operations associated with quarry activities are 
anticipated to be short and periodic and were assessed to be insignificant for the project quarry site. 

 Noise and vibration 
The Construction Noise Management Plan, prepared by Sonus Pty Ltd, considered noise and vibration 
generated from the on-site quarry. The potential impacts of blasting at the quarry were assessed in the blast 
impact assessment undertaken by Terrock Consulting Engineers. 

Key activities that have the potential to cause noise and vibration impacts from the construction, operation 
and decommissioning of the quarry are: 

• works associated with quarry construction, including civil works and earth moving equipment. These 
require processes such as heavy vehicle movements, loaders, excavators, and generators 

• works associated with operating the quarry. This work would involve blasting and the use of large mobile 
plant (dozers and trucks) and rock crushers. 

The noise levels from typical construction activities have been predicted as a typical worst-case scenario 
(i.e. highest noise level using CONCAWE model Category 6 whereby receivers are down wind of noise 
sources and light to no cloud cover exists prior to sunrise or after sunset). Noise impacts at the on-site 
quarry were assessed in accordance with EPA Victoria Publication 1826.4: Noise limit and assessment 
protocol (the Noise Protocol). The noise from the on-site quarry was assessed also against the low 
frequency noise limits specified in EPA Victoria Publication 1996: Noise guidelines: Assessing low 
frequency noise. Vibration impacts from blasting were assessed in the blast impact assessment against the 
Earth Resources Regulation guideline limits and Australian Standard AS 2187.2-2006 criteria for ground 
vibration. 

The most onerous (i.e. lowest) criterion under the Noise Protocol is 36 dB(A) (LAeq). This noise criterion has 
been assigned to the noise from quarry operation and corresponds to the recommended night-time noise 
level for a noise source that can operate over a 24-hour period (10 pm to 7 am). 

6.6.1 Quarry noise 
Noise sources and activities at the quarry site would include excavators, crushers, generator and pumps, 
and delivery trucks. 

Without any noise mitigation treatments, predictions for the proposed on-site quarry indicate that the noise 
criteria under the Noise Protocol would be achieved at all dwellings. That is, quarry activity noise levels are 
predicted to be less than 25 dB(A) at the closest dwelling, more than 10 dBA(A) below the night time noise 
limit of 36 dB(A). Predicted noise levels for the quarry are shown in Figure 6.5. Low frequency noise levels 
from the quarry site are also predicted to achieve the requirements of EPA Victoria Publication 1996. 
Comparison of predicted quarry noise against the Noise Protocol and EPA Victoria Publication 1996 is 
expected to demonstrate requirements of the general environmental duty. 

Blasting of basalt rock would occur at the quarry site, however audible noise levels from blasting are not 
currently subject to regulation. Airblast (overpressure) from blasting, which is regulated, is below the 
threshold of human hearing and has been considered in the following construction vibration section.
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Figure 6.5 Predicted quarry noise level contours 
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6.6.2 Quarry vibration 
Blasting at the quarry would likely occur no more than twice per month, with the quarry operation proposed 
for around two years. Blasting effects would have short durations of 2–5 seconds per event and would be 
limited to business hours. 

For the closest dwelling to the extraction area (about 1,400 metres), the maximum ground vibration level 
from the closest standard blast is predicted to be 0.31–0.63 millimetres per second. These levels are 
around one-tenth of the Earth Resources Regulation limit of 5 millimetres per second and around 3% of the 
threshold for cosmetic damage contained within Australian Standard AS2187.2 Dangerous Good 
(Explosives) Regulations 2011. Blasting would result in minimal blast vibration effects with low level 
perceptible effects anticipated at the closest dwelling.  

The potential impact to buildings and other infrastructure from blasting (e.g. wind turbines) is also low due to 
the relatively high ground vibration limits that normally apply (e.g. 100 millimetres per second for 
unoccupied structures of reinforced concrete or steel construction (AS2187.2-2006). The separation 
distances between the quarry extraction area and wind turbine locations and other structures would also 
limit the potential vibration impact. 

 Heritage 
The primary impact pathway for Aboriginal cultural heritage relates to uncovering or damaging known or 
unknown Aboriginal cultural heritage during project construction, operation and decommissioning.  

An Aboriginal cultural heritage impact assessment was prepared by Ecology and Heritage Partners for the 
project including the quarry site. Extensive assessments across the wind farm project site identified two 
Aboriginal places, which would not be impacted by the proposed quarry. The test excavations undertaken at 
the quarry site did not identify any Aboriginal cultural heritage. There is the possibility that ground 
disturbance encounters currently unknown Aboriginal cultural heritage places. The likelihood that 
unidentified Aboriginal cultural heritage values exist at the quarry site was assessed as low.  

Management measures, including contingency plans for unexpected finds of Aboriginal cultural heritage 
during project construction, operation and decommission, are included within a CHMP (no. 11090) that has 
been prepared for the project in accordance with Part 4 of the Aboriginal Heritage Act 2006. 

The quarry site does not impact on any identified historical heritage places. Unexpected historical cultural 
heritage is most likely to reflect types of historical heritage places which have already been recorded within 
the region, i.e. stone walls, shepherd huts etc. associated with its agricultural history. An Unexpected Finds 
Protocol for historical heritage would be developed prior to the commencement of works and incorporated 
into the Construction Environmental Management Plan. 

 Land use  
During the operation of the quarry the area would be fenced from the surrounding agricultural activities. 
Once closed, most of the land would be rehabilitated, the quarry pit walls stabilised and allowed to fill with 
water. 

The main impact on land use from the quarry would be the permanent removal of land from agriculture. The 
temporary removal of around 30 hectares of land from grazing during the operation of the quarry and 
10.5 hectares would be permanently modified. This is predicted to have a modest impact on the agricultural 
productivity of the farm in the context of the availability of surround land for grazing. 

During operation of the quarry (for 12 to 24 months) there would be increased activity and infrastructure 
associated with quarrying. This would include the use of a portion of McGraths Road and Riordans Road to 
transport quarried material to the wind farm site in trucks. These roads provide local property access and 
Riordans Road is also used for timber plantations. 

Upgrades and maintenance of these portions of roads are proposed as part of the broader wind farm 
development. With these measures in place, the traffic and transport assessment (Ratio, 2022) concluded 
that traffic on public roads generated by the project can be reasonably accommodated.  
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 Visual 
The proposed location of the quarry is situated within a sheep grazing property at the end of a gravel track 
(Old Dunmore Road). Old Dunmore Road is a public access route, but is a rough track generally only 
accessed by the landowners. The quarry site is not visible from the main public roads, being at least 
2 kilometres from the closest general public access point at Riordans Road to the south. The proposed 
quarry site is 1.4 kilometres from the closest private dwelling.  

The extraction activity, processing and stockpiling areas are set back from the quarry boundary, and would 
employ mobile crushing equipment that maintains a low profile. Without any intervening vegetation, it is 
possible the top of stockpiles and any high plant (i.e. stacking conveyors) located on the natural surface 
may be partially visible from Riordans Road and the dwelling to the south-east (albeit at distances of greater 
than 1.4 kilometres). However, given the remoteness of receptors, the existing vegetated windbreaks, and 
the short-term duration of the quarry, these temporary changes to the local amenity are not considered 
significant and no additional tree planting or screening is proposed.  

 Public safety 
The proposed location of the quarry is situated within a sheep grazing property at the end of a gravel track 
(Old Dunmore Road). The site is not visible from the main public roads. Old Dunmore Road is a public 
access route, but is a rough track generally only accessed by the landowners. 

To ensure public safety is not compromised, appropriate signage at the access point at the wind farm 
project site would be installed, as well as appropriate signage to the immediate work authority, warning the 
public of high faces / fall hazards and drowning hazards. Additional signage on the work authority would 
direct visitors to the site office, as well as additional signage at critical locations around the site warning of 
private property and deep excavations. 

Following closure of the quarry there would be no steep, high or exposed faces, therefore no additional 
fencing or other security measures to the perimeter of the site are proposed. The 1.2 metre-high stock proof 
fencing at the work authority boundary to Old Dunmore Road (to the west) and the unnamed government 
road (to the south) established during the operating phase would be retained and maintained post closure, 
while the remaining fences would be removed to allow for continuity in the post-closure farming activities. A 
1.2-metre-high stock proof fence would be established around the crest of the excavation at closure. 
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Chapter 7 
Environmental management and 
monitoring 
Potential environmental, cultural, and hazards arising from the development of the project (including 
proposed quarry) would be managed as part of the Construction Environmental Management Plan. This 
would describe management measures proposed to address specific issues, including commitments to 
mitigate adverse effects and enhance environmental outcomes. Proposed management measures and 
monitoring that would be implemented for the development of the quarry are described in the following 
sections. 

 Management measures 

7.1.1 Groundwater 
Key design measures that were implemented to avoid or minimise potential impacts to groundwater and 
environmental values were to: 

• locate the quarry away from environmental values like groundwater bores and areas of potential GDEs. 
This is a key design mitigation measure aimed at avoiding, or at least substantially limiting, potential 
impacts to local groundwater users and environmental values 

• applying a 100-metre buffer around all mapped aquatic GDEs to exclude all project infrastructure within 
the buffered area. This area was selected as a means of avoiding physical disturbance to the GDEs and 
their fringes, and to avoid surface water runoff and entrained sediment loads reaching these GDEs from 
construction work zones 

• avoiding areas of mapped native vegetation (which have the potential to be GDEs) where possible 
based on site surveys that have progressively refined the understanding of the presence and distribution 
of native vegetation.  

Management measures that are proposed to minimise potential impacts to groundwater users are 
described in Table 7.1. 

Table 7.1 Groundwater management measures 

Management controls Project phase 

Consult with relevant landowners about potential impacts to bores would occur prior to 
commencement of construction. 

Pre-construction 

Conduct further groundwater monitoring within and around the quarry excavation to 
refine estimates of hydraulic conductivity. 

Pre-construction 

If any assumptions underpinning predictions of groundwater drawdown from the quarry 
change, update drawdown predictions and complete a site-specific risk analysis for 
neighbouring environmental values.  

Pre-construction 
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Management controls Project phase 

A Water Management Plan would be developed and its requirements carried out by the 
contractor, and approved by the responsible authority, prior to the commencement of 
project construction. The Water Management Plan would respond to any final design 
details and ensure all risks are appropriately managed.  
The Water Management Plan would include, but not be limited to: 
• dewatering procedures (including discharge location and quality of water, pollution 

control and management of sediment) in line with EPA Victoria approval processes 
• procedures for groundwater inflow monitoring in accordance with EPA Victoria 

Publication 669: Groundwater sampling guidelines 
• groundwater level triggers for further management measures, if needed. 

Pre-construction and 
construction 

The use of quarry water would be in accordance with a Take and Use licence under 
Section 51 of the Water Act 1989. 

 

To manage potential impacts to groundwater quality, management measures to be 
carried out (in accordance with relevant guidelines and procedures) would include, but 
not be limited to: 
• a site-specific risk analysis for any hazardous chemicals (batteries, explosives etc.) 

under relevant guidelines including EPA Victoria 1698: Liquid storage and handling 
guidelines 

• storage of fuels and chemicals within containment facilities (e.g. self-bunded, 
above ground in a suitable covered area), outside floodplains or watercourse 
areas, in accordance with relevant legislative requirements 

• spill kits for fuel, chemical and oil spills to be maintained on site 
• chemical handling training for construction personnel 
• spill response procedure, to be contained within the Construction Environmental 

Management Plan 
• rehabilitation of any areas where a spill has occurred. 

Construction, 
operation, and 
decommissioning 

7.1.2 Surface water 
Elimination of potential impacts through design has been central to the development of the project. The 
approach has been to firstly avoid potential impacts if feasible and practical, then to minimise the severity of 
the impact over space and time, followed by the application of targeted management controls. In the initial 
project design phase, a range of environmental and social aspects were identified as potential constraints 
where impacts should be avoided. These constraints have been further defined through the technical 
impact assessment process and have been incorporated into the design and siting of project infrastructure 
to minimise or avoid potential impacts of the project, while also achieving the desired project outcomes.  

Management measures that are proposed to minimise potential impacts to surface waters and 
environmental values they support are described in Table 7.2. 
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Table 7.2 Surface water management measures 

Management controls Project phase 

Development and implementation of a Sediment, Erosion and Water Quality 
Management Plan, in consultation with Glenelg Hopkins Catchment Management 
Authority and EPA Victoria.  
Erosion and sediment control measures within the construction site would adopt a 
treatment train approach and would include: 
• phasing of ground-disturbing works to periods of lower rainfall, where possible  
• maintaining watercourse and wetland buffers (with the exception of watercourse 

crossings) and adopt other measures consistent with EPA Victoria Publication 
1896: Working within or adjacent to waterways 

• minimising clearance of vegetation, particularly along drainage lines, waterways 
and steep slopes. Vegetation, including within the watercourse and riparian 
zones, would be reinstated as quickly as practicable as open cut trenching works 
are completed  

• installation of primary, secondary and tertiary treatment control measures based 
on site-specific hazards consistent with EPA Victoria Publication 1893: Erosion, 
sediment and dust: treatment train 

• design and designating an area for stockpiles before construction commences 
ensuring that stockpiles and batters are designed with slopes no greater than 2:1 
(horizontal/vertical) 

• implementing management controls for stockpiles consistent with EPA Victoria 
Publication 1895: Managing stockpiles 

• stabilising exposed soils and implement other management controls for managing 
ground disturbance in accordance with EPA Victoria Publication 1894: Managing 
soil disturbance 

• installing sediment fencing during construction to protect riparian zones if works 
are to be undertaken within 30 metres of creeks 

• installing sediment treatment control measures as appropriate (including around 
stockpiles) to adequately capture sediment loads 

• managing vehicle movements to designated roads and access areas 
• directing stormwater within a constructed lined channel or sediment basin where 

applicable to reduce the velocity of run-off water 
• monitoring surface water quality upstream and downstream from the works area, 

and confirm effectiveness of established controls and if environmental values are 
being protected 

• development of contingency measures for works within a waterway or floodplain, 
including controls to be implemented when a storm event is forecast. 

Pre-construction and 
construction 

Implement an approved Quarry Work Plan that includes risk treatment plans to 
manage and monitor surface water impacts in accordance with the work authority. 
These measures are likely to include, but are not limited to: 
• dam storage be properly designed by an accredited dam engineer and 

constructed to meet the relevant construction standards 
• weekly record of storage water levels should be kept throughout the operation of 

the quarry 
• management of surface water inflows through in-pit sump pumping during quarry 

operation. 

Design and 
construction 
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Management controls Project phase 

Implement design commitments including: 
• constructing roads with sufficient diversion drains and culverts to ensure that 

clean stormwater is diverted away from roads 
• ensuring that the gradient and orientation of tracks do not cause runoff to be fast 

flowing  
• ensuring that drainage from an area where fuels/ lubricants/ hazardous material 

are stored/used is directed to a sump or an interceptor trap  
• installing diversion drainage structures (pipes, bunds, cut off drains, swales 

drains etc) up-gradient of working areas to divert surface water flows over 
undisturbed ground and prevent clean surface water from entering the site and 
becoming contaminated.  

Design, Construction 

Implement a risk-based approach to management of potential acid sulfate soil, in 
accordance with EPA Victoria Publication 655.1 (2009) Acid sulfate soil and rock, 
which may include: 
• identification of high-risk locations through mapping and soil testing 
• development of an acid sulfate soil management plan, which would include: 

̵ implementing targeted measures at high-risk locations such the handling and 
stockpiling of material, protocols to neutralise soil acidity, monitoring and 
contingencies 

̵ being prepared and have sufficient equipment and materials on hand to 
implement targeted management measures if acid sulfate soil is 
unexpectantly found. 

If acid sulfate soil is encountered (expectantly or unexpectantly), it would be 
managed as a priority waste in accordance with EPA Victoria Publication 1968: 
Guide to classifying industrial waste. 

Pre-construction and 
construction 

Measures to manage potential pollutants from entering waterways include: 
• spills risk assessment and response plan, incorporating measures for the use, 

storage, transfer and disposal of hydrocarbons and chemicals (in accordance 
with EPA Victoria Publication 1698: Liquid storage and handling guidelines) 

• storage of liquid fuels and chemicals within containment facilities (e.g. bunded 
areas) more than 100 metres from waterways in designated areas within the 
project site 

• spill response kit, to be located at waterway crossings, at locations where 
machinery/plant are operating, and refuelling and fuel/chemical storage areas 
during construction 

• incorporation of spill containment measures into the drainage design. 

Design,  
pre-construction and 
construction 

As part of the Sediment, Erosion and Water Quality Management Plan (SW04) there 
would be: 
• regular inspection and maintenance of any on-site wastewater management 

system 
• inspection and monitoring program, including regular checks of sediment controls 

to ensure effectiveness, and remediation of any localised erosion  
• complaint investigation and response plan. 

Construction 
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7.1.3 Air quality 
The general environmental duty requires risks of harm to human health and the environment from air 
emission activities to be eliminated so far as reasonably practicable. Where it is not reasonably practicable 
to eliminate such risks, they are required to reduce them so far as reasonably practicable. The approach to 
avoid or limit potential impacts relating to air quality has been to first create appropriate separation 
distances between the proposed quarry and sensitive receptors. The air quality impact assessment 
(Jacobs, 2022) has identified the potential impacts to air quality caused by project activities and provided 
management controls to mitigate against the risk of air pollution impacts. These take a proactive approach 
to avoid the generation of dust through the application of dust prevention measures and the monitoring of 
weather conditions to guide what construction activities can take place, and if additional dust suppression 
measures (e.g. additional water spraying) are required to permit the activities to continue. 

Management measures that are proposed to minimise potential impacts to air quality and nearby sensitive 
receptors are described in Table 7.3. 

Table 7.3 Air quality management measures 

Management measures Project phase 

A Construction Environmental Management Plan would be developed and 
implemented, which would specifically address air emissions and mitigations. This 
document would be in accordance with the requirements of the new Environment 
Protection Act 2017 and best practice guidance documents including, but not limited to: 
• EPA Victoria Publication 1823: Mining and quarrying – Guide to preventing harm to 

people and the environment 
• EPA Victoria Publication 1834: Civil construction, building and demolition guide. 
A site-specific dust management plan (sub-plan of the Construction Environmental 
Management Plan) will identify potential and existing dust sources and outline best 
practice design controls and management practices to minimise dust. These measures 
would include, but not be limited to: 
• watering of unsealed roads to reduce wheel generated dust  
• use of water sprays to reduce wind erosion from material stockpiles and exposed 

areas  
• use of water sprays as required for material transfer operations and quarry activities 

(e.g. drilling rock, crushing and screening) 
• restricting vehicle speeds to 20 kilometres per hours near sensitive areas such as 

dwellings 
• site-specific dust control measures for dust producing activities 
• monitoring of forecast and real time local wind parameters (e.g. wind speed, wind 

direction) and adjustment of dust generating activities, as required, to reduce impact 
to sensitive receptors  

• sequencing of vegetation removal within the quarry work authority area where 
feasible to minimise the amount of disturbed land exposed to wind erosion 

• rehabilitation and revegetation of inactive stockpiles and disturbed areas to reduce 
wind erosion  

• selection of equipment, e.g. concrete batching plants, which have integrated best 
practice dust control features. 

• regular visual monitoring of dust, with results recorded in a dust management 
database  

• regular monitoring of the effectiveness of dust control measures. If dust controls are 
found to be ineffective, these would be reviewed (internally and/or by an external 
dust specialist, if required) and amended as necessary 

• contingency measures where dust plumes are identified during visual monitoring 
and/or the project receives dust related complaints 

• dust management training would be undertaken for construction workforce as part 
of the site-specific induction, outlining controls to be implemented during 
construction to manage potential air quality impacts 

• procedures for monitoring of weather (e.g. wind speed, wind direction) and triggers 
to adjust dust generating activities 

Construction and 
operation 
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Management measures Project phase 
• complaint investigation and response plan 
• procedures for reporting the project’s performance against regulatory limits. 

7.1.4 Noise and vibration 
To comply with the general environmental duty relating to noise, the approach has been to first avoid or limit 
potential impacts by creating appropriate separation distances between the quarry and sensitive receptors 
(in this case dwellings). Further management controls would then be implemented in accordance with 
relevant regulations and guidelines prior to and during construction, operation and decommissioning.  

During project construction, potential noise- and vibration-generating activities would include works 
associated with access track construction, civil works, excavation, foundation construction, electrical 
infrastructure works and turbine erection. A detailed assessment of the noise from these construction 
activities, based on maximum overall sound power levels, was undertaken as part of the project noise and 
vibration assessment by Sonus Pty Ltd (2022). This plan has been prepared in accordance with EPA 
Victoria Publication 1834: Civil construction, building and demolition guide. Potential vibration impacts 
during construction were assessed to be well below relevant standards for building damage. 

Management measures that are proposed to minimise potential noise and vibration impacts to nearby 
sensitive receptors are described in Table 7.4. 

Table 7.4 Noise and vibration management measures 

Management controls Project phase 

All construction activities would be managed and occur in accordance with the 
Construction Noise Management Plan, which would be developed and endorsed by 
the responsible authority prior to the commencement of construction. The 
Construction Noise Management Plan would: 
• address the effects of construction noise and vibration associated with project 

activities 
• outline the proposed construction program and how the proposed management 

controls are compliant with the requirements defined by EPA Victoria Publication 
1834: Civil construction, building and demolition guide 

• outline all unavoidable works, low‐noise impact and managed‐impact works that 
may occur outside normal working hours 

• outline the proposed scheduling of any out of hours works to minimise noise and 
vibration impacts. 

A Construction Noise Management Plan has been prepared and forms part of the 
EES. The plan would be updated prior to construction to account for the final layout. 

Construction 
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Management controls Project phase 

The following community consultation would occur with nearby residents prior to 
construction activity being undertaken:  
• engage community to keep them informed, for example meetings with community 
• notify the community before and during construction communicating information 

such as: 
̵ dates and times (start and finish) when noise will be generated 
̵ why the noise is necessary 
̵ type of noise 
̵ measures to minimise noise volume 
̵ measures to minimise disturbance 
̵ contact details for information 

• install and maintain a site information board at the front of the project site with 
contact details, hours of operations, after hours emergency contact details, and 
regular information updates 

• maintain a process for managing complaints (see NV04) 
• offer alternative accommodation where there is sustained noise impact (such as 

ongoing sleep disturbance over many nights) or where residents may have 
underlying health conditions that could be adversely impacted 

• relocate affected residents if noise levels cannot be reduced sufficiently for the 
agreed period of construction activity. 

Pre-construction 

The noise complaints response process, to be developed prior to construction, would 
identify any feasible and reasonable measures that may further reduce impacts 
following a complaint, and to provide feedback to the community on the above 
process within a reasonable timeframe (e.g. 7 days). The complaints response 
process would include the following noise elements:  
• provision of a contact person for dealing with any complaints  
• establishment of a complaints handling procedure that:  

̵ assesses whether the issue can be resolved easily and take immediate action 
if possible 

̵ if not, ensures that the appropriate consultation has been undertaken for the 
activity 

̵ ensures the on-site inspections of the Construction Noise Management Plan 
have been carried out regularly for the activity 

̵ assesses the construction site and activities to determine whether there is any 
reason to believe the noise exposure of dwellings is higher than anticipated 

̵ undertakes monitoring of noise levels where this cannot be confirmed and the 
complaint relates to out of hours activity, with the aim of establishing if the 
exposure of receivers is higher than anticipated by the Construction Noise 
Management Plan  

• takes remedial action with the assistance of an acoustic engineer if any of the 
above cannot be confirmed. 

Pre-construction 

Control measures for mitigating the risks and impacts posed by blasting would be 
contained in the Blast Management Plan. The Blast Management Plan, to be 
prepared by the proponent and approved by the responsible authority prior to the 
commencement of construction, would outline the procedures and controls required 
to conduct blasting operations safely and achieve compliance with the relevant 
standards and thresholds. 
A noise monitoring regime would be implemented when blasting is required to ensure 
compliance with relevant blasting criteria. 

Pre-construction 

All quarry operations would be undertaken in accordance with the work authority. 
Prior to construction, the draft quarry work plan would be finalised and submitted to 
Earth Resources Regulation (Department of Jobs, Precincts and Regions) for 
approval, as required under the Mineral Resources (Sustainable Development) Act 
1990. 

Pre-construction 

Blasting times would be restricted to 10:00 am to 3:00 pm Mon to Fri. No blasting on 
weekends or public holidays. 

Construction 
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Management controls Project phase 

Mufflers and noise abatement devices fitted and maintained as per manufacture 
specification. 

Construction 

Use new generation broadband reverse alarm fitted and operational to all mobile 
equipment. 

Construction 

7.1.5 Flora and fauna 
As noted in Section 6.1, the quarry location has been selected to avoid all known ecological constraints 
including native vegetation mapped at the site and DELWP mapped ‘current wetlands’.  

Management measures that are proposed to minimise potential impacts to native vegetation, flora and 
fauna are described in Table 7.5. 

Table 7.5 Flora and fauna management measures 

Management controls Project phase 

Measures to manage native vegetation during construction would include: 
• obtaining appropriate approvals and permits before any vegetation removal 
• securing appropriate offsets in accordance with state and Commonwealth 

legislation and policy 
• locating temporary infrastructure areas (parking areas, stockpiles, laydowns etc) 

in already cleared areas 
• ensuring all construction personnel are appropriately briefed before works start 
• ensuring no construction personnel, machinery or equipment are placed inside 

vegetation/tree protection zones. 

Pre-construction 

Revegetation of disturbed areas including: 
• planting locally occurring native shrubs, trees and groundcover plants, selected in 

consultation with DELWP, to recreate the target vegetation community 
• incorporating rocks, logs, dead trees and stumps in the restoration and 

rehabilitation works to provide fauna habitat 
• maintaining plantings in accordance with the rehabilitation sub-plan 
• managing weeds and pest animals. 

Construction and 
operation 

The following measures would be carried out to manage biosecurity risks: 
• consult with landholders about property-specific biosecurity management 

arrangements/plans which are in place and followed by landholders 
• undertake a baseline weed survey of representative locations within the 

construction footprint to identify locations of existing weed infestations 
• inspection and certification of all vehicles and construction machinery upon arrival 

at site. Vehicles and construction machinery cannot access the site until certified 
as clean 

• vehicles and construction machinery would not go outside of the construction 
footprint or approved roads and tracks unless undertaking survey or property 
management activities as agreed with the landowner 

• incorporate washdown stations at strategic locations 
• monitor the condition of disturbed areas post-construction and undertake remedial 

measures, as required, with the aim that all disturbed areas are re-profiled to a 
stable landform consistent with original contours and drainage lines and 
vegetated with a self-sustaining, non-pest species sterile groundcover (on 
consultation with landholder requirements). 

Pre-construction and 
construction  

Measures to limit fauna strike would include: 
• applying a speed-limit on private access tracks to reduce the risk of fauna 

mortality from vehicle strike 
• minimising traffic movements dusk, night and dawn periods in areas of remnant 

native vegetation. 

Construction and 
operation 
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7.1.6 Cultural heritage 
Management measures that are proposed to minimise potential impacts to cultural heritage are described in 
Table 7.6. 

Table 7.6 Cultural heritage management measures 

Management measures Project phase 

Prior to the project construction commencing, key personnel and supervisors must 
undergo a cultural heritage induction to ensure they are aware of the boundaries of 
each known Aboriginal heritage site to avoid impacts.  
The requirement to protect Aboriginal cultural heritage would be included within the 
project’s site induction process, which is to occur within a month of an employee 
beginning work on the project. All on-site personnel, including contractors, would be 
made aware of fenced and protected ‘no go’ areas. 

Construction 

In accordance with Clause 13(1) Schedule 2 of the Aboriginal Heritage Regulations 
2018, the project CHMP (no. 11090) contains contingency plans for: 
• unexpected finds of Aboriginal cultural heritage during project construction, 

operation and decommission 
• the notification and reporting procedure for the discovery of Aboriginal cultural 

heritage and the management of finds 
• reviewing compliance with the CHMP. 
If previously unknown Aboriginal cultural heritage is discovered or suspected, all 
activities and works at the location of the discovery and within 20 metres of the extent 
of the Aboriginal cultural heritage would be suspended and a Heritage Advisor 
engaged to assess the discovered heritage. First Peoples – State Relations Group 
would be notified of the discovery. 
If any suspected human remains are found during any activity, works would cease, 
and the Victoria Police and the State Coroner’s Office be notified immediately. If there 
are reasonable grounds to believe the remains are Aboriginal, the Coronial 
Admissions and Enquiries hotline must be contacted immediately. 

Construction and 
operation 

7.1.7 Public safety  
Management measures that are proposed to minimise potential impacts to public safety are described in 
Table 7.7. 

Table 7.7 Public safety management measures 

Management measures Project phase 

All blasting associated activities are undertaken by appropriately qualified and trained 
and where required, licensed individuals or contractors. 

Operations 

There would be no storage of explosives, primers, detonators, delays or other such 
explosive materials on site. All material required for the blast would be delivered on 
the day of the blast, with all excess material removed the same day. 

Shot Firer and Quarry Manager review blast layout, drawing on experience and advice 
from drilling contractor and explosive supplier, document in the Blast Management 
Plan. 

On the morning of the blast, notify nearby residences and Willatook Wind Farm 
Management indicating the planned time of blast. 

Implement Blast Day protocols, i.e. establishment of a blast exclusion zone, 
comprising signage on day of blast, to restrict access to the blast area and work area 
whilst loading shot, and other safety and pre shot requirements. 

Clear the blast exclusion zone of all equipment and non-essential personal, adding 
any additional signage as required, posting sentries at critical access points, directing 
all non-essential personal to designated safe areas, and ensuring all mobile 
equipment is in designated safe areas. 
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 Monitoring measures 
A monitoring program is proposed that would measure performance against specified objectives and 
standards. Monitoring measures are presented in Table 7.8. 

Table 7.8 Monitoring measures 

Matter Monitoring measures 

Groundwater Quarry faces monitored monthly for the presence of groundwater inflows. 

Surface water Monthly inspections in accordance with the site Water Management Plan would be 
conducted, including waste and topsoil stockpiles, surface water management structures 
and potential receiving drainage lines. Inspections and any required monitoring and 
remedial actions would be documented in the site record book. 

Slope stability Monthly inspections would be conducted of extraction area faces (both operating and 
rehabilitated), extraction pit perimeter and site surface water management structures. 
Standard operating procedures require all operators to report changes in ground 
conditions. Inspections, reports and any remedial actions would be documented in site 
record book. Results of site inspection and any remediation works would be recorded in 
the site record book. 

Soil stockpiles Monthly site inspections would be conducted and would include topsoil stockpiles. 
Inspections and any required monitoring and remedial actions would be documented in 
the site record book. 

Visual inspection 
of dust generated 
on site 

• Ongoing visual monitoring  
• Hourly assessment of dust on hot/dry/windy days. 

Fly rock 
monitoring 

All shots videoed. 

Overpressure/air 
blast 

• First three shots monitored for ground vibration, then at least one per 12-month period 
or as per Earth Resources Regulation request  

• Monitoring Location: most practical location near the closest receptor  
• Copy of blast monitoring report emailed to quarry manager. 

Ground vibration • First three shots monitored for ground vibration, then at least one per 12-month period 
or as per Earth Resources Regulation request  

• Monitoring Location: most practical location near the closest receptor  
• Copy of blast monitoring report emailed to quarry manager. 

Aboriginal and 
historical heritage 

Monitoring for heritage artefacts during all soil and subsoil removal activities, with 
contingency management measures in place. 

Complaints and 
observations/com
ments from 
sensitive 
receptors 

Complaints and comments recorded. 

Vegetation • Annual results of vegetation and landscape establishment monitoring 
• Screening vegetation effectiveness would be recorded by the quarry manager. 

Weeds Six monthly site inspections (spring and autumn) for noxious weeds. 

Imported 
materials 

Tonnages, source/suppliers, inspections and any subsequent remedial action or rejection 
to be documented and recorded. 

Safety and 
security 

• Annual inspection of all site boundary fencing and gates 
• Visitors record book 
• Records kept of unauthorised entries. 

Fire preparedness Annual inspections would include an assessment of the site's preparedness for fire and 
be recorded in the site record book. 
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Chapter 8 
Risk management  
The project (including proposed quarry) would be delivered in accordance with the proposed environmental 
management framework that defines the measures that must be adopted during construction, operation and 
decommissioning of the project to ensure appropriate management of potential environmental impacts. 
These environmental management measures have been developed based on the recommendations of 
specialist technical experts to avoid, reduce or offset environmental impacts. 

The Mineral Resources (Sustainable Development) (Mineral Industries) Regulations 2019 require 
proponents to include a risk management plan as part of work plan documentation. The risk management 
plan must: 

• identify the control measures to eliminate or minimise, as far as reasonably practicable, the risks 
associated with mining hazards 

• specify the objectives, standards or acceptance criteria that each control measure or a combination of 
control measures will achieve 

• include a monitoring program that will measure performance against all the specified objectives, 
standards and acceptance criteria 

• describe arrangements for reporting on performance against all the specified objectives, standards and 
acceptance criteria. 

A preliminary risk assessment was conducted to support this preliminary draft quarry work plan. Risks 
identified included: 

• altered visual amenity  
• generation of noise  
• generation of dust  
• poor water discharge  
• ground disturbance to site of cultural heritage  
• ground instability 
• erosion from stockpiles, roads, and disturbed areas 
• unauthorised access to quarry faces and operating equipment 
• accidental spills. 

This risk assessment for the quarry would be expanded in consultation with Earth Resources Regulation 
with a Risk Management Plan as part of the updated work plan, in accordance with the Guideline for 
Preparation of Work Plans and Work Plan Variations – Guideline for Extractive Industry Projects 
(Department of Jobs, Precincts and Regions, 2020). 
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Chapter 9 
Community engagement 

 Stakeholder identification 
Key stakeholders to the development of the quarry include but is not limited to: 

• neighbours within 3 kilometres of the proposed quarry location 
• the wider community between 3 to 5 kilometres of the quarry location 
• Earth Resources Regulation, part of the Department of Jobs, Precincts and Regions  
• Moyne Shire Council 
• Southern Rural Water 
• Glenelg Hopkins Catchment Management Authority 
• Eastern Maar Aboriginal Corporation 
• First Peoples – State Relations (formerly Aboriginal Victoria) 
• Regional Roads Victoria (formerly VicRoads). 

Communities within 5 kilometres of the quarry site include parts of the township of Orford and parts of the 
localities of Broadwater to the north and Tarrone to the south. There are three dwellings within 3 kilometres 
of the proposed work authority area. There are 25 dwellings between 3 and 4 kilometres of the proposed 
work authority area, and 27 between 4 and 5 kilometres. 

A summary of the stakeholder issues identified to date is provided in Table 9.1, along with a summary of the 
proponent’s responses. 

Table 9.1 Issues and responses 

Stakeholder Issue Key concerns Response 

Local residents 
Department of Jobs, 
Precincts and 
Regions 
Moyne Shire Council 
EPA Victoria 
DELWP 

Noise and 
vibration 

• Noise from traffic in 
and around quarry 
site 

• Noise from ancillary 
equipment such as 
rock crushing 

• Blasting noise 
• Vibrations as a result 

of blasting. 

• Noise assessment (independently 
audited and peer reviewed) to be 
made available to local residents and 
other stakeholders. 

• Adoption of EPA Victoria noise and 
air quality limits. 

• Offer of background noise monitoring 
pre-construction to residents within 
3 kilometres of work authority area 
boundary. 

• Provide information on health impacts 
of quarry noise and vibration. 

• Complaints and grievance procedure 
established. 

Local residents 
Moyne Shire Council 
DELWP 
Department of Jobs, 
Precincts and 
Regions 

Blasting • Safety of materials on 
site 

• Incorrect blasting 
resulting in dispersal 
of fragments. 

• Draft Blast Management Plan to be 
included in draft work plan 
documentation. 

• Monitoring of blast and ground 
vibrations during quarry operation 
would be conducted to ensure 
compliance with regulations. 

• Complaints and grievance procedure 
established. 
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Stakeholder Issue Key concerns Response 

Local residents 
VicRoads 
Moyne Shire Council 

Traffic 
management 

• Impact of traffic on 
local roads 

• Disruption due to 
traffic 

• Traffic safety 

• On site quarry is being incorporated 
as part of the proposed project to 
reduce the amount of traffic that 
would otherwise be using the road 
network. 

• Traffic Management Plan would be a 
condition of any planning permit and 
this would detail the management of 
traffic associated with the quarry and 
wind farm. 

• Roads used would need to be 
maintained. 

• Local community to be informed 
about and consulted on program for 
establishment of quarry and quarry 
operations to minimise impact on 
local road usage. 

Local residents 
Moyne Shire 
DELWP 
Department of Jobs, 
Precincts and 
Regions 

Dust • Potential dust on local 
dwellings in the area 

• Health impacts 
• Potential dust on local 

roads. 

• Water sprays would be used for dust 
suppression. 

• Top soil and overburden piles would 
be vegetated within six months of 
construction and maintained. 

Local residents 
DELWP 
Glenelg Hopkins 
Catchment 
Management 
Authority 
Southern Rural 
Water 
Department of Jobs, 
Precincts and 
Regions 
Moyne Shire Council 

Groundwater • Potential impact on 
beneficial users 

• Management of 
groundwater 

• Flow disruption 
• Pollution of 

groundwater. 

• Draft Water Management Plan would 
be included in draft work plan 
documentation. 

• Neighbouring wells to be monitored 
regularly during quarry operation. 

• Engagement with Southern Rural 
Water and application for a licence to 
extract ground water. 

Local residents 
DELWP 
Glenelg Hopkins 
Catchment 
Management 
Authority 
Southern Rural 
Water 
Department of Jobs, 
Precincts and 
Regions  
Moyne Shire Council 

Surface 
water 

• Impact of potential 
inundation on quarry 
site 

• Flow disruption 
• Pollution of surface 

water. 

• Draft Water Management Plan would 
be included in draft work plan 
documentation. 

• Drainage, bunding, sediment traps 
and sumps used to contain surface 
water within the quarry site. 
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Stakeholder Issue Key concerns Response 

Local residents 
DELWP 
Glenelg Hopkins 
Catchment 
Management 
Authority 
Southern Rural 
Water 
Department of Jobs, 
Precincts and 
Regions 
Moyne Shire Council 

Flora and 
fauna 

• Potential direct 
impact on species 

• Loss of habitat 
• Disturbance. 

• Extensive flora and fauna studies are 
required to assess potential impacts 
prior to a permit being issued. 

• Site located to avoid removal of 
native vegetation. 

• Site located to avoid habitat of listed 
species. 

• No direct or indirect impacts on 
threatened flora as a resulted of 
lowering groundwater level in the 
vicinity of the quarry extraction zone. 

• Management plans would be 
established to avoid disturbance to 
fauna species external to the quarry 
site. 

Eastern Maar 
Aboriginal 
Corporation 
First Peoples – State 
Relations 
DELWP 
Department of Jobs, 
Precincts and 
Regions 
Moyne Shire Council 

Aboriginal 
cultural 
heritage 

• Potential impact on 
sensitive area 

• Disturbance to 
artefacts. 

• Site location selected to avoid 
sensitive areas of known Aboriginal 
cultural heritage, following the 
standard and complex surveys 
undertaken as part of the proposed 
wind farm assessment. 

• Complex surveys (excavations) 
completed on site as agreed with and 
in presence of Registered Aboriginal 
Party (RAP), the results of which 
would feed into the detailed CHMP. 

Geological Society of 
Australia (Victoria 
division) 
DELWP 
Department of Jobs, 
Precincts and 
Regions 
Moyne Shire Council 

Geology • Removal of significant 
feature(s) related to 
the Mount Rouse lava 
flows. 

• Site has been relocated and design 
amended to avoid area of significant 
lava flow that is part of the Mount 
Rouse – Port Fairy lava flows. 

• Site location has been assessed by 
geologist to ensure no areas of 
geological significance would be 
impacted by the quarry. 

• Proposed to allow studies of open 
quarry face to increase knowledge 
about the lava flows. 

Stakeholder and community engagement would continue throughout the development of the temporary on-
site quarry, including the planning stage, quarry establishment stage, quarry operation stage and quarry 
rehabilitation stage. 

Broader consultation with the local community will provide further information about the quarry and seek to 
identify any specific concerns, areas of mitigation that could address these concerns, and any other 
information that could contribute to the site design of the quarry. Methods for further consultation are 
described below. 

Communication with the community and other stakeholders can be either written or verbal. Where written, 
all communications are logged into the stakeholder management database. Verbal communications (face to 
face or by telephone) are carefully logged and transferred to the stakeholder management database within 
five business days of the discussion. 
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 Stakeholder and community engagement 
The stakeholder and community engagement that will occur up to the point at which a licence for the quarry 
operations is obtained is described according to the project development phase and includes an indicative 
schedule, along with the reasoning for the consultation. 

9.2.1 Phase 1 – EES development 
Phase 1 of stakeholder engagement has been conducted during the development of the EES and technical 
studies to inform and consult with stakeholders, including the local community around the proposed quarry. 
Consultation included or will include: 

• discussions with the host landowners (complete) 

• letters to residents within 3 kilometres of the project to describe the quarry design and what is involved in 
the quarry operations (complete) 

• newsletters to residents within 5 kilometres of the project to provide (complete): 

̵ a description of the quarry design and operations 
̵ an invitation to attend information sessions 
̵ an update on technical investigations being carried out 

• information session – provision of information about the quarry, including site maps and information on 
other technical studies. Attendance by technical experts, including environmental noise, flora and fauna, 
and quarry engineer. Public opinion survey supplied for completion 

• face-to-face (or online) meetings as requested with: 

̵ landowners hosting infrastructure and neighbouring residents 
̵ Moyne Shire Council including councillors 
̵ DELWP 
̵ Southern Rural Water 
̵ Regional Roads Victoria 

• Community Engagement Committee meetings – regular meetings with Moyne Shire councillors and 
members of the community to provide updates and be available to answer questions and provide 
information as requested 

• advertisement in local media about open days 

• dedicated 1800 number for stakeholders to enquire about the proposal 

• website updates at www.willatookwindfarm.com.au/quarry 

• regular meetings with representatives of regulators on the Technical Reference Group, including 
DELWP, Department of Jobs, Precincts and Regions, Moyne Shire Council, Southern Rural Water, 
Glenelg Hopkins Catchment Management Authority, Regional Roads Victoria, First Peoples – State 
Relations (formerly Aboriginal Victoria), Heritage Victoria and EPA Victoria 

• meeting with representatives of Eastern Maar Aboriginal Corporation. 

http://www.willatookwindfarm.com.au/quarry
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9.2.2 Phase 2 – Public exhibition of EES including preliminary draft quarry work 
plan 

Phase 2 is planned to occur in early 2022 when the EES and preliminary draft quarry work plan are publicly 
exhibited. This phase is conducted to ensure that stakeholders and the local community are informed about 
the lodgement of the EES with the preliminary draft quarry work plan and accompanying planning 
application for the proposed project. This is important so stakeholders and the local community understand 
how to access the material and provide any feedback on it, either to the proponent or to DELWP. 
Consultation will include: 

• newsletter about the lodgement of the EES with preliminary draft quarry work plan to residents within 
5 kilometres of the work authority area boundary 

• landowner notification letters 

• open day to provide material about the EES with preliminary draft quarry work plan and planning 
application, including technical reports 

• notices in the media 

• website updates at www.willatookwindfarm.com.au/ 

• all reports being available on the Victorian Government website 

• reports, including technical impact assessment reports on flora and fauna (including brolga), noise and 
vibration, traffic and transport, air quality, landscape and visual, surface water and groundwater, land 
use and planning, socioeconomics, Aboriginal cultural heritage, historic heritage and geoscience, made 
available in local locations such as Orford Hall, Willatook Hall, Koroit Library, Port Fairy Library and 
digitally on request. 

9.2.3 Phase 3 – Assessment of EES and decision on work authority 
Phase 3 is planned to occur from May 2022 to October 2022 during the assessment of the EES and 
finalisation of the work plan. This phase is conducted to inform stakeholders and the local community about 
the outcomes of the assessment process and the determination of the application for a work authority for 
the quarry. Consultation will include: 

• discussions with the host landowners 

• letters to residents within 3 kilometres of the project to inform about the assessment and decision on the 
work authority application, along with project timescales and further engagement 

• newsletters to residents within 5 kilometres of the project to inform about the assessment and decision 
on the work authority application, along with project timescales and further engagement 

• meetings as requested with landowners hosting infrastructure, neighbouring residents and other 
stakeholders 

• Community Engagement Committee meetings - regular meetings with Moyne Shire councillors and 
members of the community to provide updates and be available to answer questions and provide 
information as requested. 

• dedicated 1800 number for stakeholders to enquire about the proposal 

• website updates at www.willatookwindfarm.com.au. 

During this period, close engagement with Earth Resources Regulation and other statutory referral 
authorities would occur during the preparation and review of the final work plan for the project. 

Should the quarry be licensed and the associated wind farm permitted, a revised stakeholder and 
community engagement plan would be put in place for engagement relating to the pre-establishment, 
operation and rehabilitation of the temporary on-site quarry. 

http://www.willatookwindfarm.com.au/quarry
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 Complaints and grievances 
Successful stakeholder engagement can often be measured by the effectiveness and suitability of the 
implemented grievance process or mechanism. Effective and responsive communication when dealing with 
community complaints and feedback is essential for continual development of strong robust community 
relations. 

The complaint handling process would consist of the following steps: 

• Receive and register the complaint: On receipt of a complaint, whether by telephone, email, letter or in 
person, specific information would be gathered and entered into the Customer Relationship 
Management database. This information would include, where available, the name and address of the 
complainant, the date, a description of the complaint, and, the date when acknowledged (including how 
acknowledged and by who). Complaints may be lodged anonymously, however, they may then be more 
difficult to follow up.  

• Acknowledge the complaint: Within one business day, the complaint would be acknowledged and 
assessed according to whether a response can be provided immediately, or whether further 
investigations are required before a response can be provided. Further investigations may involve 
discussions with the relevant technical consultant, who may need to do further work in order to address 
the issue raised. The time required for this would depend on the nature of the complaint, however, the 
quarry manager would endeavour to seek a response within the prescribed time. A record of the actions 
taken.  

• Issue a response to the stakeholder: The aim would be for a response to be issued to the complainant 
within 10 business days of receipt of the complaint. Should this not be achievable, the stakeholder would 
be contacted to provide an update on progress in responding to the issue(s) raised. The response would 
be issued by email or letter, depending on the preference of the complainant.  

• Review outcome of response: Once the complainant has had an opportunity to review the response 
provided, the quarry manager would ask whether it is considered that the complaint has been dealt with 
satisfactorily. If the complainant is satisfied with the response, the complaint can be considered to be 
resolved and closed out. If the complaint is not resolved then further investigation may be required. 
Further investigation may involve investigating the complaint further and the quarry manager would 
endeavour to do this within 10 business days.  

• Close out: An email or letter would be issued to the complainant to advise that the complaint has been 
closed out and this would be recorded. 

Continuous improvement of the grievance mechanism is an important priority and the development of the 
quarry would therefore utilise the following practices to assist in achieving this aim: 

• easily accessible and understandable information relating to complaint lodgement 
• acknowledgement and registering of all complaints within one business day of receipt 
• regular communication and feedback to complainants relating to proposed courses of action or 

resolution strategies 
• where possible, documented resolution of all complaints. Alternatively, if agreement has not been 

achieved, demonstration of compliance and implementation of suitable engagement strategies 
• implementation of regular auditing and review process. 
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Chapter 10 
Closure and rehabilitation 
This rehabilitation and site closure plan has been developed to address the requirements of Part 2 the 
Mineral Resources (Sustainable Development) (Extractive Industries) Regulations 2019, and Section 2 of 
the Preparation of Work Plans and Work Plan Variations, Guideline for Extractive Industry Projects 
December 2020 (version 1.3).  

 Closure objectives and end land use 

10.1.1 Closure objectives 
The primary objective of the Rehabilitation Plan is to leave the site in a manner that is: 

• safe (is not likely to cause injury to visitors) 
• stable (is structurally, geotechnically and hydrologically sound) 
• sustainable (is non-polluting and aligns with the principles of sustainable development) 
• in a form suitable to the self sustaining vegetation 
• the landowners for a combination of general farming such as cropping and animal husbandry. 

This objective has been approved by the landholder family, the landowner and is consistent with the current 
surrounding land use and the activities conducted prior to extractive industry use.  

This rehabilitation concept is illustrated in Figure 10.1. To achieve this objective, the following principles 
would be applied: 

• undertake progressive rehabilitation at the earliest possible opportunity, including the backfilling and 
vegetating of any terminal batters and topdressing worked out areas 

• initially revegetate the final surfaces with pasture grass species to stabilise the surfaces and manage 
erosion 

• actively encourage regeneration of terminal rehabilitated batters 
• identify and plant out suitable areas with pasture grasses 
• continually monitor and evaluate the effectiveness of rehabilitation and revegetation and modify as 

necessary to continue to achieve the stated objectives. 

 

 



 

Willatook Wind Farm | Preliminary Quarry Work Plan  
Closure and rehabilitation  

67 

 

 

Figure 10.1 Quarry closure and rehabilitation 
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10.1.2 End land use 
It is planned that all the plant and stockpile areas of the quarry site would be returned to general farming 
activities for cropping and/or animal husbandry, and that the extraction area would be retained as a water 
filled body (at the request of the landowner). The terminal quarry faces would be backfilled to a batter not 
steeper than 1V:4H from the crest of the extraction to at least 2 metres below the predicted fill level of the 
water body, and then at a batter of not steeper than 1V:2H to the quarry floor. The change in profile is to 
balance available overburden with the rehabilitation objective. Rehabilitated areas would be spread with a 
minimum 100 millimetres of soil to develop suitable pasture grasses. 

The water body in the rehabilitated landform would be used by the landowner for irrigation and other uses 
on their property. 

The weighbridge, office, amenities, stores, workshop (and any other sheds or buildings) and all the plant 
and machinery would be removed post closure. 

This is a conceptual closure plan based on the landowner’s current wishes and may be influenced in the 
future by community expectations, market forces or landowner requests. Although this concept plan may 
change over the development of the quarry and the wind farm project, or from the landowner’s 
expectations/requirements, it would at all times be consistent with the stated objectives, with any significant 
change or deviation to this plan discussed with Earth Resources Regulation to determine if a work plan 
variation would be required. 

 Progressive rehabilitation strategy and timing 

10.2.1 Strategy 
Progressive rehabilitation would be integrated into daily operations and wherever possible would occur as 
soon as practicable after extraction, however, this would not always be possible, especially given the 
relatively short life span of the quarry. Factors effecting the timing of progressive rehabilitation include, but 
are not limited to: 

• the availability of suitable rehabilitation areas across the site 
• the availability of suitable material to undertake rehabilitation 
• seasonal weather conditions. 

The quantity of overburden and the cost of rehandling overburden on the site, along with regulatory 
requirements, are the prime drivers for commencing the progressive rehabilitation of terminal faces as soon 
as possible. 

The progressive rehabilitation principles applying to this site are: 

• to store topsoil for use in site rehabilitation 
• to store overburden in nominated stockpiles for future use 
• where possible, directly place overburden in compacted layers in worked out areas 
• to progressively batter and vegetate all terminal faces as soon as practical. 

The success (or otherwise) of progressive rehabilitation would be regularly reviewed and any required 
changes in the progressive rehabilitation strategy would be implemented as appropriate. The criteria and 
monitoring frequency presented in Table 10.1 below is adopted for all progressive rehabilitation undertaken 
on the site. 



 

Willatook Wind Farm | Preliminary Quarry Work Plan  
Closure and rehabilitation  

69 

 

10.2.2 Timing 
The planned timing of the general rehabilitation (progressive rehabilitation) process is as follows: 

• As soon as practical: complete all earth works for the final land forming including the spreading of 
topsoil. 

• Within 3 months of completing earthworks: initially stabilise slopes through brush matting and/or 
seeding, including undertaking any remediation works and spreading of additional soil, followed by 
seeding/fertilising to pasture grasses as appropriate. The revegetation of rehabilitated batters would 
occur within 3 months of the completed earth works. 

• Each Spring and Autumn (i.e. six monthly intervals): review and report vegetation status, undertake any 
remediation earthworks necessary and supplement pasture as appropriate. 

 Conceptual closure design 

10.3.1 Assets to be retained 
The only assets retained post closure would be the stock proof fence to Old Dunmore Road and the 
unnamed road on the southern boundary, and the access track to the water body. All plant and equipment, 
sheds, tanks, buildings and any other assets would be removed post closure. 

No hardstand areas would be retained post closure. All stockpiles, hardstand areas, swale drains, water 
management dams, soil mounds, overburden mounds and waste material dumps would be smoothed over 
and incorporated into the rehabilitation surface as presented in the Rehabilitation Plan. 

10.3.2 Timing and maximum area disturbance  
Progressive rehabilitation would be integrated into daily operations as much as possible, however since the 
quarry would be operated over a relatively short time frame, there would be minimal opportunity to 
undertake progressive rehabilitation. 

While it is anticipated that all earthworks involved in rehabilitation would be achieved within 12 months of 
the completion of extraction, revegetation would be dependent on environmental and practical factors. 

The maximum total disturbed area, including all roads, hardstands, other earthworks and extraction areas, 
is estimated to be 24.7 hectares, while the maximum disturbed area open and unrehabilitated (including 
rehabilitated areas that have not met the primary objective) at any given time is estimated to be 
approximately 20 hectares. 

10.3.3 Terminal face and floor treatment 
Terminal faces would be rehabilitated as soon as practical by placing, spreading and compacting suitable 
material, starting at the base of the excavation and working up in thin layers (backfilling) and profiling to an 
overall slope of not steeper than 1V:2H from the quarry floor, then at an overall batter slope of 1V:4H from 
RL85 to the crest of the excavation (see Figure 10.2). The change in rehabilitation profile is to reduce the 
volume of material required to match the available material on-site. 

The quarry floor would not be covered with soil or overburden as the end use would be a water filled 
excavation. A cross section of the quarry from north to south is shown in Figure 10.3. 

Material used for backfilling or top dressing would be on-site overburden and quarry waste material, but 
may be supplemented by imported material from the wind farm project. Rehabilitated surfaces (batter 
slopes and quarry floor) would be lightly scoured, covered with topsoil and vegetated with grasses within 
three months of completing the earthwork to aid in managing erosion and dust. Material for use in 
rehabilitation is spread and compacted with a dozer and/or sheep’s foot roller. This method of placing and 
compacting material has been shown to achieve a compaction of at least 99% standard compaction 
(AS1289.5.1.1). Fill material characteristics and placement methodology would be in accordance with any 
current or future recommendations by specialised consultants and/or Earth Resources Regulation. 



 

70 Willatook Wind Farm | Preliminary Quarry Work Plan  
Closure and rehabilitation  

 

To balance the available overburden/waste material with the requirement for a gentle 1V:4H rehabilitation 
batter to below the water fill level, the terminal face design presented below has been adopted. 

As part of the operational phase, a swale drain and safety bund would be established around the crest of 
terminal faces. The swale drain safety bund would be removed and graded into the transitional zone to the 
batter, then a stock proof fence erected at the crest. Although none are currently planned nor required, any 
screening vegetation areas created for the operation may be retained post closure as windbreaks for animal 
husbandry activities. 

Timing of the rehabilitation of terminal faces and benches, including the placement of overburden, topsoiling 
and revegetation, occurs after extraction limits have been achieved, requiring the temporary stockpiling of 
some overburden material. As much as possible, overburden would be stockpiled within the extraction area, 
close to where it would be required for rehabilitation. 

 

Figure 10.2 Diagrammatic representation of quarry operation rehabilitation 

 

Figure 10.3 Rehabilitation cross section 

10.3.4 Dams and constructed works 
All out of pit groundwater management dams would be backfilled, the area smoothed over and returned to 
pasture. 

Any surface water diversion bunding or swale drains associated with the extraction area would removed, 
the area smoothed over and returned to pasture. 

Roadways that might have been constructed as part of the works, and which are deemed unnecessary for 
the post extraction land use, would be removed/ripped and rehabilitated. 

Workshop, amenities, stores, weighbridge, offices, roads, tracks, stockpile areas and all hardstand areas 
associated with the quarry would be removed. 

It is estimated that approximately 700 metres of access track would be retained. 
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10.3.5 Overburden requirements 
The following estimates have been obtained from the proposed pit design, the resource drilling, local site 
experience, and extrapolation: 

The site would yield: 

• Soil 20,000 cubic metres: the top 200 millimetres of material from within the extraction area is treated as 
soil and used or stockpiled separately for use in rehabilitation. Soil removed from the hardstand areas 
has not been used in this calculation as it would be pushed aside into mounds as the hardstand areas 
are created and spread back when these areas are rehabilitated. 

• Clayey overburden 170,000 cubic metres: the next 0–2 metres of material is easily diggable and has 
been classified as clay overburden. This layer varies considerably across the site from virtually zero in 
the rocky outcrop areas to up to 3.6 metres in other areas. An average depth of 1.5 metres has been 
assumed across the extraction area. 

• Highly weathered/weathered basalt 150,000 cubic meters: there is a varying level of weathering 
throughout the basalt, with approximately 170,000 cubic meters of extremely to highly weathered basalt 
that could be considered waste/overburden. This material is not very durable but could be blended with 
the road base material at small proportions or crushed to a 20 millimetres minus for light vehicle and 
pedestrian areas. It is often favoured by contractors as a low cost material for use on pedestrian tracks, 
or low volume light vehicle tracks. An average depth of 1.5 metres has been assumed for estimates. 

• Fresh to slightly weathered basalt 900,000 cubic meters: the bulk of the resource is fresh to slightly 
weathered basalt, and whilst the resource has been proven to at least 16 metres, a resource depth of 
11 metres has been used for quarry, which equates to approximately 160% of the estimated material 
requirements for the project. 

• Quarry waste 45,000 cubic meters: typically 5–10% of the processed material could be considered 
“quarry waste” (i.e. scalps, out of spec product etc), which typically is either blended with low grade 
material or stockpiled for eventual use. Given the short life span of the quarry and the limited specific 
product requirements and flexibility, this material would most likely end up in the overburden category 
and is included as being available for rehabilitation. Given it would be broken rock, it would need to be 
covered by at least 200 millimetres of clayey overburden to be effective in meeting the rehabilitation 
objectives and is best utilised by being placed directly against any terminal faces. 

The volume of material required to rehabilitate the terminal extracted face profile to a 1V:4H batter is 
approximately 322,000 cubic meters. 

While there is sufficient “overburden” (a total available 170,000 cubic meters of clayey overburden and 
150,000 highly weathered material and 45,000 quarry waste), to achieve the desired rehabilitation profile it 
is a fine balance and careful management of the waste / overburden would be required. 

The minimum volume of soil required to top dress the extraction area at a minimum 100 millimetres is 
approximately 6,000 cubic metres, (the area of the 1V:4H batter to below the water fill level, 6,000 square 
metres at 100 millimetres). Note that no soil would be sold, and all soil from the site would be retained for 
use in rehabilitation. 

Soil stripped/pushed up for the hardstand area and processing plant/stockpile area would be stored 
separately and used top dress these areas on closure and has not been calculated into the volumes 
required for topsoiling the rehabilitated extraction area. 

In addition to the identified overburden/interburden material, other sources of fill material include, but are 
not limited to, imported material (clean fill) from the wind farm construction process. 
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10.3.6 Surface water management 
Through the operational phase surface water is managed to ensure run-off from disturbed areas (including 
roads, hardstand areas, stockpiles and waste dumps) is intercepted and directed to settling ponds and 
sumps in the base of the quarry or to other strategic structures on the site, thereby minimising the potential 
for dirty water run-off and erosion. 

Water collecting in the sump is used around the site for dust suppression and irrigation. Excess water is 
pumped to other water sumps/dams on the site, used to irrigate rehabilitation, or used to irrigate the 
undisturbed areas of the site. 

Post closure, all the surface water management infrastructure would be removed to allow the site to be 
returned to pasture. 

10.3.7 Imported material 
Imported fill and/or soil may be used to compliment overburden and soil requirements to supplement the 
final landform. It is noted that the site can accept large quantities of clean fill material and so, if available, 
the final landform might consist of flatter batters, more back filed areas, a higher final relative level of some 
of the hardstand areas or an undulating surface in some areas, but would always be consistent with the 
primary rehabilitation objective. 

Prior to importing any material, an Imported Material Management Plan in accordance with Earth 
Resources Regulation guidelines (and any other guidelines issued by EPA Victoria) would be prepared and 
approved by an appropriate party. It is acknowledged that if “Solid Inert Waste” is imported for “recycling” 
then separate planning permission would be required in accordance with the Environment Protection Act 
2017, which may be in the form written acknowledgement and acceptance that the operation can be 
undertaken, or a separated planning permit. 

10.3.8 Site security 
The Rehabilitation Plan does not leave any steep, high or exposed faces, therefore no additional fencing or 
other security measures to the perimeter of the site is proposed. The 1.2 metre-high stock proof fencing at 
the work authority boundary to the Old Dunmore Road (to the west) and the unnamed government road (to 
the south) established for during the operating phase would be retained and maintained post closure, while 
the remaining fences would be removed to allow for continuity in the post closure farming activities. 
A 1.2 metre-high stock proof fence would be established around the crest of the excavation at closure. 

Site security, crest fencing, and perimeter fencing would be reviewed annually or as required. Any 
additional perimeter fencing that might be added in the future would also be retained. 

10.3.9 Rehabilitation species 
The primary objective is to return the site to a form suitable to the landowner for a combination of general 
farming activities. 

It is not planned to establish any specific areas of native revegetation on the site. It is acknowledged that it 
might be necessary throughout the life of the site to establish some perimeter planting / vegetation screens / 
wind breaks. Species would be selected based on hardiness and growth rate, but may be supplemented 
with other species as recommended by DELWP or other agencies. 

The rehabilitated faces and other disturbed areas would be fertilised and seeded with appropriate pasture 
grasses as soon as possible after establishment. In due course these areas may be incorporated into the 
general cropping and farming activities on the remainder of the site. 

A variety of revegetation methods may be required to establish a viable vegetative cover. Where 
appropriate, short-term cover grasses maybe established to stabilise topsoil stockpiles or other disturbed 
areas prone to wind or surface water erosion. 
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 Closure criteria and monitoring 
Closure criteria and monitoring would evaluate the success of the rehabilitation program, including 
operational works, progressive rehabilitation and any final rehabilitation completed during the operational 
phase of the site, as well as after site closure. 

10.4.1 Criteria 
In line with rehabilitation objectives, closure criteria would initially concentrate on measuring the success of 
the prevention of erosion within the extraction area and dirty water run-off from the disturbance area. These 
risks would be mitigated through cut off drains, vegetation establishment, strategic location of batter swale 
drains and any other surface water management strategies as required. Subsequent criteria would 
concentrate on the establishment and maintenance of commercial agricultural land. 

In addition to the criteria outlined below, it is understood that Earth Resources Regulation may, from time to 
time, require specific rehabilitation and / or site closure requirements, including any monitoring and 
reporting requirements. If additional requirements are required, they shall be documented appropriately 
(i.e. Trigger Action Response Plan) and be available for review on request. 

10.4.2 Monitoring 
Monitoring of working faces left unattended for more than 12 months and any progressive rehabilitation is 
an integral part of the operational phase of the site. Monitoring of all rehabilitated faces would continue post 
closure. Post closure monitoring records would adopt the operational monitoring worksheets/proformas. 
The post closure monitoring program is designed to demonstrate that the closure criteria has been met and 
that the site is not resulting in any hazardous off-site effects. 

Post closure monitoring would continue for at least three years, or for a period conditioned by Earth 
Resources Regulation, after the site has ceased operating or until the relevant authority is satisfied closure 
criteria has been met. 

The work plan progress and any progressive rehabilitation would be reviewed on a regular basis to ensure 
the rehabilitation activities are effective in meeting the objectives, while not compromising the ability to work 
the work authority. 

10.4.3 Remedial works 
If any of the operational or closure criteria are not being met or are not satisfactorily progressing based on 
the monitoring, maintenance and remediation, further corrective measures would be implemented to ensure 
the criteria is met. Example situations would include, but not be limited to: 

• Damage to fencing – repair fencing, investigate the cause, initiate additional measures as necessary. 
• Poor vegetation development – investigate cause, engage agronomist for advice on pasture species, 

soil properties, fertiliser, remedial works as required. 
• Excessive weed presence – initiate one off weed eradication program, review weed management 

schedule and pasture development. 
• Excessive erosion – repair the area, review pasture development, review surface water management 

activities, consider more appropriate location of drains and/or culverts. Investigate alternative erosion 
control devices (e.g. rock armour, hay bales, vegetation) or methodologies (such as hydro mulching). 

10.4.4 Closure monitoring criteria 
Table 10.1 identifies the key items to be monitored based on the main “domains”, as interpreted from the 
Rehabilitation Plan Guideline published by Earth Resources Regulation (Draft Nov 2020). 
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Table 10.1 Preliminary closure criteria and monitoring  

Item Closure criteria Elements to be monitored Frequency 

Domain: Infrastructure 

Site Buildings Office, amenities, weighbridge, all small 
buildings light vehicle parking and any services 
to these building would be removed post 
closure. 

• Photograph all retained infrastructure, include a 
general description of infrastructure and 
surrounds. 

• Record/photograph any weed infestation  
Record/photograph disrepair to buildings. 

One off removal of infrastructure annually for 
general appearance. 

Workshops, and 
hardstand area(s) 

Workshop, fuel stores, oil and grease stores 
and all associated buildings and containers 
removed post closure, area returned to pasture. 

• Photograph all retained infrastructure, include a 
general description of infrastructure and 
surrounds. 

• Record/photograph disrepair to buildings  
Record/photograph any derelict plant  
Record/photograph any weed infestation. 

One off removal of infrastructure annually for 
general appearance. 

Crushing and 
screening 
equipment and 
hardstand area 

Processing plant(s) any associated 
infrastructure removed and area rehabilitated to 
pasture/plantation. 

• Photograph all infrastructure, include a general 
description of infrastructure and surrounds. 

• Record/photograph any derelict plant area 
Record/photograph disrepair to plant/buildings. 

One off removal of infrastructure annually for 
general appearance. 

Product stockpile 
area(s) 

All stockpiles would be removed and the areas 
rehabilitated to pasture. 

• Photograph stockpile area and include a general 
description of surrounds. 

• Visual estimate of any pasture/plantation 
establishment. 

• General description of pasture/plantation vitality. 
• Record/photograph any bare patches  

Record/photograph any weed infestation. 

One off removal of infrastructure annually for 
general appearance. 
Pasture establishment Y1 – 3 Monthly,  
Y2 – 6 Monthly, Y3 –12 Monthly 

Access roads/ 
tracks rehabilitated 

All access tracks not consistent with ethe 
rehabilitation plan objectives rehabilitated to 
pasture. 
Access tracks retained post closure maintained 
to acceptable standard. 
Edge drains maintained and effective. 

• Visual estimate of any pasture/plantation 
establishment. 

• General description of pasture/plantation vitality. 
• Record/photograph any bare patches  

Record/photograph any weed infestation. 

One off removal of tracks Pasture 
establishment 
Y1 – 3 Monthly Y2 – 6 Monthly  
Y3 – 12 Monthly 
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Item Closure criteria Elements to be monitored Frequency 

Roads/tracks 
retained post 
closure 

Site access from Old Dunmore Road Windfarm 
access track retained post closure. 
Approximately 700 metres of internal track 
retained Edge drains maintained and effective. 

• General description of road surface and drains.  
• Record/photograph typical section. 

One off removal of tracks Annually for 
general appearance. 

Overburden stockpiles 

Unshaped waste 
rock dumps 

All waste dumps and overburden mounds 
removed or used in rehabilitation. 

• Photograph and general description of all waste 
dumps and overburden mounds  
Record/photograph typical section. 

At site closure then annually. 

Overburden 
mounds 

Overburden mounds removed or used in 
rehabilitation. 

• Photograph and general description of all 
overburden mounds. 

• Record/photograph typical section. 

At site closure then annually. 

General 
earthworks and 
landscaping 

All waste dumps and overburden mounds 
removed or used in rehabilitation. 

• Landform is suitable to achieve rehabilitation 
objective. 

• Visual estimate of pasture establishment (ground 
cover). 

• General description of pasture vitality  
Record/photograph any bare patches. 

Y1 – 3 Monthly  
Y2 – 6 Monthly  
Y3 – 12 Monthly 

Erosion (no dumps 
or mounds retained 
post closure) 

All overburden mounds removed. • As per infrastructure. As per infrastructure 

Quarry pit 

Terminal faces  Terminal faces backfilled to not steeper than 
1V:4H with quarry waste and overburden to at 
least RL85a. 

• Visual assessment of batters, looking for 
presence/absence of landform slumping, cracks 
or movement. 

• Effectiveness of any temporary fencing to control 
stock and feral animals until vegetation 
established. 

• Pasture/vegetation establishment. 

Y1 – 3 Monthly  
Y2 – 6 Monthly  
Y3 – 12 Monthly 
Additional inspections after significant 
rainfall events. 

Extraction area Vegetation (pasture to embankments) 
established and well maintained. 

• Final landform criteria constructed in accordance 
with rehabilitation objectives plan. 

• Pasture establishment. 

Y1 – 3 Monthly  
Y2 – 6 Monthly  
Y3 – 12 Monthly 
Additional inspections after significant 
rainfall events. 
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Item Closure criteria Elements to be monitored Frequency 

Other 

Pasture Hardstand/disturbed areas for rehabilitation to 
pasture/crops. 

• Visual estimate of pasture establishment (ground 
cover). 

• General description of pasture vitality  
Record/photograph any bare patches. 

Y1 – 3 Monthly Y2 – 6 Monthly  
Y3 –12 Monthly 

Site security Integrity/suitability for purpose of work authority 
boundary and property fencing and gates 
maintained. 

• Stage and or Boundary Fencing Vegetation 
quality/viability Bund and/drain integrity. 

Annually 

Noxious weeds Noxious weeds less than 5% total ground 
cover. 

• Weed cover. 6 monthly 

Pasture Hardstand/disturbed areas for rehabilitation to 
pasture/crops. 

• Visual estimate of pasture establishment (ground 
cover). 

• General description of pasture vitality  
Record/photograph any bare patches. 

Y1 – 3 Monthly  
Y2 – 6 Monthly  
Y3 – 12 Monthly 

Water dams No above ground water dams retained post 
closure. 
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Chapter 11 
Next steps 
The following steps would be completed after exhibition of the preliminary draft quarry work plan: 

• consider submissions on the quarry work plan made during the exhibition period 
• consider the Minister’s assessment of the EES and preliminary draft quarry work plan 
• revise the preliminary work plan including preparation of a detailed Risk Management Plan, 

Rehabilitation Plan and Community Engagement Plan 
• respond to questions and clarifications from Earth Resources Regulation and statutory referral 

authorities to insure that all major components of the work plan are adequate 
• formal assessment of the work plan by Earth Resources Regulation (minimum 28 days) 
• decision of approval (or otherwise) by Earth Resources Regulation.  

 



 

78 Willatook Wind Farm | Preliminary Quarry Work Plan  
References  

 

Chapter 12 
References 
Biosis, (2022) Independent ecological peer review of the Willatook wind farm. 

Department of Environment, Land, Water and Planning (2017) Guidelines for the removal, destruction or 
lopping of native vegetation (dated December 2017), Department of Environment, Land, Water and 
Planning, East Melbourne, Victoria. 

Department of Jobs, Precincts and Regions (2020) Preparation of Work Plans and Work Plan Variations | 
Guideline for Extractive Industry Projects, Department of Jobs, Precincts and Regions, Melbourne, 
December, 2020. 

Dahlhaus, P, Heislers, D, & Dyson, P (2002) Groundwater Flow Systems. Buninyong: Glenelg Hopkins 
Catchment Management Authority. 

Earth Resources Regulation (2021) Ground Vibration and Airblast Limits for Blasting in Mines and Quarries, 
Environmental Guidelines, Department of Jobs, Precincts and Regions, Melbourne VIC.  

Ecology and Heritage Partners (2022a) Willatook Wind Farm Aboriginal Cultural Heritage Impact 
Assessment: Environment Effects Statement, prepared for Willatook Wind Farm Pty Ltd, 4 March 2022. 

Ecology and Heritage Partners (2022b) Willatook Wind Farm, Willatook, Victoria: Historical Heritage 
Assessment, HV Number 3725, prepared for Willatook Wind Farm Pty Ltd, 24 March 2022. 

EPA Victoria (2022) Publication 1961: Guideline for assessing and minimising air pollution in Victoria, May 
2021. 

EPA (2021a): Environment Protection Authority Victoria, Guideline for assessing and minimising air 
pollution in Victoria, EPA Victoria Publication 1961, May 2021 (currently in review and feedback phase 7 
June-19 July) 

EPA Victoria (2021b) Publication 1996: Noise guidelines: Assessing low frequency noise. June 2021, 
Environment Protection Authority Victoria, Carlton VIC. 

EPA Victoria (2020) Publication 1834: Civil construction, building and demolition guide. 26 November 2020, 
Environment Protection Authority Victoria, Carlton VIC. 

EPA Victoria (2013) Publication 1518: Recommended separation distances for industrial residual air 
emissions, December 2013. 

EPA Victoria (2007) Publication 1191: Protocol for Environmental Management: Mining and Extractive 
Industries, December 2007. 

National Pollutant Inventory (2012) Emission Estimation Technique Manual for Mining, Version 3.1, January 
2012. 

Nature Advisory (2022a) Willatook Wind Farm Flora and Fauna Impact Assessment, prepared for Willatook 
Wind Farm Pty Ltd, March 2022. 

Nature Advisory (2022b) Willatook Wind Farm Brolga Impact Assessment, prepared for Willatook Wind 
Farm Pty Ltd, March 2022. 

Standards Association of Australia (2006) Australian Standard AS2187.2, Explosives – Storage and Use, 
Part 2: Use of Explosives, Resources Safety, Department of Mines, Industry Regulation and Safety, East 
Perth WA. 

United States Environmental Protection Agency (1985 and updates) Compilation of Air Pollutant Emission 
Factors, AP-42, Fourth Edition United States Environmental Protection Agency, Office of Air and Radiation 
Office of Air Quality Planning and Standards, Research Triangle Park, North Carolina 27711. 

 



 

 

 
Hydrology and 
hydrogeology quarry 
investigations 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 





 

Willatook Wind Farm Pty Ltd | 20 April 2022   
Willatook Wind Farm Hydrogeological and Hydrological Investigation Page 126 
 

B-1 Introduction 

B-1-1 Overview 

Willatook Wind Farm Pty Ltd (WWF) is developing Willatook Wind Farm located between Orford and 

Hawkesdale in south-west Victoria (Figure 49). To support construction, WWF is proposing a temporary on-

site quarry in the southwest of the project area from which basalt will be quarried. The proposed quarry is 

located approximately 25 km north west of Port Fairy and approximately 45 km south of Hamilton, on the 

eastern side of Old Dunmore Road (Figure 49). Currently, the proposed location is used for stock grazing and 

is zoned for farming.  

B-1-2 Description of Proposed Development 

The proposed Works Authority Area (WAA 007290) for the quarry covers approximately 30 hectares (ha), with 

an extraction area of 10.4 ha, stockpile, plant, dam area of 13 ha and amenities/parking/weigh bridge area of 

approximately 1 ha. Details of the proposed quarry are summarised below: 

◼ Extraction area of 10.4 ha. 

◼ Maximum excavation depth of 14 m. 

◼ Working batter profiles of approximately 1V:0.3H (75 degrees). 

◼ Rehabilitation batter profile of at least 1V:4H (approximately 14 degrees) to quarry floor. 

◼ Method of extraction to include traditional drill and blast. 

◼ Operational life of up to 24 months, then decommissioned as farm dam. 

◼ A preliminary water requirement of 15 ML/yr for dust suppression. 

B-1-3 Purpose of the report 

This report provides an assessment of the surface water and groundwater considerations related to the 

proposed quarry development. The objectives of this assessment are summarised below: 

◼ Assess the likely surface water contribution to the site. 

◼ Estimate the likely range of groundwater inflows and area of groundwater drawdown. 

◼ Provide recommendations on the preferred surface water and groundwater management strategy. 

Detailed engineering designs and consideration of constructability of infrastructure are outside the scope of 

this assessment.
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FIGURE 49 SITE LOCALITY 

 

Quarry location 



 

Willatook Wind Farm Pty Ltd | 20 April 2022   
Willatook Wind Farm Hydrogeological and Hydrological Investigation Page 128 
 

B-2 Context Setting 

B-2-1 Topography 

The topography of the site and surrounding area is relatively flat and is characterised by an undulating surface 

with a series of small depressions with informal drainage lines, creating several small independent localised 

catchments. These catchments are susceptible to periods of inundation and reliant on infiltration and 

evaporation to disperse the water. The site itself is located over a ridge and has no upstream catchment, with 

the site draining via depressions located towards the north-western and southern boundary and a flow path 

draining to the eastern boundary in north-eastern corner of the site. The site has an elevation difference of 

around 6 m between the highest point along the north boundary (95.0 m AHD) and lowest point along the 

north-western boundary (88.7 m AHD). The topography of the site is shown in Figure 50 along with the 

proposed site infrastructure including the extraction area, stockpile area, works authority boundary and site 

access and parking. 

 

FIGURE 50 SITE TOPOGRAPHY 
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B-3 External Catchment Surface Water Impact 

B-3-1 Surface Water Methodology 

Water Technology previously undertook hydraulic modelling of the WWF project area and upstream catchment 

using TUFLOW. TUFLOW is one of the most widely used hydraulic modelling software packages in Australia 

and is the preferred modelling package for the Glenelg Hopkins Catchment Management Authority (CMA), in 

which WWF is located within. The software was considered an appropriate modelling tool for assessing surface 

water changes at the site. A rain-on-grid approach was used, allowing the simulation of runoff generated from 

local rainfall on a two-dimensional grid representative of the site topography. Results of the hydraulic modelling 

were used to assess the potential external catchment surface water changes to the quarry site for the 1% 

Annual Exceedance Probability (AEP) event.  

B-3-2 Quarry Investigation 

Hydraulic model results for the 1% AEP event demonstrate that the proposed quarry is not influenced by an 

external catchment. The site experiences inundation up to a maximum of 300 mm in the localised depressions 

and flow paths across the site (Figure 51). Flood levels across the site range from 89.0 m AHD along the 

northern boundary to a maximum of 92.7 m AHD within the site (Figure 52). Due to the topography of the site 

and height difference between the ridge and depressions/flow paths, some areas of the site experience 

velocities up to 0.4 m/s. Flow velocities quickly reduce to under 0.2 m/s once in the depressions/flow paths 

(Figure 53). The product of flood depth and velocity (depth x velocity) does not exceed 0.3 m2/s across the 

entire site (Figure 54), classifying it as Low Hazard (H117). 

The proposed extraction area is mainly influenced by localised rainfall, though the area marginally intercepts 

a flow path in the north-eastern corner (Figure 51). Apart from this flow path which can be diverted or stored 

on-site, the flood behaviour for the extraction area is localised inundation and these areas are not affected by 

flow from the broader site extent. The influence on these proposed areas is minor but should be managed by 

either storage or diversion.  

The proposed quarry access track with the works authority area is not influenced by inundation.  

Overall, the influence of surface water across the quarry is localised and should be able to be managed as 

part of development, through drainage infrastructure be it storages or diversion. It should be noted that this 

investigation was based upon existing topography and surface water behaviour is likely to change as part of 

the construction of the quarry. However, as the site has no external catchment the assessment outlined here 

demonstrates challenges and works required to inform the planning process.  

 
 
17 Ball J, Babister M, Nathan R, Weeks W, Weinmann E, Retallick M, Testoni I, (Editors), 2019, Australian Rainfall and 

Runoff: A Guide to Flood Estimation, Commonwealth of Australia, Book 6, Chapter 7.  
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FIGURE 51 1% AEP FLOOD DEPTHS (DEPTHS IN METRES) 

 

FIGURE 52 1% AEP WATER SURFACE ELEVATION 
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FIGURE 53 1% AEP FLOOD VELOCITY 

 

FIGURE 54 1% AEP FLOOD HAZARD 

These maps are included for reference only as modelling indicates that no infrastructure will have an effect on 

surface water. 
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B-4 Hydrogeology 

B-4-1 Geology 

The surface geology of the site is dominated by the weathered plains and stony rise basalts of the Newer 

Volcanic Group. The basalt rocks that make up the majority of the volcanic plains were formed by volcanic 

eruptions between 4 million and 7 thousand years ago (Dahlhaus et al., 2002). The uppermost fractured, fine-

grained crystalline rocks are reported to have rapidly weathered, forming a blanket of clay soil of variable 

thickness overlying the basalt (Dahlhaus et al., 2002). 

To estimate the thickness of the Newer Volcanic basalt at the quarry site, the spatial layers available through 

Visualising Victoria’s Groundwater (VVG) where interrogated. Based on the information from VVG, the Newer 

Volcanic basalt is expected to be around 40 m thick in the vicinity of the proposed quarry site. The nearest 

wells with geological logs (69407 and 69415) (Table 35) suggest that the basalt is present down to 32 m below 

ground level at these locations (refer to Figure 58 for well locations). Below the Newer Volcanic basalt is the 

Port Campbell Limestone. The proposed quarry depth is 14 m, and hence the base of the pit will be well above 

the Port Campbell Limestone formation. 

To define the resource grade and characteristics of the basalt material, a series of 23 percussion drill holes 

were drilled within the quarry footprint (Figure 55). Drillhole depths ranged from 6.9 to 21.3 m below ground 

level.  Assessment of the geological logs from these drillholes shows variably weathered basalt from its original 

state as fresh (rock shows no sign of decomposition) through and slightly weathered (rock is slightly 

discoloured but generally shows no change from fresh rock) and moderately weathered (rock is moderately 

discoloured, generally showing noticeable change from fresh rock).  

The majority of the percussion drill holes were reported to be terminated in clay, with the exception of P19-016 

which was terminated in fresh basalt. From the available data it is unclear whether this denotes the base of 

the basalt or a weathered layer within it, however, given the depths discussed above, the latter has been 

assumed in the absence of any further data. 

At the surface, weathering of the basalt material to clay is observed in the percussion drillhole logs at depths 

of up to 3.3 m. The weathered material occurs predominantly in the centre and south of the work authority 

area, with the exception of one hole in the northeast of the WAA. 
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FIGURE 55 PERCUSSION DRILLHOLES AND PROPOSED QUARRY EXTENT (BCA, 2021) 
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B-4-2 Aquifers 

The Newer Volcanics basalt is reported to behave as a fractured rock aquifer (Dahlhaus et al., 2002). 

Groundwater flow in fractured rock aquifers is strongly controlled by the presence, continuation, and 

connectivity of fracture zones through which groundwaters infiltrate and flow. Host rock types, the degree of 

deformation and land surface undulations also influence recharge and discharge processes of fractured rock 

aquifer systems. 

Dahlhaus et al. (2002) completed a review of groundwater flow systems within the Glenelg Hopkins CMA 

region and through this work delineated 18 groundwater flow systems with similar hydrogeological 

characteristics. The proposed quarry site is located within the regional and intermediate flow systems in the 

Volcanic Plains basalt (GFS 14). Within this zone, groundwater is reported to move through the fractured rocks 

at highly variable rates in both regional and intermediate flow systems (Dalhousie et al., 2002).  

B-4-3 Groundwater Levels and Flow 

Groundwater levels range from 2.14 to 5.17 m below groundwater level based on water level gauging 

undertaken on 05 February 2021 from five cased drillholes located within the proposed extraction area. The 

groundwater levels equate to elevations of 89.83 to 93.85 m AHD (Figure 56). The available groundwater 

elevation data suggests a groundwater flow gradient from the northwest to the east, southeast and south of 

the extraction area. 



 

Willatook Wind Farm Pty Ltd | 20 April 2022   
Willatook Wind Farm Hydrogeological and Hydrological Investigation Page 135 
 

 

FIGURE 56 GROUNDWATER LEVELS (05 FEBRUARY 2021) 



 

Willatook Wind Farm Pty Ltd | 20 April 2022   
Willatook Wind Farm Hydrogeological and Hydrological Investigation Page 136 
 

B-4-4 Hydraulic Conductivity 

Dahlhaus et al., (2002) presents a range of hydraulic conductivity values from 0.001 to 100 m/d for the Newer 

Volcanic basalt, with the lower estimate described as tight fractures and the upper estimate described as open 

fractures and lava tubes. The basis for the hydraulic conductivity estimates provided by Dahlhaus et al., (2002) 

is not provided in the available reporting. The hydraulic conductivity range is consistent with the description 

that groundwater moves through the fractured rocks at highly variable rates (Dahlhaus et al., 2002). Further to 

this, Nolan et al., (1990) reports that the Newer Volcanic basalt has generally poor aquifer characteristics and 

can be locally quite variable, concluding that the stony rises are less weathered and more fractured than the 

low transmissivity plains basalt, allowing considerable volumes of groundwater generation. 

SKM (2010) developed a groundwater model for the Glenelg Hopkins catchment whereby hydraulic 

conductivity values for the Newer Volcanic basalt of 1, 10 and 25 m/d were tested during model calibration. 

The adopted hydraulic conductivity for the groundwater flow model was 10 m/d, however, SKM concluded that 

the Quaternary Volcanics had a locally sensitive response that was not able to be captured with a regional 

scale model and hence there is likely to be significant variability in this parameter. 

There are currently no site specific values of hydraulic conductivity available at the site. The observations from 

the percussion drilling suggests that the hydraulic conductivity is more likely to be in the low to moderate range. 

This interpretation is based on: 

◼ The low to moderate degree of weathering observed in the drill cuttings, which suggests that no significant 

fractured zones were intersected. 

◼ The anecdotal evidence during drilling described the cuttings as damp to moist, as opposed to saturated 

which would be more consistent with a highly fractured aquifer. 

◼ The slow recovery of the cased drill holes is an indicator of low hydraulic conductivity. 

Based on the above observations, it is considered that a representative hydraulic conductivity range for the 

Newer Volcanic basalt at the quarry site is 0.01 to 1.0 m/d. It is recognised that both higher and lower hydraulic 

conductivities may exist outside of this envelope. Anisotropy may also occur along the strike of stony ridges 

where fracture networks are connected. The adopted range is considered to provide a realistic representation 

over the area in which the quarry will be the developed (around 400 m x 400 m) taking into account the above 

anecdotal evidence and the observations from the Tarrone basalt quarry discussed in Section B-4-7. 

B-4-5 Groundwater Recharge 

Groundwater recharge within the Volcanic Plains basalt (GFS 14) is reported to be between 10 mm and 40 

mm annually (Dahlhaus et al., (2002). Recharge is reported to occur largely in winter and spring, with 

significantly more recharge in wetter years, when extensive soil waterlogging can occur (Dahlhaus et al., 2002). 

B-4-6 Groundwater Quality 

Dahlhaus et al., (2002) reports that groundwater salinity within the Volcanic Plains basalt (GFS 14) ranges 

from 500 to 10,000 (mg/l). Further to this, Visualising Victoria’s Groundwater platform (VVG) provides a spatial 

layer of TDS for the water table aquifer. Based on this data, groundwater salinity falls in the 1,000 to 3,500 

mg/L range. It is noted that this data has been generated by extrapolation between limited data points. 

Groundwater salinity data for the nearest wells to the quarry is provided below in Table 35 (refer to Figure 58 

for well locations). This data suggests that salinities are around 1,000 mg/L, noting that the samples were 

taken in the 1980s. The wells are recorded to be used for stock purposes.  
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TABLE 35 GROUNDWATER SALINITY IN WELLS CLOSEST TO THE QUARRY 

Well ID Distance 
from 
Quarry 
(m) 

Purpose Depth (m) SWL (m) Aquifer Salinity 
(mg/L) 

Salinity 
Date 

69475 Southwest 
1170 m 

Stock 15.54 - Basalt 1077 1988 

69407 East 
1160 m  

Stock 32.92 - Basalt 994 1982 

69405 West 

1000 m 

Stock 42.7 - - - - 

69415 Southeast 
1570 m 

Stock 45.72 - Basalt and  

Limestone 
from 33.48 
m 

- - 

Notes: (-) Denotes no data 

B-4-7 Tarrone Basalt Quarry 

The Tarrone basalt quarry located 10 km southeast of the proposed Willatook quarry is the nearest operating 

quarry to the proposed site. Water management at the Tarrone quarry is used to inform the water management 

approach at the Willatook quarry. The site is situated within the same geological unit (Newer Volcanic basalt) 

and has very similar hydrological and hydrogeological characteristics to those at Willatook. The following 

information relating to the Tarrone quarry has been noted following discussions with the quarry manager.  

◼ The pit is up to 17 m deep and has intersected the water table. 

◼ Inflows (interpreted to be a combination of surface water and groundwater) are highly seasonal, with peak 

inflow occurring during winter. 

◼ Water is managed using a series of in-pit and external pit water storages. The depth of the water storages 

with respect to the groundwater level at the Tarrone quarry is not known. 

◼ The water is not readily lost once pumped into water storages. 

◼ Above average summer rains can cause inflows which need to be managed through pumping to water 

storages. 

◼ There is no requirement for off-site discharge of water. 

The following can be inferred from the above anecdotal evidence: 

◼ The seasonal nature of pit inflow suggests that direct rainfall input, runoff and seasonal groundwater 

seepage are the main inputs to the pit. 

◼ Lower inflows during summer suggests that groundwater flows are inconsistent and not the dominant 

inflow mechanism. 

◼ Inflows can be managed through transferring water to various water storages within the works authority 

(i.e. no off-site discharge). The area of disturbed land (excavations, stockpiles, water storages etc) is 

estimated to be around 35 Ha at Tarrone quarry, compared to a proposed works authority area of 30 Ha 

for Willatook.  
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◼ Given the similarities in the hydrogeological characteristics of the Tarrone Quarry and the Willatook site, 

a similar management approach of internal transfers may well be effective at the proposed Willatook 

quarry. 

B-5 Groundwater Inflow and Drawdown Analysis 

B-5-1 Analysis Method 

An estimation of the steady state groundwater inflow to the pits and the extent of drawdown has been made 

using the Marinelli and Niccoli (2000) method. The analytical method assumes a simplification of the 

hydrogeological environment and is used to provide a ‘broad’ range of inflows and drawdown. This analytical 

solution is useful in situations where rainfall recharge is the principal factor in groundwater flow, such is the 

case for the Newer Volcanic basalt aquifer. The method is based on the Dupuit – Forchheimer approximation. 

The flow into the pit is divided into two zones as shown below in Figure 57, with Zone 1 representing the inflow 

from the pit walls and Zone 2 the inflow from the base of the pit. 

 

FIGURE 57 PIT INFLOW MODEL (MARINELLI AND NICCOLI, 2000) 

The following equations are used to estimate the inflow and drawdown (Marinelli and Niccoli., 2000): 
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Where:  

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

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

W = Distributed rainfall recharge flux (metres per day) 

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

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

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

rp = Effective pit radius (metres) 

ro = Radius of influence (metres) 

d = Depth of the pit lake (metres) 

B-5-2 Input Parameters and Scenarios 

Several of the input parameters such as quarry depth, pit radius, saturated aquifer thickness and the depth of 

the water in the pit are well constrained, and as such a single value has been used for these input parameters. 

Aquifer hydraulic conductivity and recharge are less well constrained. To account for the uncertainties and 

inherent variability in these parameters, multiple scenarios have been assessed to provide a range of possible 

groundwater inflows and drawdown extents.  

The adopted hydraulic conductivity range for the Newer Volcanics basalt is 0.01 to 1.0 m/d as discussed 

above, with the middle value representing the design scenario. It is recognised that both higher and lower 

hydraulic conductivities may exist outside of this envelope, however, the adopted range is considered to 

provide a realistic representation based on the anecdotal evidence from the percussion drilling and the 

observations from the Tarrone basalt quarry. 

The hydraulic conductivity for Zone 2 is estimated to be 10% of the Zone 1 hydraulic conductivity to account 

for the presence of clay at the base of the pit as reported in the percussion drillholes logs. The assumption 

significantly impacts the predicted inflow rate. It is possible that if the clay layer is either thin or discontinuous 

that the inflow rates may be higher than expected. Further drilling and testing would be required to validate 

this assumption. 
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Vertical hydraulic conductivity for Zone 2 adopts an anisotropy (ratio of horizontal to vertical conductivity) factor 

of 0.1. The input parameters and ranges used to estimate pit inflow and drawdown extent are provided in 

Table 36. 

TABLE 36 MARINELLI AND NICOLI (2000) INPUT PARAMETERS 

Parameter Description Value/Range Comment 

ho Saturated thickness of basalt 
aquifer above the base of the pit 

11 (m) Depth of water assumed to be 
3 m, base of pit at 14 m. 

hp Saturated thickness above Zone 1 5 (m) Set at half the saturated thickness 
of the aquifer. 

W Distributed recharge flux 10 to 40 mm/a From Dahlhaus et al., 2002. 

Kh1 Horizontal hydraulic conductivity in 
Zone 1 

1 to 0.01 Low to moderate range reported 
in Dahlhaus et al., 2002. 

Kh2 Horizontal hydraulic conductivity in 
Zone 2 

10% of Kh1 One order of magnitude lower 
than Zone 1 to reflect the 
presence of clay at the at the 
base of the pit as reported in the 
percussion drillholes logs. 

Kv1 Vertical hydraulic conductivity in 
Zone 2 

10% of Kh2 Standard anisotropy relationship 
between Kh and Kv. 

rp Radius of pit 200 (m) Assumed to be cylindrical. 

d Depth of water in the pit above 
Zone 1 

0 Assumed to be dry.  

The following scenarios were assessed to account for the uncertainties and inherent variability in hydraulic 

conductivity and recharge and to provide a range of possible groundwater inflows and drawdown extents: 

◼ Base Case: Represents the median value for the adopted hydraulic conductivity and recharge range. 

◼ Low K: Represents the lower estimate of the hydraulic conductivity range and the median of the recharge 

range. 

◼ High K: Represents the upper estimate of the hydraulic conductivity range and the median of the recharge 

range. 

◼ Low Recharge: Represents the lower estimate of the recharge range and the median hydraulic 

conductivity value. 

◼ High Recharge: Represents the higher estimate of the recharge range and the median hydraulic 

conductivity value. 

B-5-3 Groundwater Inflow and Drawdown Extent Estimates 

The predicted groundwater inflow volumes and drawdown extents for each of the adopted scenarios are 

provided in Table 37. Under the base case scenario, inflows are expected to be around 77 m3/d. However, 

sensitivity analysis of key parameters suggests that inflows of 15 to 521 m3/d cannot be discounted at this 

stage. The wide range reflects the uncertainty in the hydraulic conductivity of the basalt material. Groundwater 

inflows are proposed to be managed through in-pit sump pumping. The analysis shows that the predictions 

are most sensitive to hydraulic conductivity and that uncertainty in the recharge rate results in marginal 

changes to the predicted pit inflow volume. 
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Drawdown as a results of pit inflow is predicted to extend up to 518 m for the base case scenario and up to 

1,080 m for the high hydraulic conductivity scenario (Figure 58). This distance represents the point at which 

the drawdown is predicted to be zero. Groundwater well 69405 located around 1,000 m west of the pit 

coincides with the zero metre drawdown contour under the high hydraulic conductivity scenario. Although this 

well is not predicted to be effected, it is recommended that this and other wells within 1,500 m of the quarry 

are surveyed to confirm their location and status. It is also recommended that baseline conditions are 

established in these wells and that monitoring is undertaken during and after quarrying operations to validate 

an assessment of impacts. Discussion of the wells to be included in the survey and those that may require 

monitoring is addressed in the WWF EES. 

There are several potential aquatic Groundwater Dependent Ecosystems (GDEs) within the predicted 

drawdown extent (Figure 58). GDE data is sourced from the Bureau of Meteorology’s Groundwater Dependent 

Ecosystem Atlas which is based on a broad scale national assessment. Assessment of the impacts to GDEs 

is provided in the ecology section of the WWF EES. 
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FIGURE 58 PIT DRAWDOWN EXTENT AND GROUNDWATER RECEPTORS 
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TABLE 37 PREDICTED GROUNDWATER INFLOW AND DRAWDOWN EXTENT 

Scenario Effective Pit 
Radius (m) 

Recharge 
(mm/d) 

Hydraulic Conductivity (m/d) Radius of 
Influence (m) 

Zone 1 
Groundwater 
Inflow (m3/day) 

Zone 2 
Groundwater 
Inflow (m3/day) 

Total 
Groundwater 
Inflow (m3/day) 

Kh1 Kh2 Kv1 

Base Case 200 25 0.1 0.01 0.001 518 49 28 77 

Low k 200 25 0.01 0.001 0.001 310 12 3 15 

High k 200 25 1.0 0.1 0.01 1080 242 278 521 

Low 
Recharge 

200 10 0.1 0.01 0.001 675 36 28 64 

High 
Recharge 

200 40 0.1 0.01 0.001 455 58 28 86 
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B-5-4 Model Limitations and Uncertainty 

The groundwater inflow and drawdown extent assessment requires application of hydrogeological judgement 

and simplification of the hydrogeological environment. The largest degree of uncertainty relates to the hydraulic 

conductivity of the basalt material. To account for this uncertainty, a range of hydraulic conductivity values 

have been used. Despite this, it is possible that higher than expected groundwater inflows occur if significant 

water producing structures are intersected which have higher than assumed permeability. It is also possible 

that groundwater inflow rates could be lower than the modelled estimates if the quarried area proves to have 

lower than assumed permeability. Either of these scenarios could impact the planned water management 

regime for the mining operation. To constrain the inflow estimates and drawdown impacts, further drilling and 

testing is required including but not limited to installation of test production wells and aquifer testing. 

The analysis also draws on the anecdotal evidence from the Tarrone basalt quarry (discussed in Section B-4-

7) located 10 km to the southeast. This quarry has similar physical (depth and area) and hydrological 

characteristics and operates without the need for off-site discharge. Anecdotal evidence suggests the values 

used in the base case analysis may be of a similar order of magnitude to those at Tarrone Quarry. 

B-6 Site Water Management 

B-6-1 Overview 

The site is proposed to be a ‘zero discharge’ site, with all surface water and groundwater managed within the 

WAA using retention basins. While the basins will have ‘zero discharge’, stored water will be used for dust 

suppression and other processing activities. A water use of 15 ML/yr was determined by WWF. Water 

Technology has estimated the storage requirements considering surface and groundwater contributions, 

evaporation, seepage and use. Key assumptions provided by WWF are outlined below: 

◼ The storage is sized to account for all surface runoff within the site and groundwater inflow to the pit (to 

be pumped from the pit to the storage) over a 24-month period (January to December).  

◼ Once the proposed quarry is decommissioned it will no longer be actively managed for surface water and 

groundwater inflow. The proposed retention dams will be rehabilitated, and the remaining quarry pit is 

proposed to form a permanent dam.  

Using the groundwater inputs from Sections B-4 and B-5 above, the likelihood that the quarry pit will overtop 

from surface water and groundwater inflow post decommissioning has also been assessed.  

B-6-2 MUSIC Model Set-Up  

A conceptual water quality model was built for the site using MUSIC Version 6.3.0. The MUSIC model was 

developed with the following assumptions: 

◼ 100 years of meteorological data (rainfall and evapotranspiration) was derived using SILO data from 

Bureau of Meteorology18. The rainfall time series has a mean annual rainfall of 743 mm/year and a mean 

annual evapotranspiration of 789 mm/year.  

◼ This data was previously used as part of the wetland analysis undertaken by Water Technology for 

the proposed WWF. 

◼ “Urban” source nodes were used to represent the catchments. 

 
 
18 https://www.longpaddock.qld.gov.au/silo/ 
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◼ Surface Area (ha) was based upon the provided plan, assuming all site runoff remained on site. 

◼ Impervious Area was assumed as outlined in Table 38. Note that the assumed Total Impervious Area 

(TIA) was adjusted to Effective Impervious Area (EIA) based upon Table 4.2 in “Using MUSIC in 

Sydney Drinking Water Catchment, WaterNSW 2019”19. 

◼ Zoning was set to “mixed”. 

◼ Soil parameters were set as 94 mm and 70 mm for Soil Storage Capacity and Field Capacity, 

respectively. These are the recommended values for an upper subsoil texture of Medium to Heavy 

Clays as outlined in Table 4.4 of the WaterNSW report. The upper subsoil texture was determined 

based upon Agriculture Victoria’s map (Table 38). 

◼ The recommended Rainfall Threshold as outlined in Table 4.3 of the WaterNSW report, was adopted 

(Table 38). 

◼ All MUSIC models were run at a daily timestep. 

Additional assumptions were made for each of the conceptual solutions identified and are outlined in their 

respective sections below. 

TABLE 38 MODEL NODE AREAS 

Node Total Area 
(ha) 

Assumed TIA 
(ha) 

EIA (ha) Modelled 
Impervious 
Area (%) 

Rainfall 
Threshold 
(mm) 

Quarry  10.445 5.22 2.611 25% 1 

Stockpile 2.084 1.042 0.521 25% 1.5  

Parking & 
Access 

1.232 0.616 0.616 50% 1.5 

Remaining 
Area 

11.317 1.132 1.132 10% 1 

 
 
19 MUSIC Modelling Guidelines (waternsw.com.au) 
 

https://www.waternsw.com.au/__data/assets/pdf_file/0020/58250/Using-MUSIC-in-the-Sydney-Drinking-Water-Catchment.PDF
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FIGURE 59  AGRICULTURE VICTORIA UPPER SUBSOIL TEXTURE (SOURCE: AGRICULTURE VIC) 
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B-6-3 On-site Storage – During Operation  

To assess the required on-site storage during the proposed 24 month quarry operation, the following adaptions 

were made to the MUSIC model: 

◼ Groundwater Inflow (Referred to as “Baseflow” in MUSIC) 

◼ Secondary links were used to separate baseflow from surface water run-off across the site. The 

baseflow component was then effectively removed from the model, to allow groundwater inflow to be 

manually defined based upon Table 37. A base case scenario of 77 m3/day was adopted, with 

521 m3/day used to represent a conservative sensitivity analysis. Further information on how these 

values were defined is detailed in Section B-5. 

◼ Storage 

◼ A “Pond” treatment node was used to represent the proposed storage. The exfiltration rate of the 

pond was set to 0.36 mm/hr as a base case for medium clays, with 0.036 mm/hr adopted to represent 

a conservative sensitivity analysis. Infiltration rates are based on those provided in the Engineers 

Australia Handbook (2006) for the corresponding soil types. The model assumes that water lost 

through exfiltration is either stored in or lost via groundwater throughflow. 

◼ Further information on the sizing methodology is provided in Section B-7-1. 

◼ An annual dust suppression re-use demand of 15 ML/yr was applied, with a monthly demand 

variation, based upon the following methodology: 

◼ Daily Demand for Dust Suppression = Daily Evaporation Rate – Daily Rainfall (when >0)20. 

◼ The average monthly demand was determined over the entire dataset and was adopted for 

as the expected demand. The average monthly dust suppression demand is provided in 

Table 39.   

A schematic diagram of the MUSIC model set up is presented in Figure 60.  

TABLE 39 AVERAGE DUST SUPPRESSION DEMAND 

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

mm 107.93 81.25 53.35 23.56 9.75 6.42 6.38 11.93 29.49 57.59 81.04 102.53 

 % 18.90 14.22 9.34 4.12 1.71 1.12 1.12 2.09 5.16 10.08 14.19 17.95 

 
 
20 https://environment.des.qld.gov.au/__data/assets/pdf_file/0027/107397/app0050143-appendix-a.pdf 
 

https://environment.des.qld.gov.au/__data/assets/pdf_file/0027/107397/app0050143-appendix-a.pdf
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FIGURE 60  MODEL SCHEMATIC – DURING OPERATION 

B-6-4 Quarry Pit Storage – Post Decommissioning  

To assess the likelihood of the quarry pit overtopping after decommissioning of the quarry (i.e. the quarry has 

become a dam) the following adaptions were made to the MUSIC model: 

◼ Catchment 

◼ Based upon the topography of the site, it is expected that the quarry will not receive surface water 

runoff from other areas of the site, with diversion and catch drains designed to capture and direct 

elsewhere.  

◼ Sensitivity analysis assuming surface water contribution from the entire quarried site was also 

undertaken.  

◼ Groundwater inflow 

◼ Groundwater levels remain static around 3 m below the natural surface and were maintained at that 

level within the quarry pit storage modelling, i.e. groundwater was maintained at a constant level of 

3m below natural surface within the pit storage.  

◼ Storage (Quarry Pit) 

◼ A “Pond” treatment node was used to represent the proposed decommissioned quarry. As the quarry 

is expected to intersect the ground water table, an exfiltration rate of 0 was applied. 

◼ Further information on the sizing methodology is provided in Section B-7-2. 
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A schematic diagram of the MUSIC model set up is presented in Figure 61.  

 

FIGURE 61 MODEL SCHEMATIC – AFTER DECOMMISSIONING 
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B-7 Storage Sizing and Analysis  

B-7-1 During Operation 

The MUSIC model was initially run for the entire available period of rainfall data (1900-2020) to allow an 

assessment of annual catchment water yield. The water yield for the proposed storage across a 24-month 

period for several percentiles is presented in Table 40. Note the water yield analysis assumed the following 

preliminary parameters: 

◼ Storage surface area of 1.75 ha with an arbitrary depth of 10 m. 

◼ Infiltration rate and groundwater inflow: 0.36 mm/hr & 77 m3/day. 

These parameters were adopted to determine the information presented in Table 40, it is noted the values 

presented may vary slightly from the design yields as due to variation in evaporation and seepage loss because 

of a variation in surface area and depth.  

A series of designs were modelled to determine the required surface area of the storage, based upon a storage 

depth of 3 m. As groundwater is expected to be shallow in the location, the design of the storage was based 

upon the assumption that the excavation could not exceed 1.5 m below surface level to maintain an adequate 

buffer between the base of the storage and the groundwater level. The excavated spoil is proposed to be used 

to construct the dam wall (assuming it is of suitable material) at least 2.5 m high. This leaves a maximum depth 

before the storage spills of 4.0 m 

The storage was assessed to ensure no overtopping in both the 90th and 99th percentile events. The storage 

was sized to account for the expected conditions with an infiltration rate and groundwater inflow of 0.36 mm/hr 

& 77 m3/day, respectively.  

To assess the uncertainty in the input parameters, the following four scenarios were run iteratively to size a 

storage, which did not overtop in Scenarios 1 & 2 as outlined below: 

◼ Scenario 1 (Base Case & Design Scenario) – Used to assess the impact of the 90th percentile annual 

water yield. 

◼ 1963 – 1964 24-month period. 

◼ Infiltration rate and groundwater inflow: 0.36 mm/hr & 77 m3/day. 

◼ Dust Suppression demand of 15 ML/yr. 

◼ Scenario 2 (Design Scenario) – Used to assess the impact of the 99th percentile annual water yield. 

◼ 1951 - 1952 24-month period. Note rainfall was increased by 10% to adjust the 24-month to be 

representative of the 99th percentile water yield.  

◼ Infiltration rate and groundwater inflow: 0.36 mm/hr & 77 m3/day. 

◼ Dust Suppression demand of 15 ML/yr. 

◼ Scenario 3 – Used to assess impact of low infiltration rate.  

◼ 1963 – 1964 24-month period. 

◼ Infiltration rate and groundwater inflow: 0.036 mm/hr & 77 m3/day. 

◼ Dust Suppression demand of 15 ML/yr. 

◼ Scenario 4 – Used to assess the impact of high groundwater inflow. 

◼ 1963 – 1964 24-month period. 

◼ Infiltration rate and groundwater inflow: 0.36 mm/hr & 521 m3/day. 
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◼ Dust Suppression demand of 15 ML/yr. 

The assessment determined a storage 3 m deep required a minimum surface area of 1.75 ha to hold 24 months 

of surface and groundwater inflow. It should be noted the MUSIC model assumed a constant stage-storage 

relationship (i.e. a rectangular storage) and site conditions will vary. Variation from the proposed surface area 

will result in a variation in losses, additional modelling should be undertaken for any proposed design – noting 

that increasing the area will reduce the risk and vis vera. 

Results of the analysis are presented in Table 41, storage water levels for Scenario 1 & 2 are presented in 

Figure 62 and Figure 63 respectively. The management of potential overflows highlighted in Scenarios 3 & 4, 

is discussed in Section B-9. 

Table 40 shows negative numbers in the minimum and 10th percentile years because use and losses are 

higher than inflow (i.e. 28.3 ML is the largest deficit of inflows versus use and losses). 

TABLE 40 ANNUAL WATER YIELD (BASED ON SURFACE AREA OF 17,500 M2) 

Percentile Water Yield (ML/yr) 

Min  -28.3 

10% -10.8 

50% (Median) 1.0 

90% 14.8 

99% 65.3 

Max 76.4 

TABLE 41 STORAGE ANALYSIS RESULTS 

Scenario Maximum 
Storage (ML)  

Maximum Depth 
(m) 

Overflow Volume 
(ML) 

S1 (Design) 19.22 1.10 0 

S2 67.97 3.88 0 

S3 >70 >4 16.4 

S4 >70 >4 242.8  
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FIGURE 62  SCENARIO 1 – 63/64 BASE CASE STORAGE VERSUS TIME  

 

 

FIGURE 63  SCENARIO 2 – ADJSUTED 51/52 STORAGE VERSUS TIME 
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B-7-2 Post Operations 

The MUSIC model was run for the entire available period of rainfall data (1900-2020) with the “Pond” effectively 

designed to represent the quarry pit.  

The results were used to determine the risk of overtopping. As the exact design of the quarry is unknown the 

analysis assumed a depth of 3 m and a surface area of 10 ha, with a storage capacity of 300 ML.  

The analysis showed that due to the large surface area, evaporation prevented the storage from overtopping 

throughout the 120-year period. The results showed that the volume of water within the storage on average 

increased but considering the volume and that groundwater recharge will occur when the pond level increases 

above the groundwater level (3 m). 

As a sensitivity analysis two scenarios were run for the determined storage, as outlined below: 

◼ Scenario 1 – Base Case (Design Scenario). 

◼ Scenario 2 – Used to assess impact of entire site contributing flows. 

The results of the analysis are presented in Table 42.  

TABLE 42 QUARRY ANALYSIS - POST DECOMMISSIONING 

Scenario  Maximum Storage 
Achieved (ML) 

Time Period to 
Overtop  

Average Annual 
Increase (ML) 

S1 (Design) 32 ML 120 + years 0.0001 

S2 88 ML 120 + years 0.0005 

B-8 Water Budget Summary 

B-8-1 During Operation 

A summary of the water budget based upon the base case (design) scenario is provided in Table 43.  

TABLE 43 DURING OPERATION - BASE CASE SCENARIO WATER BUDGET 

Period  Total Surface 
Flow (ML) 

Total 
Groundwater 
Flow (ML) 

Evaporation 
Loss (ML) 

Seepage Loss 
(ML) 

Dust 
Suppression 
(ML) 

63/64 69.8 56.2 15.8 95.29 27.0 

51/51 Adjusted 135.8 56.2 21.3 105.3 30.0 

B-8-2 Post Operation 

A summary of the average annual surface water inputs and evaporative losses from the pit lake post operation 

is provided in Table 44. Once pit dewatering has stopped, groundwater will flow into the pit until such point as 

it reaches hydraulic equilibrium with the water level in the aquifer. For this reason, the post operation scenario 

starting point was set at 3 m below ground level, consistent with the pre-quarrying groundwater level. Under 

this scenario, groundwater inflows and outflows are negligible as there is no hydraulic gradient driving flow into 

or out of the pit. The post operation scenario has been completed with the primary purpose of addressing the 

risk of overtopping. 
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TABLE 44 POST OPERATION - BASE CASE SCENARIO WATER BUDGET 

Average Surface Flow 
(ML) 

Average Evaporation 
Loss (ML) 

Water Yield (ML) 

17.34  17.29 0.05 

B-8-3 Water Quality 

Water quality within the quarry and the onsite storages will be a combination of groundwater and surface water. 

Comparison of available groundwater and surface water quality data suggest that these two water sources 

have similar water quality characteristics, specifically total dissolved solids, acidity/alkalinity, phosphorus and 

nitrogen (refer to EES Section 2.8.3 for a comparison of available groundwater and surface water data). From 

this we can infer that (1) groundwater and surface water are likely to be well connected within the Project site 

and (2) mixing of two water sources with similar water quality characteristics is unlikely to result in undesired 

impacts. 

Near the quarry, groundwater salinity is expected to be in the order of 1,000 to 3,500 mg/L based on regional 

salinity mapping available through Visualising Victoria’s Groundwater platform. Wells located closer to the 

quarry suggest that salinities may be at the lower end of this salinity range (around 1,000 mg/L). When mixed 

with surface water, lower salinities can be expected. Turbidity within the storages is likely to be dependent on 

the type of drains and operational management of the quarry and surrounds. Some settling of suspended 

solids will occur during the life of the storages and they will be designed to ensure no external site discharge. 

B-9 Summary and Recommendations 

B-9-1 Summary 

The site is proposed to be a ‘zero discharge’ site with all surface water and groundwater managed within the 

WAA using retention basins. Groundwater inflows are expected to be around 77 m3/d under the base case 

scenario, with lower and upper values of 15 and 521 m3/d derived from sensitivity analysis of key input 

parameters. The onsite storage requirements to manage surface water and groundwater inflows were 

assessed using a MUSIC model for the operational and post operational phases of the project. Modelling 

demonstrated the following key points: 

◼ During operation: 

◼ Assuming an operational storage depth of 4.0 m (1.5 m excavation and 2.5 m depth above natural 

surface) a 1.75 Ha storage can hold both a 90th and 99th percentile surface water inflow year and a 

groundwater inflow of 77 m3/d (assuming 24 months of inflow and water usage of 15 ML/yr). 

◼ Note depths of 1.10 m and 3.88 m were reached, respectively. The 99th percentile year reached 

within 0.12 m of the dam crest. It is expected additional risk management options would be 

utilised a 99th percentile inflow period, e.g. allow water to be stored in the mine pit.  

◼ Surface water and groundwater inflows can be managed through in-pit sump pumping. 

◼ Post operation: 

◼ If the quarry pit is converted to a water storage and only the storage area can contribute runoff/inflow 

the storage will marginally gain volume (assuming groundwater is at a static level of 3 m below natural 

surface and there is no infiltration loss to groundwater). 

◼ If the quarry pit is converted to a water storage and the former quarry area (stockpiles, office, hard 

stand etc.) can contribute runoff/inflow the storage will marginally gain volume (assuming 



 

Willatook Wind Farm Pty Ltd | 20 April 2022  
Willatook Wind Farm Hydrogeological and Hydrological Investigation Page 155 
 

groundwater is at a static level of 3 m below natural surface and there is no infiltration loss to 

groundwater). 

◼ The post closure assessment has been used to assess the risk of over topping and is conservative 

in the fact that it assumes the quarry is full of water at the start of the model period. It is also possible 

that the water level in the quarry will not reach the pre-quarrying level of 3 m below groundwater level. 

The rate of post operational inflow will be controlled by the permeability of the basalt aquifer. 
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B-9-2 Recommendations 

The following recommendations are provided: 

◼ The storage be properly designed by an accredited dam engineer and constructed to meet the relevant 

construction standards. 

◼ A weekly record of storage water levels should be kept throughout the operation of the quarry. When the 

storage reaches within 1.5 m of the dam spillway height, monitoring should be undertaken on a daily basis.  

◼ The on-site storage detailed design should be assessed under the relevant design guidelines (e.g. 

ANCOLD for large dams). All onsite water use, within the quarry and across the windfarm should be taken 

from the water storage where possible (i.e. if it meets relevant water quality standards) to reduce the risk 

of exceeding the storage capacity.  

◼ Metering of site water usage and internal transfers should be undertaken weekly to reconcile the estimates 

provided in this assessment. 

◼ Development of a small starter pit (e.g. 30 x 30 m) which extends to the base of the quarry to be used to 

validate the groundwater inflow estimates prior to excavation of the broader quarry area.  

◼ The wells within 1,500 m of the quarry should be checked to validate their purpose and status. These may 

be used as water level monitoring wells (monthly during quarry operation and quarterly for 12 months 

afterwards) to verify the drawdown estimate.  

◼ In the event that inflows are greater than predicted in this assessment, the following contingency measures 

could be enacted: 

◼ Add additional water storage retention basins within the WAA. 

◼ Partition areas within the pit to provide additional storage. 

◼ Consider recharge to the aquifer through groundwater wells (i.e. managed aquifer recharge). 

◼ Consider options for off-site disposal to waterways subject to assessment of source and receiving 

water quality. 

◼ Increase usage of pit and retention basin water for off-site water requirements, subject to licensing 

approval. 

◼ The detailed design of the proposed road alignment of the track from Old Dunmore Rd to the works 

authority area may require the road to be raised to at least 88.5 m AHD, for safe access. 
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Willatook Wind Farm Quarry 

Competent Person’s Letter 

Dear Cameron 

1. Introduction 

GHD Pty Ltd (GHD) was commissioned by Mr Cameron Black of BCA Consulting Earth Resources (BCA 

Consulting) (the client) on behalf of Wind Prospect Pty Ltd (WP), to undertake a preliminary geotechnical 

assessment of the proposed Willatook Wind Farm Quarry (the site), in Willatook, Victoria.  

GHD understands that the primary objective of WP is to obtain a Work Authority (WA) to extract basalt 

resources from the site.  

The scope of this geotechnical assessment is to:  

– Conduct a desktop review of available information pertinent to the site area.  

– Undertake a preliminary risk assessment of slope stability in accordance with the Earth Resources 

Regulation (ERR) risk rating matrix.  

– Determine if the proposed development is “intermediate” or “complex” as defined by the Department of 

Jobs, Precincts and Regions (DJPR) Geotechnical Guideline for Extractive Industries (2020). 

– Prepare a ‘Competent Persons’ letter (this letter) outlining the findings from the above, in sympathy to 

the geotechnical guidelines (herein referred to as the geotechnical guidelines). 

2. Competent Person’s statement 

The information presented in this letter is based on information compiled by Dr Sanjive Narendranathan of 

GHD. Sanjive is registered to practice as a geotechnical engineer in the State of Victoria, is a Member of 

the Australasian Institute of Mining and Metallurgy (AusIMM), and is accredited by the AusIMM and 

FIEAUST (registration number: 2259630) as a Chartered Professional (CP) in the discipline of Civil 

Engineering. 

3. Project Description 

The site is currently a greenfield site (used for cattle and farming) located between Orford and Hawkesdale 

in south-west Victoria, within the Moyne Shire Council. The site is 32 kilometres to the north-west of 

http://www.ghd.com/
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Warrnambool, 7.5 kilometres to the north-east of Hawkesdale, 3.3 kilometres to the south-west of Orford 

and 3.6 kilometres to the south-east of Willatook. The proposed Willatook Windfarm development is to 

comprise up to 86 wind turbines and other associated infrastructure. WP plan to develop a quarry at the site 

for the purpose of basalt resource extraction for use in construction of access/haul roads, laydown areas 

and wind turbine hardstand areas. The proposed extraction area is 10.5 hectares (ha). 

The proposed method of extraction is likely to include traditional soft rock excavation using an 

excavator/dozer to remove soil, overburden and highly weathered basalt and drill and blast method to 

extract the fresher, harder basalt. 

Further details of the geological setting are presented in the work plan. GHD understands that the likely 

intended end land use is to include a waterbody with surrounding grazing land. Figure 1 below presents the 

draft WA pit development plan. 

 

Figure 1 Draft work authority development plan Source: Willatook Wind Farm. EES Consultation Plan.  

4. Desktop study 

As per the geotechnical guidelines, an initial literature review was undertaken; covering the geology, 

geomorphology, landslide hazards, plus the location and examination of relevant borehole and report data 

that was (borehole logs) provided to GHD by BCA Consulting Earth Resources. 

4.1 Regional Geology 

The Geological Survey of Victoria, 1:250 000 scale Portland Map sheet, May 1997 (VandenBerg, A.H.M, 

1997) indicates the Willatook Wind Farm is located in the Quaternary aged deposits to the North of Port 

Fairy. These deposits are mainly fluvial (alluvium, gravel, sand, silt), paludal (silt, clay) overlying extrusive 

(mainly basalts). The area is not in proximity to any known or mapped faults. (See Figure 2). 
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Figure 2 Location of the Willatook Wind Farm (after 1:250 000 scale geological maps Portland, Colac, Hamilton, 
Geological Survey of Victoria) 

4.2 Site Geology and Geomorphology  

The general lithology for the immediate area pertaining to the Willatook Wind Farm have been identified by 

the Geological Survey of Victoria, after 1:250 000 scale Portland, Colac, Hamilton Map Sheets as 

Quaternary aged fluvial alluvium, gravel, sand, silt and basalt. Based on the information provided to GHD 

by BCA Consulting pertaining to the site geology formed the bases of GHD’s understanding of the site 

geology which was based on bore logs provided to GHD from resource definition drilling logs that showed 

the lithological units within the area of interest. 
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Figure 3 Subsurface Stratigraphy at borehole P19-012   

Table 1 Summary of Typical Sub-surface rock Units and Depth  

 Depth From (m) Depth to (m) Rock Units  Rock unit  

 0 4 Weathered Basalt /Clay  Quaternary (Holocene to Pliocene) 

 4 14 Fresh Basalt  Quaternary (Holocene to Pliocene) 

 14 >14 Extremely Weathered 
Basalt/Clay  

Quaternary (Mostly Holocene) 

4.3 Willatook Wind Farm Site Geomorphology  

The proposed quarry site is in a relatively low relief and pronounced local topography with elevations that 

range from 75 meters AHD along the Moyne River valley to 130 meters on the northern boundaries of the 

farm situated along Kangerton Road. The landforms are characterised by the lava flows from Mount Rose 

which have established a drainage system from a preformed terrain from the lava flows. The area terrain 

has older volcanic surfaces which are not covered and are deeply weathered and have a regolith that is a 
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few meters thick and soil profiles deep with kaolinized and friable zones composed of buckshot nodules 

(Gibbons and Downes 1964). 

 

Figure 4 Topography and ephemeral Wetlands 

4.4 Willatook Wind Farm Site Geology  

The site geology within the proposed extraction area comprises basaltic lava which includes a regolith of 

weathered basalt and alluvial deposits. The area is covered in younger basaltic flows which are exposed as 

rock outcrops. The intrusive drilling undertaken at the site indicates that soil units at the site are less than 

2 m thickness, overlying the weathered basalt resource (Proposed Willatook Wind Farm Geoheritage 

Assessment September, 2021). 
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Figure 5 Willatook Wind Farm Lava flows (Geology after Welsh et al. 2011) 

4.5 Site Hydrogeology and Considerations 

 

Figure 6 Moyne River as a Lateral stream Parallel to the Willatook Wind Farm (Neville Rosengren September 2017) 
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The hydrology at the proposed Willatook Wind farm consists of Shaw River, Back Creek and the Moyne 

River including small lateral streams which intrude the lava flows across the surfaces. The streams mark 

the boundaries of the younger volcanic bodies and the older volcanic terrains. The extensive array of semi-

permanent and seasonal ephemeral wetlands seen at the site are a direct result of the complex lava 

surfaces which are in interaction with the Palaeo and modern drainage systems and groundwater 

(Proposed Willatook Wind Farm Geoheritage Assessment September 2021). 

Based on the information provided as determined by Water Technology (ref: 21030175_v2.3_Quarry 

Groundwater and Surface Water Assessment_210525.pdf), GHD understands that the groundwater table is 

encountered at a depth of between 2 and 5 m below ground surface level (i.e., typically occurring within the 

weathered and fresh/slightly weathered basalt layer) as indicated in Figure 7. 

.

 

Figure 7 Schematic of Cross-Section AA’ 

5. Preliminary Geotechnical Risk Assessment 

5.1 Basis of Stability Analyses 

The proposed pit design of the terminal batters comprises 5 to 7m high batters excavated to a 1V:2H (27°) 

batter angle with 20 m wide benches (i.e., berms). This geometry has been adopted to allow the high-grade 

basalt rock to be produced depending on the demands at the time of extraction. The full depth of working 

batter excavation may be up to 13 m depending on the demand and supply required, however these will be 

reprofiled to a maximum height of 7 m for the rehabilitation geometry (i.e., overall slope of 16°). This 

combination is expected to allow flexibility in extraction of the resource and the need to meet the required 

rehabilitation requirements. The outcomes of the stability analyses have been assessed against the 

nominated design acceptance criteria (DAC) requirements for the terminal and rehabilitation geometry as 

outlined in Section 5.2. 

Rocscience’s 2D Limit-equilibrium modelling software, Slide2 (version 9.017) has been utilised to calculate 

the factor of safety (FoS) against slope instability for the overall slope. 

5.2 Design Acceptance Criteria 

5.2.1 General  

The nomination of suitable acceptance criteria is a key part of the design and development of stability 

management protocols. This ensures quarry slopes are stable for the operational life of the quarry and 

through to rehabilitation. The 2020 Geotechnical Guidelines developed by the Department of Jobs, 

Precincts and Regions (DJPR) provide the basis to which slope stability is assessed with particular 

consideration of: 

– Available data and its reliability 
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– Regulatory, stakeholder and industry acceptance criteria for the pit slopes 

– Design based on conventional engineering methodologies and criteria 

5.2.2 Data Uncertainty 

In the context of quarry operations, data uncertainty arises from the challenges encountered when 

attempting to quantify the variability in properties and characteristics of the in-situ materials (rock / soil) that 

forms the quarry batters. The uncertainty associated with the materials that form the Willatook Wind Farm 

slopes can be broadly grouped into three categories, which are: geological uncertainty, material strength 

parameter uncertainty and model (geometry) uncertainty. In the context of most quarries, it is not 

uncommon for some level of data uncertainty to exist. Based on the proposed development and the 

available data, the level of geotechnical risk at the site has been evaluated as ‘low’. 

5.2.3 Nominated Design Acceptance Criteria  

The Geotechnical Guidelines (DJPR, 2020) and guidelines suggested by CSIRO (2009) have been used as 

the basis for nominating the design acceptance criteria for the proposed quarry development. Consideration 

has been given to the data uncertainty associated with the respective geological units as well as the risk 

associated with potential instability.  

Based on above outlined aspects, and in light of the anticipated risk of instability within the confines of the 

quarry slopes, the following design acceptance criteria has been nominated (Table 9.9 after Read and 

Stacey, 2009): 

– A Factor of Safety (FoS) of 2.0 is proposed for Terminal batters 

5.3 Slope Stability Analyses 

5.3.1 Effective Slope Formation at Willatook Wind Farm 

The analysed terminal batter geometry, as proposed for the site, is depicted in Figure 8 and Figure 9. It is 

noted that a water dam has been modelled for the northern batters. 

 

Figure 8 Schematic of Terminal Batter Geometry Southern Batters 
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Figure 9 Schematic of Terminal Batter Geometry Northern Batters 

5.3.2 Anticipated Failure Mechanisms 

Non-Circular Failure 

Based on the subsurface materials likely to be encountered at the site, GHD considers that the primary 

slope instability mechanism is non-circular failure. The non-circular mechanism typically occurs in rock 

(e.g., basalt encountered at the proposed quarry) as a rock mass failure (see Figure 10) and is dependent 

upon the shear strength characteristics of the basalt materials, the slope angle of the cut face and the 

groundwater conditions within the weathered and fresh basalt. 

 

Figure 10 Schematic of a Non-Circular Failure surface  

5.3.3 Material Parameters for Stability Modelling  

In absence of site-specific material strengths, the material parameters adopted for this assessment are 

based on geotechnical rock mass characterisation interpretations made based on the information (i.e., bore 

logs) supplied to GHD. The interpretations have been undertaken using RS-Data (2021) to classify each 

material strength properties based on assumed material strength and proposed excavation methodology. 

Table 2 summarises the material parameters adopted for the slope stability analyses. It should be noted 

that the stability calculations depict the results of the effective stress analyses. 
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Table 2 Summary of material parameters 

Unit Characterisation Density 

(kN/m3) 

UCS 
(intact) 

(kPa) 

Geotechnical 
Scale index, 

GSI 

Mi Cohesion, 
c’ (kPa) 

Friction 
Angle, ɸ’ 
(°) 

Weathered 
Basalt/Clay 

Generalised Hoek-
Brown 

20 35000 35 20  N/A 

Fresh Basalt Generalised Hoek-
Brown 

28 200000 70 25  N/A 

Clay 
Extremely 
Weathered 

Mohr-Coulomb 18 20 - -  30 

5.3.4 Scenarios Analysed 

The scenarios analysed as part of this assessment are outlined below:  

– Base case – based on available subsurface stratigraphy and groundwater information as provided by 

the client. 

– Elevated groundwater sensitivity - a pessimistic case where the groundwater level becomes elevated 

due to a high rainfall event or local groundwater level variations, resulting in fully saturated conditions. 

– Seismic (earthquake loading) scenario. 

5.4 Slope Stability Analysis Results 

5.4.1 Base Case 

The results of the slope stability analyses for the base case scenario are outlined in Table 3. The model 

outputs are presented in Figure 11 and Figure 12. 

Table 3 Summary of Results - Base Case 

Domain Overall Slope FoS 

Southern Batters  5.09 

Northern Batters  6.19 

 

Figure 11 Base Case – Southern Batters 
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Figure 12 Base Case – Northern Batters 

The results of the preliminary slope stability analyses undertaken, indicates that a minimum FoS greater 

than 2.0 is achieved for an overall (large) scale instability. Accordingly, large scale instability is not 

expected for the terminal batter geometry. 

5.4.2 Fully Saturated Conditions 

Groundwater sensitivity analyses have been performed for a hypothetical scenario, i.e., grass level flood 

due to heavy rainfall, where the batters becomes fully saturated. However, it is noted that as part of the 

operational phase, a swale drain and safety bund will be established around the crest of terminal faces to 

minimise the potential for uncontrolled surface flows over the pit crest. 

The results of the sensitivity analyses are presented in Table 4. The analysis outputs are presented in 

Figure 13 and Figure 14. 

Table 4 Summary of Results – Fully Saturated Batters 

Domain Overall Slope FoS 

Southern Batters  4.84 

Northern Batters  5.85 

 

Figure 13 Fully Saturated Conditions - Southern Batters 
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Figure 14 Fully Saturated Conditions - Northern Batters 

The results of the fully saturated case sensitivity analyses indicate that a factor of safety against large scale 

instability is greater than FoS 2.0. In comparison to the base case (expected conditions), the results 

indicate a slight decrease in the overall stability performance for both the northern and southern batters. 

5.4.3 Seismicity 

According to the ‘Atlas of Seismic Hazard Maps of Australia’ 2013, Melbourne and surrounding areas have 

among the highest Peak Ground Acceleration (PGA) compared to the rest of the nation. Accordingly, a 

stability check has been performed for a potential earthquake (i.e., seismic loading). Based on the available 

information, at the site, a Spectral Acceleration (SA) hazard value, for a 1 in 500-year return period is a 

Peak Ground Acceleration (PGA) of about 0.06 g has been interpreted (Figure 15).  

 

Figure 15 Seismic Hazard Map after Geosciences Australia for a 1: 500-year return event 
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The results of the seismic analyses are presented in Table 5, and the model outputs are presented in 

Figure 16 and Figure 17. 

Table 5 Summary of Results - Seismic Loading for a 1:500 year Seismic Event 

Domain Overall Slope FoS 

Southern Batters  4.33 

Northern Batters  5.17 

 

Figure 16 Southern Batters - 1 in 500 year Seismic Analysis 

 

Figure 17 Northern Batters - 1 in 500 year Seismic Analysis 

The results of the seismic analyses indicates that a minimum FoS of above 2.0 was achieved for a global 

scale (i.e., deep seated) failure for a 1 in 500 year seismic event. Accordingly, large scale (overall) 

instability is not expected for a 1 in 500 year seismic event. 

5.4.4 Offset Distance to Critical Infrastructure 

Based on the results of the preliminary stability analyses presented above, the proposed water dam 

location is considered to be suitable from stability perspective. Other critical infrastructure should be placed 

about 20 m from the crest of the batters (Figure 18). 
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Figure 18 Minimum Offset Distance for Critical Infrastructure 

6. Rehabilitation Considerations 

The following rehabilitation plan is planned for the Willatook Quarry: 

– The proposed final landform will contain a waterbody, i.e., a pit lake of RL +87m.  

– The batters above the waterbody will be re-profiled using overburden and quarry waste material to a 

1V:4H slope. The slope will be topsoiled to approximately RL +85 (or 2m below groundwater level). 

– The submerged batters will be re-profiled to a slope not steeper than 1V:2H. 

– A stock proof fence will be established to Old Dunmore Road, an un-named road on the southern 

boundary and along the access track to the waterbody. 

– All plant, equipment, sheds, tanks, buildings and any other assets will be removed from the site. 

– The swale drain and safety bund constructed during the operational phase of quarrying will be 

removed and graded into the transitional zone to the batter, then a stock proof fence erected at the 

crest. Although none are currently planned nor required, any screening vegetation areas created for 

the operational stage may be retained post-closure as windbreaks for animal husbandry activities. 

 

Figure 19 Terminal Batter Rehabilitation Plan  
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7. Conclusions 

The following conclusions are made based on the outcomes of the desktop study and preliminary slope 

stability analyses performed for the terminal batter geometry:  

– The critical instability mechanism has been identified as primarily non-circular rock mass failure, that 

forms on an overall scale. 

– Large scale (overall) slope instabilities are not expected to manifest at the site under expected 

conditions, fully saturated conditions or for 1 in 500 year seismic events. 

– Localised batter instabilities may still manifest in the extremely weathered clay which will need to be 

closely monitored during development  

– There is no evidence of structurally significant folding, shearing or fault displacement in the site area 

and whilst large scale instabilities are not expected, the excavated batter faces should be closely 

monitored and mapped during development. 

8. Recommendations 

Based on the results of this preliminary geotechnical assessment (including desktop review of available 

information), the following recommendations are made:  

– Ensure that the overall terminal batter geometry is constructed no steeper than the proposed 1V : 2H) 

geometry. 

– Any flood levees and flood water should be kept at a safe distance from batter crest.  

– Measures should be taken post closure to stabilise rehabilitated faces and manage surface water flows 

(to prevent or minimise the impact of erosion).  

– Visual monitoring of the working batters, terminal and rehabilitated slopes should be at a maximum 

four-week interval and continue for at least six months following closure.  

– If any visual signs of cracking, slumping, adverse groundwater conditions etc. manifest, a geotechnical 

engineer should be contacted in order to implement the necessary controls (where required). 

– The client should develop specific safe operating procedures (SOP’s) so as to ensure slope stability is 

maintained during quarrying. 

– The client should undertake a geotechnical assessment and erosion assessment of the proposed 

rehabilitation plan to ensure that the proposed end land use is safe, sustainable and stable.  

– Management of surface water and groundwater is a key component of geotechnical risk management, 

as excess build-up of pore water pressures as a result of uncontrolled / excessive surface water 

ingress can trigger instability in otherwise stable batters. Where changes in ground and groundwater 

conditions is encountered, a geotechnical engineer should be contacted. 
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9. Determination  

I, Sanjive Narendranathan of GHD, as a Competent Person for the purpose of geotechnical assessments, 

consider that the risk of instability of terminal and rehabilitated slopes at the Site project is “Low”, as defined 

by the ERR risk rating matrix. The proposed excavation is therefore deemed “simple”, as defined by the 

Victorian Geotechnical Guideline for Extractive Industries 

 

Regards 

 
 
Sanjive Narendranathan 
Technical Director - Mine Geotechnical Engineering 

+61 3 5136 5840 

sanjive.narendranathan@ghd.com 

 

 


	Contents
	Abbreviations
	Glossary of terms
	Chapter 1  Introduction
	1.1 Acknowledgement to Traditional Owners
	1.2 Background
	1.3 Project overview
	1.4 Project proponent and author of plan
	1.5 Scope and purpose

	Chapter 2  Regulatory framework
	Chapter 3  Project context
	3.1 Location and land tenure
	3.2 Topography
	3.3 Climate
	3.4 Geology
	3.5 Surface water
	3.6 Groundwater
	3.6.1 Aquifers
	Newer Volcanic Group basalts (Upper Tertiary/Quaternary Basalt)
	Port Campbell Limestone (Upper mid-Tertiary Aquifer)

	3.6.2 Depth to groundwater
	3.6.3 Groundwater flow, recharge and discharge
	3.6.4 Groundwater quality
	3.6.5 Groundwater users

	3.7 Flora and fauna
	3.8 Heritage
	3.8.1 Aboriginal cultural heritage
	3.8.2 Historical heritage

	3.9 Social and cultural context

	Chapter 4  Assessment of alternatives
	Chapter 5  Project description
	5.1 Overview
	5.2 Geology and resource
	5.3 Method and scale of operation
	5.4 Depth of extraction
	5.5 Proposed stages of extraction
	5.6 Extraction methods
	5.7 Stockpiling facilities
	5.8 Stone processing
	5.9 Water management
	5.10 Dust suppression
	5.11 Waste disposal
	5.12 Potable water
	5.13 Hydrocarbons
	5.14 Amenities
	5.15 Other quarry infrastructure
	5.16 Access
	5.17 Workforce

	Chapter 6  Assessment of likely effects
	6.1 Flora and fauna
	6.2 Geoheritage
	6.3 Groundwater
	6.3.1 Quarry operation (drawdown)
	6.3.2 Quarry post closure
	6.3.3 Groundwater contamination

	6.4 Surface water
	6.5 Air quality
	6.5.1 Dust-generating activities
	6.5.2 Air dispersion modelling
	6.5.3 Gas emissions

	6.6 Noise and vibration
	6.6.1 Quarry noise
	6.6.2 Quarry vibration

	6.7 Heritage
	6.8 Land use
	6.9 Visual
	6.10 Public safety

	Chapter 7  Environmental management and monitoring
	7.1 Management measures
	7.1.1 Groundwater
	7.1.2 Surface water
	7.1.3 Air quality
	7.1.4 Noise and vibration
	7.1.5 Flora and fauna
	7.1.6 Cultural heritage
	7.1.7 Public safety

	7.2 Monitoring measures

	Chapter 8  Risk management
	Chapter 9  Community engagement
	9.1 Stakeholder identification
	9.2 Stakeholder and community engagement
	9.2.1 Phase 1 – EES development
	9.2.2 Phase 2 – Public exhibition of EES including preliminary draft quarry work plan
	9.2.3 Phase 3 – Assessment of EES and decision on work authority

	9.3 Complaints and grievances

	Chapter 10  Closure and rehabilitation
	10.1 Closure objectives and end land use
	10.1.1 Closure objectives
	10.1.2 End land use

	10.2 Progressive rehabilitation strategy and timing
	10.2.1 Strategy
	10.2.2 Timing

	10.3 Conceptual closure design
	10.3.1 Assets to be retained
	10.3.2 Timing and maximum area disturbance
	10.3.3 Terminal face and floor treatment
	10.3.4 Dams and constructed works
	10.3.5 Overburden requirements
	10.3.6 Surface water management
	10.3.7 Imported material
	10.3.8 Site security
	10.3.9 Rehabilitation species

	10.4 Closure criteria and monitoring
	10.4.1 Criteria
	10.4.2 Monitoring
	10.4.3 Remedial works
	10.4.4 Closure monitoring criteria


	Chapter 11  Next steps
	Chapter 12  References
	Appendix A  Hydrology and hydrogeology quarry investigations
	Appendix B  Competent Persons Letter




