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1.5.2

Phase Q1
Phase Q1 (see Figure 1-4) represents the stage where: overburden has now been removed from the
10.5 Ha of the pit area; the quarrying of rock and processing operations are working at full capacity
(when adequate water is available); and plant equipment has been constructed on site. Processing
of material from the pit is now being undertaken entirely on site.
This phase has been selected for assessment as part of this study as it represents the point where:

1.5.3



There is a high water demand required to service quarrying activities;



An additional 24.9 Ha has been added to the water supply catchment as shown in Table 1-4
(68.4 Ha); and



Water demand is starting to peak and the total water supply catchment is almost realised
although may not fully relied upon for supply. This represents a critical point in water security.

Phase Q5
Phase Q5 (see Figure 1-5) represents the final stage of operation where the remainder of overburden
has now been removed from the majority the pit area and the quarrying of rock and processing
operations are working at full capacity (when adequate water is available). Processing of material
from the pit would still be undertaken entirely on site.
At this stage, the full quarry pit catchment and the ultimate water supply catchment (as shown in
Table 1-4 (68.43 Ha)), have been fully realised. This allows for a significantly greater volume of water
to be captured compared to Q1 and therefore a more secure water supply ensured. The total quarry
pit catchment at this phase has expanded to 33.78 Ha which includes 3.78 Ha of the sediment basin
catchment at phase Q1 and 4.96 Ha of the quarry dam catchment at Q1.
This phase has been selected for assessment as part of this study as it represents:

1.5.4



The peak (by volume) in both water demand;



The peak in catchment area contributing to water supply; and



The final landform prior to cessation of mining activities.

Phase E3
Phase E3 (see Figure 1-5) is an early stage which occurs prior to the C1, Q1 and Q5. It was not
assessed in the water quality or hydrological modelling but was added to the flood modelling. This
stage represents the most vegetation removal without significant earthworks. Therefore the potential
for additional runoff from reduced vegetation and the compacting of the ground may result in
downstream impacts. Phase E3 is a short term phase as once establishment works are complete,
the development works commence which result in substantial removal of material (overburden and
quarry rock) from the site.
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2.1

Overview
The methodology undertaken to adequately describe the water resources and floodplain
management - in response to Sections 4.1.1 and 4.4.1 respectively of the TOR (provided in Section
1.2), was based upon a review of legislation, desktop assessment and field investigations.
These assessments have formed the foundation for identifying and describing the existing surface
water regime while also providing a basis for the management of any potential impacts of potentially
sensitive project issues. The water resource and floodplain management components were based
on present knowledge and an appreciation of potential future changes as a result of the proposed
Project.
This section describes the legislative context for the assessment as it relates to the relevant sections
of the TOR as well as the desktop assessment and field investigations methodologies.

2.2

Legislative Context

2.2.1

Sustainable Planning Act 2009
The Sustainable Planning Act 2009 (SPA) is Queensland’s principal planning legislation. For clarity,
although the SPA can regulate EISs, the EIS for this project is regulated under the State
Development and Public Works Organisation Act 1971 (SDPWOA), rather than the SPA and
therefore assessment of the EIS under SPA is not required.
The SPA does however, provide a framework for integrated and coordinated assessment of other
types of development through the Integrated Development Assessment System (IDAS) which may
apply to the Project. Once the EIS is decided and the Coordinator General has issued a
recommendation, a subsequent Material Change of Use (MCU) application would be lodged under
SPA for the relevant land use as defined in Council’s Planning Scheme.
Associated Operational Works applications which are assessable under SPA would therefore be
prepared and lodged with Council after the EIS has been decided (and possibly once the subsequent
MCU approved). Any other development applications which are assessable under SPA would
typically also be lodged at this point.
In terms of the water resource aspects of the Project, development assessment under the SPA may
be required according to triggers including, but not limited to, operational works associated with the:


taking or interfering with water from artesian and subartesian water resources;



taking or interfering with water from a waterway, lake or spring; and



taking or interfering with overland flow water if the operations are assessable development as
per the relevant Water Resource Plans; or in an area declared under the Water Act 2000 to be
drainage and embankment area.

In terms of the proposed project, if vegetation within a watercourse requires removal, or excavation or
filling within a watercourse is required, a permit will need to be obtained under the Water Act 2000.
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Assessments of which waterways constitute a watercourse as defined by the Water Act and whether
any proposed works trigger the requirements for a permit are being undertaken separate to this EIS.
Water will be required throughout the operation of the Project although there are no plans to source
water directly from any waterways which would be defined as a watercourse under the Act. A permit
under Section 237 of the Water Act 2000 for the ‘right to take water’ from a watercourse, lake, spring
or underground water is therefore unlikely to be required.
Currently there are no Water Resource Plans relevant to the Project area and the site is not located
within a drainage and embankment area listed in Schedule 9 of the Water Regulation 2002. If taking
or interfering with overland flow water is required, this is unlikely to trigger an operational works
application.

2.2.2

Environmental Protection Act 1994
The Environmental Protection Act 1994 is a central component of the Queensland environmental
legal system. The objective of the Act is environmental protection within the context of ecologically
sustainable development. To achieve this object with regards to water quality, the Act refers to the
Environmental Protection (Water) Policy 2009 (EPP Water). The EPP Water is the principal
legislative basis for water quality management in Queensland. The EPP Water includes a process
for:


Identifying environmental values (EVs) of waterways, including both aquatic ecosystems values
and human use values; and



Establishing corresponding water quality objectives (WQO) to protect identified EVs.

Long-term WQOs and EVs have been scheduled in EPP Water for the waterways downstream of the
site i.e. waterways within the Nerang (DERM, 2010a) and Tallebudgera (DERM, 2010b) catchments.
Of particular relevance are guideline values for protection of aquatic ecosystem environmental values
(which are the most stringent), and the seagrass environmental value (which, where relevant, can
also be more stringent for some parameters). Table 2-1 summarises the aquatic ecosystem EVs that
are applicable to the site’s receiving waterways.
Physico-chemical WQOs scheduled under the EPP which are intended to support and protect
environmental values of the Nerang and Tallebudgera catchments are summarised in Table 2-2.
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Table 2-1

EPP Water - Aquatic Ecosystem Environmental Values

Nerang River Catchment
Tidal
Canals,
Constructed
Estuaries,
Marinas &
Boat
Harbours

Aquatic
Ecosystems



Seagrass



Environmental
Values

Tallebudgera Creek Catchment

Other
estuarine
tributaries

Lower
Nerang
River
(estuarine
and
enclosed
coastal)

Other
freshwater
tributaries

Tallebudgera
Creek –
freshwater







H

Tallebudgera
Creek –
estuary and



enclosed
coastal

H

Other
freshwater
tributaries



Other
wetlands,
lakes and
reservoirs





Irrigation







Farm Supply/use







Stock Water







Aquaculture

M

Human
Consumer



Oystering



Primary
Recreation









H

Secondary
Recreation









Visual
Recreation



















H





H

H





H

M





L





H



H




Drinking Water
Industrial Use



Cultural and
Spiritual Values










M

 = EV selected for protection.
Grey shading indicates that the EV is not chosen for protection.
H = EV selected for protection and of HIGH importance on protecting the environmental value.
M = EV selected for protection and of MEDIUM importance on protecting the environmental value.
L = EV selected for protection and of LOW importance on protecting the environmental value.
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Table 2-2

EPP Water - Physico-Chemical Water Quality Objectives to Protect Aquatic
Ecosystem Environmental Values
Water Quality Objectives

Pollutant

Nerang River Catchment

Tallebudgera Creek

Freshwater Tributaries1

Estuarine
Lakes

Freshwater Tributaries1

Estuary and
Enclosed Coastal2

Turbidity

<6 NTU

<5 NTU

<6 NTU

<7 NTU

Suspended Solids

<8 mg/L

<11 mg/L

<8 mg/L

<13 mg/L

Chlorophyll a

<4 μg/L

<3 μg/L

<4 μg/L

<5 μg/L

Total Nitrogen

<400 μg/L

<300 μg/L

<400 μg/L

<300 μg/L

Oxidised N

<80 μg/L

<10 μg/L

<60 μg/L

<10 μg/L

Ammonia N

<20 μg/L

<10 μg/L

<20 μg/L

<10 μg/L

Organic N

<320 μg/L

<280 μg/L

<420 μg/L

<250 μg/L

Total Phosphorus

<50 μg/L

<36 μg/L

<50 μg/L

<25 μg/L

Filterable Reactive
Phosphorus (FRP)

<20 μg/L

<5 μg/L

<20 μg/L

<6 μg/L

Dissolved Oxygen

th
th
(20 80 percentile)
85 – 110% saturation

(20th—>80th
percentile)
90 – 110%
saturation

(20th 80th percentile) %
saturation 85% – 110%

(20th 80th percentile)
% saturation 85% –
105%

6.5 – 8.0

6.5 – 8.0

6.5 – 8.0

7.0 – 8.4

pH

>1.0m (20th
percentile)

Secchi Depth
EC3

520 µS/cm

520 µS/cm

1

520 µS/cm

Based on Lowland freshwater (comprising lowland streams, wallum/tannin stained streams and coastal streams)
Based on “Mid estuary”
3
th
Based on Queensland Water Quality Guidelines (DERM, 2009) 75 percentile value for the Southern Coastal region.
2
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For metals and hydrocarbons, EPP Water refers back to the Guidelines Fresh and Marine Water
Quality (ANZECC, 2000). The 95% species protection WQOs for slightly–moderately disturbed
systems are provided in Table 2-3. For metals and metalloids, either dissolved or total values are
listed as provided in the guidelines.
Table 2-3

Toxicant Trigger Values for Slightly-Moderately Disturbed Streams

Parameters

Toxicant Trigger Value

Hydrocarbons
Total poly aromatic hydrocarbons (PAH) (µg/L)

ID4

Total petroleum hydrocarbons (TPH) (µg/L)

ID4

Metals and Metalloids
Aluminium

Dissolved (µg/L)

555

Arsenic

Dissolved (µg/L)

13

Boron

Dissolved (µg/L)

370

Cadmium

Dissolved (µg/L)

0.2

Chromium

Dissolved (µg/L)

1

Cobalt

Dissolved (µg/L)

1.4

Copper

Dissolved (µg/L)

1.4

Lead

Dissolved (µg/L)

3.4

Manganese

Dissolved (µg/L)

1,900

Molybdenum

Dissolved (µg/L)

346

Mercury

Dissolved (µg/L)

0.6

Nickel

Dissolved (µg/L)

11

Selenium

Total (µg/L)

57

Silver

Dissolved (µg/L)

0.05

Uranium

Dissolved (µg/L)

0.5

Vanadium

Dissolved (µg/L)

67

Zinc

Dissolved (µg/L)

8

Similarly, EPP Water refers back to ANZECC (2000) for bacterial water quality objectives. These
objectives are however limited to guidelines that protect waters for recreational activities such as
swimming and boating, rather than protecting ecological values. The level of recreational use is
divided into two categories i.e. primary contact and secondary contact uses. The water quality
objectives for both primary contact and secondary contact uses are presented in Table 2-4.

4

Insufficient data to derive a reliable trigger value.
pH >6.5
6
ANZECC/ARMCANZ (2000) freshwater low reliability trigger value. Note this should only be used as an
indicative interim working level.
7
ANZECC/ARMCANZ (2000) freshwater high reliability trigger value for total selenium for the 99% protection
level for slightly-moderately disturbed systems
5
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Table 2-4
Recreational
Category

Bacterial Water Quality Objectives
Water Quality Objective

The median bacterial content in samples of fresh or marine waters taken
over the bathing season should not exceed:


150 faecal coliform organisms/100 mL (minimum of five samples taken at
regular intervals not exceeding one month, with four out of five samples
containing less than 600 organisms/100 mL).

Primary Contact


35 enterococci organisms/100 mL (maximum number in any one sample:
60–100 organisms/100 mL).

Pathogenic free-living protozoans should be absent from bodies of fresh
water. (It is not necessary to analyse water for these pathogens unless the
temperature is greater than 24°C).
The median bacterial content in fresh and marine waters should not exceed:


1,000 faecal coliform organisms/100 mL (minimum of five samples taken
at regular intervals not exceeding one month, with four out of five

Secondary Contact

samples containing less than 4,000 organisms/100 mL).


230 enterococci organisms/100 mL (maximum number in any one
sample: 450–700 organisms/100 mL).

Given that primary contact (swimming and bathing), is expected downstream of the site (in
Tallebudgera Creek and Southport Broadwater), the primary contact bacterial water quality objectives
need to be considered in assessment of water quality discharging from the site.
The WQO’s provided in Tables 2-2, 2-3 and 2-4 are useful in considering appropriate objectives for
protecting EVs but these objectives are not intended to be used as discharge criteria. Where
relevant, the Queensland Water Quality Guidelines (DERM, 2009), provides a process/framework for
deriving and applying more locally specific guidelines for waters in Queensland.
Where more site specific WQOs are appropriately developed and meet relevant technical
requirements (i.e. those identified in DERM, 2009), these objectives would in turn take precedence
over the WQOs established in EPP Water and in the Queensland Water Quality Guidelines (DERM,
2009). The setting of site-specific concentration-based WQOs is not however practical for most
developments and other discharge criteria (e.g. load-based criteria) are typically more appropriate.
A water quality management plan which includes monitoring and comparison against relevant WQOs
is required for the site to ensure that legislative obligations under the Environmental Protection Act
are met for the site and potential impacts to receiving environments are minimised. This is further
discussed in Section 5.

2.2.3

State Planning Policy 4/10 Healthy Waters
The State Planning Policy 4/10 Healthy Waters (DERM, 2010c), (SPP Healthy Waters), is intended to
ensure that urban development is planned, designed, constructed and operated to manage
stormwater and wastewater in ways that help protect the water environmental values specified in the
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EPP Water. The definition of “urban purposes” adopted by the SPP Healthy Waters is provided in the
Sustainable Planning Regulation 2009 (State of Queensland, 2009b) i.e.
urban purposes means purposes for which land is used in cities or towns, including
residential, industrial, sporting, recreation and commercial purposes, but not including
environmental, conservation, rural, natural or wilderness area purposes.
‘Extractive industries’ are nominated within the Regulation as an example of one type of ‘industrial
area’ and therefore if a strict interpretation of these definitions is taken, the SPP Healthy Waters
would apply to the project.
The Urban Stormwater Quality Planning Guidelines (2010d), which support the SPP Healthy Waters,
have however been developed to assist in managing stormwater quality to protect the environmental
values of waterways under the EPP Water.
These guidelines present best practice design objectives (minimum defaults) for managing aspects of
urban stormwater consistent with helping to protect environmental values. These discharge
objectives are not however specifically designed to protect environmental values but rather to
minimise impacts in accordance with current best practice.
In the absence of site-specific discharge criteria, the WQOs presented in the guidelines should be
used as discharge criteria. Given the guidelines were not intended to be used for extractive land
uses, a directly relevant set of objectives are not provided. From a stormwater runoff quality
perspective, the proposed land use would however function similar to an urban construction site i.e.
there will be a high proportion of cleared land with continual soils disturbance and sediment runoff
during storm events.
The performance criteria stated in the guidelines which relate to the construction phase of urban
development, are therefore considered relevant to the site for all phases. These criteria are provided
in Table 2-5 and Table 2-6.
The stormwater quality management plan for the site should aim to ensure that the stormwater runoff
from the site complies with these objectives. Compliance with objectives will include ensuring that the
appropriate storm event is captured and treated in accordance with the stated discharge objective.

\\WBM-FS\ADMIN\ADMIN\B18995.G.NC_BORAL GOLD COAST QUARRY\R.B18995.001.04.DOCX

2-8

METHODOLOGY
Table 2-5

Construction and Development Phase Issue Based Performance Criteria

Issue

Stormwater Design Objective

Drainage control

Design life and design storm of temporary drainage works:
1. Disturbed area open for <12 months—1 in 2 ARI.
2. Disturbed area open for 12-24 months—1 in 5 ARI.
3. Disturbed area open for > 24 months—1 in 10 ARI.

Erosion control

1. Minimise exposure of disturbed soils at any time.
2. Avoid or minimise large construction activities in the wet season.
3. Divert water run-off from undisturbed areas around disturbed areas.
4. Use erosion risk ratings to determine appropriate erosion control measures.

Sediment control

Use soil loss rates to determine appropriate sediment control measures. Design storm for sediment
control basins should be based on retaining the maximum sediment quantity for the maximum volume
of water run-off. Site discharge during sediment basin dewatering should not exceed 50 mg/L total
suspended solids (TSS) and pH between 6.5–8.5.

Stormwater drainage/ flow

Take all reasonable and practicable measures to minimise changes to the natural waterway hydraulics

management

and hydrology from:• Peak flow for the 1–year and 100–year ARI event (respectively for aquatic habitat and flood
protection).
• Run-off frequency and volumes entering receiving waters.
• Uncontrolled release of contaminated stormwater.

Table 2-6

Construction and Development Phase Stormwater Quality Based Performance
Criteria

Pollutant

Stormwater Quality Design Objective

Coarse sediment

Retain coarse sediment on site.

Fine sediment (Total
Suspended Solids)

Take all reasonable and practicable measures to collect all run-off from disturbed areas and drain to a sediment
basin – up to the design storm event.
Site discharge during sediment basin dewatering complies with a TSS concentration less than 50 mg/L up to
the design event — flocculation as required. In storms greater than the design event take all other reasonable
and practicable measures to minimise erosion and sediment export.

Turbidity

Released waters from the approved discharge point(s) have turbidity (NTU) less than 10% above receiving
waters turbidity – measured immediately upstream of the site. For accuracy, a site specific relationship should
be developed between turbidity and total suspended solids.

Nutrients (N and P)

Manage through sediment control.

pH

Prevent litter/waste entering the site or the stormwater system or internal watercourses that discharge from the
site – minimise on-site production, contain on-site and regularly clear bins.

Litter or other waste

Prevent litter/waste entering the site, the stormwater system or watercourses that discharge from the site. Also
minimise or sufficiently contain on-site litter and waste production and regularly clear waste bins.

Hydrocarbons and
other contaminants

Prevent from entering the stormwater system or internal watercourses that discharge from the site – control
storage, limit application and contain contaminants at source.
Waste containing contaminants must be disposed of at authorised facilities.

Wash down water

Prevent from entering the stormwater system or internal watercourses that discharge from the site.

Cations and anions

As required under an approved Acid Sulfate Soil Management Plan, including aluminium, iron and sulfate.
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2.2.4

Environmental Protection Regulation 2008
Wetland management areas (WMAs) as defined in the Environmental Protection Regulation 2008 are
shown in Figure 2-2. Although there are no WMAs within the site boundary, the TOR requires that
‘water resources in the vicinity of the project area’ are described. A wetland downstream of the site,
(to the north east), which is considered to be within ‘the vicinity of the project area’ and which been
mapped as a WMA and is therefore discussed here. This wetland is shown in Figure 2-1.
A separate part of the unnamed creek upstream of the wetland has also been mapped as WMA
although this creek is not actually part of the wetland. The coarse scale of mapping means that
inaccuracies such as this can be expected and the Department of Environmental and Heritage
Protection (DEHP) provide for a process of map variation to refine such inaccuracies.
Further, although the WMA would have been referred to the DEHP at the time the TOR for this
project was issued, advice agency roles have since been changed. This includes advice roles
managed by DEHP formerly within the Sustainable Planning Regulation 2008 including WMAs. The
WMA shown on Figure 2-2 no longer triggers the DEHP advice agency role.
In any case, both the mapped wetland and section of creek mapped as WMA are located external to
the proposed disturbance footprint and consequently there would not be any direct impacts to the
mapped WMA. The proposed development should nevertheless seek to minimise potential impacts
on the ecology of the WMA by minimising impacts to water quality and hydrology. Minimising impacts
to this wetland from changes in water quality and hydrology is addressed by minimising impacts
before stormwater discharges from the site.

Figure 2-1

Previously Referable Wetland Management Area (Wetland) Downstream of the
Site
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Gold Coast City Council Planning Scheme
The Gold Coast Planning Scheme (GCCC, 2003) Natural Wetland and Waterway Areas Overlay Map
OM11-4 is provided in Figure 2-3 below. This map shows one “riparian community” polygon and a
series of “other natural waterways” within the site boundary including:


All waterways assigned a stream order in State Government stream order mapping;8



A number of overland flow paths not recognised in state government stream order mapping but
recognised at the local scale;



A artificial perched lake; and



A farm dam.

The farm dam being an artificially constructed feature is incorrectly mapped as a natural waterway.
Chapter 9 of the Gold Coast Planning Scheme includes the Natural Wetland Areas and Natural
Waterways Code which provides performance criteria and acceptable solutions for compliance with
the code. The key performance criteria within this code related to water management is PC6 which
states that:
The natural hydrological regimes of wetlands and waterways, including natural water quality,
quantity and groundwater conditions, must be maintained and enhanced.
The acceptable solutions for PC6 require the preparation of “Stormwater Management Plan” which
demonstrates that the velocity and quality stormwater is treated so as not to degrade the
environmental values of downstream receiving waterways. Appendix B demonstrates compliance
with this performance criteria.
Other performance criteria including those related to buffer setbacks and rehabilitation are addressed
in the ecological assessment report supporting the EIS although Section 4 also addreses mitigation
measures.
The Nerang River and Tallebudgera Creek (off site receiving environments), are also mapped as
“major linkages (water based)” on the OM20-4: Conservation Strategy Plan Overlay Map. Potential
impacts to environmental values and water quality objectives of these environments are addressed in
Sections 2.2.1 and 3.5).
Other Gold Coast City Council (GCCC) overlays which may relate to the TOR provided in provided in
Section 1.2 include:

8



OM17: Natural Hazard (Flood) Management Areas;



OM18 Stormwater Drainage Study Areas;



OM19: Dam Catchment Areas; and



OM25: Future Water Innovations.

Refer to Section 3.4 for further discussion on stream order mapping.
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The site is not affected by any of these overlays and therefore these overlays are not discussed
further within this report.
Other parts of Council’s planning framework relevant to the management of water resources include:


Land Development Guidelines (GCCC, 2005); and



Water Sensitive Urban Design Guidelines (GCCC, 2007).

These two documents are specifically mentioned in the TOR (Section 1.2), which requires that a
stormwater quantity management plan and a stormwater quality management plan should be
developed in accordance with these documents. These management plans, prepared in accordance
with Council’s planning provisions and the TOR, are provided in Appendix A and B respectively.
The sections of the Land Development Guidelines relevant to flooding and stormwater runoff include
sections 3.5 Design Requirements – Stormwater Drainage and Section 13 Water Sensitive Urban
Design Guidelines. These specific sections largely relate to stormwater infrastructure that may be
used in the design and potential mitigation measures. Section 3.5 also contains updated maps for
deriving rainfall parameters to be used in any assessment.
The Gold Coast Planning Scheme Flood Affected Areas Overlay Map does not include any
designated flood affected areas within the site development boundary. As such the associated Flood
Affected Areas Code is not applicable to the development.
Although not applicable, the most relevant performance criteria of the code have been considered in
this assessment, namely:


PC5 – Development in flood affected areas must not cause, or have the cumulative potential to
cause, real damage, must not increase the level of risk to life, or be to the detriment of flood
evacuation procedures.



PC6 – Development with plans for earthworks in a floodplain on or over a water body or within a
flood affected area below the Designated Flood Level must allow for the maintenance of flood
storage, and flood conveyance of flood and drainage channels and overland flow paths.



PC8 – Development must consider hydrologic and hydraulic impacts of development in flood
affected areas with regard to future climate change.



PC11 – Any change in ground level, by way of filling, excavation or contouring, must not result in
real damage, flood hazard or impediment to any Counter Disaster Plan, measure or create
unreasonable change in the exposure to flood hazard.
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State Planning Policy 1/03: Mitigating the Adverse Impacts of Flood,
Bushfire and Landslide (2003)
State Planning Policy 1/03: Mitigating the Adverse Impacts of Flood, Bushfire and Landslide
(Department of Local Government and Planning 2003), hereafter referred to as SPP 1/03, aims to
minimize the risks (to the community) associated with the hazards of flood, bushfire and landslide. It
seeks to achieve this aim by ensuring that the potential adverse impacts of these natural hazards are
adequately considered when development applications are assessed.
In the context of flood hazard, SPP 1/03 is applicable to proposed developments within areas defined
as a Natural Hazard Management Areas which, in the case of flooding, is generally the extent shown
by a ‘Defined Flood Event’ (DFE). The DFE has been mapped in the Gold Coast Planning Scheme
(Overlay Map OM17).
The overlay does not include any of the site disturbance footprint within the mapped extent and
therefore SPP1/03 is not applicable to the project. The SPP1/03 guidelines which support the
SPP1/03 have however been considered to assist in managing stormwater quantity and to ensure
that best practice is followed.
SPP1/03 requires an understanding of the full range of floods up to and including the Probable
Maximum Flood (PMF). Climate change should also be considered when undertaking associated
studies and in developing mitigation strategies.

2.3

Water Resources

2.3.1

Surface Water Quality

2.3.1.1 Receiving Water Quality Monitoring Methodology
Baseline receiving water quality monitoring was undertaken to contribute to a baseline condition
assessment including the assessment of the current quality of water discharging from the site.. The
water quality monitoring program involved the following components:
1.

Desktop Assessment – Aerial photography, topographic mapping and waterways mapping was
assessed to consider the most appropriate locations to inspect as potential monitoring locations.
The project team examined the subcatchment of each waterway and considered the potential
impact of the proposed disturbance footprint on water quality within waterways which discharge
from the site. Two of these waterways were identified as potentially being impacted and a third
waterway was located as potential reference site which would not be impacted by the proposed
disturbance footprint.

2.

Site Inspections – The three waterways were then inspected to determine a suitable location to
install monitoring equipment. During the site inspection, a range of factors were considered
including: the physical characteristics of the waterways; the suitability of potential monitoring
locations; accessibility; and the security of monitoring equipment (any tampering of equipment
could compromise monitoring results). Based on this inspection, three monitoring sites were
selected and these are summarised in Table 2-7 and shown in Figure 2-4.
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Table 2-7 Summary of Surface Water Quality Monitoring Locations
Site

Coordinates

539620E

A

6888140N

540437E

B

6889702N

C

541291E
6889063N

Description
Site A was selected as the catchment within which
this stream is located, that will not be impacted by the
proposed disturbance footprint. The catchment is
fully vegetated and characterised by minimal
disturbance.
Vegetation within the contributing
catchment is predominantly natural bushland
although the wide, waterway channel immediately
upstream of the monitoring site is dominated by tall,
dense, exotic grasses. Erosion of the channel
upstream of the monitoring site is limited. The
waterway is ephemeral and typically dry except
during/following rainfall. Given the relatively natural
condition of the catchment and the fact that it be
protected in proposed conservation area, this
monitoring site can potentially be used as a reference
site for water quality monitoring purposes. The
monitoring site is located approximately 100m within
the site boundary.
A more comprehensive
description of the contributing catchment is provided
in Section 3.4.3 below.
Site B was selected as it is one of two waterways that
discharge from the site which will experience
changes in hydrology and water quality as a result of
the proposed development. Although it is located in a
predominantly vegetated catchment, parts of the
catchment are heavily disturbed by a range of
impacts associated with off-road vehicle use as
described further in Section 3.3. The catchment is
not therefore considered to be in natural state and
pollutants in this waterway, particularly sediment,
would be expected to be higher than at Site A. The
disturbance of this catchment has also resulted in
hydrologic changes that contribute to instream
erosion and result in additional sediment loads. The
waterway is ephemeral and typically dry except
during/following rainfall.
The monitoring site is
located approximately 100m within the site boundary.
A more comprehensive description of the contributing
catchment is provided in Section 3.4.1 below.

Site C was selected as it is other one of two
waterways that discharge from the site which will
experience changes in hydrology and water quality
as a result of the proposed development. Although it
is located in a predominantly vegetated catchment,
parts of the catchment are heavily disturbed by a
range impacts associated with off-road vehicle use
as described further in Section 3.3. The catchment is
not therefore considered to be in natural state and
pollutants in this waterway, particularly sediment,
would be expected to be higher than at Site A. The
disturbance of this catchment has also resulted in
hydrologic changes that contribute to instream
erosion and result in additional sediment loads. This
is exacerbated by direct erosion of waterway bed and
banks associated with off-road vehicle damage within
waterways. The waterway is ephemeral and typically
dry except during/following rainfall.
The site
monitoring site is located approximately 100m within
the site boundary.
A more comprehensive
description of the contributing catchment is provided
in Section 3.4.2 below.
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3.

Installation of Rising Stage Samplers – Rising stage samplers were selected to provide eventbased water quality results. The samplers installed at each monitoring site are shown in Table 27. Rising stage samplers were installed on the 25th June 2012 which marked the commencement
of the “study monitoring period”. The study monitoring period duration was approximately eight
months concluding on 21st February 2013. The rising stage samplers were regularly inspected
and maintained throughout this period.

4.

Collection of Water Quality Samples – The methods used for collection of water quality samples
involved: in-situ water quality monitoring using a pre-calibrated hand held water quality
instrument; the aforementioned rising-stage samplers; and grab samples.

Monitoring and sampling was undertaken immediately following a significant rainfall event (greater
than approximately 25 mm of rainfall within a 24-hour period).
For quality assurance purposes, a number of procedures were adhered to during all field work
including but not limited to the following:


Sampling was undertaken by suitably trained and competent persons.



Sampling was undertaken in accordance with the Monitoring and Sampling Manual Version 2
(DERM, 2009b).



The water quality instrument was calibrated before the commencement of sampling. The meter
was cleaned prior to monitoring of each site.



Water quality samples were preserved correctly and shipped to the laboratory within nominated
holding times. A chain of custody form was completed.



Water samples were kept chilled in the field using insulated portable containers with ice.
Samples were then shipped and delivered in this state for analysis to a laboratory accredited by
the National Association of Testing Authorities (NATA) (e.g. Symbio Alliance laboratories in
Brisbane).

5.

Analysis of Water Quality Samples – For any surface waters present, a range of physio-chemical
water quality indicators were analysed in the laboratory or using the pre-calibrated hand held
water quality instrument. The parameters tested are summarised in Appendix D.

6.

Assessment of Water Quality Results – Results from the field and laboratory were then analysed
and compared against existing receiving water quality objectives. Results are presented and
discussed in Section 3.5.1.

2.3.1.2 Stormwater Quality Modelling Methodology
The assessment of surface water stormwater quality involved the following components:


Site inspection;



The identification of project stages to assess; and



The development of catchment models using eWater CRCs MUSIC modelling software (Version
5).

A more comprehensive description of the surface water quality analyses is provided in the
Stormwater Quality, Hydrology & Water Cycle Management Plan (see Appendix B).
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2.3.2

Surface Water Hydrology
The surface water hydrology was assessed in order to allow project ecologists to gauge the impact of
the project on the ecology of downstream receiving environments and to allow them to consider
suitable mitigation strategies. This assessment involved a number of components including:


Site inspection;



The identification of locations suitable for the hydrological assessment;



The identification of project stages to assess;



The development of catchment models using eWater CRCs MUSIC modelling software (Version
5);



The development of a spreadsheet-based water balance model including using outputs from the
MUSIC models; and



An analyses of flows.

Following the stages described above, the results were discussed with the project ecologists and
used to establish suitable mitigation measures.

2.4

Floodplain Management
The principal aims of the floodplain management assessment were to:


Establish baseline flood levels and extents to inform the site design; and



Assess the potential for offsite flood impacts across the various phases of the development.

A hydraulic ‘rainfall on grid’ model has been developed for the project disturbance footprint and
immediately downstream areas. The model was sufficient in detail to capture the topographical
features of the existing site and enable modelling of the key features of the development. It should be
noted that the area within the site boundary described as the ‘southern catchment’ (see Section
3.4.3), was not included in our floodplain management assessment as this area is external to the
project disturbance footprint and would not therefore influence any change in flood behaviour.
Simulating design rainfall directly onto the model grid negated the need for a separate hydrological
model. It also ensured that all potential overland flow routes were considered in the assessment.
A baseline phase and four development phases, namely E3, C1, Q1 and Q5, were modelled. As
discussed in Section 1.3, Phase E3 is considered to represent a ‘worst case’ phase with regard for
the potential for offsite impacts and so it was selected in addition to the three development phases
considered through the remainder of this report.
The principal changes to the model inputs as a result of the development are as follows:


Changes in the topography as represented by a revised DEM;



Changes in hydraulic surface roughness attributed to changes in land use; and



Changes in rainfall loss values attributed to changes in land use.
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Figure 2-5 shows the extent of the model and key modelled features. Technical details of the model
inputs and key parameters for each phase are provided in Appendix G.
Peak flood extents, levels and velocities were determined in the model for baseline and developed
case phases. Comparisons between the baseline and developed case phases determined the
magnitude of potential flood impacts. Time series plots of flow in downstream watercourses showed
any changes in the duration of flooding.
The model was run for a standard suite of design storm durations to determine the critical storm, that
is, the design storm which results in the highest flood levels in the vicinity of the site. The model was
then run for the suite of design storm magnitudes required by the TOR, namely the 2, 5, 10, 20, 50
and 100 year ARI events as well as the Probable Maximum Flood (PMF) event. The potential for
flood impacts had therefore been assessed for all the modelled flood magnitudes.
An assessment of the potential impact of climate change on flood levels has also been undertaken.
The design life of the operational quarry is 40+ years and so a 10% increase in rainfall was modelled
based on the 2050 planning horizon in current climate change state guidance (Queensland
Government, 2010).
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DESCRIPTION OF EXISTING ENVIRONMENT

3.1

Overview
This chapter provides a description of the existing environment of the site.

Evaluation of the

environmental water resource values (quality and hydrology), was undertaken to provide an account
of the existing quality and quantity of water resources to ensure environmental values can be
protected or enhanced.
As per the TOR, the assessments were undertaken to be consistent with relevant acts, policies and
guidelines and are cognisant of the potential to impact the environment and surrounding users.

3.2

Climate
The site is influenced by both sub-tropical and temperate weather patterns.

Average annual

temperatures range from approximately 10 to 28 degrees Celsius and with an annual average rainfall
of 1,512 mm/year9. Table 3-1 provides a summary of climate statistics from a nearby Bureau of
Meteorology (BoM) Coolangatta Station (040717), located approximately 10 km south east of the site.
Although rainfall is distributed across the year, and winter months (July to September) receive
approximately 50mm of rainfall, there is a clear “wet season” with summer months (December to
February) experiencing up to three times as much rainfall (see Figure 3-1).
Table 3-1
Parameter

Summary of Climate Statistics from the Coolangatta Station (040717)
Month

Jan

Feb

Mar

Apr

May

Jun

July

Aug

Sep

Oct

Nov

Dec

Annual

Temperature and Humidity
Mean maximum
o
temperature ( C)

28.2

28.1

27.1

25.3

23.0

20.9

20.5

21.3

23.1

24.3

25.7

27.1

24.6

Mean minimum
o
temperature ( C)

20.9

20.9

19.6

17.0

14.0

11.3

10.2

10.4

13.4

15.9

18.1

19.7

16.0

Mean
3pm
relative humidity
(%)

69

69

67

64

62

60

56

56

61

66

68

68

64

rainfall

154.7

168.7

173.0

173.0

144.6

129.8

74.6

57.6

39.8

95.2

129.5

155.1

1512.1

Rainfall for YTD
2012 (mm)

529.6

174.8

136.0

244.8

46.2

233.6

74.2

0.0

3.8

16.6

71.2

181.8

1712.6

Mean number of
days
of
rain
>1mm

10.6

11.7

12.6

11.6

10.2

8.0

5.8

5.1

4.5

7.3

9.1

10.2

106.7

Rainfall (mm)
Mean
(mm)

9

Based on Bureau of Meteorology records from Coolangatta Station (040717) for the period 1982-2013.
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Figure 3-1
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Mean Monthly Rainfall at Coolangatta Station 040717

As can be seen in Table 3-1 and Figure 3-1, despite an uncharacteristically dry May, the 2012 wet
season was particularly wet with 529.6 mm of rainfall recorded in January alone and higher than
average rainfall in April and June. The dry season was characterised by the exact opposite trend
with lower than average rainfall recorded. Almost no rainfall was recorded at this station in August
and in considering records from September, October and November, almost no rainfall was recorded
for nearly four months.
Although this dry period has coincided with the water quality monitoring program, two rainfall events
towards the end of 2012 produced sufficient flows for monitoring. The high rainfall experienced in
January 2013 then provided a further two monitoring events. The water quality monitoring program is
discussed further in Section 3.5.2.

3.3

Existing Land Use
Historically, the site was used for rural purposes (particularly grazing), but this is a discontinued use.
With the cessation of rural activities, dense regrowth vegetation has re-established across most of the
site. Pockets of remnant vegetation also feature in a number of locations. Numerous four wheel
drive (4WD) and off-road motorbike tracks traverse the site and, although these are unlawful uses,
the site is heavily used by 4WD and motocross enthusiasts.
Although most of vegetation across the site remains unaffected by these unlawful uses, widespread
damage to the site’s natural assets has occurred where tracks have been cleared. Damage is most
evident on steep slopes and in waterways particularly in the lower parts of the catchments.
Waterways on site are subject to a range of impacts from off-road vehicles including:


Direct erosion of the bed and banks from vehicle tyres (see Figure 3-2 for examples from the
site).
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Damage to riparian vegetation which in turn decreases bed and bank stability (see Figure 3-3 for
examples from the site).



Clearing of tracks which contributes to site erosion and changes in hydrology (see Figure 3-4 for
examples from the site). This change in hydrology results in further erosion of waterway bed
and banks and damages in stream aquatic habitat.



Increased turbidity and decreased water clarity as a result of erosion associated with the above
points (see Figure 3-5 for examples from the site). This change in water chemistry negatively
affects the ecological values of the waterways by effecting species directly and creating
unfavourable conditions for native aquatic species.

The unlawful dumping of rubbish and car bodies occurs regularly on the site particularly at key entry
points and along off-road vehicle tracks (see Figure 3-6). This rubbish also contributes to a range of
pollutants entering the waterways including for example: gross pollutants; oils, greases and other
hydrocarbons; constituent chemicals from rubber and plastics; and heavy metals.

Figure 3-2

Figure 3-3

Examples of Erosion caused by Off-road Vehicles on the Bed and Banks of the
Site’s Waterways

Examples of Damage to the Site’s Riparian Vegetation from Off-road Vehicles
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Figure 3-4

Examples of Cleared Off-road Vehicle Tracks and Erosion associated with
Changes in Site Hydrology

Figure 3-5

Examples of Increased Turbidity and Decreased Water Clarity in the Sites
Waterways as a Result of Erosion

Figure 3-6

Examples of Some of the Many Car Bodies Dumped on Site
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Topography and Drainage
The site is characterised by steeply undulating topography ranging between approximately 10 m AHD
and 150 m AHD. Figure 3-7 provides a digital elevation model (DEM) of the site with waterway
locations overlaid on top of the DEM to assist in the interpretation of site topography and drainage.
The waterways shown on this figure are provided by the former Department of Environment and
Resource Management (DERM) and have been derived from 1:25,000, 1:50,000 and 1:100,000
topographic mapping.
It should be noted that stream order mapping is also used by the State Government (for example in
Regional Ecosystem mapping). The stream order mapping is based on a coarser resolution (derived
from 1:100,000) and is therefore less accurate than the mapping shown on Figure 3-7, thus
waterways vary slightly between these maps. This is particularly important when considering the
extent to which the proposed disturbance footprint would impact on existing waterways.
Nevertheless, stream order classifications are important in the context of this study and have
therefore been shown in the Catchment and Stream Order map provided in Figure 3-8.
Figure 3-8 shows three main catchments on the site including two of which would be impacted by the
proposed disturbance footprint. Also shown on this figure are three permanent waterbodies including:


An existing farm dam (located on site);



An artificial perched lake (located on site); and



A wetland (located downstream of the site).

The wetland is discussed further in Section 2.2.4, while a more detailed description of the site’s
catchments is provided below.
Downstream receiving environments are described below and the approximate extent of these
downstream receiving environments is shown on Figure 3-9.
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Northern Catchment
The Northern Catchment (62.3 hectares in area), drains from the south west to the north east and
discharges from the site near the northern most part of the site. The artificial perched lake and an
existing farm dam are both located within this catchment.
The catchment is made up of three subcatchments labeled on Figure 3-8 as the North-A, North-B and
North-C Subcatchments. These subcatchments are described in further detail below.
Surface waters discharging from the Northern Catchment flow northwards through a range of urban
land uses, including past the West Burleigh Quarry, prior to discharging to Swan Lake, Pelican Lake,
and then Burleigh Lake. Downstream of these lakes, water flows through a network of canals and
artificial lakes before discharging to the Nerang River (a 5th order stream), which in turn discharges to
the Southport Broadwater and then into open coastal waters. Water travels from the site a total
distance of approximately 28 km to the Southport Seaway entrance.
North-A Subcatchment
The North-A Subcatchment is 29 hectares in area and while most of the subcatchment is located
within the site, a small section is also located external to the site (to the north west). This
subcatchment is drained by a second order stream and a number of first order streams, (see Figure
3-8). Although the second order stream originates within it site, it deviates outside of the property
boundary temporarily and then converges with flows from the North-C Subcatchment.
The proposed disturbance footprint would only impact a very a minor reach of one of first order
streams. A small section of the perched lake, which straddles the boundary of the North-A and
North-B Subcatchments, would also be impacted by the proposed disturbance footprint.
North-B Subcatchment
The North-B Subcatchment (20 hectares in area), is drained by a single first order stream. The
existing dam is located within the flow path of this first order stream so when the dam overtops, it
flows directly to this stream.
This stream would be directly impacted by the proposed location of the water storage dam and other
associated dam infrastructure such as batters, spillway and erosion control features. Similarly,
overflows from the proposed dam could potentially scour the first order stream and downstream
second order stream unless adequately managed. This may require some in-stream works such as
armouring of the stream bed and banks although which may be subject to further approvals and State
consent.
The existing farm dam is located wholly within the location of the proposed water storage dam and
therefore would also be directly impacted by the proposed dam. Flows from approximately the upper
half of this subcatchment would be intercepted by the proposed dam. As mentioned above, the
perched lake which straddles the boundary of the North-A and North-B Subcatchments, would also
be slightly impacted by the proposed disturbance footprint.
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North-C Subcatchment
The North-C Subcatchment is 13 hectares in area and is the northern most subcatchment on the site.
Approximately two thirds of this subcatchment is located within the site while the other third is located
north of the site. Within the site, the subcatchment is drained by a second order stream and one first
order stream as shown on Figure 3-8. This subcatchment would be directly impacted by the proposed
works intended to protect the stream from high velocities downstream of the quarry dam.

3.4.2

Mid Catchment
The Mid Catchment (156 hectares in area) makes up the majority of the site including most of the
proposed disturbance footprint. It spans across the central portion of the site dividing the Northern
and Southern Catchment from one another. Draining from west to east, this catchment discharges
from the site on the eastern-most boundary of the site ultimately draining to Tallebudgera Creek.
The catchment is made up of five subcatchments labelled on Figure 3-8 as the Mid-A, Mid-B, Mid-C,
Mid-D and Mid-E Subcatchments. These subcatchments are described in further detail below.
Surface waters discharging from the Mid Catchment flow in a north easterly direction and shortly after
discharging the site, these waters pass under Old Coach Road and then flow northwards to the
freshwater wetland (see Section 2.2.4 for further discussion on this wetland). From this point water
flows through a range of urban land uses including the Burleigh Township which is the approximate
interface of fresh and brackish waters.
After crossing under Tallebudgera Creek Road, water flows east as a third order stream and then
merges with the estuarine reach of Tallebudgera Creek, some 3km from coastal waters to the north.
With a total distance of approximately 6.3 km from the site boundary to coastal waters, surface water
originating in the Mid Catchment have a significantly shorter journey to open coastal waters
compared to the Northern Catchment.
Mid-A Subcatchment
The Mid-A Subcatchment is 29 hectares in area. The main waterway within this subcatchment is a
second order stream which flows from north to south. It is drained by two first order streams, which
accept flows from both within and external to the site (see Figure 3-8). It joins the main tributary of the
Mid Catchment just upstream of where the Mid Catchment discharges from the site.
The proposed disturbance footprint would not impact any of the streams assigned a stream order in
State Government stream order mapping (see Figure 3-8).
Mid-B Subcatchment
The Mid-B Subcatchment is 18 hectares in area. The main waterway in this subcatchment is a first
order stream as shown in State Government stream order mapping (see Figure 3-8). It flows from
north west to east and joins with the main waterways of the Mid-D Subcatchment, approximately 320
m from where the catchment discharges from the site.
The first order stream is located predominantly within the disturbance footprint and would therefore be
directly impacted by the proposed disturbance footprint.
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Mid-C Subcatchment
The Mid-C Subcatchment is 5 hectares in area, is drained by a third order stream (which is the
highest order stream on site) and the first order stream discharging from the Mid-B Subcatchment
(see Figure 3-8). This stream would not be directly impacted by the proposed disturbance footprint
although unless adequately managed, the hydrology and water quality of this stream could potentially
be impacted. Some in-stream works such as armouring of the stream bed and banks may be
required although this may be subject to further approvals and State consent.
Mid-D Subcatchment
At 72 hectares in area, the Mid-D Subcatchment is the largest subcatchment on the site and also
includes some of the highest topography within the site boundary. The very top of this catchment
was originally located outside of the site to the north west, but the natural landform has been modified
as part of earthworks associated with recent urban development.
Given that the subcatchment boundaries shown in Figure 3-8 are based on the natural landform, the
figure suggests that the small section of land at the very top of this catchment still forms part of the
subcatchment even though this is no longer the case. The new top of the catchment is actually along
the property boundary and the section located outside of the site now drains to the north.
The main waterway in the Mid-D Subcatchment is a third order stream as shown on Figure 3-8. It
flows from west to east and joins with the Mid-B Subcatchment first order stream approximately 320
m from where the catchment discharges from the site. The third order stream would be directly
impacted by the proposed works intended to protect the stream from high velocities downstream of
the proposed sediment basin. Some in-stream works such as armouring of the stream bed and
banks may also be required in this stream although this may be subject to further approvals and State
consent.
Numerous first and second order streams flow into the third order stream from the west, north and
south. While none of the tributaries south of the main tributary would be impacted by the proposed
disturbance footprint, the first order streams flowing in from the north would be directly impacted by
the proposed disturbance footprint.
Based on the stream order mapping provided in Figure 3-8, the most western first order stream would
also appear to be directly impacted by the proposed disturbance footprint. As mentioned in Section
3.4 however, the waterways mapping shown in Figure 3-7 provides more accurate waterways
mapping and based on this figure, the first order stream would not appear to be directly impacted by
the proposed disturbance footprint.
Mid-E Subcatchment
The Mid-E Subcatchment (28.9 hectares in area), is located predominantly outside of the site
although a small part of the subcatchment is located within the site. It is an important subcatchment
as all flows from the Mid-Catchment discharge through this catchment and leave the site as a third
order stream. Shortly after discharging from the site, surface waters flow beneath a culvert along Old
Coach Road towards the downstream wetland (external to the site).
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Although the subcatchment would not be directly impacted by the proposed disturbance footprint,
unless adequately managed, the hydrology and water quality of this steam could potentially be
impacted from development in the Mid-B and Mid-D subcatchments.

3.4.3

Southern Catchment
The Southern Catchment (213 hectares in area), generally drains from north to south discharging
across the southern boundary at multiple locations. It is located largely external to the site and wholly
external to the disturbance footprint. This catchment forms part of the area proposed for conservation
and would not be impacted by the proposed development.
The catchment is made up of three subcatchments labelled on Figure 3-8 as the South-A, South-B
and South-C Subcatchments. These subcatchments are described in further detail below.
Surface waters discharging from the Southern Catchment flow in a south easterly direction through
rural and rural residential land uses towards the estuarine reach of Tallebudgera Creek. The
distance from the site discharge point to coastal waters is approximately 14 km. Given that the Mid
Catchment and Southern Catchment both discharge into the Tallebudgera Creek, these two
catchments ultimately merge before discharging to coastal waters.
South-A
The South-A Subcatchment (97 hectares in area) drains from north to south discharging from the site
approximately half way down its spine. The subcatchment is mostly comprised of dense bushland
although the bottom third of the catchment which is located external to the site is made up of large lot
rural residential land use.
A series of first order and second order streams drain this subcatchment and merge to form a third
order stream before the stream discharges from the site. Once this third order stream discharges
from the site, it turns sharply to the east flowing into the South-B Subcatchment.
As noted above, the entire Southern Catchment is located wholly outside of the disturbance footprint
and therefore neither direct nor indirect water quality/hydrologic impacts would occur in this
subcatchment. Given the relatively natural condition of this catchment within the properly boundary
and the fact that this subcatchment would not be impacted by the proposed disturbance footprint, it is
therefore a good reference catchment. This is discussed further in Section 0 below.
South-B
The South-B Subcatchment (62 hectares in area) drains from north to south. One small part of this
subcatchment that is entirely comprised of dense bushland is located within the site. The remainder
of the catchment that is located external to the site includes large lot rural residential and rural land
uses.
A series of first order streams drain this subcatchment and merge with the third order stream which
flows from the South-A subcatchment. This third order stream then discharges directly into
Tallebudgera Creek which is a fifth order steam at the confluence.
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As noted above, the entire Southern Catchment is located wholly outside of the disturbance footprint
and therefore neither direct nor indirect water quality/hydrologic impacts would occur in this
subcatchment.
South-C
The South-C Subcatchment (54 Ha in area) drains from north west to the south east. A small slither
of this subcatchment which is entirely comprised of dense bushland is located within the site. The
remainder of the catchment which is located external to the site includes large lot rural residential and
rural land uses.
Although three first order streams drain parts of this subcatchment and a minor reach of a second
order stream flows through it, the subcatchment is mostly drained as surface flows. These surface
waters ultimately drain to Tallebudgera Creek which is a fifth order steam along this reach.
As noted above, the entire Southern Catchment is located wholly outside of the disturbance footprint
and therefore neither direct nor indirect water quality/hydrologic impacts would occur in this
subcatchment.

3.4.4

Water Quantity and Flow Characteristics
All of the waterways within the site are ephemeral and are typically dry with flow only anticipated to
occur immediately following significant rainfall events. The majority of flow within the waterways is
predicted to be from surface flow during and immediately following significant rainfall events, which
would typically occur in the ‘wet season’ (December to February).
The steep topography exhibited across the majority of the catchment contributing to high flow
velocities in the waterways during significant rainfall events. As described further in section 3.6, flows
within the site are confined to within the steep, narrow gullies.
A detailed assessment of the water quantity and flow characteristics at eleven locations within the
existing site is provided in Appendix B. Section 3.6 also describes the flow characteristics of the
existing site during large rainfall events.

3.5

Water Quality

3.5.1

Review of Existing Water Quality
The Ecosystem Health Monitoring Program (EHMP) is a comprehensive marine, estuarine and
freshwater monitoring program providing a regional assessment of the ambient ecosystem health for
each of SEQ 19 major catchments, 18 river estuaries, and Moreton Bay. It highlights changes in
water quality via an annual report card where the health of each waterway is summarised into an ‘A’
to ‘F’ report card grade (see Appendix E for an explanation of report card grades).
As described above, the Northern Catchment discharges into the Nerang River while the Mid and
Southern Catchments discharge into Tallebudgera Creek. The results from the past 9 years of EHMP
Report Card grades for these waterways are presented in Table 3-2.
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Table 3-2
Unit

Summary of EHMP Report Card Grades for Receiving Waterways

Area

Freshwater

2004

2005

2006

2007

2008

2009

2010

2011

2012

Nerang Catchment

A-

B+

C+

A-

B+

B

B+

B

B

Tallebudgera/Currumbin
Catchments

B+

C-

C

B+

A-

B

B+

A-

B+

Nerang Estuary

B

B

B

B

B

B

B-

B-

B-

Tallebudgera Creek

A-

A-

B+

B-

B

B

B

B

B-

Estuarine
Source: Healthy Waterways, 2012

Based on the results provided in Table 3-2, the freshwater reaches of the Nerang River are generally
in ‘good’ to ‘excellent’ health i.e. all set ecosystem health values are met with functional ecological
processes and intact habitats. The results for the Tallebudgera catchment are more difficult to
interpret as they are combined with results from the Currumbin catchment to give a single rating. The
rating for these catchments suggests however that overall, the Tallebudgera catchment is also in
‘good’ to ‘excellent’ health.
In 2008-2009, the catchments of South East Queensland received significant rainfall; the highest
rainfall in the past decade10 resulting in extensive flooding. While freshwater report grades for the
Nerang and Tallebudgera catchments dropped slightly, both systems recovered quickly to 2008
levels. Despite the flooding, these catchments have also remaining relatively stable over the past 5
years.
In other Gold Coast City catchments, receiving estuaries and marine waters took the impact of the
additional diffuse-source pollution loads associated with the 2009 floods and notable declines in
ecosystem health across estuarine and marine waters were observed. The Nerang and Tallebudgera
estuaries however, remained in good health throughout these events which is most likely explained
by the good tidal flushing of both these systems.
The results described above suggest that the sites’ downstream receiving waterways are in good
ecological health. It is therefore important to minimise impacts from the proposed development on
both the freshwater creeks and estuaries further downstream of the site.

3.5.2

Site-Based Water Quality Monitoring Results

3.5.2.1 Monitoring Events
Water quality monitoring was undertaken on site over a period of over eight months during the
preparation of the EIS. Seven events were sampled during the monitoring period. The results
demonstrated that stormflow concentrations of a number of water quality parameters typically fail to
meet receiving water quality objectives (WQOs) under the existing site conditions.
The events which where sampled are summarised in Table 3-3.
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Table 3-3
Sampling Time
(Approximate)
and Date
20:30- 22:00

Summary of Rainfall Events Sampled

Rainfall in the
Preceding 24Hour Period
(mm)11
31.2

12

27/06/12

Sampling Methods Used

‘Grab samples’ were collected from the flowing waters (and not collected from the rising
stage samplers) – as water levels within the streams at the sampling sites did not get high
enough to collect in the rising stage samplers.
In-situ monitoring of physical water quality indicators were also undertaken during the
sampling events.

11:30-13:00

22.4

13

29/06/12

‘Grab samples’ were collected from the flowing waters (and not collected from the rising
stage samplers) – as water levels within the streams at the sampling sites did not get high
enough to collect in the rising stage samplers.
In-situ monitoring of physical water quality indicators were also undertaken during the
sampling events.

12:30-15:00

38.0

13

28/01/13

‘Grab samples’ were collected from the flowing waters at sites A, B, C. In-situ monitoring
of physical water quality indicators were also undertaken during this sampling event at
each of the three sites.
Samples from the rising stage samplers were taken at site B and C. Samples from the
rising stage sampler at site A could not be collected due to high water levels.

12:30-14:30

12.0

13

29/01/13

Samples from the rising stage samplers were taken at site A, B and C. There was
sufficient water collected within the rising stage samplers to take two sets of samples at
site A and C. At site B however, there was only sufficient water collected by the sampler
to take one set of samples. A grab sample was therefore also collected from the flowing
waters at site B.
In-situ monitoring of physical water quality indicators were also undertaken during this
sampling event at each of the three sites.

12:30-15:00

20.0

13

18/02/13

Samples were taken from the rising stage sampler at site A. ‘Grab samples’ were taken at
sites A, B and C.
In-situ monitoring of physical water quality indicators were also undertaken during this
sampling event at each of the three sites.

12:30-15:00

45.0

13

19/02/13

Samples were taken from the rising stage samplers at sites A, B and C. ‘Grab samples’
were taken at sites A, B and C.
In-situ monitoring of physical water quality indicators were also undertaken during this
sampling event at each of the three sites.

12:30-15:00
21/02/13

6.0

13

Samples were taken from the rising stage sampler at site C. ‘Grab samples’ were taken at
sites A, B and C.
In-situ monitoring of physical water quality indicators was undertaken at each of the three
sites.

11

Note that no /limited rainfall was recorded in the previous fortnight prior to the 26/06/12 and that 35.4mm was recorded between the two
monitoring days on the 28/06/2012.
12
Data sourced from Tallebudgera Guineas Creek Road Station 40196 which is the nearest rainfall station to the site for which data is
available for these days.
13
Data sourced from Burleigh Waters Alert Station 40981 (approximately 4 km from the site) which is the nearest rainfall station to the site
for which data is available for these days. There was 22mm recorded at this station on the 27/01/13 and contributing to flows on the
28/01/13. Flows on the 29/01/13 would have been in part attributed to rainfall on the proceeding day.
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It is noted that high rainfall prompted the study team to inspect the site on two other occasions during
the study sampling period i.e. the 11th November 2012 and 21st February 2013. The closest rainfall
station to the site for which “recent weather observations” are available on the BoM website, is the
Coolangatta Station 40717 (approximately 9.5 km from the site). Rainfall observations from this
station indicated 32.6 mm of rainfall had been recorded in the 24 hours leading up to the 11th
November 2012 and 35.8mm of rainfall in the 24 hours leading up to the 25th January 2013.
These records prompted the study team to inspect the site, however upon inspection, waterways
were essentially dry apart from the occasional, isolated, shallow, temporary pools and water quality
samples could not therefore be collected. Rainfall records from the Tallebudgera Guineas Creek
Road Station 40196 (the closest rainfall station to the site) are not available for this date although
records from the Burleigh Waters Alert Station 40981 (approximately 4 km from the site), indicate
only 10 mm of rainfall on the 11th November and 11 mm on the 25th January.
This suggests that the Tallebudgera Guineas Creek Road Station cannot be relied as an accurate
trigger to undertake monitoring and a more effective means for establishing whether there is sufficient
flow to trigger collection of water quality samples needs to be developed for the ongoing monitoring
program (see Section 5 for further discussion).

3.5.2.2 Water Quality Results
Parameters tested during the water quality testing described in Section 2.3.1.2 are summarised in
Appendix D. Results from the in-situ sampling and laboratory analysis are provided in Appendix E.
Results are presented for a range of parameters including: physical parameters; bacteria; sediments;
nutrients; 20 of the more common metals and metalloids; and 20 hydrocarbon parameters. It is noted
that physical parameters are not provided for Sites A and B on the 29/06/12 monitoring event due to
equipment failure.
It is acknowledged that with only seven monitoring events undertaken during the study monitoring
period, clear trends in water quality cannot be readily identified. Nevertheless, the available results
provide some very useful data including an indication of water quality during very high rainfall (as
occurred during January 2013) and following a long dry period. The results have therefore been
interpreted to assist in providing a preliminary understanding of baseline water quality on the site and
assist in informing a further monitoring program (see Section 5 for further discussion on the water
quality monitoring program).
Physio-Chemical Characteristics
Water temperature regulates aspects of both the aquatic community structure and function of
aquatic ecosystems. An organism’s growth, metabolism, reproduction, mobility and migration
patterns may all be altered by changes in ambient water temperature. Fish and aquatic invertebrate
populations are therefore sensitive to temperature. Temperature varies daily, seasonally, across a
depth profile and is it also highly site specific, so despite the importance of temperature, there are no
generic temperature objectives.
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The water quality monitoring showed variable surface waters during the monitoring events (ranging
from between 14 to 15oC in the late evening to up to 25oC in the middle of the day). These results
are typical of most locally vegetated catchments. With a dense canopy/riparian cover across the site
and limited impervious surfaces, the temperature results would appear to be reflective of a relatively
natural, although somewhat disturbed catchment.
It will be important to monitor temperature further to ensure that changes in canopy cover do not
overly influence downstream environmental conditions.
Turbidity is a measure of the clarity or ‘cloudiness’, or ‘muddiness’ of water while total suspended
solids (TSS) is a measure of the amount of particles suspended in the water. Suspended particles of
soil and organic matter are naturally present in all waters. In high concentrations, they reduce the
penetration of light (which is necessary for plant growth). Sediment particles can however: settle and
smother some aquatic organisms; alter habitats; clog fish gills and feeding apparatus in filter-feeding
taxa causing stress or mortality; and change community structures.
Taken immediately after/during significant rainfall events, it is not surprising to find turbidity and TSS
results elevated above the WQOs (8 mg/L for TSS and 6 NTU for turbidity). The highest TSS
concentrations were typically observed at Site C, with rising stage sample concentrations in one
event of 3870 and 5030 mg/L. Similarly, turbidity concentrations were typically significantly higher
than given WQOs – with a turbidity reading in the first monitoring event exceeding the measuring
capacity of the hand held water quality instrument used during sampling (upper limit of 600 NTU).
This is anticipated given that Site C (in particular), is subject extensive catchment disturbance
(including direct disturbance to upstream waterways). It is likely that sediment loads in this catchment
are therefore originating from both the catchment and directly from eroding waterway bed and banks.
The stabilisation and rehabilitation of these waterway bed and banks therefore present an important
opportunity to minimise sediment runoff from the site, although stabilisation works may be subject to
further approvals and State consent.
The lowest TSS concentrations and turbidity measurements were observed at Site A. This again is
anticipated given that this site is located downstream of an entirely vegetated catchment with very
limited disturbance (providing the most reliable indication of undisturbed conditions).
Turbidity and TSS are both highly sensitive to the disturbance of soil and will be one of the most
critical components of the water quality monitoring plan and erosion and sediment control
management.
Electrical Conductivity (EC) is closely related to (and often used as a surrogate for measuring)
salinity. Like temperature, the salinity regulates aspects of both the community structure and
function of aquatic ecosystems. Increased EC/salinity may highlight the presence of pollutants from
wastewater, urban and agricultural runoff. Low levels of EC and salinity were recorded during the
monitoring events (EC = 64-166 micro-S/cm and salinity 0.03-0.07 ppt) and the EC levels were all
well below the WQO (520 micro-S/cm).
Depending on the composition of in-situ soils, their disturbance has the potential to rapidly increase
salinity and consequently ongoing monitoring of EC and salinity will be important for the proposed
landuse. Higher rates of groundwater intrusion may raise the EC.
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pH is a measure of the acidity or alkalinity of water. Changes to pH may affect the physiological
functioning (e.g. enzymes, membrane processes) of biota (ANZECC, 2000). Highly acidic or highly
alkaline waters can be toxic to aquatic organisms and therefore important to measure. The results
indicate that water quality measured was slightly more acidic (5.53 – 6.46) than the WQO (6.5-8.0).
The slight non-compliance with the WQO may be related to natural conditions but could also be
influenced by disturbed soils leaching acidic properties into the receiving waterways.
At this point, the alkalinity of soils is unknown but in any case, the ongoing monitoring of water pH will
be important to better understand and mitigate any potential impacts from the proposed development.
Dissolved Oxygen (DO) is a measure of the amount of oxygen in the water. Oxygen is essential for
almost all forms of aquatic life as well as for some chemical reactions. Very low or excessively high
concentrations of DO can therefore have detrimental effects on aquatic organisms and can indicate
an unbalanced or unhealthy waterway. DO concentration is highly dependent on plant and microbial
activity, nutrients and temperature. It fluctuates over a 24 hour period under natural conditions
subject to these influences (particularly temperature and plant productivity). It is therefore difficult to
make any firm conclusion based on the monitoring undertaken to date.
Nevertheless, the recorded dissolved oxygen were typically non-compliant with the WQO (85-110%
saturation), with observed instances of levels both below and above the given WQO.
The monitoring of DO will be important to better understand and mitigate any potential impacts from
the proposed development.
Chemical Characteristics
Metals and Metalloids can reduce or eliminate species from an ecosystem through increased
disease, mortality and decreased fecundity (the ability to reproduce). Dissolved metals can be
accumulated in plants, animals and bacteria and in high doses, are toxic to aquatic organisms.
Recorded concentrations of metals and metalloids were typically below the ANZECC (2000) toxicity
guideline value (95% species protection). There were however, some exceedances:


Persistent exceedance of the dissolved aluminium WQO (55 µg/L) at all sites during all
monitoring events (refer to Appendix E for the results).



Exceedances of the WQOs for chromium, copper, lead and zinc during several monitoring
events.

Aluminium within the sites waterways appears to be high in both dissolved and particulate forms –
and high levels were observed across all three sites. Similarly, elevated chromium, copper, lead and
zinc concentrations were observed across all three sites.
The results suggest that in-situ soils and sediment are contributing aluminium (and other metals and
metalloids), mostly in particulate form, to the waterways. With the high erosion rates in areas of offroad vehicle damage, the higher sediment loads would thereby result in higher aluminium (and other
metals and metalloid) levels.
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Nutrients
High nutrient concentrations in waterways can cause excessive plant growth including the stimulation
cyanobacteria growth (algal blooms) and the proliferation of nuisance plants (weeds). Algal blooms
can result in the depletion of oxygen in waterways and result in the loss of biodiversity. They can also
release odours and turn the water green thereby limiting recreational uses. Ammonia (a form of
nitrogen), is toxic to aquatic biota at high concentrations and the toxicity of ammonia increases with
decreasing dissolved oxygen concentrations. Nutrient analysis included examination of both nitrogen
and phosphorous.
The testing of nitrogen included total nitrogen (TN) as well as the most common forms (species) of
N available for plant growth in water. This included analysis of the inorganic forms of N including
nitrate (NO3-) plus nitrite (NO2-) (as N) and ammonia (NH4+).
All except one recording of total nitrogen (see Appendix E) exceeded the WQO (TN 0.4mg/L), with
exceedances of ‘nitrate + nitrite’ and ammonia-nitrogen also observed. Particulate nitrogen made up
the larger proportion of TN in each case.
These results suggest that receiving water quality objectives for TN in particular may not be
appropriate for stormflow conditions. Further water quality monitoring is required to build a better
understanding of nutrients and inform site management practices.
Phosphorus (P) exists in water in both dissolved and particulate forms. Particulate P includes P
adsorbed to suspended particulate matter such as clays and detritus (dead & decaying organisms)
for example. Dissolved P includes inorganic orthophosphate polyphosphates, organic colloids and
low molecular weight phosphate esters (ANZECC, 2000). Dissolved inorganic orthophosphate
(PO43-) appears to be the only form of P assimilated by cyanobacteria (Bostrom et al. 1988), and it is
therefore of particular interest. The testing of P included total phosphorous (TP) and orthophosphorus.
Almost all recorded TP levels exceeded the WQO (0.02 mg/L). Ortho-phosphorus typically made up
only a very small fraction of the total with only 6 slight exceedances of the WQO (0.02 mg/L) out of
the 31 recordings. This would suggest that although phosphorous levels are high during stormflow
conditions, this phosphorous is predominantly particulate bound and therefore generally not available
to plants (including algae), while it remains in the water column.
The high particulate-bound P is an indicator of high sediment loads discharging from the site.
Targeting sediment removal will therefore assist in removing particulate P.
As with nitrogen, these results suggest that receiving water quality objectives for TP in particular may
not be appropriate for stormflow conditions. Further water quality monitoring is required to build a
better understanding of nutrients and inform site management practices.
Hydrocarbons
Hydrocarbons are typically highly toxic to aquatic organisms. They are generally found in their
highest concentrations in sediments and often significantly lower in the water column except where a
spill has occurred. Twenty different hydrocarbons were tested in the water column and all found to
be below the detention limits of standard laboratory analysis (See Appendix E).
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Contamination from hydrocarbons will be a concern during construction/.operation given the high use
of plant and equipment required for the proposed use.
Bacteria
To test for the presence of harmful pathogens, the total thermotolerant coliforms were analysed.
These include species of faecal coliform bacteria which are normal intestinal flora of humans and
animals but are also important pathogens responsible for serious infections. While many strains are
harmless, some strains produce a powerful toxin and can cause severe illness. The presence of
thermotolerant coliforms in water is generally an indication of recent sewage or animal waste
contamination.
Levels of thermotolerant coliforms varied significantly over the monitoring events, with recorded
values ranging from 0 to 300,000 cfu/100mL – significantly higher than the upper guideline value for
primary contact recreational waters (150 cfu/100mL).
These high values may be due to a build-up of bacteria within the soil, subsequently being transferred
during high stormwater flows.

3.6

Flooding

3.6.1

Description of Baseline Flood Risk
Existing (baseline) flood risk has been defined by hydrologic and hydraulic modeling undertaken for a
range of design events from the 2 year average recurrence interval (ARI) to the probable maximum
flood (PMF). This modelling work was undertaken for the Northern and Mid catchments (those in
which the development will be located) as shown in Figure 3-8. Modelling of the Southern Catchment
was not undertaken as there is no development proposed in this area and therefore no changes in
flood behaviour would occur.
Figures 3-9 and 3-10 present the modelled existing (baseline) flood depths and extents for the 100
year and PMF events respectively. This figure shows that existing floods within the site are generally
confined to within the steep, narrow gullies. As a result, flood extents do not change significantly with
increasing flood magnitude.
Runoff exits from the proposed disturbance footprint via two existing flow routes: via the Northern
Catchment and via the Mid Catchment. Two reference locations (TS1 and TS2) have been
nominated at the downstream ends of these routes near the site boundary. At these two reference
locations series information on flows has been extracted from the model and is presented in the
following ways:.


Figure 3-10 and Figure 3-10 illustrate the locations of the reference locations.



Table 3-4 summarises the peak flow observed in the baseline model at these two locations for all
modelled flood magnitudes.



Figure 3-12 plots the flows against time, and demonstrates that the catchments are typically
responsive with flows rising and falling quickly during and immediately following the triggering
storm.
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Peak baseline velocities are presented in Figure 3-13 for the 100 year ARI event. It shows that
velocities are typically 3 m/s in the lower reaches of the site although highly localised areas
experience velocities in excess of this typical velocity.

Table 3-4
ARI (Years)

Peak Baseline Flows Leaving Site
Peak Flow (m3/s)
Northern Catchment (TS1)

Mid Catchment (TS2)

2

13.4

24.7

5

17.8

34.4

10

20.6

40.2

20

24.3

48.4

50

31.8

58.2

100

36.2

67.4

PMF

86.3

187.9

Additional model results (including for other design rainfall events) are provided in Appendix H.
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Figure 3-12 100 year ARI Baseline Flows Leaving Site
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Compliance with Guidelines

Compliance with SPP1/03 in relation to flood hazard is not required due to the fact that there is no
local Defined Flood Event (DFE) extent within the development site boundary. Outcomes 1 and 2 of
the SPP which relate to development applications within the DFE are therefore not applicable. The
general principles of SPP1/03 and its accompanying guidance note have however been applied in
this assessment. In particular the following has been undertaken:


A detailed flood study (hydrologic/hydraulic modelling and mapping exercise), has been
undertaken by a suitably qualified hydraulic engineer.



A full suite of flood magnitudes has been considered in the study ranging from the 2 year ARI
through to the PMF.



The precautionary principle as advocated in SPP1/03 and defined in the Sustainable Planning
Act has been applied with conservative assumptions applied over non-conservative ones.



The potential future impacts to the site resulting from climate change have been considered in
the assessment.

As for SPP1/03, compliance with the Gold Coast Planning Scheme is not a required due to there
being no local DFE extent within the development site boundary. The most applicable Outcome
Measures have however been met as documented in Table 3-5.
Table 3-5

Gold Coast Planning Scheme Flood Code – Relevant Performance Criteria

Performance Criteria

Demonstration of Compliance

PC5 Development in flood affected areas must not cause,

Detailed flood study (hydrologic and hydraulic modelling and

or have the cumulative potential to cause, real damage,

mapping) undertaken for 2, 5, 10, 20, 50, 100 year ARI events and

must not increase the level of risk to life, or be to the

PMF. No significant increases to flood level, flow, velocity or

detriment of flood evacuation procedures.

duration as a result of the development.

PC6 Development with plans for earthworks in a

Significant additional storage of floodwater during construction and

floodplain or over a water body within a flood affected

operational phases of quarry as demonstrated through hydraulic

area below the Designated Flood Level must allow for the

modelling (see compliance for PC5). No significant offsite impacts

maintenance of flood storage, and flood conveyance of

observed and overall there is a significant reduction of in peak

flood and drainage channels and overland flow paths.

runoff during operational phases of the quarry (C1-Q5).

PC8

Development

must

consider

hydrologic

and

hydraulic impacts of development in flood affected areas
with regard to future climate change.

As part of the hydrologic and hydraulic impact assessment (see
compliance for PC5), investigation has been undertaken to
determine the sensitivity of site to potential impacts from climate
change.

PC11 Any change in ground level, by way of filling,
excavation or contouring, must not result in real damage,

Flood study (see compliance for PC5) demonstrates no significant

flood hazard or impediment to any Counter Disaster Plan,

offsite impacts with regard to increased flood levels, flows,

measure or create unreasonable change in the exposure

velocities or duration.

to flood hazard.
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Climate Change Impacts on Baseline Risk
Changes to the baseline risk resulting from climate change have been modelled by assuming a 10%
increase in rainfall intensities.
Figure 3-14 presents a map showing the changes in extents and levels that would be expected by
simulating this increase in rainfall.
It can be seen from Figure 3-14 that these local catchments are not highly sensitive to the additional
rainfall with changes in peak levels generally less than 0.1m.
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POTENTIAL IMPACTS AND MITIGATION MEASURES

4.1

Overview
This section outlines the potential impacts (including water quality, hydrology and flooding), that the
project may have on water resources and the management measures recommended to mitigate
these impacts. An overview of impacts is provided and potential impacts associated with the Project
are assessed using a risk assessment approach. The impacts are assessed in terms of the likelihood
of them occurring and the consequence (without mitigation measures), that the potential impacts may
have on the environment and community.
Through this process, the potential impacts have been assigned a risk rating of either a “low”,
“moderate”, “significant”,” high”, or “intolerable” risk. The risk assessment tables used in this risk
assessment process are included in Appendix F.
Appendices A and B also provide a detailed assessment of the potential impacts of the project and
address the TOR requirements for the preparation of a ‘stormwater quantity management plan’ and
‘stormwater quantity management plan’. Whilst these plans have been considered separately, an
integrated approach to water management has been applied to the project.
A demonstrated commitment to best practice is evident in all aspects of the design and operation of
the project that relate to the management of water quality and quantity. A summary of the key
management measures according to the management hierarchy shown in Figure 4-1 and best
practice philosophy is provided in the table below.
Figure 4-2 illustrates the proposed Water Management Strategy for Phase Q5. As described in
Section 1.5.3, Phase Q5 is the final project phase and subsequently illustrates the ultimate project
footprint (although the strategy is applicable to all project phases).

Figure 4-1

Management Hierarchy
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Table 4-1

Summary of Key Management Measures

Management
Option

Description of Key Management Measures Adopted

Avoid

The proposed disturbance footprint has been designed so as to avoid approximately 155 ha (70%) of the site. This land is proposed to
be voluntarily set aside, and not developed, as conservation area. Within this proposed conservation area, a range of offset
rehabilitation activities are proposed to repair the land from historic agricultural use and damage from off road vehicles. The
disturbance footprint also entirely avoids any impacts to one of the three catchments on the site.

Reduce

Existing sediment loads are proposed to be reduced by rehabilitating the degraded waterways and tracks within the conservation area.
A range of rehabilitation activities are therefore proposed to repair the land from historic agricultural use and damage from off road
vehicles. These rehabilitation activities may be subject to further licencing approvals under the Water Act unless the nature and extent
of works determines them exempt.
To reduce the volume of potential future sediment loads discharging from the site (and minimise flood risk), it is recommended that all
vegetation and overburden removal is undertaken in accordance with the Erosion and Sediment Control Plan (ESCP) and as far as
practical outside of the west season. Any disturbed areas which are not subject to extractive industry use should be stabilised in
accordance with the ESCP, which has been prepared separate to this document (by others).
The proposed disturbance footprint has been designed so as reduce the direct impact of the proposed disturbance footprint on
waterways.

Recycle, Reuse,
Recover

The proposed quarry has a high water demand. Rather than using potable mains water to meet the site’s water demands, a recycle,
reuse, recover philosophy has been adopted. Modelling has indicated that all site water demands for surface dust control, dust
suppression and process water are predicted to be satisfied by the proposed water cycle management strategy i.e. 100% site water
demands are expected to be met by recovery and reuse of stormwater. Any runoff of this water from the quarry pit is recycled back to
the quarry dam to be reused.
Stormwater has therefore been treated as an important water resource rather than a waste steam.

Treat

The treatment of sediment loads is a critical component of the proposed water management strategy for the site. Sediment loads will
primarily be treated via a best practice Erosion and Sediment Control Plan (ESCP) which will form part of the overall Environmental
Management Plan (EMP). The treatment of sediment laden stormwater will by default also assist in the removal of a range of other
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potential pollutants.
The water management strategy includes the following treatment measures:


Pit storage – providing significant opportunity for the storage of stormwater flows from the quarry catchment, allowing suspended
material to be settled (prior to pumping retained waters to the quarry dam).



Quarry dam – providing a stormwater treatment function by allowing further settlement of suspended material and by harvesting
stormwater flows (and pollutant loads) for subsequent use on site (e.g. for dust suppression).



Rock channels – conveying flows from the plant area and providing some pre-treatment of flows prior to discharging into the
sediment basin.



Sediment basin – retaining stormwater flows to facilitate sediment removal, prior to discharging treated flows to the downstream
waterway.



Additional soil erosion and sediment control best management practices.

With the beneficial use of harvested flows (from the quarry dam catchment, and pumped flows from the quarry pit), stormwater pollutant
loads within these harvested flows are prevented from discharging into downstream waterways thereby providing additional water
treatment.
Dispose

Disposal has been adopted as the least preferred method of water treatment as dictated by the management hierarchy adopted for the
site. The only water proposed to be disposed of includes:


Water which overtops the quarry dam during/ following major rainfall events.



Water which overtops the sediment basin during/ following major rainfall events.



Water which is treated in the sediment basin and control released.



Environmental flows in waterways which will not be impacted by the proposed disturbance footprint.

It is noted that due to the “avoid”, “reduce” and “reuse” strategies discussed in this table above, environmental flows are still maintained
to the downstream receiving waterways so that there is not an over-use of water resources.
Where water is disposed (e.g. over-topping of quarry dam and sediment basin during major rainfall events), some sediments and
associated pollutants within this water will also be disposed (and conveyed downstream). Nevertheless, the quarry operations will still
be required satisfy relevant discharge requirements.
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Floodplain Management Impacts and Mitigation Measures
Impacts with regard to flood risk are typically assessed in terms of risk to offsite receptors. Risk can
be increased to receptors through changes in both the runoff magnitude and the rate of runoff. The
quarry has the potential to cause such increases in flood risk. The risk level is higher during
preliminary development phases before large scale removal of material (overburden and quarry rock),
from the site occurs.
The principal causes of flood related impacts are likely to result from the removal of vegetation from
the site and the potential for compaction of soils within the proposed disturbance footprint. Both
factors can increase the volume and rate of runoff. If undertaken on a significant scale, these impacts
have the potential to manifest in terms of increased downstream peak levels, velocities and duration
of inundation.
Typically, the removal of material (overburden and quarry rock), from the site will increase the
potential flood storage available which can then attenuate site runoff leading to a reduced offsite peak
flow. This is not always the case as attenuation may delay the hydrograph from one tributary and put
it in phase with the hydrograph from a neighbouring tributary, thus increasing the overall peak runoff.
Early phases of the development, which are likely to be a ‘worst-case’ with regard to offsite flood
impacts, will generally be of limited temporal scales, in the order of months. Provided off-site impacts
are not significant during these phases, then it is expected that flood risk can be minimised through
provisions such as ensuring that the removal of vegetation and stripping of overburden occur during
the dry season.
As described in Appendix A, modelled increases in downstream flows however have been shown to
be minimal and only present in the temporary phase before large scale earthworks are undertaken.
To further minimise potential increases in runoff potential, vegetation removal should be undertaken
outside of the wet season where practical up to and including Stage E3 of the proposed quarry11. No
negative impacts were identified in terms of increased downstream flood levels, flows, velocities or
duration for any of the other modelled phases. No further floodplain mitigation measures are
therefore recommended.

4.2.1

Impact Assessment
Table 4-2 outlines the potential impacts associated with the project, along with a risk rating based on
the risk assessment tables provided in Appendix F. The first risk rating column is based on the
unmitigated impacts, while the second risk rating column is based on the risk level once mitigation
measures have been implemented.

11

It is acknowledged that this may not be feasible for an operating quarry however clearing in the dry season is
not considered essential given the minimal modelled increases in downstream flows and temporary risk
timeframe.
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Table 4-2
Construction

ID

Activities

F1

Floodplain Potential Impacts
Unmitigated
Risk

Associated Potential Impacts
12

Score

Vegetation

Increases in the volume of runoff and increase

clearing and

the rate of that runoff resulting in increased

soil

downstream peak levels, velocities and length

compaction

of inundation threatening people and/or

Mitigated Risk

3,1

Rating

Low

15

Score

3,1

Rating

Low

property.

4.3

Receiving Water Hydrologic Impacts and Mitigation Measures
Impacts in relation to hydrologic changes are assessed in terms of the change in frequency and
volume of flows discharged to downstream waterways. Risk can be increased through changes to
flow frequency and magnitude through changes to the catchment upstream of the waterways.
The project has the potential to significantly impact the hydrology of waterways within the site
boundary through three principal methods including:


The proposed disturbance footprint extending into waterways;



Changes to catchment conditions (e.g. removal of vegetation, increase in imperviousness); and



Redirection and storage of flows from upstream areas.

These impacts are described further below. A hydrologic management strategy (including a detailed
assessment of the hydrologic impacts) for the project is also provided in Appendix B.

4.3.1

Extension into Waterways
The extension of the disturbance footprint into waterways can have direct and obvious impact to
waterways. It can significantly reduce the function and values of the waterway immediately within the
footprint – and also upstream and downstream of the footprint area due to reduced connectivity and
changed flow characteristics.
The proposed disturbance footprint, however, has been designed to minimise any extension into
waterways. The only works proposed in any watercourse is the armouring of stream bed and banks
so as to protect the streams from the erosive forces of high velocities downstream of the proposed
quarry dam and sediment basin. Any such works may be subject to further approvals and State
consent. The extraction of quarry material or any other works are not proposed within any
watercourse.
The majority of waterways within the site boundary are external to the proposed disturbance footprint.
This includes all waterways within the Southern Catchment, and all second and third order streams in
the Northern and Mid catchments apart from where minor waterway stabilisation works are proposed
(see Figure 3-8). This subsequently greatly reduces potential impacts to waterway hydrology.

12

Note: Consequence and likelihood scores as defined in Appendix F.
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Changes to Catchment Conditions
The project will result in the removal of vegetation and increased imperviousness within the proposed
disturbance footprint. This has the potential to increase the volume, velocity and frequency of runoff
from the site and decrease catchment baseflow. These changes would subsequently alter the
hydrology in downstream waterways potentially impacting on waterway ecosystems and increasing
the risk of erosion in these areas.
These impacts are proposed to be mitigated by the storage and reuse of stormwater flows, namely:

4.3.3



Temporarily storing flows within the quarry pit (and pumping these flows to the quarry dam);



Storage of flows (from the dam catchment and quarry pit area) in the quarry dam;



Use of stored water within the quarry dam to satisfy site water demands (e.g. dust suppression,
surface dust control, process water);



Temporary storage of water in the sediment basin; and



Decreased gradient across the plant area (decreasing runoff velocity).

Redirection and Storage of Flows from Upstream Areas
The project will change the direction of catchment flow across the site. The construction and
operation of the quarry pit, in particular, will result in a significant diversion of flows. This will change
the hydrology of waterways downstream of the project footprint and subsequently potentially impact
aquatic ecosystems within these waterways.
The area designated for the quarry pit is on a ridge and currently drains in two directions (to the northwest towards the second order stream in the Northern Catchment, and to the east and south-east
towards the second and third order streams in the Mid Catchment). Flows from the quarry pit will be
pumped (from within a sump in the quarry pit), to the quarry dam, which would have significant
potential to decrease the flows to the south-east and increase the flows to the north-east. It may also
be possible to direct some flow from the pit storage to the Southern Catchment.
The decrease in flows to the south-east is partially mitigated by the construction of the plant area,
which also flows to the south-east. The construction of the plant area (and associated changed
catchment conditions, e.g. increased imperviousness), will increase flows from this area.
The increase in flows to the north-east will be partially mitigated by the construction of the quarry dam
and the extraction of water from the quarry dam to satisfy site water demands (e.g. dust suppression,
surface dust control, process water).

4.3.4

Dewatering of Sediment Basin
The proposed sediment basin is designed to temporarily retain stormwater flows from the upstream
catchment to facilitate the removal of particulate matter from stormwater flows, subsequently reducing
pollutant loads discharging into downstream waterways. Stormwater flows up to a requisite volume
are retained within the sediment basin and mixed with an appropriate flocculent (where required).
The flocculent promotes the settlement of particulate matter within the water). Once appropriate
discharge limits are satisfied, the retained water will be discharged to the downstream waterway.
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The flows will be discharged from the sediment basin in accordance with the Erosion and Sediment
Control Plan (ESCP) for the site.
This controlled release of retained waters from the sediment basin will be subsequently different to
the existing hydrology. This changed hydrology has potential to negatively impact on downstream
aquatic ecosystems.

4.3.5

Impact Assessment
A detailed assessment of the hydrologic impacts associated with the project is provided in Appendix
B, but in summary:


The project is anticipated to reduce flows for all waterways downstream of the disturbance
footprint within the Northern and Mid Catchments with the exception of waterways downstream
of the quarry dam where flows are predicted to increase.



Reductions in dry season flows are also predicted downstream of the disturbance footprint,
except immediately downstream of the sediment basin. With this reduction in flows, the duration
of ‘low flow spells’ (i.e. when daily flow does not exceed the 50th percentile daily flow for the
existing site) increases at these sites.



The project is predicted to increase dry weather flows in waterways downstream of the sediment
basin. The probability of low flow spells (relative to the existing case) will also decrease at these
sites.



Project environmental scientists and ecologists involved in the assessment of both the terrestrial
and aquatic ecology have assessed the ecological risk associated with the predicted changes to
hydrology as ‘moderate’.

Table 4-3 outlines the potential impacts associated with the project, along with a risk rating based on
the risk assessment tables provided in Appendix F. The first risk rating column is based on the
unmitigated impacts, while the second risk rating column is based on the risk level once mitigation
measures have been implemented.
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Table 4-3

ID

H1

Potential Hydrologic Impacts
Unmitigated

Construction

Risk

Associated Potential Impacts

Activities

13

Score

Extension into

Reduced ecological functioning of waterway

waterways

immediately within waterway consumed by

Mitigated Risk

Rating

15

Score

Rating

3,5

Intolerable

1, 3

Low

3,5

Intolerable

2,3

Moderate

3,5

Intolerable

2,3

Moderate

3,5

Intolerable

2,1

Low

project footprint, upstream and downstream.
H2

Changes to

Increased volume and frequency of runoff and

catchment

decreased baseflow, altering the hydrology of

conditions

downstream waterways, impacting on waterway
ecosystems and increasing erosion risk.

H3

H4

Redirection &

Changed hydrology of downstream areas,

storage of flows

impacting on aquatic ecosystems and increasing

from upstream

erosion risk (in areas receiving more flows than

areas

existing).

Dewatering of

Changed hydrology of downstream areas,

sediment basin

impacting on aquatic ecosystems and increasing
erosion risk.

4.4

Receiving Water Quality Impacts and Mitigation Measures
Stormwater runoff from the proposed development has the potential to impact receiving water quality
including: freshwater creeks downstream of the site, an important wetland just downstream of the
site; high risk estuarine lakes and canals; and high value estuarine waterways (Tallebudgera Creek,
the Nerang River and the Southport Broadwater).
Activities which may result in impacts upon the waterways generally relate to the following:


Hydrologic changes;



Vegetation clearing and mulching;



Earthworks associated with the construction of the plant site, access roads and quarry dam;



Earthworks including excavation and stockpiling of overburden and quarrying of rock;



Overflow or dewatering (controlled release) of the sediment basins and quarry dam;



Operation of the quarry and associated plant and equipment;



Potential wastewater overflows; and



Bushfire and vegetation management.

Each one of these points is described further below. Appendix B also outlines the stormwater quality
management strategy for the site providing a more comprehensive assessment of the predicted
changes in stormwater flows and pollutant loads from the site.
13

Note: Consequence and likelihood scores as defined in Appendix F.
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Hydrologic Changes
Section 4.4.1 outlines the proposed impacts and mitigation measures for hydrologic changes
associated with the project. Receiving water quality is highly influenced by these impacts and
mitigation measures such as the generation and transportation of pollutant loads is closely linked to
catchment hydrology. With increased runoff volume, velocity and frequency, the generation and
transportation of pollutant loads to waterways will generally increase – and vice versa.
Subsequently, mitigation strategies integrated within the design of the project that reduce runoff
volume, velocity and frequency (such as the storage, harvesting and reuse of stormwater flows), will
decrease pollutant loads discharged to waterways. These mitigation strategies will also generally
mitigate potential impacts associated with decreased water quality in receiving waterways.

4.4.2

Vegetation Clearing and Earthworks
Activities relating to vegetation clearing and earthworks have the potential to expose soils to wind and
rain, resulting in erosion and sediment loss from the site. Sediment loss can impact on the water
quality of receiving waterways which in turn, impacts aquatic fauna and habitat values. Sediment can
carry various other pollutants (e.g. heavy metals) to downstream receiving waterways further
exacerbating impacts from sediment loads.
The nature of the project requires significant vegetation clearing and earthworks. However, the
extent of the proposed disturbance footprint has been designed to minimise the extent of clearing
required. For example, as described in Section 1.3, approximately 155 hectares within the site (70%
of the site), is proposed to be voluntarily set aside, as conservation area and not developed. This will
significantly limit any water quality impacts associated with vegetation clearing and earthworks.
To minimise impacts on downstream receiving environments, it is recommended that all vegetation
and overburden removal is undertaken in accordance with the ESCP and as far as practical outside
of the wet season. Any disturbed areas which are not subject to extractive industry use should be
stabilised in accordance with the ESCP.
Furthermore, a range of offset rehabilitation activities are proposed to repair the land from historic
agricultural use and damage from off road vehicles. These rehabilitation works are proposed within
the proposed conservation area. The focus of the rehabilitation activities will be on the waterways
and 4WD tracks. By rehabilitating the waterways and tracks within the conservation area, the volume
of sediments loads from these areas will substantially be reduced.
For any in-stream works (e.g. earthworks directly in streams or riparian vegetation removal), there is
the potential to impact on downstream water quality through disturbance of waterway beds and
banks. The disturbance footprint has also been designed to minimise extension into waterways
within the site. The only works proposed in watercourses is the armouring of stream bed and banks
so as to protect the streams from the erosive forces of high velocities downstream of the proposed
quarry dam and sediment basin. Such works may be subject to further approvals and State consent.
The extraction of quarry material or any other works are not proposed within any watercourse.
If vegetation within a waterway requires removal, or excavation or filling is required within a waterway,
a permit may be required under the Water Act 2000 unless the extent and type of works are exempt.
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Impacts associated with vegetation clearing and earthworks will be mitigated through the
implementation of an appropriate Erosion and Sediment Control Plan (ESCP) and an accompanying
Staged Clearing Plan. These documents will be prepared by a Certified Professional in Erosion and
Sediment Control (CPESC), who should also be responsible for the coordination of ESC activities.

4.4.3

Dewatering
The operation of the site will not rely on the use of town water. All site water demands (with the
exception of personnel usage) will be met through a stormwater harvesting and reuse (detailed in
Appendix B). During and/or after high rainfall, excess water in the quarry dam and sediment basin
may need to be released into the downstream receiving waterways. If this runoff is not suitably
treated prior to controlled releases, the stormwater could contaminate receiving waterways with
associated pollutants.
The most significant impact would most likely be associated with high sediment loads although as
noted above, sediment can also carry various other pollutants (e.g. heavy metals) to downstream
receiving waterways.
Settling of sediments in the pit sump, quarry dam and sediment basin will be the primary mitigation
measure proposed for the management of sediments. Flocculation of sediments in the sediment
basin may also be undertaken (if required) to assist in minimising the impacts of higher sediment
concentrations discharging from the site. If aluminium-based flocculants (for example), are over-used
however, these may result in toxic levels of aluminium in receiving waterways14. Similarly, if the
quarry dam needs to be dewatered for whatever reason, the discharge of cold, deoxygenated water
from a stratified dam could have serious implications on downstream ecology.
An appropriate dewatering strategy for the quarry dam will need to be developed to minimise any
impacts associated with infrequent dewatering.
An appropriate flocculation and dewatering strategy will also be required for the sediment basin, and
this will be detailed in required ESCP (see Section 4.4.2). It is proposed that the sediment basin
should incorporate beyond best practice management (BBMP) sediment capture technology
(described in Section 4.4.3.1 below).
If runoff from the plant site infrastructure area is not separated from other parts of the work areas,
hazardous chemicals could also contaminate receiving waterways. Runoff should subsequently be
appropriately separated to minimise any potential contamination of waterway areas.

4.4.3.1 Beyond Best Practice Water Quality Management
It is proposed that the management of sediment will rely predominantly on detention of water in the
proposed pit, sediment basin and quarry dam. A similar strategy in Boral’s West Burleigh quarry
directly on the opposite side of the highway has been undertaken for a number of years and has
successfully demonstrated compliance with concentration-based water quality objectives.

14

If turbidity is high, alum-based flocculants typically reduce aluminium in the water column because they
remove sediment. They typically only contribute to the Al concentration if the Al concentration is already low.

\\WBM-FS\ADMIN\ADMIN\B18995.G.NC_BORAL GOLD COAST QUARRY\R.B18995.001.04.DOCX

POTENTIAL IMPACTS AND MITIGATION MEASURES

4-12

If additional sediment removal is required beyond which can be achieved through detention, beyond
best management (BBMP) sediment capture technology should be employed. Second generation
sediment basins for example have been developed in New Zealand by the Auckland Regional
Council and trials by the Sunshine Coast Council (SCRC) have established their effectiveness
regionally.
'High efficiency', flow though sediment basin designs have been monitored and the outlet sediment
concentration has been assessed by the Sunshine Coast Regional Council (SCRC). The results of
this monitoring program showed that with coagulation/flocculation, 75 NTU and 50 mg/L TSS
concentration targets can be successfully met.
The high efficiency basins utilise a combination of technology including:


A rainfall activated coagulant dosing station;



A hydraulically efficient design; and



Floating off-takes to decant clean treated water.

This design varies significantly from the standard batch treatment basins (otherwise referred to as
type F or type D basins), currently commonly used throughout the rest of the state that rely on
manual treatment and manual pumping of water.
Before introducing the new specification, SCRC engaged BMT WBM to investigate the performance
of standard batch treatment basins compared to the new high efficiency basins. The BMT WBM
report (see BMT WBM, 2009) found that the new high efficiency basins are expected to capture 4 –
5.6 times more sediment than standard batch treatment basins. This study also found that standard
batch treatment basin were only capable of capturing between 15-20% of all sediment whereas the
high efficiency sediment basins were found to be capable of stopping up to 80-90% of sediment from
mobilising off site.
This latest design therefore exceeds performance of standard BMP in Queensland and represents
the first significant advancement in basin technology in Queensland in the last 16 years. The use of
second generation, high efficiency, flow though sediment basins is recommended for use on the site.

4.4.4

Operation of Plant and Equipment
Impacts on surface water resources may also result from the operation of plant and equipment which
could be a source of accidental spills and leaks of chemicals. Use and storage of chemicals will
include hydrocarbons (fuels, oils and greases), fire fighting equipment and cleaning chemicals. The
plant site infrastructure area will generate stormwater runoff and have the ability to act as a point
source of pollutants (e.g. through spills).
Depending on the size of the spill, this contaminated material may enter a nearby drainage channel
or waterway directly, or be washed into downstream waterways as pollutants in sediment laden runoff
during rainfall events. The impact from major spills and leaks can have acute and potentially toxic
impacts that can impact on the environmental values of the waterway and downstream users.
An Environmental Management Plan for the site will be developed to define operational requirements
for plant and equipment and appropriate management responses for potential accidental releases of
contaminants to waterways.
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Sewerage
Without appropriate sewerage infrastructure, sewage from the site could contribute high nutrient
loads, coliforms and wastewater chemicals to waterways causing impacts on the environmental
values of the waterway and downstream users.
The installation and management of appropriate sewerage infrastructure will subsequently be
required to ensure any potential impacts from sewage are minimised. In the earlier phases of the
quarry however, temporary infrastructure will be required during which time there is greatest risk to
receiving waterways due to potential overflows.

4.4.6

Bushfire and Vegetation Management
Bushfire and vegetation management includes the maintenance of vegetation in accordance with a
bushfire management plan that is expected to include maintaining fire buffers and access trails.
Potential impacts associated with this activity include: leaks from herbicide application; hydrocarbon
spills; leaks from plant and equipment; and excessive vegetation removal leading to bank instability
and erosion.
Bushfires may also contribute to water quality impacts through a range factors such as increased
rates of runoff and erosion, increased water repellence, loss of surface vegetation and canopy cover,
and ash sealing of soil pores (Smith et al. 2011). Inappropriate fire management may therefore lead
to increased sediment, nutrients, organic matter, ash and metal contaminants entering streams.
These contaminants produce a range of ecological and social impacts including a decline in
downstream aquatic ecosystem health, direct impacts to aquatic fauna, smothering of vegetation and
algal blooms. The changes in post fire hydrology can also lead to increased scour of waterways
which can result in destabilised channel bed and banks and the associated increase in sediment
basin, as well as direct impact to macroinvertebrate communities.
An appropriate bushfire management plan has been prepared to ensure any potential impacts
associated with bushfires are appropriately mitigated. Parts of this plan are already being
implemented on site.

4.4.7

Impact Assessment
The quality of runoff flowing into surrounding drainage features and waterways should be protected in
order to maintain the integrity and value receiving waterways. This protection is necessary to ensure
that aquatic ecosystems are not adversely impacted while also avoiding water contamination risk to
downstream water users (e.g. secondary contact recreation).
A stormwater quality management strategy has been proposed for the site, incorporating several
stormwater management measures including the quarry pit, quarry dam, rock channels, sediment
basin and additional erosion and sediment control practices. Modelling has been undertaken to
assess the stormwater pollutant loads predicted to leave the site (i) in its current condition and (ii) with
the proposed quarry operations. Appendix B provides further information in relation to the proposed
stormwater quality management strategy and the modelling
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The modelling has assessed three project phases (C1, Q1 and Q5), and these phases have been
selected as they show the diverse range conditions within the development. The pollutant modelling
has focussed on ‘total suspended solids’ for several reasons (i.e.: TSS is likely to be the key pollutant
from the site in its existing state and with the proposed quarry operations; TSS is readily modelled
using existing software packages; can be readily monitored pre development as well as during
construction and operation; and TSS is important from both ecological and social perspectives in
downstream receiving waterways).
Our assessment indicates that the project (and associated stormwater quality management strategy)
will likely decrease stormwater pollutant loads discharging from the site (relative to the existing site).
It is noted that Appendix B includes an assessment of the quality of stormwater runoff discharging
from the site. If an assessment of the changes in downstream receiving water quality were to be
required, receiving water quality modelling would need to be undertaken. While potential changes to
the concentration of pollutants in downstream receiving waters are acknowledged, receiving water
quality modelling is not recommended given the predicted reduction in stormwater pollutant loads
associated with the project (and associated water strategy) relative to the existing site.
Table A- 2 outlines the potential impacts associated with the project, along with a risk rating based on
the risk assessment tables provided in Appendix F. The first risk rating column is based on the
unmitigated impacts, while the second risk rating column is based on the risk level once mitigation
measures have been implemented.
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Table 4-4

ID

W1

Unmitigated

Construction

15

Score

2,2

Low

3,5

Intolerable

2,2

Low

3,2

Moderate

2,1

Low

1,4

Low

1,3

Low

3,5

Intolerable

2,2

Low

1,4

Low

1,3

Low

3,5

Intolerable

2,2

Low

3,3

Significant

2, 1

Low

Land disturbing activities within drainage lines and creeks resulting in increased sediment loads due to exposed soils.

3,3

Significant

2, 1

Low

Lack of erosion and sediment controls leading to sediment laden runoff entering waterways, impacting on water quality.

3,5

Intolerable

2,1

Low

1,4

Low

1,3

Low

4,5

Intolerable

2,2

Low

Vegetation

Increased sediment loads in runoff (from cleared areas) entering receiving waterways, impacting on water quality and hence

clearing

aquatic flora and fauna.

Accidental spills or leaks of chemicals or hydrocarbons from plant and equipment, potentially impacting on aquatic ecosystems
if the material enters waterways.
Earthworks,

Increased sediment loads in runoff (from earthworks) entering receiving waterways, impacting on water quality and hence

including

aquatic flora and fauna.

excavation of the

Accidental spills or leaks of chemicals or hydrocarbons from plant and equipment, potentially impacting on aquatic ecosystems

quarry pit and

if the material enters waterways.

stockpiling of

Lack of erosion and sediment controls leading to sediment laden runoff entering waterways, impacting on water quality.

overburden

Inappropriate changes to bank and bed of channels may lead to geomorphic responses in the channels during rainfall events.
This can result in erosion which may increase water column and bed loads of sediments.

Accidental spills or leaks of chemicals or hydrocarbons from plant and equipment, potentially impacting on aquatic ecosystems
if the material enters waterways.

15

Dewatering
(controlled
release)
of
storage
and
settling pond/dam

Rating

Intolerable

levels).

W4

15

Score

3,5

Organic material (from mulch stockpiles) entering waterways and impacting on water quality (e.g. depletion of dissolved oxygen

W3

Rating

Increased generation and transport of pollutant loads associated with changes in hydrology.

changes
W2

Mitigated Risk

Risk

Associated Potential Impacts

Activities
Hydrologic

Water Quality Potential Impacts

Controlled release of inadequately treated stormwater from quarry dam or sediment basin contaminating receiving waterways
with associated pollutants.

Note: Consequence and likelihood scores as defined in Appendix DF.
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POTENTIAL IMPACTS AND MITIGATION MEASURES
ID

W5

Unmitigated

Construction

Operation of the
quarry
and
associated plant
and equipment

Risk

Associated Potential Impacts

Activities

15

Score
Discharge of polluted stormwater runoff from the plant site infrastructure area into downstream receiving environments leading

Mitigated Risk

Rating

15

Score

Rating

2,3

Moderate

2,2

Low

Uncontrolled runoff from wheel wash and vehicle wash down facilities leading to impacts on aquatic biota or habitats.

2,3

Moderate

2,1

Low

Accidental spills of chemicals - these can impact aquatic (and terrestrial) biota and ecosystems.

1,3

Moderate

1,1

Low

1,1

Low

1,1

Low

3,5

Intolerable

2,1

Low

1,3

Moderate

1,1

Low

2,4

Significant

2,1

Low

3,5

Intolerable

2,1

Low

to impacts on aquatic biota or habitats.

W6

Sewage

Accidental spills or overflows entering receiving waterways, impacting on water quality.

W7

Fire

Bushfires leading to increased sediment, nutrients, organic matter, ash and metal contaminants entering streams resulting in a

management

range of ecological and social impacts including decline in aquatic ecosystem health, direct impacts to aquatic fauna,
smothering of vegetation and algal blooms. Also, changes in post fire hydrology leading to increased scour of waterways,
sediment basin and direct impacts to macroinvertebrate communities.
Accidental spills of chemicals, e.g. herbicides, hydrocarbons, etc. - these can impact aquatic (and terrestrial) ecosystems.
Soil and stream instability due to excessive vegetation removal, leading to impacts on downstream water quality from sediment
laden runoff.
Bushfires leading to increased sediment, nutrients, organic matter, ash and metal contaminants entering streams resulting in a
range of ecological and social impacts including decline in aquatic ecosystem health, direct impacts to aquatic fauna,
smothering of vegetation and algal blooms. Also, changes in post fire hydrology leading to increased scour of waterways,
sediment basin and direct impacts to macroinvertebrate communities.
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MONITORING PROGRAM
The monitoring program involves two phases i.e.
1.

Phase 1 - Predevelopment (baseline) water quality monitoring designed to characterise the
baseline (or background) water quality conditions in the receiving waterways prior to
commencement of development activities.

2.

Phase 2 - Construction/operational phase water quality monitoring designed to assess the
effectiveness of management strategies for protecting water resources during the
construction/operation phase of the project (in accordance with the requirements of the TOR).

For many sites, ambient sampling is conducted at regular intervals over an extended period
predominantly capturing water quality during baseflow conditions. Ambient water quality data can be
used to characterise the spatial and temporal trends in water quality taking into account seasonal
variations.
Given that all waterways within the site are ephemeral and therefore typically dry, baseflow conditions
generally do not exist for sufficiently extended periods during the year to undertake ambient water
quality monitoring. To take account of the site-specific conditions, this water quality monitoring
program has therefore been designed around ‘event-based’ monitoring.
Event-based monitoring is conducted during storm flow conditions in waterways following significant
rainfall events in a catchment. For this project, a significant rainfall event is defined as an event
greater than approximately 25 mm of rainfall within a 24-hour period.
Based on the water quality monitoring undertaken to date (described in Section 3.5.2), 25 mm of
rainfall within a 24-hour period does not always appear sufficient to generate flows within the site’s
waterways. Furthermore, the rainfall data sourced from local BoM stations is not entirely
representative of rainfall on site and therefore while the recent records may indicate over 25 mm has
occurred, less rainfall (and therefore flow) may have occurred on site. The definition of a significant
rainfall event therefore needs to be refined based on more site-specific rainfall or flow data. This is to
be undertaken as part of subsequent monitoring however until it occurs, “approximately” 25mm of
rainfall has been adopted as the threshold for monitoring. .
The Water Quality Monitoring Program is to be undertaken in accordance with the Queensland Water
Quality Guidelines (DERM, 2009a), except as otherwise noted below.

5.1

Pre-Development (Baseline) Water Quality Monitoring

5.1.1

Objectives
The key objective for conducting event-based sampling during the pre-development phase is to
characterise pre-development baseline stormflow water quality, in order to allow assessment of
changes in downstream water quality following development. The purpose of this assessment is to
understand whether stormwater discharges from the development are responsible for receiving water
quality which is inconsistent with baseline conditions and WQOs (one of the objectives of the
construction/operational phase monitoring). This knowledge will then be used to inform responsive
management so that impacts on receiving water quality is minimised in accordance with best practice
management.
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In order to achieve this objective, it will be necessary to define appropriate event mean
concentrations (EMCs) for target pollutants (see Figure 5-2 for target pollutants) and acceptable limits
for physical parameters.
This monitoring program has also been drafted to ensure that monitoring is undertaken in accordance
with correct protocols.

5.1.2

Monitoring Sites
One reference site and two standard water quality monitoring sites are proposed to be established
i.e.


One water quality monitoring reference site (Site A) is proposed in the South-A Subcatchment
immediately upstream of the site boundary.



One water quality monitoring site (Site B) is proposed in the Northern-C Subcatchment
immediately upstream of the site boundary.



One water quality monitoring site (Site C) is proposed in the Mid-E Subcatchment immediately
upstream of the site boundary.

These points are to be generally in the same location as the existing water quality monitoring sites
and are shown on Figure 5-1 (as sites A, B and C). An assessment of the reference site (Site A)
against selection criteria used to determine eligibility for reference site status has been provided in
Table 5-1. The assessment criteria presented is the same criteria used by DEHP to establish
reference sites and is based on the River Bioassessment Manual (Davies 1994). Sites are assessed
using a total score out of five16 for ten criteria. Sites assessed using this method which score above
forty-four are typically deemed to be suitable as reference sites.

16

Where: 1 = very major impact; 2 = major impact; 3 = moderate impact; 4 = minor impact; and 5 =
indiscernible impact.
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Table 5-1
No.

Preliminary Assessment of the Reference Site against Selection Criteria
Selected Site Characteristics

Reference Condition Selection
Criteria

Score

1

Influence of intensive agriculture
upstream

There is no agriculture within the catchment upstream of the site. Although parts of the site were historically used for
grazing this was by no means intensive. The catchment has returned to a predominantly natural condition.

4

2

Influence
industry

There is no current or historic major extractive industries within the contributing catchment upstream of the site

5

3

Influence of major urban area
upstream

There is no urban development within the contributing catchment upstream of the site. See Point 6 for further discussion
on changes to this catchment.

5

4

Influence of significant pointsource waste water discharge
upstream

There are no point-source waste water discharges within the contributing catchment upstream of the site.

5

5

Influence of dam or major weir

There are no dams or weirs within the contributing catchment upstream of the site.

5

6

Influence of alteration to seasonal
flow regime

The only alteration to flow regime within the contributing catchment upstream of the site comes from earthworks
associated with neighboring urban development. These works resulted in a very small part of the top of the original
catchment being redirected to flow north (away from the monitoring site).

4

7

Influence of alteration to riparian
zone

A comprehensive assessment of the full extent of riparian condition is yet to be undertaken. Based on site inspection of
the lower part of the catchment and aerial photography, it appears that only the riparian zone in the lower catchment is
not relatively natural i.e. some limited historic clearing is evident although limited.

5

8

Influence of erosion and damage
by stock on riparian zone banks

There is no known erosion or damage by stock on riparian zone banks although historic grazing may have resulted in
some limited damage.

5

9

Influence
of
major
geomorphological change on
stream channel

There is no known major geomorphological change on stream channel although the main channel could possibly have
slightly widened due to historic land management practices

5

10

Influence of alteration to instream
conditions and habitats

A comprehensive site assessment of the full extent of riparian condition is yet to be undertaken. Based on site inspection
of the lower part of the catchment and aerial photography, it appears that only the riparian zone in the lower catchment is
not relatively natural i.e. some historic clearing is evident and the channel bed is dominated here by exotic grasses.

4

Total Score

47

of

major

extractive
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Site A scores over the minimum score typically required for a site to be deemed appropriate as a
reference site. A number of additional factors also contribute to the suitability of the site as a
reference site including:


The proposed monitoring site is located within the site boundary and is therefore within very
close proximity to the other monitoring sites.



The proposed monitoring site’s contributing catchment shares similar topography, soils,
vegetation, rainfall and micro climate as the the other monitoring sites.



The contributing catchment shares the same historic land use as the contributing catchment of
the other monitoring sites.

Sites B and C have been selected as they are located downstream from the proposed quarry dam
and sediment basin discharge points yet are just upstream of and within the site boundary. The
locations will therefore provide the best indication of the water quality both predevelopment and
during the construction/operational phase.

5.1.3

Monitoring Program Methodology
Event-based monitoring for the pre-development (baseline) phase of the project is to be conducted as
follows:
1.

2.

Collection of Water Quality Samples – The methods used for collection of water quality
samples will involve: in-situ water quality monitoring using a pre-calibrated hand held water
quality instrument; rising-stage samplers and grab samples. For quality assurance (QA)
purposes, a number of QA procedures will be adhered to during all field work including but not
limited to the following:


Sampling undertaken by suitably trained and competent persons



Sampling undertaken in accordance with the Monitoring and Sampling Manual Version 2
(DERM, 2009b).



Water quality instrument calibration before the commencement of sampling and cleaning
the probe prior to monitoring of each site.



Water quality samples preserved correctly and shipped to the laboratory within nominated
holding times using an appropriate chain of custody form.



Samples then shipped and delivered to a NATA-accredited laboratory for analysis.

Water Quality Analysis – A range of physio-chemical water quality indicators will be analysed
in the laboratory or by using the pre-calibrated hand held water quality instrument. Water quality
parameters during the baseline water quality monitoring program are to be measured in
accordance with Table 5-2.
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Table 5-2
Water Quality
Parameters Tested
using Hand Held
Water Quality
Instrument

Proposed Water Quality Monitoring Parameters
Water Quality Parameters Analysed in the Laboratory

Physical Parameters

Solids & Nutrients

Metals (total and filtered)

Other

Dissolved oxygen

Total Nitrogen

Aluminium

Total thermotolerant coliforms

pH

Total Phosphorus

Arsenic

Total hydrocarbons

Oxidation reduction
potential (ORP)

Nitrite + Nitrate (as N)

Barium

Ammonia-Nitrogen

Beryllium

Ortho-Phosphorus

Boron

Total Suspended Solids

Cadmium

Temperature
Salinity
Conductivity

Chromium

Turbidity

Cobalt
Copper

Note: when monitoring
the quarry dam, these
parameters should be
measured across the
depth profile to
understand variation in
water quality with depth
especially when thermally
stratified.

Iron
Lead
Manganese
Mercury
Nickel
Selenium
Silicon
Silver
Strontium
Vanadium
Zinc

5.2

3.

Rainfall – A rain gauge will be installed on site or at the existing Boral Quarry, Burleigh West
(approximately 1 km from two of the monitoring sites). This rain gauge would provide rainfall
records which are more immediate, reliable, and relevant compared to those from local BoM
stations.

4.

Timing, Frequency and Duration – Monitoring and sampling should be undertaken
immediately following every significant rainfall event (greater than approximately 25 mm of
rainfall within a 24-hour period) for at least one year prior to any earthworks commencing or until
clear water quality trends can have been established. Whether sampling occurs will be
dependent upon whether there is sufficient flow in the waterways. The definition of a ‘significant
rainfall event’ will need to be revised based on site-specific conditions. It is noted that the predevelopment monitoring has already been initiated (as described in Section 2.3.1).

Construction/Operational Phase Monitoring
The aims of the monitoring during the construction/operational phase of the project include:
1.

To assess the effectiveness of management strategies for protecting water resources;

2.

Ensure that any non-compliance with respect to water quality is identified; and
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3.

5.2.1

Inform timely, responsive management practices when non-compliance is detected.

Objectives
Key objectives associated with the water quality
construction/operational phase of the project are as follows:

5.2.2

monitoring

program

during

the

1.

To establish a relationship between TSS and turbidity so that immediate management decisions
based on site-based turbidity readings (rather than laboratory TSS values), can be made (see
Section 5.2.4.2 for a further discussion on this issue).

2.

To ensure that controlled discharges from the quarry dam and sediment basin (not including
overflows), meet minimum concentration-based discharge criteria (see Section 5.2.4.2 for further
discussion on discharge criteria).

3.

To identify the degree to which discharges to receiving waterways are responsible for receiving
water quality values that are inconsistent with baseline conditions.

4.

To inform appropriate flocculation rates.

5.

To ensure monitoring is undertaken in accordance with correct protocols.

Monitoring Sites
Sites to be monitored during the construction phase will include the same sites as per the predevelopment baseline water quality monitoring (see Section 5.1). Additionally, one monitoring point
upstream of each discharge location is proposed to allow comparison between upstream and
downstream water quality and better understand the influence of runoff from disturbed catchment on
water quality.
Additionally, water quality monitoring will be undertaken within the proposed sediment basin and
quarry dam prior to any controlled release. This will include testing of treated water to ensure it
meets minimum discharge criteria, prior to discharge. The monitoring sites are summarised as
follows:


One water quality monitoring reference site is proposed in the South-A Subcatchment
immediately upstream of the site boundary.



One water quality monitoring site is proposed in the Northern-C Subcatchment immediately
upstream of the quarry dam discharge point and another monitoring point is proposed
immediately downstream of the discharge point.



One water quality monitoring site is proposed in the Mid-E Subcatchment immediately upstream
of the proposed sediment basin discharge point and another monitoring point is proposed
immediately downstream of the discharge point.



One water quality monitoring site within the proposed quarry dam.



One water quality monitoring site within the proposed sediment basin.

The approximate location of all the monitoring points has been shown on Figure 5-1.
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5.2.3

Monitoring Program Methodology
Construction/operational phase event-based monitoring for the project is designed in response to the
objectives. There will therefore be four types of monitoring during this phase i.e.
1.

Type 1 - to establish a relationship between TSS and turbidity.

2.

Type 2 - to ensure that controlled discharges from the quarry dam and sediment basin (not
including overflows), meet minimum discharge criteria.

3.

Type 3 - to identify the degree to which discharges to receiving waterways are responsible for
receiving water quality values that are inconsistent with baseline conditions.

4.

Type 4 - to inform appropriate flocculation rates.

The methodology for these four monitoring types will be conducted as follows:
1.

Collection of Water Quality Samples – The methods used for collection of water quality
samples will involve: in-situ water quality monitoring using a pre-calibrated hand held water
quality instrument; rising-stage samplers and grab samples. Table 5-3 provides a summary of
the monitoring methods to be adopted at each site in relation to each type of monitoring.
Table 5-3

Monitoring Methods to be Adopted at Each Site in Relative to Monitoring Type

Monitoring Type

Location of Monitoring

Monitoring Methods

Type 1

Within the proposed sediment basin and
quarry only prior to any controlled
discharge.

In-situ monitoring for turbidity and grab
sample/laboratory analysis for TSS.

Type 2

Within the proposed sediment basin and
quarry only prior to any controlled
discharge.

In-situ monitoring for turbidity and grab
sample/laboratory analysis for TSS.

Type 3*

At each of the 6 monitoring points shown on
Figure 5-1.

In accordance with parameters listed in
Table 5-2. This will include in-situ
monitoring as well as laboratory analysis of
grab samples and samples taken using
rising-stage samplers.

Type 4**

Within the proposed sediment basin and
quarry only prior to any controlled
discharge.

In-situ monitoring for turbidity and grab
sample/laboratory analysis for TSS.

* This will also require consideration of results from Type 1 and 2 monitoring
** This will also require consideration of results from Type 1, 2 and 3 monitoring.

2.

For quality assurance (QA) purposes, a number of QA procedures will be adhered to during all
field work including but not limited to the following:


Sampling undertaken by suitably trained and competent persons;



Sampling undertaken in accordance with the Monitoring and Sampling Manual Version 2
(DERM, 2009b);
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Water quality instrument calibration before the commencement of sampling and cleaning the
probe prior to monitoring of each site;



Water quality samples preserved correctly and shipped to the laboratory within nominated
holding times using an appropriate chain of custody form; and



Samples then shipped and delivered to a NATA-accredited laboratory for analysis.

Water Quality Analysis– A range of physio-chemical water quality indicators will be analysed in the
laboratory or by using the pre-calibrated hand held water quality instrument. Water quality
parameters are to be measured in accordance with Table 5-2 and Table 5-4 defines which
parameters are appropriate for which type of construction/operational phase monitoring.
Table 5-4

Relevance of Water Quality Parameters for Each Type of Monitoring

Monitoring
Type

Water Quality Parameters
Physical parameters

Solids & Nutrients

Metals
(total & filtered)

Other Parameters

Type 1

Turbidity only

TSS only

N/A

N/A

Type 2

All

TSS only

N/A

N/A

All**

TSS only but all
once per annum

All once per annum

All once per annum

Only turbidity required
although other physical
parameters should also be
recorded.*

N/A

N/A

N/A

Type 3
Type 4

* In addition, visual observations are to be conducted daily during construction/operation to check for scum formation, oil
films, etc. which may suggest spillage of construction materials/substances.
** Where controlled releases from the dam are planned, temperature must be measured to the depth of draining.

3.

Rainfall – A rain gauge will be installed on site or at the existing Boral Quarry, West Burleigh
(approximately 1 km from two of the monitoring sites). This rain gauge would provide rainfall
records which are more immediate, reliable, and relevant compared to those from local BoM
stations. Alternatively, a flow gauge could be installed on site.

4.

Timing, Frequency and Duration – The period, frequency and duration of each type of
monitoring is summarised in Table 5-5.
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Table 5-5

Monitoring
Type

Summary of Construction/Operational Phase Monitoring Period, Frequency and
Duration
Timing

Frequency

Duration

During the first year of operation of
the sediment basin and repeat in the
first year after commencement of
Phase C1, Q1 and Q5.

Every time there is a controlled
discharge of water from the
sediment basin or quarry dam.

At least in the first year
of
construction
and
repeat in the first year
after commencement of
Phase C1, Q1 and Q5.

Type 2

Prior to every controlled discharge of
water from the sediment basin or
quarry dam.

Every time there is a controlled
discharge of water from the
sediment basin or quarry dam.

Type 3

During/following a significant rainfall
event (defined as an event greater
than approximately 25 mm of rainfall
within a 24-hour period or as adapted
to suit site conditions).

Every time a significant rainfall event
occurs during the defined duration
and there are sufficient flows at the
monitoring sites.

Type 1

Type 4

Prior to every controlled discharge of
water from the sediment basin or
quarry dam.

Every time there is a controlled
discharge of water from the
sediment basin or quarry dam.

For the
project.t

life

of

the

For the
project*.

life

of

the

For the
project.t

life

of

the

*The pre-development monitoring has already been initiated (as described in Section 2.3.1), and will
continue for at least one year prior to this monitoring phase.

5.2.4

Construction/Operational Phase Water Quality Objectives

5.2.4.1 Receiving Waterway Baseline Quality
The monitoring of baseline water quality conditions in the receiving waterways will be used to
characterise pre-development baseline stormflow quality, with the view to inform responsive
management. Based on the results of the water quality modelling presented in Appendix B, it is
possible to achieve no worsening of water quality in the receiving waterways.
The intent of developing EMCs for target pollutants (outlined in Table 5-2) and acceptable limits for
physical parameters is therefore, to minimise impacts on receiving water quality in accordance with
best practice management. The types of best management practices responses that would be
expected to result from the definition of EMCs/acceptable limits would include for example:


If the TSS concentrations or turbidity levels exceed EMCs significantly more than would be
expected (based on previous records), this would trigger a revision of current erosion and
sediment control practices and improvement of those practices. If for whatever reason, the
quarry dam needed to be drained, an assessment of water quality in the dam would first be
undertaken. In some cases (e.g. high TSS concentrations), water may need to be treated prior
to release. In other cases (overly cold, stratified waters), release may need to be delayed,
limited or managed so as to avoid impact in downstream receiving waterways.
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If use of an aluminium–based flocking agent was found to be contributing to aluminium
concentrations above EMC to the extent that ecological impacts would be expected (above
WQOs), a different flocculent would need to be trialled17.

The above points provide only an example of the value of developing EMCs for target pollutants and
acceptable limits for physical parameters. A detailed Environmental Management Plan (EMP) will
provide more specific guidance on appropriate use of the EMCs/acceptable limits.

5.2.4.2 Discharge Criteria
Construction/operational phase WQOs, or release criteria, are limited to those parameters that are
directly linked to construction site management practices.
The GCCC Land Development Guidelines (GCCC, 2005) recommend that site-specific construction
phase discharge criteria should also be developed to enable more responsive site management of
stormwater pollutants. Similarly, the Urban Stormwater Quality Planning Guidelines (DERM, 2010d)
recommend that site-specific receiving water quality objectives be developed.
In many cases, site-specific objectives have the potential to better protect the EVs of downstream
receiving waterways by maximising treatment beyond what could be achieved in response to generic
objectives.
The GCCC TSS construction phase WQO and the DERM receiving water quality objectives (see
Tables 2-5, 2-6 and B-7) should therefore be adopted for the site as interim objectives only. Longer
term discharge criteria should be developed from a comprehensive assessment of receiving water
quality and the setting of appropriate receiving water quality objectives.
TSS and turbidity will be the primary monitoring focus. Based on the release criteria for TSS in Table
2-6, construction phase water quality monitoring would involve analysis of water quality samples in a
laboratory to determine TSS concentration. Consequently, the results would not be immediately
available and therefore not practical for a quarry. To address this issue, turbidity is typically a much
more practical parameter to monitor as measurements are taken in-situ and are available
immediately. However, to ensure the TSS criterion is being met, it is necessary to correlate turbidity
to TSS (this relationship varies depending on a particular site characteristics). To achieve this, a sitespecific relationship should be developed between turbidity and TSS. This will enable the rapid
feedback of turbidity monitoring into site management actions (such as flocculation and timing of
discharge from a sediment basin).
In order to determine this TSS/turbidity relationship, samples for TSS and turbidity are required to be
taken at the same time, over a period long enough to provide a sufficient dataset necessary to
determine a good correlation between the two parameters. As noted in Table 5-5, it is proposed to
develop this over course of the first year of operation of the quarry dam and revisit the relationship in
the first year after completion commencement of Phase C1, Q1 and Q5 as the relationship may
change over time.

17

If turbidity is high, alum-based flocculants typically reduce aluminium in the water column because they
remove sediment. They typically only contribute to the Al concentration if the Al concentration is already low.
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In the absence of any site-specific turbidity/TSS relationship (e.g. at the start of construction phase
monitoring or through an inability to accurately correlate turbidity to TSS), the turbidity criteria
included in Table 2-6 should be used. This requires concurrently measuring turbidity onsite and in the
receiving water to ensure that release waters are less than 10% above receiving water turbidity, prior
to discharge. If there is insufficient flow in waterways to measure turbidity, the baseline monitoring
should inform suitable background stormflow turbidity levels.
It is noted that the monitoring of TSS will still be required for compliance monitoring purposes.

5.3

Integration of Water Quality
Environmental Management Plan

Monitoring

with

the

The TOR for the Project (See Section 1.2) requires that strategies need to be detailed to demonstrate
best practice management is incorporated into appropriate sections of the Environmental
Management Plan (EMP), which is being prepared separately. This section describes how the key
monitoring program recommendations in particular, will be incorporated into appropriate sections of
the EMP. For the most part, this will be detailed in the Erosion and Sediment Control Plan (ESCP)
(which also is being prepared separately as part of the EMP), although this section provides an
important linkage between the strategies identified herein and the ESCP.
Impacts associated with vegetation clearing and earthworks will also be mitigated through the
implementation of a Staged Clearing Plan which is to be prepared in conjunction with the ESCP and
prepared by a CPESC.

5.3.1

Erosion and Sediment Control Activities
To minimise impacts on downstream receiving environments, it is recommended that all vegetation
and overburden removal is undertaken in accordance with the ESCP. Any disturbed areas which are
not subject to extractive industry use, should be stabilised in accordance with the ESCP.
The ESCP also should also detail the functional roles of the various water management measures
proposed in Appendix B in ESC. These measures should include as a minimum:


The quarry pit including settling of sediments in the pit before pumping of water from the pit sump
to the quarry dam.



The quarry dam including settling of sediments in the dam before reuse of water from the dam
for process water; plant dust suppression and surface dust suppression.



The 3,897 m2/ 9,783 m3 sediment basin including settling/flocculation of sediments in the dam
prior to controlled discharge (not including overflows) at no greater than 50 mg/L of TSS. This
also includes the option to utilise some stormwater flows retained in this basin to supplement
non-potable water demands (e.g. dust suppression).



The collection of rainwater in rainwater tanks and reuse of harvested rainwater for non-potable
water usages (e.g. toilet flushing, vehicle washdown).

The ESCP should include relevant controlled discharge criteria for the quarry dam and sediment
basin and a detailed methodology outlining how these criteria will be met including requirements for
detention, flocculation, and monitoring.
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Discharge of Water from Site
To assist with TSS/turbidity monitoring and subsequent decisions regarding the release of onsite
water to receiving waters during the construction phase of the project, a decision tree is included in
Figure 5-2.
The criteria included in the decision tree are based on those specified in the performance criteria
provided in Table 2-6 above.

5.3.3

Compliance
A compliance inspection checklist related to stormwater quality management for the site should be
included as part of an appropriate Environmental Management Plan for the site. It is recommended
that this checklist be used as a guide to ensure that the stormwater quality management strategy
contained within this report is being complied with and that all practical and reasonable measures are
being undertaken to minimise any potential for the discharge of stormwater pollutants.
Inspections related to stormwater quality management should be undertaken monthly (as a minimum)
and after significant rainfall events to check for damage to ESC measures or significant sediment
accumulation.
It is recommended that copies of completed compliance inspection checklists be retained on site (and
filed in an appropriate location), for inspection by regulatory authorities upon request.

5.3.4

Non-Compliance
In the event of exceedance of the nominated trigger values in discharge from the site, corrective
actions will be required. To guide the decision making process, Table 5-6 has been detailed below to
provide examples of the types of corrective actions which should form part of the ESCP.

5.3.5

Timing, Duration and Responsibilities of the ESCP
Given that some ESC measures will need to be installed prior to any earthworks or clearing of
vegetation, the ESCP also commences prior to any earthworks or clearing of vegetation on site. In
effect, installation of ESC measures is therefore the first step in undertaking works.
Unlike typical urban land uses, the proposed quarry will be a continually evolving land use with
clearing and earthworks undertaken in numerous phases for the life of the project. Similarly
discharges from the sediment basin (and to a lesser extent the quarry dam) will also occur for the life
of the project.
The ESCP therefore needs to reflect these use-specific scenarios and account for the various phases
of the project. This means that the ESCP plan must be in effect and implemented for the life of the
project.
A Certified Professional in Erosion and Sediment Control (CPESC) will be responsible for the
implementation of the ESCP at various stages although their level of involvement will fluctuate. Key
periods where a CPESC should be engaged and where the CPESC should have responsibilities
under the ESCP include the following:
1.

In drafting the ESCP;
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2.

In drafting a decommissioning ESCP; and

3.

Where any major non-compliance has occurred and specialist advice is required.
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Apart from these three stages, the implementation of the ESCP will be undertaken by Boral site
personnel and a Boral representative must be officially delegated as being ultimately responsible for
the implementation of the ESCP. This person should ensure that the CPESC is engaged at the
appropriate stages including at the 3 stages outlined above at a minimum (acknowledging that the
first point may be premature although should nevertheless occur).
Based on the above advice therefore, the implementation of the ESCP will be the responsibility of the
delegated Boral representative. The option also exists for a Boral representative to become a suitably
qualified CPESC.

5.3.6

Revision of the ESCP
As the site evolves, a greater level of information is developed to continually improve the way the site
is managed so as to better protect downstream receiving environments. On such a dynamic site as
the proposed quarry, this is especially the case.
Environmental impacts associated with water quality will be assessed on a monthly basis and
compliance signed off annually as part of the environmental licensing for the project. Any major
issues with the ESCP will therefore be picked up and if any such issues arise, the ESCP should be
updated accordingly by the Boral environmental officer.

5.3.7

Ecological Assessment
While the ecological assessment of the site and recommendations for ecological monitoring are
presented in separate technical reports, the EMP must recognise and account for the direct
correlation between the predicted changes in hydrology and potential impacts to both freshwater and
terrestrial ecological values. Some recommendations for achieving this objective are presented in the
discussion on residual impacts (Section 6) and in Appendix B but in summary include the following:
1.

To ensure terrestrial ecology values are protected, it will be important to monitor locations along
the drainage lines that support threatened plant species. For example, it will be necessary to
monitor the health of vegetation in the waterways Mid-D Subcatchment to ensure that changes in
hydrology are not impacting terrestrial vegetation either through changes in soil moisture,
humidity or scour.

2.

If monitoring demonstrates an adverse impact then appropriate mitigation will need to be
undertaken. In the instance where there is scour and an unacceptable increase in soil moisture
downstream of the sediment basin, then water releases from the sediment basin may need to be
reduced. Mitigating drying in the upper reaches of the Mid-D Subcatchment will be more difficult
to address and may require delivering water upstream – but this might only be triggered if the
ecological values are under stress due to quarrying activities and beyond natural fluctuations.
The EMP will need to outline assessment triggers, methods, timeframes and mitigation
measures.
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Take a water sample for TSS
and/or turbidity measurement
at the specified locations (prior
to discharge outlet)

Has a site‐specific relationship
been determined for TSS and
turbidity?

Yes

Is TSS less than 50 mg/L (or
equivalent turbidity based on
site‐specific relationship)?

No
Take an additional in‐situ
turbidity measurement in the
receiving waters directly
upstream of the discharge

Is the turbidity of the water
prior to the discharge outlet
less than 10% above receiving
water turbidity?

Yes

Yes

Okay to release water into
receiving waterways

No

Do not release the water.
Allow more time for further
settlement of suspended solids

No

Has the rainfall event exceeded
the sediment basin design
event (e.g. 1 in 5 year ARI)?

Yes
If required, use flocculent to
settle suspended solids
Okay to release water, but
need to ensure all other
reasonable and practicable
measures to minimise

Figure 5-2

Construction Phase TSS/Turbidity Release Water Decision Tree
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Table 5-6

Construction and Development Phase Monitoring Response Matrix

Aims

1.
2.
3.

To assess the effectiveness of management strategies for protecting water resources.
Ensure that any non-compliance with respect to water quality is identified.
Inform timely, responsive management practices when non-compliance is detected.

Design Objective

1.

To establish a relationship between TSS and turbidity so that immediate management decisions based on site-based turbidity readings (rather than laboratory TSS values), can
be made (see Section 5.1.3.2 for a further discussion on this issue).
To ensure that controlled discharges from the quarry dam and sediment basin (not including overflows), meet minimum concentration-based discharge criteria (see Section
5.1.3.2 for further discussion on discharge criteria).
To identify the degree to which discharges to receiving waterways are responsible for receiving water quality values that are inconsistent with baseline conditions.
To inform appropriate flocculation rates.
To ensure monitoring is undertaken in accordance with correct protocols.

2.
3.
4.
5.
Pre-developed
Condition
Required Design,
Maintenance and
Construction
Practices

Performance
Indicators

Corrective Actions

The pre-developed condition is to be established via a baseline monitoring program in accordance with the details provided in this monitoring plan.



All erosion and sediment control systems are required to be designed, installed and maintained in accordance with a detailed Erosion and Sediment Control Plan (ESCP) and Staged
Clearing Plan.



This ESCP is required to be prepared by a Certified Professional in Erosion and Sediment Control (CPESC).



The plan is to include detailed monitoring requirements including methodology and monitoring locations.



A suitably qualified person is to oversee all clearing/removal of topsoil and overburden.



Monitoring is undertaken as specified in the ESCP and in accordance with ongoing site instruction of the CPESC/delegated Boral representative.



The level of total suspended solids in any stormwater discharged from the site during the construction phase does not exceed the objectives in



Table 2-6 or other more current best practice standards current at the time.



Clearing is undertaken only on the stage/stages being developed within the timeframes specified in the Staged Clearing Plan.

In the event of exceedance of the nominated trigger values in discharge from the site, the following corrective actions should be undertaken within 24 hours:


Inspect all relevant ESC measures within the catchment to determine where excessive sediment is being generated.



Erosion and sediment control practices are to be reviewed and corrective actions undertaken immediately in accordance with the recommendation of the person responsible. These
actions may include for example:
Install additional ESC measures (e.g. additional filter fences, check dams in drainage lines etc.).
Increase the maintenance frequency of relevant ESC measures to maximise their effectiveness in trapping sediments (e.g. de-silt sediment basin more frequently to increase their
effective capacity).



If required, undertake a program of flocculation of waters retained in sediment basin to settle out suspended sediments then dewater and remove accumulated sediment.
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RESIDUAL IMPACTS
Mitigated risk which scored above a ‘low’ rating (moderate, significant, high, or intolerable risks) are
considered to have a residual risk and are discussed below. Activities related to this project which
were determined to have residual risk above a low level, are summarised in the below table.
Table 6-1
ID
H2

Construction
Activities

Summary of Residual Risks

Associated Potential Impacts

Changes to

Increased volume and frequency of runoff

catchment

and decreased baseflow, altering the

conditions

hydrology of downstream waterways,

Unmitigated Risk

Mitigated Risk

Intolerable

Moderate

Intolerable

Moderate

impacting on waterway ecosystems and
increasing erosion risk.
H3

Redirection &

Changed

hydrology

of

downstream

storage of flows from

areas, impacting on aquatic ecosystems

upstream areas

and increasing erosion risk (in areas
receiving more flows than existing)

The two impacts with residual risks identified in the above table are both related to changes in
hydrology within waterways downstream of the proposed development. While Appendix B provides a
comprehensive analysis of water quality and hydrology including modelling methodology,
assumptions and results, the impacts with residual risks related to water quality and hydrology are
discussed below.
The results presented in Appendix B indicate that impacts with residual risks will likely result from:


A reduction in flows in all waterways downstream of the disturbance footprint within the Northern
and Mid Catchments, with the exception of waterways downstream of the quarry dam where
flows are predicted to increase.



A reduction in dry season flows downstream of the disturbance footprint, except immediately
downstream of the sediment basin. With these flow reductions, the duration of ‘low flow spells’
(i.e. when daily flow does not exceed the 50th percentile daily flow for the existing site),
increases at these sites.



An increase in dry weather flows in waterways downstream of the sediment basin and an
associated decrease in the probability of low flow spells (relative to the existing case).

Project environmental scientists and ecologists involved in the assessment of both the terrestrial and
aquatic ecology have assessed the ecological risk associated with the predicted changes and
determined that this risk is also ‘moderate’. Specifically, this change in flows is likely have an impact
on aquatic ecology, but (based on current knowledge of the existing environment), changes in
hydrology are not expected to impact any rare or threatened species listed under State or
Commonwealth legislation.
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The risk assessment tables presented in Appendix F, indicate that where a there is moderate risk of
an impact occurring, this should be managed through an action plan to control the risk. The
environmental management plan (EMP) should therefore include provisions for the ongoing
monitoring of downstream ecology as discussed in Section 5.3.7.

6.1

Potential Unknown Residual Impacts
The water quality assessment presented in Appendix B provides a comprehensive assessment of
stormwater quality discharging from the site. Importantly, it demonstrates that:


Load-based stormwater quality objectives for total suspended solids (reduction of 80% of TSS
loads) are likely to be met by the proposed stormwater treatment strategy.



The total load of TSS discharging from the site is likely to be reduced below existing TSS loads
discharged from the site.



The concentration of controlled discharges from the sediment basin can be minimised to meet
best practice concentration-based discharge criteria (50 mg/L of total suspended solids).

It is noted however, that an assessment of the predicted changes to downstream receiving water
quality could only be achieved through receiving water quality modelling. It is possible therefore that
despite the proposed stormwater treatment strategy, and the fact that total suspended solids loads
are likely to be reduced, the development could still result in changes in the concentration of total
suspended solids in receiving waterways.
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SUMMARY AND CONCLUSION
The existing environmental values in terms of flooding and surface water resources within the project
area have been investigated and are discussed in this report. A demonstrated commitment to best
practice/beyond best practice management is evident in all aspects of the design and operation of the
project that relate to the management of water quality and quantity.
Floodplain Management
No significant offsite impacts have been identified in terms of increased offsite flood levels, flows,
velocities or durations including when accounting for the potential effects of climate change. This is
attributed to the additional storage and attenuation of floodwater within the quarry development.
In modelled Phase E3, the ‘worst-case’ of the modelled phases, only very minor offsite impacts have
been identified with a 0.01m increase in peak flood level. This increase is highly localised and very
temporary. This risk is not therefore considered significant and can be further minimised by following
the following recommendations:
1.

Undertake clearing and overburden removal to coincide with the dry season to the greatest
extent practical.

2.

Do not pump from the quarry to the reservoir during storm events.

3.

Retain water level within the proposed quarry dam and sediment basin during the ‘wet season’
(December to February) to allow for a nominal volume (in addition to the freeboard) for
temporary storage of stormwater runoff.

In all other modelled phases there are significant benefits with regard to offsite flood risk in the form of
reduced peak flood levels and flows.
Points of discharge from the development site remain unchanged. The legal points of discharge are
therefore considered to be maintained.
Water Resources
The integrated approach to water management applied to the project is based upon a management
hierarchy which seeks to avoid impacts as the most preferred management option and dispose of
waste as the least preferred management option. The integrated water management strategy
includes:
1.

A proposed disturbance footprint which avoids approximately 155 ha (70%) of the site.

2.

Offset rehabilitation focused on degraded waterways and 4WD tracks to reduce current sediment
loads; clearing and overburden removal in the dry season only to reduce potential future
sediment loads; and a proposed disturbance footprint which reduces the direct impact on
waterways

3.

The adoption of a recycle, reuse, recover philosophy for water supply which ensures all
operational water demands are met.
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4.

Treatment of stormwater runoff via a best practice erosion and sediment control management
strategy including quarry pit storage, quarry dam and sediment basin – in addition to a water
quality monitoring program.

5.

Disposal of only that proportion of water and associated pollutants which exceed the capacity of
the sediment basin and quarry dam.

This treatment strategy is expected to achieve the following water quality outcomes:


Load-based stormwater quality objectives for total suspended solids (reduction of 80% of TSS
loads) are likely to be met by the proposed stormwater treatment strategy.



The total load of sediments discharging from the site is likely to be reduced below existing
sediment loads discharges from the site (i.e. a net improvement in sediment load discharges).



The concentration of controlled discharges from the sediment basin can be minimised to meet
best practice concentration-based discharge criteria (50 mg/L of TSS).

The integrated water management strategy for the site is also anticipated to satisfy operational water
demands for the site during the three project phases assessed (including the “worst case scenario”).
Despite this best practice approach to water management, residual impacts to surface water
hydrology are possible. Our assessment predicts that most impact can be mitigated to a “low” risk
level while two impacts remain at a “moderate” residual risk despite the suite of mitigation measures
proposed. These two impacts include the following:


Increased volume and frequency of runoff and decreased baseflow, altering the hydrology of
downstream waterways, impacting on waterway ecosystems and increasing erosion risk.



Changed hydrology of downstream areas, impacting on aquatic ecosystems and increasing
erosion risk (in areas receiving more flows than existing).

Project environmental scientists and ecologists involved in the assessment of both the terrestrial and
aquatic ecology have assessed the ecological risk associated with the predicted changes and
determined that this risk is also ‘moderate’. Where a there is moderate risk of an impact occurring,
this should be managed through an action plan to control the risk. This report therefore makes
recommendations for the ongoing monitoring of water quality. Recommended monitoring of
downstream ecology (in response to water quality and hydrology) is outlined in the accompanying
reports by Cardno Chenoweth and FRC Environmental.
.
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APPENDIX A: STORMWATER QUANTITY MANAGEMENT PLAN
A.1

Introduction
This Stormwater Quantity Management Plan (SQMP), forms part of the Boral Quarry, Tallebudgera
Valley - Environmental Impact Assessment: Water Resources and Floodplain Management Report
(BMT WBM, 2012). It relates to the new extractive industry operation at Tallebudgera Valley, Gold
Coast City (the project), proposed by Boral, as described in Section 1.1 of this report.
The SQMP has been prepared to support the Environmental Impact Statement (EIS) for the project in
direct response to project’s Terms of Reference (TOR) specifically, but not limited to Section 4.1.1 of
the TOR (see Section 1.2.1) and the following clause of Section 4.4.1 of the TOR:
A suitably qualified hydraulic engineer should prepare a stormwater quantity management plan
addressing matters such as internal catchment, external catchment (if any), overland flow, and
legal point of discharge issues. The plan should be developed in accordance with GCCC’s Land
Development Guidelines (Gold Coast City Council 2005) and the Queensland Urban Drainage
Manual (Department of Natural Resources 2008).
This report therefore addresses the water “quantity” component of the site’s water resources.

A.2

Design Objectives
The key objective for the ‘floodplain management assessment’ component has been determined so
that the TOR for the EIS are fully addressed and the assessment is compatible with requirements
contained in:


The SPP1/03;



The Flood Affected Areas Code of the Gold Coast Planning Scheme; and



Guidance contained in the Queensland Urban Drainage Manual (QUDM).

The overarching objective to achieve planning compliance is to:
1.

Ensure that stormwater runoff from the site exhibits no net increase in peak flows, for all events
from Q2 to the Probable Maximum Flood (PMF) (including the Q100 event); and

2.

Ensure that the development results in no adverse impact external to the subject site either from
redirection, concentration and/ or increase in flood level.

Compliance with Guidelines
In the context of flood hazard, SPP 1/03 is applicable to proposed developments within areas defined
as a Natural Hazard Management Areas which, in the case of flooding, is generally the extent shown
by a ‘Defined Flood Event’ (DFE). The DFE has been mapped in the Gold Coast Planning Scheme
(Overlay Map OM17).
The overlay does not include any of the site disturbance footprint within the mapped extent.
Outcomes 1 and 2 of the SPP which relate to Development Applications within the Defined Flood
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Event are therefore not applicable. However the general principles of SPP1/03 and its accompanying
guidance note have been applied in this assessment. In particular the following has been undertaken:


A detailed flood study (hydrologic/hydraulic modelling and mapping exercise) has been
undertaken by a suitably qualified hydraulic engineer.



A full suite of flood magnitudes has been considered in the study ranging from the 2 year ARI
through to the PMF.



The precautionary principle as advocated in SPP1/03 and defined in the Sustainable Planning
Act has been applied with conservative assumptions applied over non-conservative ones.



The potential future impacts to the site resulting from climate change have been considered in
the assessment.

As for SPP1/03, compliance with the Gold Coast Planning Scheme is not a required due to there
being no local DFE extent within the development site boundary. The most applicable Outcome
Measures have however been met as documented in Table A-1.
Table A- 1

Gold Coast Planning Scheme Flood Code – Relevant Performance Criteria
Performance Criteria

Demonstration of Compliance

PC5 Development in flood affected areas must not
cause, or have the cumulative potential to cause,
real damage, must not increase the level of risk to
life, or be to the detriment of flood evacuation
procedures.

Detailed flood study (hydrologic and hydraulic
modelling and mapping) undertaken for 2, 5,
10, 20, 50, 100 year ARI events and PMF. No
significant increases to flood level, flow,
velocity or duration as a result of the
development.

PC6 Development with plans for earthworks in a
floodplain or over a water body within a flood
affected area below the Designated Flood Level
must allow for the maintenance of flood storage, and
flood conveyance of flood and drainage channels
and overland flow paths.

Significant additional storage of floodwater
during construction and operational phases of
quarry as demonstrated through hydraulic
modelling (see compliance for PC5). No
significant offsite impacts observed and
overall there is a significant reduction of in
peak runoff during operational phases of the
quarry (C1-Q5).

PC8 Development must consider hydrologic and
hydraulic impacts of development in flood affected
areas with regard to future climate change.

As part of the hydrologic and hydraulic impact
assessment (see compliance for PC5),
investigation has been undertaken to
determine the sensitivity of site to potential
impacts from climate change.

PC11 Any change in ground level, by way of filling,
excavation or contouring, must not result in real
damage, flood hazard or impediment to any Counter
Disaster Plan, measure or create unreasonable
change in the exposure to flood hazard.
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Modelling Methodology

A.3.1 Critical Storm Analysis
The existing case 100 year ARI hydraulic model was run for the following design storm durations:
0.5hr, 1hr, 2hr, 3hr, 6hr, 12hr, 24hr, 48hr and 72hr. Figure A- 1 shows the 100 year ARI flood extent
categorised by storm duration in which storm duration that results in the highest flood level at any
particular location is displayed.
It can be seen from Figure A- 1 that the 1 hour storm results in the highest levels across the majority
of the site and at the downstream end of the creeks as they leave this site. The 1 hour storm event
was therefore adopted as the critical duration storm.
A sensitivity check on peak levels for non-critical storms Figure A- 2 presents the differences in peak
flood levels between all storm durations simulated and the selected storm event (i.e. the 1 hour
event). In other words, it highlights areas where peak flood levels may be under represented by the
selected storm duration. It can be seen from Figure A- 2 that differences in level from the selected are
minor and so the selection of the 1 hour storm is justified.
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A.3.2 Impact Assessment Methodology
In order to assess the potential for offsite impacts in regard to flood risk, four development phases
have been modelled and impacts are assessed in terms of changes to peak flood levels, velocities
and change in inundation duration.
The modelled phases are detailed in Section 1.3 of the main report and summarised as follows:


Phase E3 – Establishment phase in which significant area of vegetation removed but no
significant earthworks.



Phase C1 – Construction phase in which significant vegetation removal and earthworks has
occurred.



Phase Q1 – First phase of quarrying in which significant vegetation removal and earthworks has
occurred. Base of quarry -66mAHD.



Phase Q5 – Final phase of quarrying in which significant vegetation removal and earthworks has
occurred. Base of quarry -66mAHD.

Results are presented below.

A.4

Results and Discussion

A.4.1 Phase E3
Figure A- 3 presents the 100 year ARI peak flood level impacts for phase E3. Table A- 2 summarises
the impacts with regard to peak flows, velocities and levels for all ARIs considered at the locations
shown on Figure A- 3. Figure A- 4 and Figure A- 5 compare the 100 year ARI baseline with the
Phase E3 hydrographs at locations TS1 and TS2 respectively.
Table A- 2
ARI
(Years)
Flow

Phase E3 Impacts Summary

Northern Catchment (TS1)

Mid Catchment (TS2)

Change in Peak:

Change in Peak:

Velocity

Flow

Velocity

3

(m /s)

(m/s)

-0.07

-0.3

-0.04

-0.01

0.05

-0.08

-0.7

0.05

-0.01

-2.7

-0.08

-0.06

-0.1

0.06

-0.01

20

-3.3

-0.15

-0.06

-0.2

0.03

0.00

50

-4.6

-0.15

-0.10

0.2

-0.03

0.00

100

-5.5

-0.13

-0.13

-0.4

-0.07

0.01

PMF

-8.7

-0.09

-0.14

-0.5

0.01

0.00

3

(m /s)

(m/s)

2

-1.4

0.02

5

-2.1

10

Level (m)
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Figure A- 4 Northern Catchment 100 Year ARI Outflow: Baseline and Phase E3 Comparison
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Figure A- 5 Mid Catchment 100 Year ARI Outflow: Baseline and Phase E3 Comparison
Phase E3 Impacts: Conclusions
The following key conclusions can be drawn from the flood impact assessment for Phase E3 of the
quarry development.


Phase E3 represents the assumed ‘worst-case’ phase with regard for the potential for impacts. In
all modelled ARIs, impacts with regard to levels, flows, velocities and durations are considered
insignificant.



The points of discharge from the site remain unchanged from that in the baseline.
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The downstream peak level increases by 0.01m in the 100 year ARI event for the mid catchment
but as shown in Figure A- 3, such impacts are minimal, highly localised and not representative of
the length of watercourse.



Figure A- 4 shows that the presence of the extended dam in the northern catchment has an
attenuating effect on the hydrograph by reducing the peak flow but extending the tail end of the
hydrograph. As the flows are low (less than 10m3/s) for this extended duration, then is not
considered significant and is unlikely to prolong any flooding to downstream receptors.



There is no noticeable change in the runoff hydrograph for the mid-catchment and therefore no
change in inundation durations as a result of the development.

In summary the additional runoff volume from the disturbed footprint is relatively small, in line with the
relatively small area of the disturbed footprint in relation to the overall catchment area. Furthermore
the earthworks associated with the disturbed footprint have led to flatter terrain and this reduces the
rate of the runoff and the peak flow. Overall these affects are too small to be observable in the
presented results.

A.4.2 Phase C1
Figure A- 6 presents the 100 year ARI peak flood level impacts for phase C1. Table A- 3 summarises
the impacts with regard to peak flows, velocities and levels for all ARIs considered at the locations
shown on Figure A- 6.
Figure A- 7 and Figure A- 8 compare the 100 year ARI baseline with the Phase C1 hydrographs at
locations TS1 and TS2 respectively.
Table A- 3

ARI
(Years)

Flow

Phase C1 Impacts Summary

Northern Catchment (TS1)

Mid Catchment (TS2)

Change in Peak:

Change in Peak:

Velocity

Flow

Velocity

3

(m /s)

(m/s)

-0.09

-3.6

-0.01

-0.02

0.04

-0.08

-5.2

-0.02

-0.05

-2.7

-0.10

-0.06

-5.9

-0.06

-0.06

20

-3.5

-0.16

-0.06

-7.7

-0.11

-0.07

50

-4.8

-0.16

-0.10

-7.4

-0.11

-0.07

100

-5.0

-0.14

-0.16

-8.2

-0.10

-0.09

PMF

-10.2

-0.09

-0.16

-14.9

-0.12

-0.08

3

(m /s)

(m/s)

2

-1.4

0.01

5

-2.2

10

Level (m)
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Phase C1 Impacts: Conclusions
The following key conclusions can be drawn from the flood impact assessment for Phase C1 of the
quarry development.


Phase C1 has a relatively large disturbance footprint when compared to Phase E3 but a
significant volume of material (overburden and quarry rock) has been removed from the site
providing additional flood storage. In all modelled ARIs, impacts with regard to levels, flows,
velocities and durations are considered insignificant.



The points of discharge from the site remain unchanged from that in the baseline.



Downstream peak flood levels are reduced for both catchments for all ARIs considered in the
assessment. The maximum decrease in level is 0.16m for the northern catchment during the 100
year ARI and PMF events. Decreases in level can be considered a decrease in associated flood
risk.



Both catchments show an attenuated hydrograph runoff response with a reduced peak flow and
extended hydrograph tail. These changes to flood duration are minor and are unlikely to impact
on any downstream receptors.



In summary the additional runoff volume from the disturbed footprint is effectively mitigated
through on site attenuation, intentional or otherwise. The flatter landform reduces the rate of
runoff and some floodwater is stored within low parts of the site.
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Figure A- 7 Northern Catchment 100 Year ARI Outflow: Baseline and Phase C1 Comparison
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Figure A- 8 Mid Catchment 100 Year ARI Outflow: Baseline and Phase C1 Comparison
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A.4.3 Phase Q1
Figure A- 9 presents the 100 year ARI peak flood level impacts for phase Q1. Figure A- 9
summarises the impacts with regard to peak flows, velocities and levels for all ARIs considered at the
locations shown on Figure A- 9.
Figure A- 10 and Figure A- 11 compare the 100 year ARI baseline with the Phase Q1 hydrographs at
locations TS1 and TS2 respectively.
Table A- 4

ARI
(Years)

Flow

Phase Q1 Impacts Summary

Northern Catchment (TS1)

Mid Catchment (TS2)

Change in Peak:

Change in Peak:

Velocity

Flow

Velocity

3

(m /s)

(m/s)

-0.09

-9.2

-0.21

-0.13

0.04

-0.08

-12.9

-0.08

-0.12

-2.8

-0.10

-0.06

-14.4

-0.14

-0.16

20

-3.5

-0.16

-0.07

-17.3

-0.19

-0.18

50

-4.8

-0.16

-0.10

-18.9

-0.27

-0.18

100

-5.0

-0.14

-0.15

-21.8

0.35

-0.20

PMF

-10.3

-0.09

-0.16

-19.6

-0.15

-0.11

3

(m /s)

(m/s)

2

-1.5

0.02

5

-2.2

10

Level (m)
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Figure A- 10 Northern Catchment 100 Year ARI Outflow: Baseline and Phase Q1 Comparison
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Figure A- 11 Mid Catchment 100 Year ARI Outflow: Baseline and Phase Q1 Comparison
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Phase Q1 Impacts: Conclusions
The following key conclusions can be drawn from the flood impact assessment for Phase Q1 of the
quarry development.


Phase Q1 has a larger disturbance footprint when compared to Phase C1 but has a significantly
greater amount of extracted material (overburden and quarry rock) providing additional flood
storage. A large part of the mid-catchment now effectively drains to the quarry pit and therefore
outflows from this catchment are reduced in terms of peak flow and volume. In all modelled ARIs
impacts with regard to levels, flows, velocities and durations are considered insignificant.



The points of discharge from the site remain unchanged from that in the baseline.



Downstream peak flood levels are reduced for both catchments for all ARIs considered in the
assessment. The maximum decrease in level is 0.2m for the mid catchment during the 100 year
ARI event. Decreases in level can be considered a decrease in associated flood risk.



Both catchments show an attenuated hydrograph runoff response with a reduced peak flow and
extended hydrograph tail. The attenuation is particularly pronounced for the mid catchment. The
removal of volume from the hydrograph (storage in the quarry pit) means that there are no
significant changes in flood duration.



In summary the additional runoff volume from the disturbed footprint is effectively mitigated
through on site attenuation, particularly in the mid catchment where a significant proportion of the
catchment now drains to the quarry pit. Elsewhere, the flatter landform reduces the rate of runoff
and some floodwater is stored within low parts of the site.

A.4.4 Phase Q5
Figure A- 12 presents the 100 year ARI peak flood level impacts for phase Q5. Table A- 5
summarises the impacts with regard to peak flows, velocities and levels for all ARIs considered at the
locations shown on Figure A- 12.
Figure A- 13 and Figure A- 14 compare the 100 year ARI baseline with the Phase Q5 hydrographs at
locations TS1 and TS2 respectively.
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Table A- 5

ARI
(Years)

Flow

Phase Q5 Impacts Summary

Northern Catchment (TS1)

Mid Catchment (TS2)

Change in Peak:

Change in Peak:

Velocity

Flow

Velocity

3

(m /s)

(m/s)

-0.15

-10.0

-0.27

-0.13

0.00

-0.15

-14.5

-0.20

-0.15

-4.8

-0.09

-0.15

-17.2

-0.16

-0.18

20

-5.9

-0.24

-0.12

-20.9

-0.23

-0.22

50

-7.7

-0.26

-0.16

-24.1

-0.34

-0.25

100

-8.3

-0.26

-0.22

-28.2

-0.38

-0.27

PMF

-21.1

-0.16

-0.35

-57.1

-0.44

-0.34

3

(m /s)

(m/s)

2

-2.8

-0.01

5

-3.9

10

Level (m)
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Figure A- 13 Northern Catchment 100 Year ARI Outflow: Baseline and Phase Q5 Comparison
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Figure A- 14 Mid Catchment 100 Year ARI Outflow: Baseline and Phase Q5 Comparison
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Phase Q5 Impacts: Conclusions
The following key conclusions can be drawn from the flood impact assessment for Phase Q5 of the
quarry development.

A.5



Phase Q5 has larger disturbance footprint when compared to Phase Q1 but has a significantly
greater amount of extracted material (overburden and quarry rock) providing additional flood
storage. As for Q1 a large part of the mid-catchment now effectively drains to the quarry pit and
therefore outflows from this catchment are significantly reduced in terms of peak flow and
volume. In all modelled ARIs impacts with regard to levels, flows, velocities and durations are
considered insignificant.



The points of discharge from the site remain unchanged from that in the baseline.



Downstream peak flood levels are reduced for both catchments for all ARIs considered in the
assessment. The maximum decrease in level is 0.35m for the mid catchment during the 100 year
ARI event. Decreases in level can be considered a decrease in associated flood risk. The
northern catchment shows a further decrease in downstream peak flood level from Phase Q1
due to capture of the contributing area by the mid-catchment as a result of quarry earthworks.



Both catchments show an attenuated hydrograph runoff response with a reduced peak flow and
extended hydrograph tail. The attenuation is particularly pronounced for the mid catchment. The
removal of volume from the hydrograph (storage in the quarry pit) means that there are no
significant changes in flood duration.



In summary, the additional runoff volume from the disturbed footprint is effectively mitigated
through on site attenuation, particularly in the mid catchment where a significant proportion of the
catchment now drains to the quarry pit. Elsewhere, the flatter landform reduces the rate of runoff
and there is some storage within lower parts of the site.

Stormwater Management
The following recommendations are made to ensure that the risk of flooding from stormwater runoff is
not exacerbated by the development:


Vegetation removal and initial removal of overburden are undertaken outside of the wet season.



Pumping from the quarry to the reservoir is not undertaken during storm events.



The stormwater quantity/ flooding modelling has assumed that water levels within the quarry dam
and sediment basin are at the spillway levels within these waterbodies immediately prior to the
modelled design rainfall events (i.e. there is no retention storage available). Nevertheless, water
levels should be retained within these waterbodies during the ‘wet season’ (December to
February) to allow for a nominal volume (in addition to the freeboard) for temporary storage of
stormwater runoff.
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APPENDIX B: STORMWATER QUALITY, HYDROLOGY AND WATER
CYCLE MANAGEMENT PLAN
B.1

Introduction
This Stormwater Quality, Hydrology & Water Cycle Management Plan (SQHWCMP), forms part of
the Boral Quarry, Tallebudgera Valley - Environmental Impact Assessment: Water Resources and
Floodplain Management Report (BMT WBM, 2012). It relates to the new extractive industry operation
at Tallebudgera Valley, Gold Coast City (the project), proposed by Boral, as described in Section 1.1
of this report.
The SQHWCMP has been prepared to support the Environmental Impact Statement (EIS) for the
project in direct response to project’s Terms of Reference (TOR) specifically, but not limited to the
following clauses:
A suitably qualified stormwater engineer/scientist should prepare a stormwater quality
management plan in accordance with GCCC’s Water Sensitive Urban Design Guidelines (Gold
Coast City Council 2007). Discuss mitigation options and the effectiveness of mitigation
measures, with particular reference to sediment, acidity, salinity and other emissions of a
hazardous or toxic nature to human health, flora or fauna.
and…
Strategies should be adequately detailed to demonstrate best practice management and that
environmental values of receiving waters will be maintained to nominated water quality
objectives.
Water cycle management (specifically the proposed harvesting of stormwater flows to supply site
water demands), is a key component of both the stormwater quality and hydrological management
strategy for the site. An integrated SQHWCMP has been prepared, including the water cycle
management strategy for the site – assessing the ability of the water demands of the site operations
to be satisfied.
This report therefore addresses three main components of the site’s water resources namely:
1.

Water cycle management from the perspective of ensuring water demands of the site operations
are satisfied.

2.

Stormwater quality management including water sensitive design.

3.

Surface water hydrology management from the perspective of minimising impacts to the ecology
of downstream receiving environments.

The aforementioned elements of this integrated approach to water management within the site are
presented in this report as individual sub-sections.
Some components of a typical stormwater management plan prepared in accordance with GCCC
(2007) such as: the project background and site description; identification of relevant environmental
values (EVs) and water quality objectives (WQOs); conceptual design layouts; and water quality
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monitoring program are provided in the main body of this report and are therefore not duplicated
here. The SQHWCMP therefore needs to be read in association with the main body of this report
including Appendix A, which describes management of the “quantity” component of the site’s water
resources.
It is noted that the management of acid sulphate soils and the preparation of an erosion and sediment
control plan (ESCP) are addressed as separate but related reports which form part of the EIS.

B.2

Water Cycle Management
This section describes the proposed water cycle management strategy for the site, including:


Design objectives;



Proposed strategy;



Assessment methodology;



Rainwater tank analysis results; and



Water balance model results.

The conceptual strategy demonstrates how the water demands of the site operations will be satisfied.

B.2.1 Design Objectives
Large quantities of water will be required during the construction and operational life of the project.
Water will be required for surface dust control, dust suppression, processing and (albeit in
significantly less quantities) general usage (e.g. cleaning, laboratory, personnel usage).
It is understood that the site should not rely on external water sources (e.g. mains supply) to satisfy
its water demands (with the exception of water demands for general usage).

B.2.2 Proposed Strategy
The proposed water cycle management strategy for the site includes the following:


Construction of a new dam (the ‘quarry dam’).



Quarry dam to be utilised to harvest runoff from the upstream catchment.



Flows from the quarry pit (and catchment flowing into the quarry pit) will be collected in a sump at
the invert of the quarry pit, and subsequently pumped to the quarry dam.



Sediment basin utilised for stormwater treatment only. However, there is potential to utilise some
stormwater flows retained in this pond to supplement non-potable water demands (e.g. dust
suppression).



Roof runoff from buildings within the processing and infrastructure areas will be collected in
rainwater tanks and utilised for non-potable water usages (e.g. toilet flushing, vehicle
washdown).



Potable water demands (e.g. drinking, laboratory) will be satisfied by bottled water, delivered to
the site.

A process diagram of the proposed water cycle management strategy is provided below.
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Figure B- 1 Process Diagram of Proposed Water Cycle Management Strategy

B.2.3 Assessment Methodology
The assessment methodology included the following:


Selection of stages for assessment;



Catchment modelling;



Estimation of water demands; and



Water balance modelling.

The following sub-sections provide further information in relation to these steps.

B.2.3.1 Selection of Stages for Assessment
Three project stages were selected for the water cycle assessment: C1, Q1 and Q5. Section 1.3
provides further information in relation to these stages. These have been selected as they show the
diverse range of sites within the development.

B.2.3.2 Catchment Modelling
Software
Catchment modelling for the project was undertaken using the eWater MUSIC software (Version 5).
Modelling was undertaken in accordance with the MUSIC Modelling Guidelines (GCCC, 2006)
although the more current MUSIC Modelling Guidelines (Water by Design, 2010b) were also used for
model parameterisation.
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Source Nodes

Within MUSIC, the user is required to specify source nodes. The source nodes represent the flow
generating areas of the site. Catchment areas draining to each of the assessment locations were
defined based on digital elevation models of the selected stages for assessment.
Catchments were delineated for the sediment basin, quarry pit and quarry dam – for each of the three
project stages assessed.
The assumed land usage classifications and effective impervious percentages applied in the
modelling is given in Table B- 1. Table B- 1 also provides a summary of catchment areas for each of
the three assessed stages.
Table B- 1

Land Usage Classifications in Catchment Modelling

Impervious %

Land Usage
Classification for
Rainfall-Runoff
Parameters

Undeveloped areas

0

Forest

Existing 4WD tracks

50

Forest

Project working area

50

Project stockpiles

0

Unsealed roads within project
area

80

Sealed roads within project area

100

Industrial road

Buildings within project area

100

Industrial roof

Urban residential (downstream
of project)

25

Urban residential

Land Usage Type
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Table B- 2

Summary of Catchment Properties for Catchment Modelling for Water Cycle
Management Strategy
Total Area
Land Usage
Quarry Dam

Sed. Pond

Quarry Pit

Undeveloped areas

14.89

3.36

-

Project working area

0.21

14.24

-

-

3.15

-

0.18

2.43

-

Sealed roads within project area

-

1.59

-

Buildings within project area

-

0.37

-

Undeveloped areas

14.89

3.36

6.53

Project working area

0.21

14.24

18.47

-

3.15

-

0.18

2.43

-

Sealed roads within project area

-

1.59

-

Buildings within project area

-

0.37

-

Undeveloped areas

9.93

0.81

1.84

Project working area

0.21

13.14

31.91

-

3.15

-

0.18

2.33

-

Sealed roads within project area

-

1.59

-

Buildings within project area

-

0.37

-

Stage C1

Project stockpiles
Unsealed roads within project area

Stage Q1

Project stockpiles
Unsealed roads within project area

Stage Q5

Project stockpiles
Unsealed roads within project area

Meteorological Data
Modelling was performed for a period of over 111 years (from 1st January 1901 to 31st August 2012).
Monthly aerial PET was obtained from the Elanora Treatment Plant Bureau of Meteorology Station
(BOM Ref 40609), in accordance with Water by Design (2010b). All catchment modelling was
undertaking using a daily time-step.
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A continuous record of rainfall data for the 111-year period analysed was developed using data from
a combination of BOM rainfall stations near the site. Table B- 3 provides a summary of the rainfall
data utilised for the assessment.
Table B- 3

Rainfall Data Applied in Catchment & Water Balance Modelling
BOM Station
Ref.

Distance From
Project Area (km)

Data Period Applied for
Assessment

Tallebudgera Guineas
Creek Road

40196

0.2

1/1/1900 to 30/11/1919,
1/1/1920 to 10/2/1971,
1/1/1971 to 31/6/1974,
1/1/1976 to 2/9/1994,
1/1/1994 to 31/8/2012

Miami Bardon Ave

40417

6.0

1/1/1975 to 31/12/1975,
3/9/1994 to 30/9/1994

Elanora Treatment Plan

40609

2.8

11/2/1971 to 30/6/1971,
1/6/1974 to 31/12/1974

Tweed Heads Golf Club

58056

14

30/11/1919 to 31/12/1919

BOM Station Name

Water Demands from Roof Runoff and Bottled Water
Water demands for personnel usage (e.g. drinking, washing), cleaning and laboratory will be supplied
by a combination of (i) bottled water; and (ii) harvesting roof runoff from the buildings within the
infrastructure area.
These water demands and the proposed rainwater tanks have been included in the catchment model,
using a single ‘rainwater tank’ treatment node in MUSIC. This treatment node represents multiple
rainwater tanks (collecting runoff from multiple buildings) within the site.
For the purposes of the MUSIC modelling, we have assumed the properties given in Table B- 4 for
the rainwater tank treatment node.
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Table B- 4

Assumed Properties for Rainwater Tank Treatment Node in Catchment Model

Parameter

Value

Comments

Volume below overflow (m3)

67

Single rainwater tank treatment node

Depth above overflow (m)

0.2

Surface area (m2)

37

Equivalent pipe diameter

346

Daily demand (kL/day)

2.6

representing multiple rainwater tanks.
Assumed rainwater tank dimensions an
approximation only, based on providing
1kL of storage for every 50m2 of roof
area (50% less than that required for
‘Commercial’ Buildings specified in
Queensland
Development
Code
MP4.3).
Average daily demand, based on
discussions with Boral’s Mike Cooper
(2012: Pers.Comm.).

B.2.3.3 Water Balance Modelling
A spreadsheet-based water balance model of the project – specifically quarry dam and sediment
basin. Table B- 5 provides a summary of the water balance model.
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Table B- 5

Summary of Water Balance Model

Parameter

Comments

Modelling period

111-year period, with rainfall data as described in Table B-3.

Modelling time step

Daily.

Bathymetry

Bathymetry (i.e. elevation, area, volume) relationship for the quarry pit, sediment basin and quarry dam have been
defined through review of engineering design information (provided by Lambert and Rehbein). For stage Q1, a quarry
2

pit sump of 30000m (with a 5m depth) has been assumed to be incorporated at the floor level of the quarry pit.
Waterbodies modeled

Quarry pit sump, quarry dam and sediment basin.

Inputs
Direct rainfall

Direct rainfall input a function of daily rainfall and waterbody area (dependent on daily volume and bathymetry).

Surface flows

Calculated by catchment model (see Section B.2.3.2). Flows from quarry pit (and catchment) assumed to be pumped
to quarry dam.

Groundwater flows

Assumed to be zero.
AGE (2012) predicts that groundwater inflow to the quarry pit at Stage Q5 will be approximately 8.4litres/second, but
that the majority of groundwater inflow to the pit will occur as diffuse seepage in the pit walls from joints and fractures,
and will be evaporated before reaching the pit floor and collection sump.

Outputs
Evaporation

Evaporation data obtained from Hinze Dam BOM Station (Ref: 040584), with evaporation based on waterbody area
(dependent on daily volume and bathymetry) and pan coefficient of 0.7 applied.
Water used from quarry dam for (i) process water; (ii) C&S plant dust suppression and (iii) surface dust suppression.

Water usage from
quarry dam

Based on discussions with Boral’s Mike Cooper (2012: Pers.Comm.), water usage from the quarry dam is as follows:
3



Process water demand for Stages C1, Q1 and Q5 is 44, 294 and 294m /day respectively. If volume within quarry
dam is below 15% capacity, process water usage is reduced by 50%.



C&S plant dust suppression water demand is 2m3/day.



Surface dust control water demand for Stages C1, Q1 and Q5 is 71, 119 and 220m /day respectively. However,
surface dust suppression does not occur on any day with more than 5mm or rainfall or more than a total of 10mm
of rainfall in preceding two days.



Water usage only occurs on days Monday to Saturday (quarry does not operate on a Sunday).

3

Controlled discharge

Stormwater detained within the ‘settling volume’ of the sediment basin is assumed to be flocculated and pumped out

from sediment basin

at a rate to empty the total settling volume capacity within five days.

Overflow

At the end of each modelling time step, any volume in excess of the volume at the quarry dam or sediment basin
spillway weir level is assumed to overflow (before the commencement of the next modelling timestep).

For the purposes of this assessment, this water balance model has been utilised to assess the
following (for the 111-year historical climatic period):


Variation in water levels within the quarry dam and sediment basin;



Ability of the proposed water cycle management strategy to satisfy the water demands for
surface dust control, dust suppression and process water; and
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Assess the water balance of the site (e.g. quantity and distribution of water flowing in and out of
the quarry dam and sediment basin).

B.2.4 Dam Filling Time
The quarry dam was assumed to be at capacity at the commencement of the 111-year analysis for
the water balance assessments. The water balance model was used to assess the time potentially
required for the quarry dam to fill during the initial stages of the project. This done using the following
methodology:


The catchment conditions for Stage C1 were assumed;



The quarry dam was assumed to be empty on 1st June for every ten year increment (i.e. quarry
dam volume was assumed to be zero on 1st June 1900, 1910, 1920 up to 2000); and



The number of days taken for the quarry dam to reach a capacity of 50, 80 and 95% was
predicted (and results presented below).

B.2.5 Rainwater Tank Analysis Results
The MUSIC model indicates that the majority of water demands for personnel usage (e.g. drinking,
washing), cleaning and laboratory can be satisfied by harvesting roof runoff from buildings within the
processing area.
The model predicts that 93% of all assumed water demands can be satisfied by rainwater harvesting.
The remainder would be satisfied by external sources (e.g. bottled water).
It should be noted that the water demands for personnel usage are relatively small. For example, the
water demands for personnel usage is only 0.6% of the predicted site water demands during stage
Q5. Subsequently, the focus of the water cycle management strategy is been satisfying the other site
water demands and there is significant scope to optimise/ revise the water cycle management
strategy for personnel usage (e.g. revising the number and size of rainwater tanks applied to the site).
Nevertheless, the proposed use of rainwater tanks will significantly reduce water demands for
personnel usage otherwise supplied by external sources (e.g. bottled water).

B.2.6 Water Balance Model Results

B.2.6.1 Preamble
Water balance model results are presented in the following sections. For each stage, the following
figures are presented for both the quarry dam and sediment basin:


Graphs of predicted water level and volume variation. These graphs show how the water levels
and volumes within the quarry pit, quarry dam and sediment basin would vary over the 111-year
period of historical climate data.



Predicted probability of exceedances of water levels and volumes. These graphs show how
likely/probable various water levels and volumes would be exceeded (using the historical climate
data).



Distribution of inflows and outflows, showing the percentage distribution of flows (e.g. direct
rainfall, runoff) and outflows (e.g. evaporation, overflow) for the dam and pond (using the
historical climate data).
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B.2.6.2 Results for Stage C1
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Figure B- 2 Predicted Water Level & Volume Variation in Quarry Dam for Stage C1
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Figure B- 3 Predicted Probability of Exceedance of Water Levels & Volumes in Quarry Dam
for Stage C1 (1900 to 2011)
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Figure B- 4 Predicted Distribution of Inflows to Quarry Dam for Stage C1 (1900 to 2011)
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Figure B- 5 Predicted Distribution of Outflows from Quarry Dam for Stage C1 (1900 to 2011)
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Figure B- 6 Predicted Water Level & Volume Variation in Quarry Dam for Stage C1
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Figure B- 7 Predicted Probability of Exceedance of Water Levels & Volumes in Sediment
Basin for Stage C1 (1900 to 2011)
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Figure B- 8 Predicted Distribution of Inflows to Sediment Basin for Stage C1 (1900 to 2011)
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Figure B- 9 Predicted Distribution of Outflows from Sediment Basin for Stage C1 (1900 to
2011)
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B.2.6.3 Results for Stage Q1
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Figure B- 10 Predicted Water Level & Probability of Exceedance of Water Levels in Quarry Pit
for Stage Q1
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Figure B- 11 Predicted Distribution of Inflows to Quarry Dam for Quarry Pit (1900 to 2011)
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Figure B- 12 Predicted Distribution of Outflows from Quarry Dam for Quarry Pit (1900 to 2011)
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Figure B- 13 Predicted Water Level & Volume Variation in Quarry Dam for Stage Q1
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Figure B- 14

Predicted Probability of Exceedance of Water Levels & Volumes in Quarry Dam for Stage
Q1 (1900 to 2011)
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Figure B- 15 Predicted Distribution of Inflows to Quarry Dam for Stage Q1 (1900 to 2011)
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Figure B- 16 Predicted Distribution of Outflows from Quarry Dam for Stage Q1 (1900 to 2011)
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Figure B- 17 Predicted Water Level & Volume Variation in Quarry Dam for Stage Q1
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Figure B- 18 Predicted Probability of Exceedance of Water Levels & Volumes in Sediment
Basin for Stage Q1 (1900 to 2011)
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Figure B- 19 Predicted Distribution of Inflows to Sediment Basin for Stage Q1 (1900 to 2011)
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Figure B- 20 Predicted Distribution of Outflows from Sediment Basin for Stage Q1 (1900 to
2011)
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B.2.6.4 Results for Stage Q5
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Figure B- 21 Predicted Water Level & Probability of Exceedance of Water Levels in Quarry Pit
for Stage Q5
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Figure B- 22 Predicted Distribution of Inflows to Quarry Dam for Quarry Pit (1900 to 2011)
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Figure B- 23 Predicted Distribution of Outflows from Quarry Dam for Quarry Pit (1900 to 2011)
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Figure B- 24 Predicted Water Level & Volume Variation in Quarry Dam for Stage Q5
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Figure B- 25 Predicted Probability of Exceedance of Water Levels & Volumes in Quarry
Dam for Stage Q5 (1900 to 2011)
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Figure B- 26 Predicted Distribution of Inflows to Quarry Dam for Stage Q5 (1900 to 2011)
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Figure B- 27 Predicted Distribution of Outflows from Quarry Dam for Stage Q5 (1900 to 2011)
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Figure B- 28 Predicted Water Level & Volume Variation in Quarry Dam for Stage Q5
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Figure B- 29 Predicted Probability of Exceedance of Water Levels & Volumes in Sediment
Basin for Stage Q5 (1900 to 2011)
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Figure B- 30 Predicted Distribution of Inflows to Sediment Basin for Stage Q5 (1900 to 2011)

Evaporation from
pond, 1%

Overflow to creek,
45%

Flocc'd and pumped
to creek, 53%

Figure B- 31 Predicted Distribution of Outflows from Sediment Basin for Stage Q5 (1900 to
2011)
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B.2.6.5 Dam Filling Time Results
The results of the dam filling time results are presented in the figures below and Table B- 8.
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Figure B- 32 Graph Showing Results of Dam Filling Time Results (Dam Volume Assumed to
be Zero Every Ten Years)
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Table B- 6

Summary of Dam Filling Time Results

Number of Days to Fill to Given Quarry Dam Capacity
Year
15%

50%

80%

95%

1900

32

281

394

629

1910

21

681

1079

1118

1920

15

231

231

288

1930

3

251

338

696

1940

187

268

282

432

1950

24

73

109

399

1960

265

541

541

590

1970

193

247

249

299

1980

259

366

1067

1093

1990

154

714

722

1381

2000

213

275

520

767

Average

124

357

503

699

The results indicate that the quarry dam will fill to 15% capacity (sufficient to satisfy all quarry dam
water demands for stage C1), within an average of 124 days and a maximum of 265 days for the tenyear historical periods assessed.
The results also show that the quarry dam will fill to 100% capacity within an average of
approximately two years (and commence overflowing to the downstream environment). The
maximum duration to fill to 100% capacity during the ten-year periods assessed was approximately
three years.

B.2.6.6 Summary of Results & Discussion
Based on the modelling results presented in the previous sub-sections, in summary:


All site water demands for surface dust control, dust suppression and process water are
predicted to be satisfied by the proposed water cycle management strategy. Dam water
levels/volumes are predicted to be below the dam lower limit (15% capacity) when process water
would be reduced by 50% only very infrequently (three and two occasions for Stage Q1 and Q5
respectively in the 111-year period of historical climate data).



Water levels within the dam are predicted to be at or near the dam crest level for the majority of
the time.



The majority of water inputs into the dam and pond are from surface flows. Surface flows
pumped from the quarry pit catchment (and pumped to the dam) contributes the most inflow
volume into the dam.
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Overflow from the dam is the largest output of water from the dam.



Approximately half of all flow volume entering the sediment basin will be treated (through
detention and settlement and/or flocculation and discharged via pumping, with approximately
half of all flows from the sediment basin overflowing into the creek.



Based on the water balance modelling predicts that (for the multiple ten year periods assessed),
the quarry dam is anticipated fill to 15% capacity (sufficient to satisfy all quarry dam water
demands for Stage C1) within less than a year following construction. The average time taken
for the dam to commence over-flowing to the downstream environment was (for the periods
assessed) was approximately three years.

It should be noted that the results presented for stage Q1 assumes that the infrastructure has been
installed to pump water from the quarry pit (collected from a sump within the invert of the quarry pit) to
the quarry dam. Water balance model results indicate that if this infrastructure is not installed, the
ability to satisfy site water demands is significantly reduced. Furthermore, it is likely that this
infrastructure will be required to prevent excessive inundation and overflows from within the quarry
pit.
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Stormwater Quality Management

B.3.1 Introduction
This section describes the proposed ‘stormwater quality’ management strategy for the site, including:


Design objectives;



Proposed strategy;



Assessment methodology; and



Predicted performance.

As for the water cycle management strategy, three project stages were selected for the assessment
of the stormwater quality management strategy: C1, Q1 and Q5. Section 1.3 provides further
information in relation to these stages. These have been selected as they show the diverse range of
sites within the development, although it should be noted that the stormwater quality management
strategy is applicable throughout the project life.
This strategy should also be read in conjunction with the Erosion and Sediment Control Plan (ESCP)
for the project, which will be prepared (as a separate technical document) in accordance with section
4.2.3 of the TOR).

B.3.2 Design Objectives
Construction Phase Stormwater Quality Objectives
The logic behind adopting relevant stormwater quality design objectives is provided in Section 2.2.3
above which also provides the specific WQOs adopted for the project (see Table 2-5 and Table 2-6).
Importantly, Section 2.2.3 describes that (from a stormwater quality runoff perspective), the project
will effectively function as an urban construction site, albeit with high water reuse. In the absence of
specific discharge objectives being available for such land uses therefore, the construction phase
WQOs need to be considered in any assessment of water quality for the project.
The most important objective to minimise impacts on receiving water quality relates to the
concentration of total suspended solids (TSS). Specifically the relevant objective states that:
Site discharge during sediment basin dewatering complies with a TSS concentration less than
50 mg/L up to the design event — flocculation as required. In storms greater than the design
event, take all other reasonable and practicable measures to minimise erosion and sediment
export.
A specific design event is also used to size sediment basins although this does not actually influence
the concentration objective. Assessment of the water quality therefore is not therefore discussed
further herein although, as it influences the size of the sediment basin, it forms a critical component of
the discussion provided in the ESCP.
It is noted that the TSS concentration objective recommend in the Urban Stormwater Quality Planning
Guidelines (DERM, 2010d) is consistent with Gold Coast City Council’s (GCCC) construction phase
performance criteria (GCCC, 2007) as provided in Table B- 7 below.
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Gold Coast City Council Construction Phase Stormwater Quality Objectives

Pollutant

Criteria
th

Total Suspended Solids

90 %ile <50 mg/L

pH

6.5-9.0

Dissolved Oxygen

90 %ile >80% saturation or 6 mg/L

Hydrocarbons

No visible sheen on receiving waters

Litter

No visible litter on receiving waters

Cations and anions

As recommended by Acid Sulfate Soils Management Plan

th

The GCCC Land Development Guidelines (GCCC, 2005) recommend that site-specific construction
phase discharge criteria should also be developed to enable more responsive site management of
stormwater pollutants. Similarly, the Urban Stormwater Quality Planning Guidelines (DERM, 2010d)
recommend that site-specific receiving water quality objectives be developed.
In many cases, site-specific objectives have the potential to better protect the EVs of downstream
receiving waterways by maximising treatment beyond what could be achieved in response to generic
objectives.
The GCCC TSS construction phase WQO and the DERM receiving water quality objectives (see
Tables 2-5, 2-6 and B-7), should therefore be adopted for the site as interim objectives only. Longer
term discharge criteria should be developed from a comprehensive assessment of receiving water
quality and the setting of appropriate receiving water quality objectives
Operational Phase Stormwater Quality Objectives
As stated above, operational phase WQOs designed for highly impervious urban land uses are not
appropriate for the project. Specifically, the stormwater pollutant runoff generation parameters used
in the stormwater quality models developed to derive operational phase WQOs, are inconsistent with
the pollutant runoff expected from a quarry site. The level of imperviousness would also be vastly
different.
Nevertheless, it is useful to consider the load-reductions which could be achieved by the proposed
treatment train and therefore an assessment against load based objectives is also provided in this
report. Operational phase objectives for urban development stated in the Urban Stormwater Quality
Planning Guidelines (2010d), are provided in Table B- 8 below.
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Operational Phase Load-Based Water Quality Objectives

Pollutant

Criteria

Total Suspended Solids

80% reduction

Total Phosphorus

60% reduction

Total Nitrogen

45% reduction

Gross Pollutants

90% reduction

B.3.3 Proposed Strategy
The key components of the proposed stormwater quality management strategy for the site include the
following:


Pit storage;



Quarry dam (and associated stormwater harvesting and reuse);



Rock channels;



Sediment basin (and associated operation); and



Additional soil erosion and sediment control best management practices.

Separate to this technical report, an Erosion and Sediment Control Plan (ESCP) will be prepared in
accordance with section 4.2.3 of the TOR). This ESCP describes each of the above components of
the proposed stormwater quality management strategy. The following text also provides a description
of these components.
Pit Storage
The quarry pit will provide significant opportunity for the storage of stormwater flows from the quarry
pit catchment. Once the pit (and associated sump) is established, this will allow stormwater flows to
be retained to allow any suspended material to settle. Once water quality within the retained waters
is determined (e.g. through in-situ turbidity monitoring), the retained waters can be pumped to the
quarry dam (to supplement on-site water demands).
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Figure B- 33 Example Photo of Storage Provided within a Gravel Quarry Pit
It will be necessary to ensure a quarry ‘sump’ volume is provided to temporarily retain any stormwater
flows during the initial establishment of the quarry pit (and associated storage) – for subsequent
pumping into the quarry dam. This will be necessary to ensure zero overflows from the quarry pit.
The ESCP provides further information in relation to the integration of a sump volume within the
quarry pit.
Quarry Dam
The quarry dam will provide two key important stormwater quality management functions:


Stormwater treatment; and



Retention of stormwater flows to supplement site water demands.

The quarry dam will provide a stormwater treatment function by promoting multiple treatment
processes. In particular, the quiescent conditions of provided by the quarry dam will augment the
sediment basin of particulate matter (and associated pollutants, such as heavy metals and nutrients).
As presented in Section 4.1, stormwater flows will be harvested from the quarry dam and utilised to
satisfy all site water demands (excluding personnel usage, e.g. drinking, laboratory). These
harvested flows are a significant proportion of the total flows discharged into the downstream
environment, particularly for small/ frequent flow events (during small/ frequent rainfall events) which
(without appropriate management/treatment) would likely have the potential to cause the most
environmental harm to the downstream environment. The use of these stormwater flows will also
significantly reduce the pollutant loads discharging into downstream environments (as stormwater
pollutant loads will be within the stormwater flows).
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Rock Channels
Rock channels are proposed throughout the plant area to (i) convey stormwater flows from the plant
area to the sediment basin and (ii) provide pre-treatment of flows prior to discharging into the
sediment basin.
Examples of rock channels at a gravel quarry are provided in Figure B- 33.

Figure B- 34 Examples of Rock Channels at a Gravel Quarry
The location and extent of these rock channels is illustrated in Figure 4-2.
Sediment Basin
The operation of the sediment basin (including settlement and flocculation of retained flows and
removal of accumulated sediment), will provide an important stormwater treatment function through
the reduction of pollutant loads (particularly particulate matter, and associated pollutants).
As described in Section 4.4.3.1, it is proposed that a ‘high efficiency’ flow through sediment basin be
adopted, including:


Rainfall activated coagulant dosing station;



A hydraulically efficient design (with a separate coarse sediment forebay); and



Floating off-takes to decant clean treated water.
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Figure B- 35 Example a of High Efficiency Flow through Sediment Basin
Additional Erosion & Sediment Control Practices
Additional erosion and sediment control practices will also be critical to minimising environmental
harm – particularly ‘source control’ practices (minimising the generation and transport of potential
pollutants at their origin).
This ESCP provides further information in relation to erosion and sediment control practices proposed
for the site.

B.3.4 Assessment Methodology

B.3.4.1 Preamble
The predicted performance of the stormwater quality management strategy has been assessed using
a combination of the catchment and water balance modelling tools described in Section 2.3.
To assess the performance of the stormwater quality management strategy, these tools have been
applied with the following key modifications:


Meteorological data;



Pollutant export characteristics; and



Treatment nodes.

This section also includes a description of some of the key modelling assumptions applied in the
assessment methodology.

B.3.4.2 Meteorological Data
Modelling was performed for a period of ten years (from 1st January 1989 to 31st December 1998),
using recorded pluvio data from Elanora WTP (Station 40609) and monthly aerial PET (in accordance
with Water by Design (2010b)). A timestep of six minutes was utilised for the stormwater quality
management strategy (in accordance with Water by Design, 2010b) to assess the stormwater quality
treatment performance of the treatment nodes (as the application of larger time-steps can overestimate stormwater treatment performance).
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A ten-year climate period was applied to ensure the model captures sufficient data to represent a
range of rainfall patterns over time. It allows a reasonable balance between model accuracy,
computer capability and memory requirements, simulation run time, and the size of the output file
(Water by Design, 2010b).

B.3.4.3 Assessment Locations
For the purposes of this report, average annual flows and total suspended loads have been assessed
for the following locations:


Location N2: As illustrated in Figure B- 26, this site is located at the downstream end of the
northern sub-catchment at the site boundary.



Location S7: As illustrated in Figure B- 26, this site is located at the downstream end of the
northern sub-catchment at the site boundary.

The southern catchment area within the site boundary has not been included in our assessment as
this area is located outside of the disturbance footprint, and subsequently pollutant loads from this
area are unlikely to significantly change with the project.
The following scenarios have been assessed:


Existing site.



Developed site with no stormwater management. This scenario includes the proposed pumping
of flows from the quarry pit to the quarry dam location, but without the presence of the quarry
dam.



Developed site with proposed stormwater management strategy.

B.3.4.4 Pollutant Export Characteristics
MUSIC is commonly applied to model the generation, transport and treatment of typical urban
stormwater pollutants – total suspended solids, total phosphorus, total nitrogen and gross pollutants.
For this assessment, total suspended solids is the only pollutant modelled. This is due to several
reasons, including:


There is limited information in relation to the generation and treatment performance (of
stormwater management measures, e.g. sediment basin) for pollutants other than those typically
modelled in MUSIC (i.e. total suspended solids, total phosphorus, total nitrogen and gross
pollutants).



Total suspended solids is likely to be a key pollutant in stormwater flows from the site (both in its
existing stage and with the proposed quarry operations).



Other pollutants (e.g. heavy metals and particulate nutrients) are likely to be attached to
suspended solids. Significant reductions of total suspended solids in stormwater flows from the
site is likely to achieve significant reductions in other pollutants flowing from the site.

The pollutant characteristics (e.g. average pollutant concentration and standard deviations), in
‘stormflows’ and ‘baseflows’ from these areas is defined by the pollutant export characteristics applied
in the MUSIC ‘source nodes’ representing these areas. Table B-9 provides a summary of the
applied pollutant export values.
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Table B- 1 also outlines the applied land usage classifications and impervious percentages applied in
the modelling.
Table B- 10 provides a summary of the catchment areas external to the project operations. Table B- 2
provides a summary of the catchment properties for within the project area.
Table B- 17 and Table B- 18 provide a summary of the areas (and land usage break-downs) for the
existing site upstream of the assessment locations (S7 and N3).
Table B- 9

Land Usage Type

Summary of Applied Pollutant Export Values
Land Usage
Classification for
Rainfall-Runoff &
Pollutant Export
Parameter Values

Undeveloped areas

Forest

Existing 4WD tracks

Forest, with userdefined value for
TSS stormflow
concentration

Project working area
Project stockpiles
Unsealed roads within project
area

Industrial ground
level, with userdefined value for
TSS stormflow
concentration

Sealed roads within project area

Industrial road

Buildings within project area

Industrial roof

Urban residential (downstream
of project)

Comments

All pollutant export values accordance
with Water By Design (2010), except for
user-defined values (where specified).
A user-defined value of 1000mg/L has
been applied for TSS stormflow
concentrations for specified areas. This
value is significantly higher than the
Water By Design (2010) values, and
was adopted to represent the higher
pollutant generation rate likely to be
experienced from these areas. This
1,000 mg/L is based on water quality
monitoring data collected by Brisbane
City Council (1999/2000), for a
‘developing catchment’ (an urban
catchment undergoing development,
with earthworks within the catchment).

Urban residential

Table B- 10 Catchment Areas External to Project Operations
Total Area External to Project Operations (Hectares)
Stage
Draining to N3

Draining to S7

Stage C1

37.96

90.53

Stage Q1

35.61

67.85

Stage Q5

35.51

67.80

\\WBM-FS\ADMIN\ADMIN\B18995.G.NC_BORAL GOLD COAST QUARRY\R.B18995.001.04.DOCX

B-43

STORMWATER QUALITY, HYDROLOGY AND WATER CYCLE MANAGEMENT PLAN

B.3.4.5 Treatment Nodes
The properties of the treatment nodes as modelled in MUSIC are summarised in the tables below.
Table B- 11 Assumed Treatment Node Properties for Rock Channels
Parameter

Value

Comments

Swale

Multiple rock channels modeled using a single
treatment node.

0

No bypass of flows.

1200

Total length of main rock channels (excludes
several minor rock channels, so likely to be
conservative).

Bed slope

0.5%

Based on available civil engineering design.

Base width (m)

3

Top width (m)

0

Depth (m)

1

Treatment node
Low flow bypass (m3/s)
Length (m)

Vegetation height (m)

0.01

Minimum allowed in MUSIC for swales. No
vegetation will be planted within rock channel.

Exfiltration (mm/hr)

0

Zero exfiltration assumed.

k decay coefficient for TSS

15,000

From Fletcher et al (2004) for predicting the
performance of swales in developing catchments.

C* (background concentration) for
TSS

95
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Table B- 12 Assumed Treatment Node Properties for Sediment Basin
Parameter

Value for
Sediment Basin

Treatment node

Sediment basin

Low flow bypass (m3/s)

0

High flow bypass (m3/s)

N/A

Surface area (m2)

Comments

No bypass of flows incorporated into model.

3094

Applied the average surface area (area at
sediment settling zone + area at overflow level/
2)

1.9

Extended detention depth within sediment basin
is equal to difference elevation of overflow weir
level and sediment settling zone.

Permanent pool volume (m3)

3160

Capacity of the ‘sediment settling zone’.

Exfiltration rate (mm/hour)

0

Extended detention depth

Detention time (hours)

Zero exfiltration assumed.

120

5 days detention provided in sediment basin, in
accordance with basin operation requirements

10

From design drawings

0

Assumed a constant daily water demand based
on average water demands calculated in water
balance modelling

k decay coefficient for TSS

Default value in
MUSIC (800)

Default MUSIC values adopted.

C* (background concentration) for
TSS (mg/L)

Default value in
MUSIC (20)

Overflow weir width
Daily water demand (kL/day)
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Table B- 13 Assumed Treatment Node Properties for Quarry Pit Sump
Parameter

Value for
Sediment Basin

Treatment node

Sediment basin

Low flow bypass (m3/s)

0

High flow bypass (m3/s)

N/A

Surface area (m2)
30 000 (Q1)
411 676 (Q5)

Extended detention depth

Comments

No bypass of flows incorporated into model.

Value for Q1 based on an assumed sump
design for this stage. Value for Q5 based on
total available storage available within the pit
void.

0

Permanent pool volume (m3)
150 000 (Q1)
1 674 987 (Q5)

Value for Q1 based on an assumed sump
design for this stage. Value for Q5 based on
total available storage available within the pit
void.

Exfiltration rate (mm/hour)

0

Detention time (hours)

N/A

No extended detention provided in quarry dam.

Overflow weir width

19

From design drawings

2000

Assumed a constant pump rate from pit sump to
dam (pumping only when water is available)

Daily water demand (kL/day)

k decay coefficient for TSS

15000

C* (background concentration) for
TSS (mg/L)

95
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Table B- 14 Assumed Treatment Node Properties for Quarry Dam
Parameter

Value for
Sediment Basin

Treatment node

Pond

Low flow bypass (m3/s)

0

High flow bypass (m3/s)

N/A

Surface area (m2)

24,588

Extended detention depth

0

Permanent pool volume (m3)

3160

Capacity at the weir level.

Exfiltration rate (mm/hour)

0

Zero exfiltration assumed.

etention time (hours)

N/A

No extended detention provided in quarry dam.

Overflow weir width

19

From design drawings

Daily water demand (kL/day)

86 (C1),
405 (Q1),
398 (Q5)

k decay coefficient for TSS

Default value in
MUSIC (400)

C* (background concentration) for
TSS (mg/L)

Default value in
MUSIC (12)

Comments

No bypass of flows incorporated into model.

Area at the weir level.

Assumed a constant daily water demand based
on average water demands calculated in water
balance modeling.
Default MUSIC values adopted.

The properties of the rainwater tank treatment node incorporated into the catchment model are given
in Table B- 4.

B.3.4.5 Key Modelling Assumptions
It should be noted that the assessment methodology provides an approximation only, and includes
several key assumptions including:


Pollutant export characteristics; and



Treatment performance of the various stormwater management measures.

Despite the limitations of the assessment methodology, the applied assessment methodology is
believed to the most reasonable and practical available to predict the performance of the proposed
stormwater management strategy.

B.3.5 Results & Discussion
The results of the MUSIC assessment are presented in the following tables. Average annual flows
and total suspended solids loads are presented for the three project stages and existing site. The
focus of the discussion given below is on total suspended solids loads given that changes in flows are
discussed in detail in Section B.4.
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Table B- 15 Annual Flows & Pollutant Loads at Site N3 (1989-1998)
Existing Site

Developed
Site with No
Treatment

Developed
Site with
Treatment

% Removal

% Change*
from
Existing Site

Flow (ML/year)

270

257

201

22%

-26%

TSS (tonnes/year)

18.3

20

9.3

52%

-49%

Flow (ML/year)

270

566

797

-41%

195%

TSS (tonnes/year)

18.3

582

17.4

97%

-5%

Flow (ML/year)

270

470

774

-65%

187%

TSS (tonnes/year)

18.3

335

16.8

95%

-8%

Parameter
Stage C1

Stage Q1

Stage Q5

*: The reported change compares the flows and TSS loads for the ‘developed site with treatment’ scenario relative to the
existing site. A percentage increase is shown by a positive value. A decrease is shown by a negative value.

Table B- 16

Annual Flows & Pollutant Loads at Site S7 (1989-1998)

Existing Site

Developed
Site with No
Treatment

Developed
Site with
Treatment

% Removal

% Change*
from
Existing Site

Flow (ML/year)

521

637

633

1%

21%

TSS (tonnes/year)

40.3

352

34.8

90%

-14%

Flow (ML/year)

521

536

532

1%

2%

TSS (tonnes/year)

40.3

346

29.1

92%

-28%

Flow (ML/year)

521

512

508

1%

-2%

TSS (tonnes/year)

40.3

327

24.9

92%

-38%

Parameter
Stage C1

Stage Q1

Stage Q5

*: The reported change compares the flows and TSS loads for the ‘developed site with treatment’ scenario relative to the
existing site. A percentage increase is shown by a positive value. A decrease is shown by a negative value.
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As shown by the results presented above, the proposed stormwater quality management strategy is
anticipated to significantly reduce the total suspended solids loads discharged into downstream
waterways (relatative to the ‘developed site with no treatment’ scenario’). The total suspended solids
loads from the areas proposed for development are also expected to decrease relative to the existing
site.
As outlined above, operational phase WQOs (given in Section 5.2.4) designed for highly impervious
urban land uses are not appropriate for the project. Nevertheless, the model results given in Table
B- 12 indicate that the removal target for total suspended solids of 80% will be achieved by the
proposed stormwater management strategy.

B.3.5 Conclusion
A stormwater quality management strategy has been proposed for the site, incorporating several
stormwater management measures including the quarry pit, quarry dam, rock channels, sediment
basin and additional erosion and sediment control practices. Modelling has been undertaken to
assess the stormwater pollutant loads predicted to leave the site (i) in its current condition and (ii) with
the proposed quarry operations.
The modelling has assessed three project phases (C1, Q1 and Q5), and have been selected as they
show the diverse range of sites within the development. The pollutant modelling has focussed on
‘total suspended solids’ for several reasons (i.e.: TSS is likely to be the key pollutant from the site in
its existing state and with the proposed quarry operations; TSS is readily modelled using existing
software packages; can be readily monitored pre development as well as during construction and
operation; and TSS is important from both ecological and social perspectives in downstream
receiving waterways).
Our assessment indicates that the project (and associated stormwater quality management strategy)
will likely decrease stormwater pollutant loads discharging from the site (relative to the existing site).

B.4

Hydrologic Management
This section describes the hydrologic management strategy for the site, including:


Design objectives;



Proposed strategy;



Assessment methodology;



Results; and



Ecological impacts.

The predicted changes to the hydrology are presented in this section. However, this section does not
assess the ecological impacts associated with these predicted changes. This assessment of
ecological impacts is to be undertaken by others.

B.4.1 Design Objectives
The design objectives for the hydrologic management strategy for the site require additional input
from other consultancy teams involved in the EIS (in particular, teams addressing the terrestrial and
aquatic ecology components of the EIS TOR).
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Cardno Chenowethis responsible for addressing the terrestrial flora and fauna components of the
project EIS. The Flora and Fauna Technical Report (Cardno Chenoweth, 2013a)(confirms that
ideally existing hydrologic regimes in the waterways of the quarry site should be maintained as much
as possible, so as to maintain the microclimate that enables the growth of a number of terrestrial
threatened plant species including the threatened epiphytic orchid Taeniophyllum muelleri.

B.4.2 Proposed Strategy
Hydrologic management principles have been incorporated into the design of the project. In
particular, the project footprint has been configured to minimise the extent to which the project
footprint extends into existing waterway areas.
The integrated approach to water management proposed for the project (and described in 4.1) also
significantly reduces changes to downstream hydrology. In particular, the harvesting and use of
stormwater from the quarry dam will significantly reduce the extent of flow increases that would
otherwise be observed in the waterway discharging to the north-east of the project boundary. The
harvesting of roof runoff from the site will (albeit to a lesser extent given the relatively small amount of
roof area on the site) will also decrease changes to downstream hydrology (by retaining runoff from
roof areas for small/frequent flow events that would be unlikely to produce runoff in the
existing/undeveloped site).

B.4.3 Assessment Methodology
The assessment of site hydrology involved the following components:


Site inspection;



The identification of locations suitable for the hydrological assessment;



The identification of project stages to assess;



Catchment and water balance modelling; and



Analysis of flows.

A description of these components is provided below.

B.4.3.1 Site Inspection
A site inspection was undertaken by the project team in order to gain a better appreciation of the site
terrain, soils, hydrology, condition and location of existing waterways, overland flow paths and
catchment boundaries. The site inspection was also utilised to assist in getting a better appreciation
of potential impacts and to conceptualise potential treatment solutions.
Separate assessments of the site’s terrestrial and aquatic ecological values were carried by the
project environmental scientists and ecologists.

B.4.3.2 Identification of Assessment Locations
In order to ensure the protection of key ecological values, the locations for the hydrological
assessments were based on discussions with the project environmental scientists and ecologists
involved in the assessment of both the terrestrial and aquatic ecology. Specifically, David Francis
(Cardno Chenoweth) and Craig Chargulaf (FRC Environmental) were consulted in identification of the
locations for the hydrological assessments. To ensure that the most suitable locations were selected,
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all parties involved in the consultation had first undertaken site assessments and therefore possessed
an appreciation of the site and its values. The eleven locations identified for the hydrological
assessments are illustrated in Figure B- 36.

B.4.3.3 Identification of Project Stages for Assessment
The assessment of the site’s hydrology was undertaken at the eleven locations during two project
phases:


Existing Site. This scenario is an assessment of the undeveloped site in its current state.



Stage Q5: The final stage in the project operations (with proposed stormwater and water cycle
management strategy).

Project Stage Q5 (illustrated in Figure 1-5), has the potential to cause the largest change in hydrology
at the identified assessment locations due this stage having the following characteristics (relative to
earlier stages):


Largest project ‘footprint’ and subsequently highest change to catchment extent draining to the
identified assessment locations.



Largest water usage (e.g. due process water and dust suppression water usage) and
subsequently highest reduction in flows discharging from the quarry dam.

Earlier stages within the project are anticipated to have less impact to hydrology at the identified
locations.

B.4.3.4 Catchment and Water Modelling
The predicted hydrologic impacts of the project has been used using a combination of the catchment
and water balance modelling tools described in Section B.2.3.
Table B- 17 provides a summary of existing Catchment Areas upstream of the identified assessment
locations.
Table B- 18 gives a breakdown of the land usage classifications within the existing site. Figure B- 35
also illustrates the assumed land usage for the existing site.
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Table B- 17

Summary of Existing Catchment Areas Upstream of Assessment Location

Location Ref

Total Existing
Catchment Area

Project Area within
Existing Catchment

S1

32.6

14.8

S2

43.3

22.3

S3

49.4

23.4

S4

55.3

23.6

S5

58.5

23.6

S6

91.3

46.7

S7

115.9

48.1

S8

135.6

48.1

N1

8.9

2.5

N2

14.9

2.5

55.8

20.3

Comments

Downstream of
sediment basin within
project area

N3

Downstream of quarry
dam within project
area

Table B- 18 Existing Land Usage in Catchment Areas Upstream of Assessment Location
Location Ref

‘Forest’

4WD Tracks

Urban
Residential

Urban Park

S1

42.489

-

-

0.805

S2

31.987

-

-

0.615

S3

48.593

-

-

0.805

S4

54.513

-

-

0.805

S5

57.725

-

-

0.805

S6

89.776

-

-

1.571

S7

114.295

-

-

1.571

S8

121.981

4.079

7.934

1.571

N1

8.503

-

-

0.385

N2

14.489

-

-

0.385

N3

55.194

-

-

0.648
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It should, be noted that the assessments have applied the 111 years of historical climate data,
assuming that the quarry dam is at capacity at the commencement of the 111-year historical period.
Section B.2.6.5 provides an assessment of the time taken for the quarry dam to reach various
capacities. As described in Section B.2.6.5, the average and maximum times taken for the dam to
commence over-flowing to the downstream environment was (for the periods assessed, assuming
Stage C1 catchment conditions) approximately two and three years respectively (which will be many
years before the commencement of Stage Q5).
As described in the previous sub-section, analyses have not been undertaken of the potential
changes in project stages earlier than Stage Q5 (including the period in which the dam is filling to
capacity).

B.4.3.5 Flow Analyses
At each location, the catchment and water balance models provided a prediction of daily flows using
the 111 years of historical climate data for both the (i) existing conditions and (ii) Stage Q5.
The following comparisons were made between the existing conditions and Stage Q5:


Average daily flows, average daily dry season flows and average wet season flows;



Annual probability of exceedance of annual flows;



Annual probability of exceedance of dry season flows;



Annual probability of exceedance of wet season flows; and



Annual probability of exceedance of the low flow spell duration.

The ‘dry season’ was determined by examining the months where the difference between monthly
mean potential evapotranspiration and rainfall are highest (when PET is higher than rainfall).
For this identification of the ‘dry season’, rainfall data was obtained from Hinze Dam BOM station
(Ref: 040584) from 1974 to 2012, with monthly aerial PET data given by Water by Design (2010) for
the Elanora Treatment Plant (Ref: 40609). Figure B- 38 provides a comparison between mean
monthly rainfall and PET at these locations.
The ‘wet season’ was selected as being the months of December to February.
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Figure B- 38 Comparison of Monthly Mean Rainfall Data (Hinze Dam) and Potential
Evapotranspiration (Elanora Water Treatment Plant)
As illustrated in Figure B- 38, the months between (and including) August to November have the
highest difference between monthly mean potential evapotranspiration and rainfall. The period from
August to November (inclusive) was subsequently assumed to be the ‘dry season’ in our dry season
analyses.
A low flow threshold for the low spell frequency analysis was determined by calculating the 50th
percentile for annual average daily flow rate for the existing site. For each year of analysis, the
maximum duration when calculated inflows were less than this low flow threshold were calculated,
and annual frequency curves developed to determine the annual exceedance probability for ‘low flow
spell’ durations.

B.4.4 Results and Discussion
The results of these analyses are presented in the following figures.
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Figure B- 39 Results of Flow Analyses for Site N1
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Figure B- 40 Results of Flow Analyses for Site N2
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Figure B- 41 Results of Flow Analyses for Site N3
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Figure B- 42 Results of Flow Analyses for Site S1
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Figure B- 43 Results of Flow Analyses for Site S2
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Figure B- 44 Results of Flow Analyses for Site S3
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Figure B- 45 Results of Flow Analyses for Site S4
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Figure B- 46 Results of Flow Analyses for Site S5
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Figure B- 47 Results of Flow Analyses for Site S6

\\WBM-FS\ADMIN\ADMIN\B18995.G.NC_BORAL GOLD COAST QUARRY\R.B18995.001.04.DOCX

60%

70%

Annual Exceedance Probability

80%

B-65

STORMWATER QUALITY, HYDROLOGY AND WATER CYCLE MANAGEMENT PLAN

Average Daily Flows & Average Daily Dry Season Flows
3000
Existing
Stage Q5

2500

Daily Flow (m3/day)

2000

1500

1000

500

0
Average flows

Average dry season flows
(August to November only)

Annual Probability of Exceedance of Annual Flows

Average wet season flows
(December to February only)

Annual Probability of Exceedance of Dry Season Flows
10000.000

10000.000

Mean Dry Season Flow (m3/day)

Mean Flow (m3/day)

1000.000

100.000

10.000

1.000

Existing

0.100

Stage Q5

1000.000

100.000

Existing
Stage Q5

10.000

0.010

0.001

1.000
0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

0%

100%

10%

20%

Annual Exceedance Probability

30%

40%

50%

60%

70%

80%

90%

100%

90%

100%

Annual Exceedance Probability

Annual Probability of Exceedance of Low Flow Spell
Duration

Annual Probability of Exceedance of Wet Season Flows
10000.000

Annual Low Flow Spell Duration (days)

Mean Dry Season Flow (m3/day)

250

1000.000

Existing
Stage Q5

100.000

10.000

200

150

100

50
Existing
Stage Q5

1.000

0
0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

Annual Exceedance Probability

0%

10%

20%

30%

40%

50%

Figure B- 48 Results of Flow Analyses for Site S7
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Figure B- 49 Results of Flow Analyses for Site S8
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As shown by the results illustrated above, the project is anticipated to reduce flows for almost all
assessment locations (with the exception of site N3). With this reduction in flows, the duration of ‘low
flow spells’ (i.e. when daily flow does not exceed the 50th percentile daily flow for the existing site)
increases at these sites. This decrease in flows at these sites is due to the reduced catchment extent
(associated with the project) draining to these locations.
The project is predicted to increase dry weather flows at Sites S6 to S8. The probability of low flow
spells (relative to the existing case) will also decrease at these sites. These changes are due to the
modifications in catchment conditions (e.g. reduced vegetation cover and soil permeability) upstream
of these sites – and associated decreased rainfall and runoff interception, infiltration and
evapotranspiration (and subsequently increased runoff rates) per unit area.
The increase in flows predicted at site N3 is due to the project effectively increasing the catchment
area draining to this location – as the project involves runoff from the quarry pit area being pumped to
the quarry dam (which overflows to the waterway and eventually N3). Under existing conditions, the
majority of the quarry pit area drains towards the south (and not towards N3) and this area is also
densely vegetated. The effective dam catchment (including the quarry pit area and land that will flow
via gravity into the dam) also has significantly reduced vegetation cover and soil permeability (relative
to the existing site), which further increases flows to the dam.
Despite the increase in flows predicted at site N3, the dry season flow and low flow spell duration
curves show a similar pattern between the existing site and stage Q5. This is likely because the
increased flows associated with increased catchment extent being at least partially off-set by the
reduced flows associated with water extraction from the quarry dam.

B.4.5 Ecological Impacts
The results of the above analyses have been presented to project environmental scientists and
ecologists involved in the assessment of both the terrestrial and aquatic ecology, specifically, Cardno
Chenoweth and FRC Environmental.
The Flora and Fauna Technical Report (Cardno Chenoweth, 2013a) confirms that the risk to
terrestrial species associated with the predicted changes to hydrology is ‘moderate’ or ‘medium risk
level’. This report also recommends monitoring locations along the drainage lines that support
threatened plant species. For example, it will be necessary to monitor the health of vegetation
between S2 and S5 to ensure there is no significant drying of vegetation. Similarly at S6 it will be
necessary to assess whether there is any scour or significant increase in adjacent soil moisture. If
monitoring demonstrates an adverse impact then appropriate mitigation will need to be undertaken.
In the instance where there is scour and an increase in soil moisture at S6, then water releases from
the sediment basin may need to be reduced. Mitigating drying at S2 through to S5 may require
providing water upstream (e.g. water from the quarry pit sump) – but this might only be triggered if the
ecological values are under stress due to quarrying activities and beyond natural fluctuations
(Cardno Chenoweth, 2013a).
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The Aquatic Ecology Assessment (FRC Environmental, 2013), states that project is unlikely to impact
on any listed vulnerable or endangered aquatic species or ecological communities, as listed under
State or Commonwealth legislation, or habitats of conservational significance, if appropriate mitigation
measures are put in place. It also states that there is likely to be a “moderate magnitude impact to
the local aquatic environments of the project, and negligible regional impacts”. The report outlines
recommendations for the monitoring of aquatic habitat, macroinvertebrates and fish to further mitigate
risks.
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APPENDIX C: EXPLANATION OF HEALTHY WATERWAYS REPORT
CARD GRADES
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APPENDIX D: SUMMARY OF WATER QUALITY PARAMETERS TESTED
This appendix provides a summary of the water quality parameters tested using both a hand held
water quality instrument and as tested in NATA-accredited laboratory.
Water Quality Parameters
Tested using Hand Held
Water Quality Instrument

Water Quality Parameters Analysed in the Laboratory

Dissolved oxygen

Bacteria

Solids & Nutrients

pH

Thermotolerant coliforms

Total Nitrogen

Temperature

Total Phosphorus

Salinity

Nitrite + Nitrate (as N)

Conductivity

Ammonia-Nitrogen

Turbidity

Ortho-Phosphorus
Total Suspended Solids
Metals (total and filtered)

Hydrocarbons

Aluminium

TPH C6-C9 Fraction

Arsenic

TRPH >C10-C16 Fraction

Barium

TRPH >C16-C34 Fraction

Beryllium

TRPH >C34-C40 Fraction

Boron

Naphthalene

Cadmium

Acenaphthylene

Chromium

Acenaphthene

Cobalt

Fluorene

Copper

Phenanthrene

Iron

Anthracene

Lead

Fluoranthene

Manganese

Pyrene

Mercury

Benz(a)anthracene

Nickel

Chrysene

Selenium

Benzo(b)fluoranthene

Silicon

Benzo(k)fluoranthene

Silver

Benzo(a)pyrene

Strontium

Indeno(1.2.3.cd)pyrene

Vanadium

Dibenz(a.h)anthracene

Zinc

EFF203 Benzo(g.h.i) perylene
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APPENDIX E: SUMMARY OF WATER QUALITY RESULTS
This appendix provides a summary of the water quality results from both the in-situ and testing and laboratory analysis. The results are presented in Tables E1 and E-2. The cells with values that exceed water quality parameters have been shaded to allow quick identification of non-compliance.
Table E- 1 – Water Quality Monitoring Results - June 2012 to January 2013
Laboratory Results
27/06/2012
Site A

Site B

29/06/2012
Site C

Site A

Site B

Unit

Waterway WQO

cfu/100mL

150

12,000

5,000

11,000

<10

<10

Solids & Nutrients
Total Nitrogen

mg/L

0.4

1.32

0.72

2.33

0.58

Total Phosphorus

mg/L

0.05

0.12

0.30

1.95

Nitrite + Nitrate (as N)

mg/L

0.08

0.58

0.20

0.18

Ammonia-Nitrogen

28/01/2013
Site C

Site A

29/01/2013

Site B

Site C

Site A

Site B

Site C

Grab

Rising Stage

Grab

Rising Stage

Rising Stage

Grab

Rising Stage

Rising Stage

Grab

Rising Stage

Rising Stage

<10

200000

300000

<100

100000

8000

-

95

550

260

68/50mL

200

Rising Stage
800

0.69

0.59

0.53

1.12

0.60

14.2

6.91

0.88

-

0.75

-

1.11

1.84

2.05

0.25

0.28

0.23

0.05

0.05

0.02

1.49

0.9

0.06

-

0.05

-

0.02

0.11

0.16

-

-

-

0.05

0.2

0.55

0.18

0.14

0.24

<0.005

<0.005

<0.005

<0.005

<0.005

<0.005

Bacteria
Thermotolerant coliforms

mg/L

0.02

0.133

0.015

0.030

<0.1

<0.1

<0.1

<0.005

<0.005

<0.005

<0.005

<0.005

<0.005

<0.005

<0.005

<0.005

<0.005

<0.005

<0.005

Ortho-Phosphorus

mg/L

0.02

0.026

0.005

0.006

0.008

0.009

0.007

<0.005

0.02

0.007

<0.005

<0.005

0.005

<0.005

<0.005

<0.005

<0.005

<0.005

<0.005

Total Suspended Solids

mg/L

8

15

63

700

6

22

24

31

25

16

3870

5030

390

462

122

270

<2

854

908

Total
Dissolved

ug/L
ug/L

-

727

3070

12100

527

509

465

580

1730

800

15800

14200

2460

4190

2070

1560

560

2980

3770

55

314

700

2940

202

220

168

200

230

220

200

190

550

280

320

250

270

140

210

Arsenic

Total
Dissolved

ug/L
ug/L

-

1.1

1.1

1.7

<0.5

<0.5

<0.5

0.5

1

<0.5

4.7

4.1

1

2.4

1.1

0.6

<0.5

1.2

13

0.9

0.6

0.6

<0.5

<0.5

<0.5

<0.5

0.6

<0.5

<0.5

<0.5

<0.5

0.5

<0.5

<0.5

<0.5

<0.5

<0.5

Barium

Total
Dissolved

ug/L
ug/L

-

26.8

40.1

148

148.6

116

166.1

17.6

22.9

18.4

250.7

215.4

56.1

49.4

25

29.8

17.4

57.5

66.7

‐

17.7

10.8

6.5

146.7

114.6

161

63.4

160

130

193

13.7

137

17.3

Beryllium

Total
Dissolved

ug/L
ug/L

ID

<0.1

<0.1

<0.1

<0.1

<0.1

<0.1

<0.1

0.1

<0.1

1.8

1.4

0.3

0.4

0.2

0.1

<0.1

0.3

0.4

ID

<0.1

<0.1

<0.1

<0.1

<0.1

<0.1

<0.1

<0.1

<0.1

<0.1

<0.1

<0.1

<0.1

<0.1

<0.1

<0.1

<0.1

<0.1

Total
Dissolved

ug/L
ug/L

-

20

10

20

40

40

40

61

120

62

65

110

<50

200

170

<50

<50

58

85

370

10

10

10

50

50

50

<50

<50

<50

<50

<50

<50

<50

<50

<50

<50

<50

<50

Metals
Aluminium

Boron

137

165

176

Cadmium

Total
Dissolved

ug/L

-

<0.1

<0.1

<0.1

<0.1

<0.1

<0.1

<0.1

<0.1

<0.1

<0.1

<0.1

<0.1

<0.1

<0.1

<0.1

<0.1

ug/L

0.2

<0.1

<0.1

<0.1

<0.1

<0.1

<0.1

<0.1

<0.1

<0.1

<0.1

<0.1

<0.1

<0.1

<0.1

<0.1

<0.1

<0.1

<0.1

Total
Dissolved

ug/L
ug/L

-

0.6

1.2

3.3

<0.5

<0.5

<0.5

0.6

0.6

<0.5

4.9

4.6

0.7

1.8

1

0.5

<0.5

0.9

1.3

1

0.6

<0.5

<0.5

<0.5

<0.5

<0.5

<0.5

1.5

<0.5

<0.5

<0.5

<0.5

<0.5

<0.5

<0.5

<0.5

<0.5

0.5

Cobalt

Total
Dissolved

ug/L
ug/L

-

0.6

0.7

3.3

0.2

0.2

0.3

0.3

0.5

0.4

9.4

7.5

1.4

4.1

1.5

0.5

0.3

1.5

1.6

1.4

0.3

0.2

0.3

0.2

0.2

0.2

0.3

0.2

0.2

0.3

0.4

0.3

0.7

0.4

0.2

0.2

0.2

0.2

8

Copper

Total
Dissolved

ug/L

-

7.9

34.4

61.1

81.8

29.3

8.3

ug/L

1.4

0.8

0.5

0.8

0.7

0.7

0.7

1.9

19.1

1.4

11

15.7

0.6

7.2

26.5

16.5

<0.5

18

4.5

Iron

Total
Dissolved

ug/L
ug/L

ID

1490

2820

10300

690

1090

4960

110

280

150

160

230

370

4010

1660

1280

400

2800

3700

ID

1000

850

1770

260

270

220

300

1470

650

15800

14500

2200

190

150

140

160

90

120

3.9

18.2

1.3

59.8

68.3

-

1

1.6

5.9

0.7

<0.1

157

Chromium

1.4

<0.1

158

1.3

Lead

Total
Dissolved

ug/L
ug/L

Total
Dissolved

ug/L
ug/L

1900

35.1

8.6

17

7.3

3.4

5.8

12.5

Mercury

Total
Dissolved

ug/L
ug/L

-

<0.1

<0.1

<0.1

<0.1

<0.1

<0.1

<0.1

0.6

<0.1

<0.1

<0.1

<0.1

<0.1

<0.1

<0.1

0.1

32.8

14.4

0.5

0.5

0.3

0.4

0.5

0.2

3.5

0.6

2

2.9

0.3

2.5

7.6

4.5

0.4

3.2

0.8

139

8.2

3.8

6.7

17.8

20.1

13.1

395

344

52.5

70.6

32.5

26

8.6

56.1

65.1

9

9.4

16.1

22.7

17.3

13.5

6.9

13.6

8

14.7

12.5

<0.1

<0.1

0.1

0.1

<0.1

<0.1

<0.1

0.1

<0.1

<0.1

<0.1

<0.1

<0.1

<0.1

<0.1

<0.1

<0.1

<0.1

<0.1

<0.1

<0.1

1

<0.1

Total
Dissolved

ug/L

-

1.5

4.4

ug/L

11

0.3

0.2

0.2

0.2

0.2

0.2

<0.1

1.4

0.2

<0.1

0.5

<0.1

0.5

0.9

<0.1

0.2

0.4

<0.1

ug/L
ug/L

5

0.9

1.4

0.9

0.5

0.5

0.7

<0.5

<0.5

<0.5

1.8

1.2

<0.5

0.8

<0.5

<0.5

<0.5

<0.5

<0.5

‐

0.6

<0.5

<0.5

<0.5

<0.5

<0.5

<0.5

<0.5

<0.5

<0.5

<0.5

<0.5

<0.5

<0.5

<0.5

<0.5

<0.5

<0.5

Silicon

Total
Dissolved

ug/L
ug/L

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

‐

4090

3650

5200

4090

3650

5200

3590

3030

4070

2790

3060

4570

3990

2830

3540

4610

3900

3740

Silver

Total
Dissolved

ug/L
ug/L

-

<0.1

<0.1

<0.1

<0.1

<0.1

<0.1

<0.1

<0.1

<0.1

<0.1

<0.1

<0.1

<0.1

<0.1

<0.1

<0.1

<0.1

<0.1

0.05

<0.1

<0.1

<0.1

<0.1

<0.1

<0.1

<0.1

<0.1

<0.1

<0.1

<0.1

<0.1

<0.1

<0.1

<0.1

<0.1

<0.1

<0.1

Strontium

Total
Dissolved

ug/L
ug/L

-

64.5

39.5

41

64.5

39.5

41

25.5

18.4

24.8

72.6

63.6

35

31.2

15.9

32.7

24.4

34.7

‐

62.6

32.9

15.7

62.6

32.9

15.7

24.1

14.8

23

13.2

13.6

27.9

16.9

10.8

26.5

24.7

25.3

24

Vanadium

Total
Dissolved

ug/L
ug/L

-

1.1

5.7

17.6

1.1

5.7

17.6

1

2.5

1.2

29.1

26.7

4.5

1

2.5

1.2

29.1

26.7

4.5

6

1

1.6

2.2

1

1.6

2.2

0.3

0.3

0.2

0.5

0.7

1

0.4

0.3

0.2

0.3

0.2

0.4

Zinc

Total
Dissolved

ug/L
ug/L

8

3.9
<0.5

4.9
<0.5

21.2
<0.5

3.9
<0.5

4.9
<0.5

21.2
<0.5

6.7
5.6

95.6
83.5

6.1
5.8

250
136

254
115

8.9
0.9

150
96.7

216
64.3

113
175

12.4
4.3

156
167

95
85.6

<10

<10

<10

<10

<10

2.4

2.4

1.1

1

36

μg/L

-

<10

<10

<10

<10

<10

<10

<10

<10

<10

<10

Surrogate 1,2-dichlorobenze

%

-

106.0

86.0

90.0

110.0

104.0

84.0

88

105

106

107

119

102

83

91

96

104

98

98

Surrogate Chlorobenzene-d5

%

-

117.0

95.0

101.0

108.0

102.0

81.0

87

105

102

103

117

99

100

92

93

112

95

99

Surrogate Fluorobenzene

%

-

110.0

86.0

98.0

103.0

101.0

80.0

77

101

101

101

117

93

100

88

98

111

88

103

TRPH >C10-C16 Fraction

μg/L

-

<50

<50

<50

<50

<50

<50

<50

<50

<50

<50

<50

<50

<50

<50

<50

<50

<50

<50

TRPH >C16-C34 Fraction

μg/L

-

<100

<100

<100

<100

<100

<100

<100

<100

<100

<100

<100

<100

<100

<100

<100

<100

<100

<100

TRPH >C34-C40 Fraction

μg/L

-

<100

<100

<100

<100

<100

<100

<100

<100

<100

<100

<100

<100

<100

<100

<100

<100

<100

<100

Surrogate o-Terphenyl

<10

0.8

10.6

Total
Dissolved

<10

4

20.7

Selenium

<10

1

0.9

Nickel

Hydrocarbons
TPH C6-C9 Fraction

0.6

16.2

19.4

22.7

0.2

4.9

42

0.3

0.2

13.8

47.1

57.9

0.3

1.1

20.9

-

2

0.6

9.7

3.4

0.5

0.6

1

Manganese

0.4

0.5

0.7

%

-

100

105

98

120

107

114

80

88

98

103

84

84

71

98

89

102

91

86

Naphthalene

ug/L

16

<1

<1

<1

<1

<1

<1

<1

<1

<1

<1

<1

<1

<1

<1

<1

<1

<1

<1

Acenaphthylene

ug/L

-

<1

<1

<1

<1

<1

<1

<1

<1

<1

<1

<1

<1

<1

<1

<1

<1

<1

<1

Acenaphthene

ug/L

-

<1

<1

<1

<1

<1

<1

<1

<1

<1

<1

<1

<1

<1

<1

<1

<1

<1

<1

Fluorene

ug/L

-

<1

<1

<1

<1

<1

<1

<1

<1

<1

<1

<1

<1

<1

<1

<1

<1

<1

<1

Phenanthrene

ug/L

-

<1

<1

<1

<1

<1

<1

<1

<1

<1

<1

<1

<1

<1

<1

<1

<1

<1

<1

Anthracene

ug/L

-

<1

<1

<1

<1

<1

<1

<1

<1

<1

<1

<1

<1

<1

<1

<1

<1

<1

<1

Fluoranthene

ug/L

-

<1

<1

<1

<1

<1

<1

<1

<1

<1

<1

<1

<1

<1

<1

<1

<1

<1

<1

Pyrene

ug/L

-

<1

<1

<1

<1

<1

<1

<1

<1

<1

<1

<1

<1

<1

<1

<1

<1

<1

<1

Benz(a)anthracene

ug/L

-

<1

<1

<1

<1

<1

<1

<1

<1

<1

<1

<1

<1

<1

<1

<1

<1

<1

<1

Chrysene

ug/L

-

<1

<1

<1

<1

<1

<1

<1

<1

<1

<1

<1

<1

<1

<1

<1

<1

<1

<1

Benzo(b)fluoranthene

ug/L

-

<1

<1

<1

<1

<1

<1

<1

<1

<1

<1

<1

<1

<1

<1

<1

<1

<1

<1

Benzo(k)fluoranthene

ug/L

-

<1

<1

<1

<1

<1

<1

<1

<1

<1

<1

<1

<1

<1

<1

<1

<1

<1

<1

<1

<1

<1

<1

<1

<1

<1

<1

<1

<1

<1

<1

<1

<1

<1

<1

<1

<1

Benzo(a)pyrene

μg/L

-

Indeno(1.2.3.cd)pyrene

ug/L

-

<1

<1

<1

<1

<1

<1

<1

<1

<1

<1

<1

<1

<1

<1

<1

<1

<1

<1

Dibenz(a.h)anthracene
EFF203 Benzo(g.h.i) perylen

ug/L
ug/L

-

<1
<1

<1
<1

<1
<1

<1
<1

<1
<1

<1
<1

<1
<1

<1
<1

<1
<1

<1
<1

<1
<1

<1
<1

<1
<1

<1
<1

<1
<1

<1
<1

<1
<1

<1
<1

09:39 PM
7.4

08:20 PM

09:02 PM

01:40 PM

12:35 PM

02:10 PM

12:35 PM

8.1

11:25 AM
10

02:30 PM

10

7.8

10

7.7

6.4

9.4

9.7

94.5

79.5

104

91.5

117

90.3

74.8

114.5

119.5

6.18

In-Situ Monitoring Results
Time
Dissolved oxygen

mg/L

-

Dissolved oxygen

% sat.

85 to 110

72.2

pH

01:10 PM

6.5 to 8.0

6.34

6.46

6.13

5.58

5.93

5.83

5.54

5.9

6.02

Temperature

o

C

-

14.49

14.73

14.56

17.1

23.1

23.17

23.15

23.49

25.22

25.25

Salinity

ppt

-

0.07

0.07

0.04

0.03

0.05

0.03

0.03

0.04

0.04

0.04

micro-S/cm
NTU

520
6

166

130
385

68
>600

64

87.5

146.1

90
50

70
102

70
150

90
22.1

90
52.2

90
44.5

Electrical Conductivity
Turbidity

-
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E-2

SUMMARY OF WATER QUALITY RESULTS

Table E- 2 – Water Quality Monitoring Results - February 2013
Laboratory Results
19/02/2013

18/02/2013
Site A
Bacteria
Thermotolerant coliforms

Site B

Site C

Site A

21/02/2013

Site B

Site C

Site A

Site B

Site C

Unit

Waterway WQO

Rising Stage

Grab

Grab

Grab

Rising Stage

Grab

Rising Stage

Grab

Grab
Rising
Stage

Grab

Grab

Rising Stage

Grab

cfu/100mL

150

350

12000

25000

50000

~100,000

<1,000

7500

6000

6000

440

150

90

0

Solids & Nutrients
Total Nitrogen

mg/L

0.4

4.12

0.64

0.67

0.54

2.01

0.87

8.72

1.12

1.04

0.37

0.56

0.64

0.4

Total Phosphorus

mg/L

0.05

0.91

0.09

0.08

0.1

0.69

0.25

1.27

0.4

0.42

0.24

0.26

0.27

0.25

Nitrite + Nitrate (as N)

mg/L

0.08

0.26

0.09

0.07

0.07

0.15

0.005

0.15

0.04

0.02

0.01

0.01

0.04

0.02

Ammonia-Nitrogen

mg/L

0.02

0.046

0.044

0.04

0.089

0.079

0.064

0.073

0.068

0.337

0.017

0.017

0.019

0.015

Ortho-Phosphorus

mg/L

0.02

0.005

0.01

0.007

0.011

0.008

0.01

0.007

0.017

0.011

0.05

0.046

0.044

0.054

Total Suspended Solids

mg/L

8

1190

7

11

42

1100

<2

2740

17

166

<2

8

41

18

Total
Dissolved

ug/L
ug/L

-

5850

4460

1550

3010

11300

1620

23800

2060

2580

11300

1620

23800

2060

55

230

390

220

500

450

230

460

340

260

450

230

460

340

Total
Dissolved

ug/L
ug/L

-

1.1

0.5

0.6

0.7

3.3

<0.5

2.9

0.6

0.7

3.3

<0.5

2.9

0.6

13

<0.5

<0.5

<0.5

<0.5

<0.5

<0.5

<0.5

<0.5

<0.5

<0.5

<0.5

<0.5

<0.5

Total
Dissolved

ug/L
ug/L

-

23.3

26

18.4

26.4

113.4

32.8

164

20

30

113.4

32.8

164

20

‐

12.7

22.1

12.7

26.2

8.9

12.4

8.3

9

8.3

8.9

12.4

8.3

9

Beryllium

Total
Dissolved

ug/L
ug/L

ID

0.1

<0.1

<0.1

<0.1

0.5

<0.1

0.9

<0.1

0.1

0.5

<0.1

0.9

<0.1

ID

<0.1

Boron

Total
Dissolved

ug/L
ug/L

Cadmium

Total
Dissolved

ug/L
ug/L

Chromium

Total
Dissolved

ug/L
ug/L

Total
Dissolved

ug/L
ug/L

Copper

Total
Dissolved

ug/L
ug/L

-

Iron

Total
Dissolved

ug/L
ug/L

Lead

Total
Dissolved

ug/L
ug/L

Manganese

Total
Dissolved

ug/L
ug/L

Mercury

Total
Dissolved

ug/L
ug/L

Nickel

Total
Dissolved

ug/L
ug/L

Selenium

Total
Dissolved

Silicon

Metals
Aluminium
Arsenic
Barium

Cobalt

<0.1

<0.1

<0.1

<0.1

<0.1

<0.1

<0.1

<0.1

<0.1

<0.1

<0.1

<0.1

-

<50

<50

<50

<50

<50

<50

<50

<50

<50

<50

<50

<50

370

<50

<50

<50

<50

<50

<50

<50

<50

<50

<50

<50

<50

<50

-

0.2

<0.1

<0.1

<0.1

<0.1

<0.1

<0.1

<0.1

<0.1

<0.1

<0.1

<0.1

<0.1

0.2

0.1

<0.1

<0.1

<0.1

<0.1

<0.1

<0.1

<0.1

<0.1

<0.1

<0.1

<0.1

<0.1

-

1.3

0.7

<0.5

0.7

4.1

<0.5

7.5

0.6

0.8

4.1

<0.5

7.5

0.6

1

<0.5

<0.5

<0.5

<0.5

<0.5

<0.5

<0.5

<0.5

<0.5

<0.5

<0.5

<0.5

<0.5

-

1

0.4

0.3

0.7

6.1

0.3

4.5

0.5

0.8

6.1

0.3

4.5

0.5

1.4

0.2

0.2

0.2

0.4

0.6

0.1

0.3

0.3

0.2

0.6

0.1

0.3

0.3

16.4

1.7

1

1.8

9.9

0.8

40.9

1.1

1.8

9.9

0.8

40.9

1.1

<50

1.4

11.4

1.2

0.7

1.4

3.6

0.7

19.1

0.7

0.8

3.6

0.7

19.1

0.7

ID

3350

2090

930

2120

10400

800

20000

1480

1980

10400

800

20000

1480

ID

110

220

240

380

210

90

240

270

120

210

90

240

270

-

15.8

1

0.7

1.5

19.7

0.5

49.4

1.1

2

19.7

0.5

49.4

1.1

3.4

6.2

0.7

0.2

1.1

1.9

0.2

4

0.3

0.2

1.9

0.2

4

0.3

-

18.2

8.8

10.6

34.6

138

5.5

193

11.4

28.2

138

5.5

193

11.4

1900

3.4

6

8

26.5

12.2

2.8

11.9

8.7

9

12.2

2.8

11.9

8.7

-

<0.1

<0.1

<0.1

<0.1

<0.1

<0.1

<0.1

<0.1

<0.1

<0.1

<0.1

<0.1

<0.1

0.6

<0.1

<0.1

<0.1

<0.1

<0.1

<0.1

<0.1

<0.1

<0.1

<0.1

<0.1

<0.1

<0.1

-

1.7

0.5

0.3

0.5

3.1

0.3

3.5

0.3

0.5

3.1

0.3

3.5

0.3

11

1.1

0.3

0.2

0.3

0.6

0.2

0.4

0.5

0.3

0.6

0.2

0.4

0.5

ug/L
ug/L

5

<0.5

<0.5

<0.5

<0.5

0.9

<0.5

0.9

<0.5

<0.5

0.9

<0.5

0.9

<0.5

Total
Dissolved

ug/L
ug/L

-

-

-

-

-

-

-

-

-

-

-

-

-

-

‐

3710

5380

5010

6280

3480

4900

3570

4890

5130

3480

4900

3570

4890

Silver

Total
Dissolved

ug/L
ug/L

-

<0.1

<0.1

<0.1

<0.1

<0.1

<0.1

<0.1

<0.1

<0.1

<0.1

<0.1

<0.1

<0.1

0.05

<0.1

<0.1

<0.1

<0.1

<0.1

<0.1

<0.1

<0.1

<0.1

<0.1

<0.1

<0.1

<0.1

Strontium

Total
Dissolved

ug/L
ug/L

-

23

27.6

27.4

32.4

33.5

18.5

48.6

22.1

23.2

33.5

18.5

48.6

22.1

‐

20.2

27.4

26.2

30.9

12.7

17.6

12.4

18.2

16.4

12.7

17.6

12.4

18.2

Vanadium

Total
Dissolved

ug/L
ug/L

-

4.6

2.3

1.6

3.2

16.8

1.1

35.2

1.9

3.6

16.8

1.1

35.2

1.9

6

0.3

0.6

0.4

0.9

0.4

0.2

0.3

0.3

0.3

0.4

0.2

0.3

0.3

Total
Dissolved

ug/L
ug/L

-

740

9.9

3.5

55.4

70.7

6

264

11.7

35.2

70.7

6

264

11.7

8

623

8.2

4.3

3.1

18.5

4

84.1

2.8

3.9

18.5

4

84.1

2.8

<10

<10

<10

<10

<10

<10

<10

<10

<10

<10

<10

Zinc

Hydrocarbons
TPH C6-C9 Fraction

‐

<0.5

<0.5

<0.5

<0.5

<0.5

<0.5

<0.5

<0.5

<0.5

<0.5

<0.5

<0.5

<0.5

μg/L

-

<10

<10

Surrogate 1,2-dichlorobenze

%

-

89

86

97

90

92

86

91

92

88

93

96

85

78

Surrogate Chlorobenzene-d5

%

-

91

91

100

94

93

83

91

92

94

106

101

96

82

Surrogate Fluorobenzene

%

-

80

84

93

90

88

83

89

86

92

94

93

80

84

TRPH >C10-C16 Fraction

μg/L

-

<50

<50

<50

<50

<50

<50

<50

<50

<50

<50

<50

<50

<50

TRPH >C16-C34 Fraction

μg/L

-

<100

<100

<100

<100

<100

<100

<100

<100

<100

<100

<100

<100

<100

TRPH >C34-C40 Fraction

μg/L

-

<100

<100

<100

<100

<100

<100

<100

<100

<100

<100

<100

<100

<100

%

-

73

66

66

53

99

83

89

90

89

87

89

83

94

Naphthalene

ug/L

16

<1

<1

<1

<1

<1

<1

<1

<1

<1

<1

<1

<1

<1

Acenaphthylene

ug/L

-

<1

<1

<1

<1

<1

<1

<1

<1

<1

<1

<1

<1

<1

Acenaphthene

ug/L

-

<1

<1

<1

<1

<1

<1

<1

<1

<1

<1

<1

<1

<1

Surrogate o-Terphenyl

Fluorene

ug/L

-

<1

<1

<1

<1

<1

<1

<1

<1

<1

<1

<1

<1

<1

Phenanthrene

ug/L

-

<1

<1

<1

<1

<1

<1

<1

<1

<1

<1

<1

<1

<1

Anthracene

ug/L

-

<1

<1

<1

<1

<1

<1

<1

<1

<1

<1

<1

<1

<1

Fluoranthene

ug/L

-

<1

<1

<1

<1

<1

<1

<1

<1

<1

<1

<1

<1

<1

Pyrene

ug/L

-

<1

<1

<1

<1

<1

<1

<1

<1

<1

<1

<1

<1

<1

Benz(a)anthracene

ug/L

-

<1

<1

<1

<1

<1

<1

<1

<1

<1

<1

<1

<1

<1

Chrysene

ug/L

-

<1

<1

<1

<1

<1

<1

<1

<1

<1

<1

<1

<1

<1

Benzo(b)fluoranthene

ug/L

-

<1

<1

<1

<1

<1

<1

<1

<1

<1

<1

<1

<1

<1

Benzo(k)fluoranthene

ug/L

-

<1

<1

<1

<1

<1

<1

<1

<1

<1

<1

<1

<1

<1

Benzo(a)pyrene

μg/L

-

<1

<1

<1

<1

<1

<1

<1

<1

<1

<1

<1

<1

<1

Indeno(1.2.3.cd)pyrene

ug/L

-

<1

<1

<1

<1

<1

<1

<1

<1

<1

<1

<1

<1

<1

Dibenz(a.h)anthracene
EFF203 Benzo(g.h.i) perylen

ug/L
ug/L

-

<1
<1

<1
<1

<1
<1

<1
<1

<1
<1

<1
<1

<1
<1

<1
<1

<1
<1

<1
<1

<1
<1

<1
<1

<1
<1

11:30 AM

In-Situ Monitoring Results
Time

1:00PM

11:45AM

3:00PM

1:00PM

11:45AM

2:30PM

12:10 PM

10:40 AM

Dissolved oxygen

mg/L

-

7

8.3

8.5

7

8.3

8.3

5.8

8.3

8.3

Dissolved oxygen

% sat.

85 to 110

81

97

99.2

80.8

95.5

96.6

67.1

97.6

97.3

-

6.5 to 8.0

5.74

6.24

6.27

5.85

6.05

5.89

5.53

6.06

6.2

-

22.46

23.24

22.96

22.45

22.96

22.68

22.8

23.42

23.23

ppt

-

0.05

0.05

0.05

0.03

0.03

0.03

0.05

0.03

0.03

micro-S/cm
NTU

520
6

117
67.5

123
41

116
104.1

96
26.7

91
89.4

83
136

100
18.5

70
50

110
50

pH
Temperature

o

C

Salinity
Electrical Conductivity
Turbidity
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RISK ASSESSMENT TABLES

APPENDIX F: RISK ASSESSMENT TABLES
TABLE OF LIKELIHOOD

TABLE OF CONSEQUENCE
Score
People

5

Very High/
Catastrophic

4

High/ Major

3

Moderate

Multiple Fatalities

Fatality or Permanent
Disabilities
Major Injuries Incapacitations or requiring
time of work

Score
Plant ($AUD)

Environment

> $10Million Loss

Catastrophe, destruction of sensitive environment,
worldwide attention. Likely prosecution. More than 30
days delay.

$1- $10Million

Disaster, high levels of media attention, high cost of
clean up. Off-site environmental harm, more than 10
days delay.

$100Thousand- $1Million

2

Low/ Minor

Significant Injuries –
Medical Treatments, nonpermanent injury

$10- $100Thousand

1

Very Low/
Insignificant

Minor Injuries – First Aid
Treatments (cuts/bruises)

< $10Thousand

Major spills, on-site release, substantial environmental
nuisance, more than 1day delay. (Leads to an
additional resources call out i.e. SES).

Likelihood

5

Almost
certain

4

Likely/
probable

3

Moderate/
occasional

2

Remote/
unlikely

1

Rare/ very
unlikely

The event is expected to occur in most circumstances. Likely to occur frequently- More than 1 per year.
The event will probably occur in most circumstances. Likely to occur several times. 1 per year.
The event should occur at some time. Likely to occur some time. 1 per 5 years.
The event could occur at some time. Unlikely but possible. 1 per 10 years.
The event may occur only in exceptional circumstances. Assumed it may not be experienced. 1 per 100
years.

Significant spills (leads to a call out of Site Emergency
Response Group).
Low environmental impact. Minor Spills less than 80
Litres.
Risk= Consequence x Likelihood

Consequence

Risk Rating
5

6

7

8

9

10

4

5

6

7

8

9

3

4

5

6

7

8

2

3

4

5

6

7

1

2

3

4

5

6

1

2

3

4

5

Likelihood
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Risk Rating

Definitions

Action Required

8-10

Intolerable Risk

Task not to start till the risk is eliminated or reduced. Bring to the immediate attention of management. Formal assessment required. MUST
reduce the risk as a matter of priority.

7

High Risk

Bring to the immediate attention of management. Task not to start till the risk is eliminated or reduced. Further Assessment required. MUST
reduce the risk as a matter of priority.

6

Significant Risk

Bring to the attention of supervision. Review risks and ensure that they are reduced to as low as reasonably practicable. To be dealt with as soon
as possible, preferably before the task commences. Introduce some form of hardware to control risk.

5

Moderate Risk

Needs to be controlled but not necessarily immediately, an action plan to control the risk should be drawn up. Review effectiveness of controls.
Ensure responsibilities for control are specified.

2-4

Low Risk

If practical reduce the risk. Ensure personnel are competent to do the task. Manage by routing procedure. Monitor for change

G-1

HYDROLOGIC/HYDRAULIC MODEL SPECIFICATION

APPENDIX G: HYDROLOGIC/HYDRAULIC MODEL SPECIFICATION
Model Schematisation


4m grid cell size over one domain.



Direct rainfall on grid for entire modelled area.



Normal depth downstream boundary with slope of 0.03.



Double precision TUFLOW build used due to steep terrain and application of direct rainfall.



Assumed that the existing dam, proposed dam extension and sediment basin are full at the start
of the storm burst.

Topography


Model topography based on the LiDAR data supplied by Boral.



Breaklines have been added to represent the gullies within the catchment.
o These breaklines are modified as required for the modelling of the Development stages
(E3, C1, Q1, Q5).



The DEM has been modified to represent the dam and sediment basin spillways in the proposed
development stages (E3, C1, Q1 and Q5).



Modified DEMs have been incorporated to represent the development proposed in the 4
modelled development stages. This includes the changes in landform associated with the
crushing plant and other such areas, the drainage lines to the sediment basin, the sediment
basin and dam and the pit.


Timestep

The materials were digitised based on the aerial photography provided by Boral.



1 second timestep applied, based on steep catchment.

Hydraulic Roughness
Land Use Description

Hydraulic Roughness (Manning’s ‘n’
Value)

Medium Density Vegetation

0.05

Dense Vegetation

0.09

Stagnant Water with vegetation

0.07

Road Surfaces

0.02

Mine Development

0.03

Loss Values


Loss values have been applied for the following land uses:
o
Medium Density Vegetation: 0mm Initial loss; 2.5mm/hr continuing loss; and
o
Forest: 0mm Initial loss; 2.5mm/hr continuing loss.
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HYDROLOGIC/HYDRAULIC MODEL SPECIFICATION


All other losses are considered impervious for the purposes of the hydraulic modelling, thus no
losses are applied.

Hydrology


Rainfall hydrographs were calculated using IFD rainfall intensity and applying the appropriate
AR&R temporal pattern (Zone 1) to the rainfall depth.
AR&R IFD Parameters (Location 28.1255S 153.400E)
ARI

Design Event Rainfall Intensity (mm/hr)
1 Hour

12 Hour

72 Hour

2 year

51.6

11.9

3.81

50 year

101.0

22.3

9.3

Skew=0.05, F2=4.41, F50=17.14



As the catchment is relatively small no areal reduction factor has been applied.



Routing of flows was achieved through the running of the rainfall hydrograph through the
hydraulic model (direct rainfall).



PMF rainfall has been calculated using the Generalised Short-Duration Method (GSDM) (for
durations 6hours or less). The following parameters were used to calculate the PMF.
PMF Parameters
Parameter

Value
2

Catchment Area

1.84km

Zone

Coastal

Terrain

Rough

EAF

1

MAF

0.83
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HYDROLOGIC/HYDRAULIC MODEL SPECIFICATION
PMF Initial Rainfall Depth Estimates
Duration

Initial Rainfall Depth (mm)

0.25

240

0.5

343

0.75

431

1.0

500

1.5

647

2.0

755

2.5

835

3.0

920

4.0

1045

5.0

1155

6.0

1220

Initial Waterbody Storage Conditions


Water levels within both the quarry dam and sediment basin have been assumed to be at the
spillway weir levels immediately prior to the modelled design rainfall events. Subsequently, both
waterbodies have zero available retention storage within them for incoming flows.

\\WBM-FS\ADMIN\ADMIN\B18995.G.NC_BORAL GOLD COAST QUARRY\R.B18995.001.04.DOCX

BASELINE/IMPACT FLOOD MAPS

APPENDIX H: BASELINE/IMPACT FLOOD MAPS
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SUMMARY

I

SUMMARY
Boral Resources (Qld) Pty Limited (Boral) is seeking to establish a new extractive industry operation
on a 220 hectare greenfield site at Tallebudgera Valley, Gold Coast City.
Declaration of this proposal as a Significant Project triggers the requirement for an Environmental
Impact Statement (EIS) (currently in preparation). Separate to the EIS, other applications relevant to
natural resource management may also be required. For natural resources associated with
watercourses, the requirement under the Water Act (2000) is dependent on whether any of the
mapped tributaries within the proposed development footprint meet the definition of “watercourse”
under the Act.
This report has been prepared to clarify whether any of the mapped tributaries within the proposed
development footprint meet the meaning of a “watercourse” under the Water Act (2000). Preparation
of this report was undertaken in two phases including a field assessment and desktop assessment.
Following inspection of the tributaries on site and their assessment against the meaning of a
watercourse under the Act and the Work Practice criteria, we conclude that two tributaries within
the proposed development footprint are likely to meet the meaning of watercourse under the
Act.
On reaching this conclusion, we have also taken into consideration a number of recent relevant
Judgements in the Planning and Environment Court that give further assistance in making a
Watercourse determination. Ultimately, a formal determination by the relevant delegated officer of
the Chief Executive of the State Government may be needed to confirm our findings.
Our investigation team has considerable experience in Watercourse determination, including for three
recent Planning and Environment Court appeals where Watercourse determination was a critical
factor.
We note that the proposed works are limited to the armouring of the stream bed and banks so as to
protect the streams from the erosive forces of high velocities downstream of the proposed quarry
dam and sediment basin. The extraction of quarry material or any other works are not proposed
within either of these two watercourses.
Depending on the extent and scale of the works proposed within the two watercourses, either a
permit or a licence under the Water Act is likely to be required.
Based on these findings, we recommendation that Boral request the department administering the
Act to confirm that the determinations made in this report are consistent with the department’s
interpretation of the Act as it applies to this site.
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INTRODUCTION

1

INTRODUCTION

1.1

Background

1-1

Boral Resources (Qld) Pty Limited (Boral) is seeking to establish a new extractive industry operation
on a 220 hectare greenfield site at Tallebudgera Valley, in the suburb of Reedy Creek on the Gold
Coast. The Queensland Government has declared the quarry a Significant Project under the State
Development and Public Works Organisation Act (1971).
Declaration of this proposal as a Significant Project triggers the requirement for an Environmental
Impact Statement (EIS) (currently in preparation). Separate to the EIS, other applications relevant to
natural resource management may also be required. For natural resources associated with
tributaries, the requirement for such applications is dependent on whether any of the mapped
tributaries within the proposed development footprint are recognised “watercourses” under the Water
Act (2000).
BMT WBM has been engaged by Cardno HRP on behalf of Boral to investigate the mapped
tributaries and determine whether any of these tributaries satisfy the meaning of a “watercourse”
under the Act. These recommendations will then be used to establish whether further applications
are required and if so, what type of applications would be triggered.

1.2

Report Scope
This report seeks to identify whether any of the mapped tributaries within the proposed development
footprint meet the meaning of a “watercourse” under the Water Act (2000) and further described in
Identification of Watercourses (DNR RM, 1998), hereafter referred to as the “Work Practice”. The
investigations have been undertaken in accordance with the meaning of a watercourse provided in
the Act. Further discussion on the relevant legislation and guidelines is provided in Section 3.
Preparation of this report was undertaken in two phases including a field assessment and desktop
assessment. The methodology for each of these phases is further described in Section 3.

1.2.1 Report Terminology
The State government of Queensland relies on the Strahler (1952) stream classification system to
define stream size based on a hierarchy of tributaries (see Figure 1-1 for a diagrammatic example of
the Strahler stream classification system). Stream order mapping in accordance with the Strahler
stream classification system shows numerous tributaries across the site.
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INTRODUCTION

Figure 1-1

Stream ordering for a fictitious catchment using Strahler (1952) method

Within this report, the term “tributary/ies” is used as a generic term used to describe any tributary
regardless of stream order. The term “watercourse” is also used in this report however this term is
used exclusively in the context of the meaning provided in the Water Act (2000) and clarified in the
Work Practice.
Further, when referring to how a watercourse is described the Act, the Act uses the term “meaning”
rather than “definition”. For consistency with the Act, the term “meaning” has also been adopted in
this report.

1.2.2 Accompanying Reference Materials
This report should be read in conjunction with the accompanying KMZ file which can be opened in
Google Earth. The KMZ file shows the location of different tributaries, the watercourse determination
and has geotagged photos embedded in the file providing a useful interpretation tool. All photo
numbers referenced in this report correlate with the photo numbers provided in the KMZ file.
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SITE DESCRIPTION

2.1

Location

2-1

The 220 hectare site is located in the suburb of Reedy Creek on the Gold Coast, approximately five
kilometres south west of Burleigh Heads (see Figure 2-2). It is bound by Old Coach Road towards
the north/north east, Tallebudgera Creek Road towards the south and is otherwise surrounded by
bushland and large lot rural residential land uses. Old Coach Road runs roughly parallel with the M1
which separates Boral’s existing West Burleigh Quarry directly on the opposite side of the motorway
to the north. Brisbane is located approximately 80 km north of the site.
The 220 hectare site is made up of Lot 105 on SP144215, which is owned by Boral, and Lot 901 on
RP907357, which is a 3.3 hectare reserve (understood to be a fire maintenance access track),
administered by the Gold Coast City Council.
The main area of the proposed development footprint is a roughly kidney-shaped area situated
across the centre of the centre. An additional kidney shaped area, the site for the proposed quarry
dam, is located just north of main footprint area.

2.2

Climate
The site is influenced by both sub-tropical and temperate weather patterns. Average annual
temperatures range from approximately 10 to 28 degrees Celsius and with an annual average rainfall
of 1,491 mm/year1. Table 2-1 provides a summary of climate statistics from a nearby Bureau of
Meteorology (BoM) Coolangatta Station (040717), located approximately 10 km south east of the site.
Although rainfall is distributed across the year, and winter months (July to September) receive
approximately 50mm of rainfall, there is a clear “wet season” with summer months (December to
February), experiencing up to three times as much rainfall (see Figure 2-1)

1

Based on Bureau of Meteorology records from Coolangatta Station (040717) for the period 1982-2012.
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Table 2-1

Summary of Climate Statistics from the Coolangatta Station (040717)
Month

Parameter

Jan

Annual

Feb

Mar

Apr

May

Jun

July

Aug

Sep

Oct

Nov

Dec

28.2

28.1

27.1

25.3

23.0

20.9

20.5

21.3

23.1

24.3

25.7

27.1

24.6

20.9

20.9

19.6

17.0

14.0

11.3

10.2

10.4

13.4

15.9

18.1

19.7

16.0

69

69

67

64

62

60

56

56

61

66

68

68

64

154.7

168.7

173.0

173.0

144.6

129.8

74.6

57.6

39.8

95.2

129.5

155.1

1512.1

529.6

174.8

136.0

244.8

46.2

233.6

74.2

0.0

3.8

16.6

71.2

10.6

11.7

12.6

11.6

10.2

8.0

5.8

5.1

4.5

7.3

9.1

10.2

106.7

Temperature and Humidity
Mean

maximum
o

temperature ( C)
Mean

minimum
o

temperature ( C)
Mean 3pm relative
humidity (%)

Rainfall (mm)
Mean rainfall (mm)
Rainfall

for

YTD

2012 (mm)
Mean

number

of

days of rain >1mm

(Source: BoM, 2012)

Figure 2-1

Mean Monthly Rainfall at Coolangatta Station 040717
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As can be seen in Table 2-1 and Figure 2-1, despite an uncharacteristically dry May, the 2012 wet
season was particularly wet with 529.6 mm of rainfall recorded in January alone and higher than
average rainfall in April and June. The dry season was characterised by the exact opposite trend
with lower than average rainfall recorded. Almost no rainfall was recorded at this station in August
and in considering records from September, October and November, almost no rainfall was recorded
for nearly four months.
This dry period has coincided with the inspection undertaken for this assessment discussed further in
3.1.1.

2.3

Land Use

2.3.1 Existing Case
Historically, the site was used for rural purposes (particularly grazing) but this is a discontinued use.
With the cessation of rural activities, dense regrowth vegetation has re-established across most of the
site. Pockets of remnant vegetation also feature across the site. Numerous 4WD and off-road
motorbike tracks traverse the site and, although these are unlawful uses, the site is heavily used by
4WD and motor trail enthusiasts.
These unlawful uses have resulted in widespread damage to the sites natural assets – particularly
the tributaries in the lower parts of the catchments, which are subject to direct physical damage of
tributary bed and banks, extensive erosion and sediment deposition. The unlawful dumping of
rubbish regularly occurs on the site particularly on the periphery of the site and at key entry points.

2.3.2 Developed Case
The proposed development will operate as a quarry for the extraction and processing of hard rock.
The proposed development footprint covers an area of about 66 ha (30% of the site) which is to be
developed in stages over 40 years. The other 154 ha (70% of the site) is proposed to be voluntarily
set aside, and not developed, as conservation area. Figure 2-2, shows the location of the site and the
extent of the proposed development footprint.
A number of mapped tributaries would be directly impacted by the proposed development. Drainage
is further discussed in Section 2.4. The proposed development also presents the opportunity to
minimise damage to downstream receiving environments by management of water resources within
the development footprint and actively managing the conservation area including for example the
rehabilitation of existing tracks and exclusions of four wheel driving and motor cross activities.
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Site Topography and Drainage
The site is characterised by steeply undulating topography ranging between 10 m AHD and 150 m
AHD. Figure 2-3 provides digital elevation model (DEM) of the site to assist in the interpretation of
site topography and drainage. The site is mapped as having numerous tributaries, which ultimately
discharge to either Tallebudgera Creek or Burleigh Waters (see Figure 2-2).
There are three main catchments on the site including two of which would be impacted by the
proposed development footprint. The catchments and associated stream orders are shown in Figure
2-4 and described further below.

2.4.1 Northern Catchment
The Northern Catchment (62.3 hectares in area), drains from the south west to the north east and
discharges from the site near the northern most part of the site. A perched lake and existing farm
dam are both located within this catchment.
The catchment is made up of three subcatchments labeled on Figure 2-3 as the North-A, North-B and
North-C Subcatchments as shown in Figure 2-4. These subcatchments are described in further detail
below.
Surface waters discharging from the Northern Catchment flow northwards through a range of urban
land uses, including past the West Burleigh Quarry, prior to discharging to Swan Lake, Pelican Lake,
and then Burleigh Lake. Downstream of these lakes, water flows through a network of canals and
artificial lakes; before discharging to the Nerang River (a 5th order stream), which in turn discharges to
the Southport Broadwater and then into open coastal waters. Water travels from the site a total
distance of approximately 28 km to the Southport Seaway entrance.
North-A subcatchment
The North-A Subcatchment is 29 hectares in area and while most of the subcatchment is located
within the site, a small section is also located external to the site (to the north west). This
subcatchment is drained by a second order stream and a number of first order streams, (see Figure
2-4). Although the second order stream originates within it site, it deviates outside of the property
boundary temporarily and then before flowing back into the site shortly before the location where it
converges with flows from the North-C Subcatchment.
The proposed development footprint would only impact a very a minor reach of one of first order
streams. Based on a desktop assessment therefore, it was determined that this first order stream
would not meet the meaning of watercourse under the Act and therefore was not included in this
investigation. Section 3.1.2 provides further logic and justification for not assessing this tributary
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North-B Subcatchment
The North-B Subcatchment (20 hectares in area), is drained by a single first order stream. The
existing farm dam is located within the flow path of this first order stream so when it overtops, it flows
directly to this stream.
This stream would be directly impacted by the proposed location of the proposed quarry dam and
other associated infrastructure such as batters, spillway and erosion control features. Similarly,
overflows from the proposed quarry dam could potentially scour the first and second order streams
unless adequately managed. This may require some in-stream works such as armouring of the
stream bed and banks. Given that a direct impact is expected to this first order stream it was
included in the site assessment for watercourse determination as discussed in Section 5.
The existing farm dam is located wholly within the location of the proposed quarry dam and therefore
would also be directly impacted by the proposed quarry dam. Flows from approximately the upper
half of this subcatchment would be intercepted by the proposed quarry dam. As mentioned above,
the perched lake which straddles the boundary of the North-A and North-B Subcatchments, would
also be slightly impacted by the proposed development footprint.
North-C Subcatchment
The North-C Subcatchment is 13 hectares in area and is the northern most subcatchment on the site.
Approximately two thirds of this subcatchment is located within the site while the other third is located
north of the site. Within the site, the subcatchment is drained by a second order stream and one first
order stream as shown on Figure 2-4.
The second order stream would be directly impacted by the proposed works intended to protect the
stream from high velocities downstream of the proposed quarry dam. Given that a direct impact is
expected to this tributary, it was included in the site assessment for watercourse determination as
discussed in Section 5.

2.4.2 Mid Catchment
The Mid Catchment (156 hectares in area) makes up the majority of the site including most of the
proposed development footprint. It spans across the central portion of the site dividing the Northern
and Southern Catchment from one another. Draining from west to east, this catchment discharges
from the site on the eastern-most boundary of the site ultimately draining to Tallebudgera Creek.
The catchment is made up of five subcatchments labelled on Figure 2-4 as the Mid-A, Mid-B, Mid-C,
Mid-D and Mid-E Subcatchments. These subcatchments are described in further detail below.
Surface waters discharging from the Mid Catchment flow in a north easterly direction and shortly after
discharging the site, these waters pass under Old Coach Road and then flow northwards to an
external freshwater wetland. From this point, water flows through a range of urban land uses
including the Burleigh Township which is the approximate interface of fresh and brackish waters.
After crossing under Tallebudgera Creek Road, water flows east as a third order stream and then
merges with the estuarine reach of Tallebudgera Creek, some 3km from coastal waters to the north.
With a total distance of approximately 6.3 km from the site boundary to coastal waters, surface water
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originating in the Mid Catchment have a significantly shorter journey to open coastal waters
compared to the Northern Catchment.
Mid-A Subcatchment
The Mid-A Subcatchment is 29 hectares in area. The main waterway within this subcatchment is a
second order stream which flows from north to south. It is drained by two first order streams, which
accept flows from both within and external to the site (see Figure 2-4). It joins the main tributary of the
Mid Catchment just upstream of where the Mid Catchment discharges from the site.
The proposed development footprint would not impact any of the streams assigned a stream order in
State Government stream order mapping (see Figure 2-4). Based on a desktop assessment
therefore, this subcatchment was not further included in this investigation.
Mid-B Subcatchment
The Mid-B Subcatchment is 18 hectares in area. The main waterway in this subcatchment is a first
order stream as shown in State Government stream order mapping (see Figure 2-4). It flows from
north west to east and joins with the main waterways of the Mid-D Subcatchment, approximately 320
m from where the catchment discharges from the site.
The main tributary is a first stream order stream as shown in State Government stream order
mapping (see Figure 2-4). Given that the tributary would be directly impacted by the proposed
development footprint it was included in the site assessment for watercourse determination as
discussed in Section 5.
Mid-C Subcatchment
The Mid-C Subcatchment is 5 hectares in area, is drained by a third order stream (which is the
highest order stream on site) and the first order stream discharging from the Mid-B Subcatchment
(see Figure 2-4). The third order stream would not be directly impacted by the proposed
development footprint although unless adequately managed, the hydrology and water quality of this
stream could potentially be impacted.
Given that the first order stream would be directly impacted by the proposed development footprint it
was included in the site assessment for watercourse determination as discussed in Section 5.
Mid-D Subcatchment
At 72 hectares in area, the Mid-D Subcatchment is the largest subcatchment on the site and also
includes some of the highest topography within the site boundary. The very top of this catchment
was originally located outside of the site to the north west, but the natural landform has been modified
as part of earthworks associated with recent urban development.
Given that the subcatchment boundaries shown in Figure 2-4 are based on the natural landform, the
figure suggests that the small section of land at the very top of this catchment still forms part of the
subcatchment even though this is no longer the case. The new top of the catchment is actually along
the property boundary and the section located outside of the site now drains to the north.
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The main waterway in the Mid-D Subcatchment is a third order stream as shown on Figure 2-4. It
flows from west to east and joins with the Mid-B Subcatchment first order stream approximately 320
metres from where the catchment discharges from the site. The third order stream would be directly
impacted by the proposed works intended to protect the stream from high velocities downstream of
the proposed sediment basin. Some in-stream works such as armouring of the stream bed and
banks may also be required in this stream.
Given these potential impacts and the potential for meeting the watercourse meaning under the Act,
the stream was included in the site assessment for watercourse determination (as discussed in
Section 5).
Numerous first and second order streams flow into the third order stream from the west, north and
south. While none of the tributaries south of the main tributary would be impacted by the proposed
development footprint, the first order streams flowing in from the north would be directly impacted by
the proposed development footprint. These three first order streams were consequently included in
the site assessment for watercourse determination as discussed in Section 5.
Based on the stream order mapping provided in Figure 2-4, the most western first order stream would
also appear to be directly impacted by the proposed development footprint. As mentioned previously
however, the waterways mapping shown in Figure 2-2 provides more accurate waterways mapping
and based on this figure, the first order stream would not appear to be directly impacted by the
proposed development footprint.
Mid-E Subcatchment
The Mid-E Subcatchment (28.9 hectares in area), is located predominantly outside of the site
although a small part of the subcatchment is located within the site. It is an important subcatchment
as all flows from the Mid-Catchment discharge through this catchment and leave the site as a third
order stream. Shortly after discharging from the site, surface waters flow beneath a culvert along Old
Coach Road towards the downstream wetland (external to the site).
Although the subcatchment would not be directly impacted by the proposed development footprint,
unless adequately managed, the hydrology and water quality of this steam could potentially be
impacted from development in the Mid-B and Mid-D subcatchments.

2.4.3 Southern Catchment
The Southern Catchment (213 hectares in area), generally drains from north to south discharging
across the southern boundary at multiple locations. Surface waters discharging from the Southern
Catchment flow in a south easterly direction through rural and rural residential land uses towards the
estuarine reach of Tallebudgera Creek. The distance from the site discharge point to coastal waters
is approximately 14 km. Given that the Mid Catchment and Southern Catchment both discharge into
the Tallebudgera Creek, these two catchments ultimately merge before discharging to coastal waters.
The catchment is made up of three subcatchments labelled on Figure 2-4 as the South-A, South-B
and South-C Subcatchments. Given that this catchment forms part of the area proposed for
conservation and would not be impacted by the proposed development, it not discussed further in this
report.
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METHODOLOGY
This section describes the methodology undertaken to determine whether mapped tributaries within
the site meet the meaning of a watercourse under the Act. The investigation included two
components i.e. a desktop assessment and field assessment. These two components are described
further below.

3.1.1 Phases 1: Field Assessment
A site inspection was undertaken on 23rd October 2012 by BMT WBM’s Neil Collins (Principal
Hydraulic and Water Resources Engineer), Brad Dalrymple (Senior Environmental Engineer) and
Paul Dubowski (Senior Environmental Scientist), hereafter referred to as the study team.
Mapped tributaries within the development footprint were traversed on foot starting from the most
downstream point within the property boundary and working upstream. The study team assessed the
tributaries up to the most upstream point where key watercourse characteristics (identified by the Act
and Work Practice), were still evident. Specifically, the Work Practice states that, “the bed and bank
need to continuous rather than isolated”. Consequently, where any reach of a tributary was
encountered that did not feature continuous bed and banks, all sections of the tributary upstream of
that reach were not further traversed.
A hand held Garmin GPSmap62 was used to ensure survey accuracy. Photos were taken with a
Panasonic LUMIX FT3 which also includes a GPS to allow photo geotagging. Each photo location
was also marked on the Garmin GPS. Where necessary, photo coordinates recorded on the camera
were later corrected using the more accurate coordinates recorded on the Garmin GPS to ensure
more accurate geotagging of photos.
Defining characteristics were also noted to later assist with interpretation of photos.

3.1.2 Phase 2: Desktop Assessment and Reporting
Photo records, GPS coordinates, defining characteristics and mapping were then used to undertake a
further cross check of each inspected tributary against the watercourse meaning provided in the Act
and Work Practice. This assessment was then translated to geographic information systems (GIS)
format to produce a map which defines three types of tributaries (see Figure 5-1). The three tributary
categories mapped include:
1. Likely Watercourses – mapped tributaries which based on the assessment would most likely
satisfy the Water Act (2000) meaning of watercourse.
2. Non-watercourses – mapped tributaries which based on the assessment would most likely
fail to satisfy the Water Act (2000) meaning of watercourse. This included any tributary that
was observed in the field not to have a continuous bed and bank and every upstream part of
that tributary.
3. Tributaries not assessed – these include tributaries either outside of the proposed
development footprint or tributaries within the development which are not assigned a stream
order in State Government stream order mapping (see Figure 2-4). Such tributaries feature a
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very minor contributing catchment; are located on steep terrain; and are located in the
uppermost part of the catchment. Given the topographic and hydrologic characteristics
associated with such tributaries, it is highly unlikely that these upland flow paths would meet
the watercourse meaning.
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LEGISLATIVE DEFINITION OF A WATERCOURSE
The meaning of a watercourse adopted for this assessment (as provided in the Act), is provided in
Section 4.1 below. In the assessment of tributaries provided in Section 5, the Work Practice
(provided in Appendix A), has also been used as a guide to determine whether a tributary could be
defined as watercourse under the Act.
Although the Work Practice was written for the Water Resources Act 1989, which is now superseded
by the Water Act (2000), the definition of watercourse did not significantly change between these
acts. Furthermore, in our experience, the Work Practice was used up until 2010 when the Natural
Resources and Other Legislation Amendment (NROLA) Act 2010 changed the meaning.
Although the meaning of a watercourse provided in the Work Practice is now superseded, other
guidance on defining a watercourse provided in the Work Practice remains useful in considering the
current legal meaning of a watercourse. This includes the three “essential characteristics” of a
watercourse provided in the Work Practice and a series of useful diagrams, neither of which have
been otherwise updated. The essential characteristics and diagrams provided in the Identification of
Watercourses (DNR RM, 1998), (Doc. No. WA-28 (version 1) dated 16 January 1998), have therefore
also been adopted in this assessment.
The three essential characteristics of a watercourse which are stated in the Work Practice include:
1. Defined bed and banks
2. An extended, if non-permanent, period of flow
3. Flow adequacy.
A fourth characteristic, the presence of springs, is also a characteristic shown on the diagrams in the
Work Practice. Although we do not consider that the presence of springs is essential to meet the
meaning of a watercourse, it can potentially help to define a watercourse in some scenarios and was
therefore also included.
For clarity, the meaning of a watercourse provided in the Work Practice was not used in this
assessment. The meaning adopted in this assessment is as per the Water Act (2000) and is
provided below.

4.1

Water Act
The meaning of a watercourse as provided in the Water Act (2000), (reprint 9 effective end of June
30 June 2012), which has been used in this assessment is as follows:
Part 2 Watercourses
s 5 Meaning of watercourse
(1) A watercourse is a river, creek or other stream, including a stream in the form of an
anabranch or a tributary, in which water flows permanently or intermittently, regardless of the
frequency of flow events—
(a)

in a natural channel, whether artificially modified or not; or

(b)

in an artificial channel that has changed the course of the stream.
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(2) A watercourse includes any of the following located in it—
(a)

in-stream islands;

(b)

benches;

(c)

bars.

(3) However, a watercourse does not include a drainage feature.
(4) Further—
(a)

unless there is a contrary intention, a reference to a watercourse in this Act, other than
in this part or in the definitions in schedule 4 to the extent they support the operation of
this part, is a reference to anywhere that is—

(i) upstream of the downstream limit of the watercourse; and
(ii) if there is an upstream limit of the watercourse—downstream of the upstream limit; and
(iii) between the outer bank on one side of the watercourse and the outer bank on the other side of
the watercourse; and
(b)

a reference in this Act to, or to a circumstance that involves, land adjoining a
watercourse, is a reference to, or to a circumstance that involves, land effectively
adjoining a watercourse.
Note for paragraph (b)—
Generally, the non-tidal boundary (watercourse) of land bounded by a watercourse, as
provided for under the Survey and Mapping Infrastructure Act 2003, would not correspond
precisely with the line of the outer bank of a watercourse under this Act.

(5) In subsection (4)(b)—
adjoining includes being bounded by, being adjacent to, or abutting.

4.1.1 Application of the Act by the Department
In our experience, the Department administering the Act take a practical approach to consider all
material circumstances in making determinations in relation to watercourses. This includes
interpretation of the watercourse definition to exclude steep, upslope gullies near the top of
catchments with stream order 1 or 2, on gullies that are normally dry. If this practical approach was
not taken, all gullies right to the top of ridge lines could be defined as watercourses, and indeed, on a
micro scale, any part of the catchment where runoff is concentrated could also be included. In our
opinion, this is not the intention of the Act.
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WATERCOURSE DETERMINATION
Outlined below is an assessment of the first two types of tributaries defined in Section 3.1.2 against
the Work Practice characteristics (discussed in Section 4), which help to define a watercourse.
Those tributaries which were not assessed are not described further below. As noted in Section
1.2.2, all photo numbers referenced in this report correlate with the photo numbers provided in the
accompanying KMZ file. Photo locations can be determined by examining this file.
Figure 5-1 provided below shows the watercourse determination for the whole site while figures
showing a more close up view of the subcatchments being discussed are provided in each section
below.
It should be noted that the alignment of watercourses on the close up maps varies slightly from
stream order mapping. The reason for this is that these figures are based on more accurate
topographic data compared to that used in the State Government stream order mapping. This means
that the alignments shown in the close up figures are more accurate.
Numerous smaller overland flow paths are therefore also shown on these figures although these
minor flow paths of less significance than first order streams and therefore not discussed further.
These flow paths have all been mapped as non-watercourses.
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5.1

Northern Catchment

5.1.1 North-C Subcatchment
Likely Watercourses
Described here is the second order stream within the North-C Subcatchment which we determined would most likely satisfy the meaning of a
watercourse under the Act. This tributary has been marked in dark blue on Figure 5-1 and Figure 5-2. Figure 5-2 shows the location of the
tributary while Figure 5-3 shows a typical section through the watercourse.
This tributary is a second order stream and the reach downstream of the development footprint is approximately 275 m in length (measured
to the property boundary) with an approximate slope of 5%. The lowest point in this tributary (within the site boundary), is approximately1 km
from the furthest point at the top of the Northern Catchment.
Table 5-1

Work Practice Characteristics Assessment

Characteristics

Comments

Criteria
Met?

Defined bed and
banks

The channel features a well-defined bed and banks. For much of this stream, both a low and high
banks are present with a low flow channel also relatively well defined.

Yes

An extended, if
non-permanent,
period of flow

As with all tributaries on site, this channel is ephemeral and there was no flow observed on the day
of inspection due to the extended dry period discussed in Section 2.2. The study team are however
also involved in water quality monitoring of this channel and have observed a range of flow
conditions in this stream including:

Yes



Periods of high flow either during or immediately after rainfall events including: the 27th
and 29th June 2012 (both which had approximately 25mm of rainfall recorded in the
previous 24 hours); and 1st June 2012 which also had high preceding rainfall.



Periods of low extended flow after limited recent rainfall including 25 June 2012 and 31
August 2012.



Periods without any extended flow including the 23rd October 2012.

Figure 5-2

North-C Tributary Location
P034

Valley margin (not
part of watercourse)

Based on this experience, particularly days where low extended flow was observed, we believe that
it is reasonable to state that this tributary features extended periods of flow.
Flow adequacy

Although a specific ecological assessment was not undertaken by the study team during these
previous occasions, it is reasonable to assume that given the observed extended flow, basic
ecological processes (e.g. temporary macroinvertebrate populations), could be maintained.

Likely

Presence of
springs

With the extended dry period discussed in Section 2-1 and the relatively small subcatchment, it is
possible that if there are any springs present in this tributary than these could have dried up. In any
case, no springs were observed during the inspection although this is not sufficient evidence to
definitely discount the possibility of springs within this tributary.

Possible

Watercourse Determination:

Defined high
bank, flood plain

Defined low
bank

Defined bed, low flow
channel

This tributary appears to satisfy the three key criteria of a watercourse and would therefore most likely meet the
meaning of a watercourse pursuant to the Water Act (2000).
Figure 5-3
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Non Watercourses
Described here is the first order steam which flows north to south within the North-B Subcatchment. This is one of the tributaries which we
determined would most likely fail to meet the meaning of a watercourse under the Act. This tributary has been marked in orange on Figure
5-1 and Figure 5-4. Figure 5-4 shows the tributary location while Figure 5-5 shows typical sections through the tributary. Other tributaries
are also shown here in orange which are overland flows paths not mapped as having any stream order in State Government stream order
mapping.
This tributary is a first order stream of approximately 220m in length (measured from where it splits off from the main watercourse to where it
clearly no longer meets the watercourse characteristics (slightly north of the existing farm dam)). This tributary has a slope of approximately
5% and its contributing catchment is 20 hectares. The lowest point in this tributary is approximately 600 m from the furthest point at the top
of the North B Sub Catchment.
Table 5-2 Work Practice Characteristics Assessment
Characteristics

Comments

Criteria Met?

Defined bed and
banks

The channel features a marginally defined bed. On the eastern side of the tributary there was is
obvious bank present and fern species. Ferns typically inhabit wetter habitats so there presence
here may support this criterion. The western side of the tributary could be interpreted as either a
marginally defined bank or possibly part of the flood plain with a slightly more defined bank further
to the west (outside of the photo P021).

Marginal

If the western side of the tributary is accepted as having a defined bank, than Part 2, s 5A (3) of the
Act applies and the outer bank on the valley margin side of the watercourse is taken to be the
same level as the outer bank on the western side. This would mean that this criterion would be
met.

Figure 5-4

There are a number of reaches within this tributary which would appear to have a well-defined bed
and bank. These areas however have been formed as a result of head cut erosion and therefore
do not represent the natural form. For this reason, we believe that the features of these eroded
channels do not qualify as defined bed and banks. In any case, these areas are not continuous
and therefore would not satisfy this Work Practice criterion.
An extended, if
non-permanent,
period of flow

As with all tributaries on site, this channel is ephemeral and there was no flow observed on the day
of inspection due to the extended dry period discussed in Section 2.2. Given the very small
2
contributing catchment (0.2 km ), it is unlikely that an extended flow would be present for any
length of time following storm flow conditions. This is typical of first order streams that typically
would not be recognised as a watercourse under the Act.

Unlikely

Flow adequacy

Without reliable extended periods of flow, the flow would be inadequate to support the
maintenance of basic ecological processes within the tributary. Any supported basic ecological
processes would be intermittent.

Unlikely

With the extended dry period discussed in Section 2-1 and the very small contributing
subcatchment, it is possible that if there are any springs present in this tributary than these could
have dried up. No standing water was observed while in other catchment possible springs did hold
some water and therefore it is considered highly unlikely that any springs are present in this
tributary.

Highly
unlikely

Presence of
springs

North-B Tributary Location
P021

Eastern
valley
margin,
no
obvious
bank

P026

Actual bed poorly
defined
Marginal
western
bank or
flood
plain
Head cut erosion
(false bed and
banks)

Marginal bed

Watercourse Determination:
This tributary appears not to satisfy the three key criteria of a watercourse and therefore fails to meet the meaning of a
watercourse pursuant to the Water Act (2000).
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Figure 5-5

North-B Tributary Typical Sections
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5.2

Mid Catchment

5.2.1 Mid-B Subcatchment
Non-Watercourses
Described here is first order steam which flows west to east within the North-B Subcatchment. This is one of the tributaries which we
determined would most likely fail to meet the meaning of a watercourse under the Act. This tributary has been marked in orange on Figure
5-1 and Figure 5-6. Figure 5-6 shows the watercourse location while Figure 5-7 shows a section through the tributary where defined bed and
banks are evident. Other tributaries are also shown here in orange which are overland flows paths not mapped as having any stream order
in State Government Stream order mapping.
This tributary is a first order stream of approximately 300m in length (measured between confluence of three minor drainage corridors and
the confluence of the tributary with the main tributary in the southern subcatchment). It has slope of approximately 10% with a contributing
catchment of approximately 18 hectares. The lowest point in this tributary is approximately 500 m from the furthest point at the top of the
catchment.
Table 5-3 Work Practice Characteristics Assessment
Characteristics

Comments

Criteria
Met?

Defined bed and
banks

The channel features well-defined bed and banks. The waterway generally varies between sections
where there is a both a low bank and high bank present on one side and just a low bank on the other
side (see Photo P043), with sections featuring just a low bank on both sides. Along the entire reach
there is therefore a well-defined low flow channel although it the upper part of this tributary these
features become less defined.

Yes

As with all tributaries on site, this channel is ephemeral and there was no flow observed on the day
of inspection due to the extended dry period discussed in Section 2.2. Given the very small
contributing catchment (18 hectares), it is unlikely that an extended flow would be present for any
length of time following storm flow conditions. This is typical of first order streams that typically would
not be recognised as a watercourse under the Act.

Unlikely

Without reliable extended periods of flow, the flow would be inadequate to support the maintenance
of basic ecological processes within the tributary. Any supported basic ecological processes would
be intermittent.

Unlikely

With the extended dry period discussed in Section 2-1 and the very small contributing subcatchment,
it is possible that if there are any springs present in this tributary than these could have dried up. No
standing water was observed while in other catchment possible springs did hold some water and
therefore it is considered highly unlikely that any springs are present in this tributary.

Highly
unlikely

An extended, if
non-permanent,
period of flow

Flow adequacy

Presence of
springs

Figure 5-6

Mid-B Tributary Location
P043

Southern valley
margin (not part
of watercourse)

Northern valley
margin (not part
of watercourse)
Defined low
bank

Defined high
bank, flood plain

Watercourse Determination:
This tributary appears not to satisfy the three key criteria of a watercourse and therefore fails to meet the meaning of a
watercourse pursuant to the Water Act (2000).

Defined bed, low flow
channel

Figure 5-7
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Mid-B Tributary Typical Section
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Other Non-Watercourses
Figure 5-8 shows (in orange) the location of other non-watercourses in the Mid-B Subcatchment, while Figure 5-9 provides an example of
two of these tributaries (see the accompanying KMZ file for specific photo locations). These are clearly drainage channels without welldefined bed and banks and are not assigned a stream order in State Government stream order mapping. Further discussion is therefore not
provided on these tributaries as they would clearly fail to meet the definition of a watercourse under the Act. The photos are however
provided to demonstrate the typical cross section of these tributaries and to provide site-based evidence for the determination made and for
not further assessing these overland flow paths.

Watercourse Determination:
These tributaries do not to satisfy the three key criteria of a watercourse and therefore fail to meet the meaning of a
watercourse pursuant to the Water Act (2000).

Figure 5-8

Location of other Non-Watercourses in the Mid-B Subcatchment
P041

P044

Figure 5-9
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Typical Sections of other Non-Watercourses in the Mid-B Subcatchment
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5.2.2 Mid-D Subcatchment
Likely Watercourses
Described here is the third order stream within the Mid-D Subcatchment which we determined would most likely satisfy the meaning of a
watercourse under the Act. This tributary has been marked in dark blue on Figure 5-1 and Figure 5-10. Figure 5-10 shows the location of
the tributary while Figure 5-11 shows a typical section through the watercourse.
This tributary is a third order stream and of approximately 2.2 km in length (measured from most upstream point of the mapped third order
stream to the downstream (external) wetland. It has very gentle average slope of approximately 0.6%. The lowest point in this tributary
(within the site boundary), is approximately780 m from the furthest point at the top of the Mid Catchment.
Table 5-4

Work Practice Characteristics Assessment

Characteristics

Comments

Criteria
Met?

Defined bed and
banks

The channel features a well-defined bed and banks. For much of this stream, both a low and high
banks are present with a low flow channel also relatively well defined.

Yes

An extended, if
non-permanent,
period of flow

As with all tributaries on site, this channel is ephemeral and there was no flow observed on the day
of inspection due to the extended dry period discussed in Section 2.2. The study team are however
also involved in water quality monitoring of this channel and have observed a range of flow
conditions in this stream including:

Yes



Periods of high flow either during or immediately after rainfall events including: the 27th
and 29th June 2012 (both which had approximately 25mm of rainfall recorded in the
previous 24 hours); and 1st June 2012 which also had high preceding rainfall.



Periods of low extended flow after limited recent rainfall including 25 June 2012 and 31
August 2012.



Periods without any extended flow including the 23rd October 2012.

Figure 5-10 Mid-D Tributary Location
P045

Defined low
bank

Based on this experience, particularly days where low extended flow was observed, we believe that
it is reasonable to state that this tributary features extended periods of flow.
Flow adequacy

Ecological assessments undertaken by FRC Environmental, confirm basic ecological processes are
supported including macroinvertebrate populations (e.g. crayfish).

Yes

Presence of
springs

With the extended dry period discussed in Section 2-1 and the relatively small subcatchment, it is
possible that if there are any springs present in this tributary than these could have dried up. In any
case, no springs were observed during the inspection although this is not sufficient evidence to
definitely discount the possibility of springs within this tributary.

Possible

Watercourse Determination:

Floodplain

Defined bed, low flow
channel

This tributary appears to satisfy the three key criteria of a watercourse and would therefore most likely meet the
meaning of a watercourse pursuant to the Water Act (2000).

Figure 5-11 Mid-D Tributary Typical Section
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WATERCOURSE DETERMINATION
Other Non-Watercourses
Figure 5-12 shows (in orange) the location of non-watercourses in the Mid-D Subcatchment, while Figure 5-12 provides an example of four
of these tributaries (see the accompanying KMZ file for specific photo locations). These are clearly drainage channels without well-defined
bed and banks and are not assigned a stream order in State Government stream order mapping. Further discussion is therefore not provided
on these tributaries as they would clearly fail to meet the definition of a watercourse under the Act. The photos are however provided to
demonstrate the typical cross section of these tributaries and to provide site-based evidence for the determination made and for not further
assessing these overland flow paths.

Watercourse Determination:

.

These tributaries do not satisfy the three key criteria of a watercourse and therefore fail to meet the meaning of a
watercourse pursuant to the Water Act (2000).

Figure 5-12 Location of other Non-Watercourses in the Mid-D Subcatchment
P050

P060

P053

P052

Figure 5-13 Typical Sections of other Non-Watercourses in the Mid-D Subcatchment s
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CONCLUSION AND RECOMMENDATIONS
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CONCLUSION AND RECOMMENDATIONS
Following inspection of the tributaries on site and their assessment against the meaning of a
watercourse under the Act and the Work Practice criteria, we conclude that two tributaries within
the proposed development footprint could reasonably be defined as a watercourse.
On reaching this conclusion, we have also taken into consideration a number of recent relevant
Judgements in the Planning and Environment Court that give further assistance in making a
Watercourse determination. Ultimately, a formal determination by the relevant delegated officer of
the Chief Executive of the State Government may be needed to confirm our findings.
Our investigation team has considerable experience in Watercourse determination, including for three
recent Planning and Environment Court appeals where Watercourse determination was a critical
factor.
We note that the proposed works are limited to the armouring of the stream bed and banks so as to
protect the streams from the erosive forces of high velocities downstream of the proposed quarry
dam and sediment basin. The extraction of quarry material or any other works are not proposed
within either of these two watercourses.
Depending on the extent and scale of the works proposed within the two watercourses, either a
permit or a licence under the Water Act is likely to be required.
Based on these findings, we recommendation that Boral request the department administering the
Act to confirm that the determinations made in this report are consistent with the department’s
interpretation of the Act as it applies to this site.
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APPENDIX A: COPY OF THE WORK PRACTICE
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GLOSSARY OF TERMS
AHD

Australian Height Datum

ARI

Average Recurrence Interval

BCC

Brisbane City Council

Boral

Boral Resources (QLD) Pty Limited

DERM

Department of Environment and Resource Management

GCCC

Gold Coast City Council

GCQ

Gold Coast Quarry

Ha

Hectares

IECA

International Erosion Control Association

IFD

Intensity Frequency Duration

m

Metres

m3

Cubic metres

Overburden

Low value quarry material, including soil/overburden and weathered rock

Plant

Boral crushing plant

Product

High value quarry material assumed deeper then 12m below the existing surface

QLD

Queensland

RL

Reduced Level

ROM

Run of Mine

Site

Lot 105

SMP

Stormwater Management Plan

t

Tonne

ToR

Terms of Reference
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EXECUTIVE SUMMARY
This report supports the Environmental Impact Assessment (EIS) for a new extractive industry
operation (quarry), proposed by Boral Resources (Qld) Pty Limited, on a greenfield site at Old
Coach Road, Reedy Creek, Gold Coast.
The contents of this report have been prepared in response to the Term of Reference for the EIS
related to ‘Water Management Infrastructure’ issued by the Queensland Government for the
quarry project.
The purpose of the Stormwater Management Plan is to provide an understanding of the issues of
stormwater runoff and stormwater management. This report provides a detailed description of the
stormwater infrastructure required on the site and a comprehensive plan of actions required to
achieve appropriate stormwater management so that water released from the site complies with
the water quality objectives.
The report addresses the methods to provide stormwater drainage, stormwater storage and
sediment control from phase D1 of the Development and Construction Stage and onwards. It
determines the operational considerations for the control of stormwater during the operation stage
of the project. Prior to Phase D1 Sediment and Erosion Control is to be in accordance with the
recommendations of the Sediment and Erosion Control Program produced for the EIS
The site generally has three (3) catchment areas that will report to two (2) water release points,
the exact extents of the catchments will vary as the pit progresses through its operational life –
the catchments are:




Plant area catchment - the plant area catchment will free drain to the sediment pond for
storage and potential release
Pit area catchment – the pit area catchment will be pumped to the dam for storage and
potential release
Dam area catchment - the dam area catchment will free drain to the dam for storage and
potential release
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1.0

OVERVIEW

This report serves to provide details about stormwater management elements for the proposed
Gold Coast Quarry from phase D1 of the Development and Construction Stage through to and
including the Operation Stage. This report will be read in conjunction with Lambert & Rehbein
Erosion and Sediment Control Program (April 2013).

1.1

TERMS OF REFERENCE (TOR)

This report, in conjunction with the Lambert & Rehbein Erosion and Sediment Control Program
(April 2013) and BMT WBM’s Water Resources and Floodplain Management Report (April 2013)
has been prepared to address section 2.5.2 ‘Water Management Infrastructure’ of the Terms of
Reference, detailed below.
“Describe the process and criteria used to select the preferred on-site water management
scheme, including:


flood and stormwater management arrangements, including spillway and outlet
arrangements, flow channels, energy dissipaters and detention arrangements



the proposed stormwater drainage system, and the proposed disposal arrangements,
including any off-site services



the standard of proposed stormwater treatment systems, including examples of quality
improvement devices (sediment removal, gross pollutant traps) and potential discharge
points (spread of flow and scour protection)”
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2.0

PROJECT DESCRIPTION

Boral is proposing to establish a new extractive industry operation on a greenfield site, Lot 105 on
SP144215 at Old Coach Road, Reedy Creek as shown in Figure 1, below.
Figure 1 - Location Map
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The project is necessary to compensate for the scheduled winding down of Boral’s existing West
Burleigh Quarry (the location of this quarry is detailed in Figure 1), which has sufficient reserves
for only a further 6.5 to 9 years of production (depending on market conditions). Given the lead
times that are involved (in gaining development and environmental approvals; establishing the
operation and completing preliminary site works in order to enable full scale production), it has
been necessary for Boral to commence the relevant approval processes to ensure that an
adequate, uninterrupted and efficient supply of construction materials remains available for critical
infrastructure and construction projects in the Gold Coast region.
The Gold Coast Quarry will represent an investment of $140-$160million (2012[1] dollars) by Boral
into the economy of the Gold Coast region and is projected to provide continuity of employment
for approximately 100 staff across Boral’s integrated quarrying, asphalt, concrete and transport
operations. An estimated total of 246 full-time equivalent (FTE) person-years will be directly
required for the development and on-site construction of the project. The flow-on benefits of this
employment would generate further employment opportunities for the wider Gold Coast region
and Queensland, resulting in a total of approximately 480 and 490 full-time equivalent personyears, respectively. Once operational, the proposed Gold Coast Quarry would directly generate
24 FTE positions. The flow-on benefits of this employment would support about 65 FTE positions
in Queensland, with 62 positions generated in the Gold Coast. The proposed Gold Coast Quarry
would provide a net increase in employment opportunities and help continue quarrying industry
jobs within the area once the West Burleigh Quarry resources are exhausted.
The site of the proposed Gold Coast Quarry contains the last and largest known deposit of metagreywacke quarry rock resources on the southern Gold Coast. Meta-greywacke is of extremely
high strength and forms the excavated and processed quarry product. The meta-greywacke
resource is located within a deposit that is favourably surrounded by ridgelines (reducing amenity
impacts) and has the benefit of having substantial vegetated buffers on land owned by Boral. In
developing this proposal, Boral has attempted to balance the need to secure this hard rock
resource with the social and environmental factors associated with extractive industry
development. After taking into account a range of environmental constraints and providing
appropriate separation buffers during the detailed design process for the proposed quarry
footprint, it has been estimated that a total of 79 million tonnes of measured, indicated and
inferred quarry resources have been delineated on the site (within the optimised pit shell and
including the area to be developed for the plant and associated infrastructure). Boral has
voluntarily sterilised a significant proportion of the resource which is known to occur on the site in
order to achieve an appropriate balance between environmental, economic and community
interests.

[1]

Based on the value of the Australian dollar during 2012
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The proposed development will operate as a quarry for the extraction and processing of hard rock
primarily for use in concrete, asphalt, drainage materials, road base, bricks/blocks, pavers, pipes
and landscape supplies. Investigations indicate that the quality and consistency of the resource at
the site is of equal or better quality than the meta-greywacke deposit situated at Boral’s existing
West Burleigh Quarry, providing an opportunity to completely replace the current quarry
operations at Boral’s existing West Burleigh Quarry due to the diminishing supply of consented
resources at that site. The proposed Gold Coast Quarry has the potential to supply the Gold
Coast region with high grade construction materials for at least 40 years whilst maintaining
continuity of employment across Boral’s integrated quarrying, asphalt, concrete and transport
operations.
The greenfield site will be fully developed and operated in accordance with recognised industry
best practice. Initial development requires the removal of significant overburden over the first few
years of site development, including the introduction of mobile crushing plants to develop the site
and value the excavated material. Boral estimates that approximately 5 million tonnes of
materials (all types) will be removed from the site to allow the site infrastructure and fixed plant to
be built.
Overall, the proposed Gold Coast Quarry’s processing plants and supporting heavy mobile
equipment (HME) will comprise:


Mobile Crushing Plants
Proprietary modular trains from recognised (best practice) manufacturers such as
Sandvik or Metso. The 3-stage road base train consists of a Primary Jaw, Secondary and
Tertiary Cone Crushers complete with screens, conveyors and stockpiling conveyors.
The second train (for aggregates production) will be the same or similar to the first and
may include a vertical shaft impactor (VSI) to improve aggregate quality for use in higher
specification applications. Each train will be targeting to achieve a minimum of 300
tonnes per hour of aggregate or base course materials. The estimated capital cost of
each train is $6 million (2012 dollars).



Fixed Plant
The plant will be designed as a modern, ‘fit for purpose’ crushing plant which will target
the production of aggregates. It is estimated that the production rate will be between 750
- 900 tonnes per hour to achieve an annual production of 2 million tonnes. The estimated
cost of the plant is $75 million with a construction timeframe of 18-24 months.



Mobile Fleet
There will be two distinct fleets, firstly a development fleet which will service the site
development and stripping works, through to load and haul service for the mobile
crushing trains. The second fleet will be sized to service the 750-900 tonne per hour fixed
plant. Over the course of the establishment and operation of the project (refer to Table 1),
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there will be a range of equipment on the site for various periods of time. This equipment
includes, amongst others, the following:
-

Excavators;

-

Graders;

-

Front-end Loaders;

-

Bulldozers;

-

Compactors;

-

Articulated Dump Trucks;

-

Water Trucks;

-

Haulage Trucks; and

-

Cranes.

The quarrying process commences with a survey of the rock face and bench to be developed (by
drilling and blasting). Laser survey equipment defines the rock mass, and an optimised blast hole
pattern is designed and drilled. As production requirements demand, the drilled “shot” is then
charged with bulk explosives (from Boral’s key supply partner, Orica), and fired, in accordance
with the site blasting model and procedures.
Once the rock has been blasted, fragmented rock will be loaded from the pit floor onto haul
trucks, whereas any larger rock fragments (“oversize”) will typically be broken by a rock breaker
before loading. The load and haul fleet will generally be operated continuously during the
operating hours of the quarry, in order to maintain continuity of supply for processing.
The primary stage of processing involves the use of a jaw crusher and vibratory screens, with
crushed product being held in an interim stockpile called a “surge pile”. From this stage, material
will be conveyed to several downstream stages of crushing and screening equipment. After
processing, the material will be conveyed to individual product stockpiles. The processing plant,
including primary and secondary crushers (and screening to separate dust and aggregates) will
be located within the plant and infrastructure area, near the individual product stockpiles.
The quarry materials are then either loaded directly by a front end loader (‘sales loader’) from the
stockpiles, or via overhead storage bins at the plant (under typical conditions), to road haulage
trucks. The road haulage trucks then proceed across the weighbridge and through the wheel
wash before exiting the site to deliver quarry materials to the market.
Section 2.0 of the EIS document provides a more detailed description of the various components
of the project.

Ref: B12119MR003RevC-SWMP

- 5 -

SMP – BORAL Gold Coast Quarry

2.1

STAGES OF DEVELOPMENT

The site will be developed in a sequence of discrete stages, each of which will involve a series of
phases:


Site establishment (E), development (D), and construction (C) stages (all featuring a
number of intermediate phases);



Quarry operation stage (Q) (featuring a number of phases) associated with the
development of the quarry pit itself; and



Rehabilitation and decommissioning of the site once the operations have concluded.

The timing and rate of progression through the stages associated with the pit development will be
defined by market conditions and demand. It is not appropriate to specify timeframes for the
development of each respective phase of the project at this early point, but the quarry will have
an operational life of at least 40 years.
During the establishment, development and construction stages, the proposed Gold Coast Quarry
will operate with mobile plant(s), and be replaced with a permanent fixed plant as soon as
practicable after the plant site infrastructure area and initial pit have been established (estimated
to occur between 5 to 6 years of the development approval).
The staging plans for the project, as prepared by Lambert & Rehbein, detail how the development
of the quarry is intended to progress. Table 1 below provides a general overview of the works
undertaken as part of each phase of the development stage.
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Table 1 Quarry Development Stages
SITE ESTABLISHMENT STAGE
PHASE

WORKS UNDERTAKEN

E1



The external access road and associated intersection (from Old Coach Road) will be constructed.

E2



A portion of the access road, as it enters the site from the intersection constructed as part of Phase
E1, will be constructed and sealed (with bitumen).



Earthworks (cut) associated with the development of the internal road network are undertaken,
specifically for the construction of:

E3

o

the internal road that will ultimately link to the plant facility and ROM pads; and

o

the access and maintenance road extending to the dam.



Temporary weighbridge and wheel wash area will be developed.



The water storage dam embankment wall (requiring 89,300 tonnes of fill) and associated spillway
will be constructed.



Overall, a total of approximately 230,000 tonnes of overburden will be removed from the site as a
result of the development of this phase.



The extent of the internal access road created in Phase E2 will be sealed with bitumen.



The temporary weighbridges and wheel wash areas will be removed and replaced by the
permanent facilities.



The construction of the facilities pad will be commenced, while the sedimentation pond will also be
developed.



The temporary buildings associated with the (construction) facilities pad will also be constructed.



Filling works will be completed in an existing gully so as to facilitate the future pad area for the plant
equipment.



Overall, a total of approximately 260,000 tonnes of overburden will be removed from the site as a
result of the development of this phase.



The extent of filling completed as part of this phase equates to 115,900 tonnes.
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DEVELOPMENT STAGE
PHASE
D1

D2

D3

D4

WORKS UNDERTAKEN


Earthworks associated with the construction of the plant pad will be continuing. These earthworks
will be performed in a ‘receding rim’ fashion in order to minimise impacts on nearby sensitive
receptors.



By this time the quarry dam and sedimentation pond will be operational.



Overall, a total of approximately 770,000 tonnes of overburden will be removed from the site as a
result of the development of this phase.



Furthermore, approximately 280,000 tonnes of quarry product extracted from the site will be
utilised and sold as marketable material.



Earthworks associated with the construction of the plant pad will be continuing.



Overall, a total of approximately 750,000 tonnes of overburden will be removed from the site as a
result of the development of this phase.



Furthermore, approximately 560,000 tonnes of quarry product extracted from the site will be
utilised and sold as marketable material.



Earthworks associated with the construction of the plant pad will be continuing.



The ROM pad and ROM ramp will be created, and a small amount of fill will be required to
develop this area (24,890 tonne).



Overall, a total of approximately 745,000 of overburden will be removed from the site as a result
of the development of this phase.



Furthermore, approximately 560,000 tonnes of quarry product extracted from the site will be
utilised and sold as marketable material.



Earthworks associated with the construction of the plant pad will be completed.



The final ‘floor level’ for the plant area equates to RL 34.0m AHD.



The final ‘floor level’ for the ROM pad equates to RL 50m AHD.



The stockpile area for the storing of materials will be cleared of its overburden.



The stockpile area rock (suitable for product) will be left in place for processing at a more
economic rate once the permanent plant has been established.



Overall, a total of approximately 215,000 tonnes of overburden will be removed from the site as a
result of the development of this phase.



Furthermore, approximately 540,000 tonnes of quarry product that can be utilised and sold is
extracted.
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CONSTRUCTION PHASE
PHASE
C1

C2

WORKS UNDERTAKEN


The construction / erection of the crushing plant will be commenced.



All permanent buildings (e.g. site office, employee facilities, workshop etc.) are constructed.



Earthworks associated with the removal of overburden are commenced with respect to extending
into the area that will ultimately become the quarry pit.



The construction / erection of the crushing plant will be completed.



Earthworks associated with the removal of overburden will be continuing with respect to extending
into the area that will ultimately become the quarry pit.
QUARRY OPERATION PHASE

PHASE
Q1

Q2

Q3

Q4

Q5

WORKS UNDERTAKEN


Earthworks associated with Pit Stage 1 will be undertaken.



The base levels for Pit Stage 1 will range between RL 78.0m AHD (western end of the pit area)
and RL 66.0m AHD (eastern end of the pit area, adjacent to the ROM pad).



Earthworks associated with Pit Stage 2 will be undertaken.



The base levels for Pit Stage 2 will be RL 54.0m AHD (eastern end of the pit area, adjacent to the
ROM pad).



Rehabilitation of the benches associated with the pit will commence as necessary.



Earthworks associated with Pit Stage 3 will be undertaken.



The base levels for Pit Stage 3 will be RL 30.0m AHD (western end of the pit area).



Rehabilitation of the benches associated with the pit will commence as necessary.



Earthworks associated with Pit Stage 4 will be undertaken.



The base levels for Pit Stage 4 will be RL 6.0m AHD (centrally located within the pit area).



Rehabilitation of the benches associated with the pit will commence as necessary.



Earthworks associated with Pit Stage 5 will be undertaken.



The base levels for Pit Stage 5 will be RL -66.0m AHD centrally located within the pit area).



Rehabilitation of the benches associated with the pit will commence as necessary.
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3.0

OVERVIEW OF STORMWATER MANAGEMENT SYSTEM

The Stormwater Management Plan (SMP) applies to the extents of the disturbance footprint on
the proposed Gold Coast Quarry (GCQ). The purpose of this plan is to ensure that all stormwater
discharges from the site are code compliant to minimise environmental impacts, from Phase D2
onwards of the proposed quarry’s life. This system is implemented after the site has been
developed to a point where the sediment basin has been constructed. The implementation of this
system will overlap with the ESCP until the end of Phase D1.

3.1

WATER QUALITY OBJECTIVES

All site runoff will meet the following water quality objectives:


Non-contacted (clean) upslope runoff will be directed around and away from site works
wherever possible.



Contacted runoff will be transferred within the site in a manner to minimise erosion and
potential additional sediment by:
o Maintaining flat grades wherever possible to reduce runoff velocities.
o Minimising sheet flow through stockpiles wherever possible.
o Rip-rap or reno mattress lining of channels where runoff velocities dictate.
o Capturing of all runoff into formal sediment control structures.
o Controlled and safe discharge of runoff leaving the site, to prevent erosion or
failure of the sediment control structures and/or their outlet spillways.



Discharge runoff will be compliant to both of the following guidelines, where in conflict the
more conservative of the two has been adopted:
o Sediment Basin Design, Construction and Maintenance BCC Guidelines
(Brisbane) (January 2001) (GCCC has adopted this standard).
o IECA Best Practice Erosion and Sed Control Appendix B Sediment Basin Design
and Operation (November 2008).

3.2

SITE DRAINAGE REGIME

The site generally has three catchment areas that will report to two water release points, the
exact extents of the catchments will vary as the pit progresses through its operational life. There
are generally three catchment areas that will exist throughout the life of the proposed quarry,
these are:
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The Plant Area catchment; the plant area catchment will free drain to the sediment pond
for storage and potential release.



The Pit Area catchment; the pit area catchment will be pumped to the dam for storage
and potential release.



The Dam Area catchment; the dam area catchment will free drain to the dam for storage
and potential release.

Figure 2 depicts the three catchment areas, and the water transfer and management regime that
will exist during operations of the proposed quarry.
Figure 2 – General Catchment Areas and Water Transfer Regime

Dam Area
Plant Area

Pit Area
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4.0

STORMWATER MANAGEMENT

4.1

HYDROLOGY

The climate for the Gold Coast region is sub-tropical/temperate and sub-humid. The rainfall
distribution is dominated by summer falls with high variability due to local thunderstorms.
In order to achieve the intent of the water quality objectives, as detailed in Section 3.1, the
following hydrology inputs were required:



4.2

Intensity-frequency-duration IFD curves from the Bureau of Meteorology.
One year, 5-day rainfall intensity from the IECA Guideline.

SOIL PARAMETERS

As the site development works involve cuttings of up to 35m in depth into fresh
Argillite/Greywacke it is not possible to obtain a sample of the future floor material for testing. As
such the following conservative assumptions have been made:



Soils will be more than 33% finer than 0.02mm.
The soils are not more than 10% of soil dispersible.

Based on these assumptions the sediment pond will be a Type F structure. If it is found that
there is more than 10% dispersible soil once the site is developed, no additional earthworks
would be required, however there is sufficient footprint available to add a flocculent system and
upgrade the structure to a Type D structure. A flocculation system may also be required
(regardless of the dispersible soil percentage) if the release water does not achieve the desired
standard, as discussed in detail in the BMT WBM’s Water Resources and Floodplain
Management Report (April 2013).

4.3

SITE PARAMETERS

The site has the following catchment parameters:
Element

Phase Q1 Catchment Area (Ha)

Phase Q5 Catchment Area (Ha)

Plant Area

25.50

21.71

Pit Area

22.45

33.78

Dam Area

19.90

14.94

Ref: B12119MR003RevC-SWMP

- 12 -

SMP – BORAL Gold Coast Quarry

5.0

SEDIMENT CONTROL DETAILS

5.1

SEDIMENTATION BASIN DESIGN PARAMETERS

Parameter

BCC Requirement

IECA Requirement

Actual Sediment Pond
Value

Settling Volume

9,532 m3

9,556 m3

9,556 m3

Sediment Storage
Volume

4,766 m3

4,788m3

1,875 m3 **

(50% settling vol)

(50% settling vol)

(20% settling vol) **

Freeboard below
Spillway

0.3m

0.3m

0.3m

Freeboard above
Spillway

0.75m

0.3m

0.75m

Minimum depth of
settling zone

0.6m

0.6m

3.7m

10H:1V

6H:1V

10H:1V

Q100

Q50

15m3/s at 50% full
(Q100)

If public safety risk.

Publically accessible
areas or HSE
regulations.

Public excluded, truck
berm provided to Boral
standards.

Dewatering Rate

Entire volume
dewatered in 24h

Entire volume
dewatered in 120h

0.11m3/s
(Entire
volume in 24h)

Target Discharge

≤50mg/L

≤50mg/L

≤50mg/L

Access Ramp
Design Emergency
Spillway
Fencing

** Due to footprint constraints the storage volume has been set to correspond to sediment load
the highest 3 months of rainfall (wet season). Operationally silt will need removal tri-annually.
5.1.1

PRIMARY OUTLET

The primary outlet (discharge structure) for the sediment basin will comprise a vertical steel pipe
(riser) set in a concrete base with an outlet pipe oriented at approximately 90 degrees through the
base of the vertical pipe and resting on top of the concrete base. The top of the concrete base will
be approximately flush with the floor of the sediment basin. The top of the riser will be at the level
equivalent to the calculated depth of sediment storage and design storm depth. An outlet baffle
will surround the outlet pipe to prevent larger particles clogging the outlet. A baffle will also be
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constructed around the inlet to the basin in order to reduce turbidity and therefore shorten the
time taken for particles to settle.
The outlet pipe will extend through the basin embankment and discharge to the nearest open
drainage feature. The discharge pipe will have at least one seepage collar installed along the
pipe’s length.
Energy dissipation, in the form of rock-filled gabions, geotextile fabric and coarse rock revetment,
will be required at the outlet end of the discharge pipe.
5.1.2

EMERGENCY SPILLWAY

The emergency spillway for the sediment basin will comprise a broad-crested weir and discharge
channel connected to a rectangular weir at the base of the structure provided to minimise the
velocity of the water discharging to the natural watercourse. The crest of the weir will be at a level
of at least 0.3 metres above the crest of the riser pipe on the primary outlet. The depth of flow
from the crest of the weir to the crest of the basin embankment will be at least 0.75 metres.
Design guidelines also dictate that a 100 year, 24-hour ARI storm event be used for the hydraulic
design capacity if the useful life of the basin is expected to exceed twelve months. The sediment
basin presented in this section will have a useful life of more than 12 months; thus the 100-year,
24-hour ARI storm event was chosen as the design storm.
The spillway and chute will be constructed from Reno Mattresses 7m wide at the base. Velocities
have been limited to well below 5m/s to prevent movement of stones within compartments and
mattress deformations. Water will be de-energised at the base of the chute and released at 1m/s
during a 100 year, 24-hour ARI storm event.

5.2

SUMMARY OF HYDRAULIC STRUCTURES

There are two hydraulic structures proposed for the GCQ site, the specific details of each are detailed
below:
Structure

Sediment Pond

Water Dam

Volume (ML)

11.5

89.5

Average Depth (m)

4.5

2.2

Maximum Depth (m)

4.7

11.0

BCC Guideline / IECA Guideline

Manual for Assessing Hazard
Categories and Hydraulic
Performance of Dams (DERM)

Controlling Guideline
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6.0

OPERATIONAL CONSIDERATIONS

6.1

SEDIMENT REMOVAL

The sediment pond volume is made up of two components:



Settling Volume (to detain sediment laden water).
Storage Volume (to store settled sediment).

Due to limited footprint the storage volume has been sized to store sediment load for the highest
3 months of rainfall (wet season). Thus Boral Resources (QLD) Pty Limited will need to schedule
sediment removal three times per year, corresponding to:
 Pre-wet season.
 Post-wet season.
 Mid-year.
A ramp graded at -10% has been provided to gain access to the base of the sediment pond.

6.2

ADDITIONAL SEDIMENT CONTROL

Whilst operating the site there may be additional opportunities to prevent sediment from entering
the hydraulic circuit, this is preferable to treating the problem and remediating drains and
hydraulic structures. Additional sediment control measures may include:
 Location of stockpiles towards the crest of sub-catchments to minimise sheet flow
through loose product.
 Installation of sediment fencing around medium-term stockpiles of product, overburden
or topsoil.
 Hydro-mulching and sediment fencing of long-term stockpiles.
 Stabilise areas that are not required for ongoing operations as soon as possible after
disturbance.
 Minimise tracks around the site and gravel cap those which are necessary.
 Seek out opportunities to reuse tree mulch upstream of drains to reduce sediment
entering the hydraulic circuit.
 During detailed design it would be of value to investigate the value of next generation
sediment ponds and/or coarse sediment catchpits to improve operational efficiencies
within the sediment removal system.
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EXECUTIVE SUMMARY
Boral Resources (Qld) Pty Limited (Boral) is seeking to establish a new extractive industry
operation on a 220 ha greenfield site at Tallebudgera Creek Road, near Reedy Creek on the Gold
Coast of Queensland. The site of the proposed quarry contains the last and largest known deposit
of meta-greywacke on the southern Gold Coast, with an estimated resource of 79 million tonnes
(Mt), with the potential to supply high grade construction materials for in excess of forty years. The
proposed disturbance footprint of about 65 ha is approximately 30% of the total site area of
220 ha. Development of the quarry pit which will be carried out in a sequence of five discreet
stages, with the base of pit being excavated to an estimated depth of RL-66 m Australian Height
Datum (AHD).
Hydrogeological Regime
A groundwater investigation program undertaken for the EIS consisted of an initial site visit,
installation of seven (7), monitoring bores, falling head permeability tests and groundwater
sampling and testing for baseline water quality.
A review of data from Boral’s resource drill holes, anecdotal information on groundwater
occurrence from the existing nearby West Burleigh Quarry and data from the field investigation
program indicates that the hydrogeological regime of the Project Site and surrounds consists of:
•

•

a fractured rock aquifer system of the Neranleigh-Fernvale Beds which cover the whole of
the Project site and is dominant in the surrounding area, consisting of:
-

an upper 10 m to 20 m weathered and open fracture zone (regolith) containing the
prime groundwater resource, perched on;

-

fresh rock of very low permeability with a “tight”, sparse joint system.

a restricted Quaternary alluvial system associated with the Tallebudgera Valley to the
immediate south of the site.

The groundwater system identified within the Project area and surrounds depends primarily on
rainfall for recharge, with rainfall infiltrating the regolith, that is, the upper weathered zone. Based
on anecdotal data from the West Burleigh Quarry minor groundwater seepage is observed in the
pit walls, generally after heavy rainfall and primarily in the upper 20 m to 30 m section, which
includes the weathered zone and upper part of the fresher rock. However at depth, where the rock
is fresh and the joints are “tight”, seepage is not observed.
The water table gradient is quite steep reflecting the low permeability of the rock mass and also
that the regolith of the site is saturated after heavy rainfall. As described, the groundwater in the
regolith is essentially perched on the underlying fresh, very low permeability rock mass.
Groundwater flow is from the ridge areas towards the creeks primarily through open fractures in
the weathered material and along the interface with the fresh rock. Groundwater discharge to the
creeks (baseflow), maintains creek flow for some time; however, pools in the creek bed are
reported to be ephemeral, indicating that the regolith drains reasonably quickly, as would be
expected given the steep topography, and that discharge to the creeks and alluvium diminishes
and may stop during drier periods.
Collection and analysis of groundwater samples from the monitoring bores that were installed
indicates that the Electrical Conductivity (EC) is quite variable ranging from 1100 µS/cm in
GCQ_MB7 on a highly elevated ridge line, to 3770 µS/cm in GCQ_MB5 in the northern creek. Of
interest is the fact that the deeper groundwater is of lower EC value than the shallow groundwater
where the bores are nested, that is at sites GCQ_MB2/3 and GCQ_MB4/5. It is considered that
the shallow groundwater associated with the thin alluvium and extremely weathered greywacke in
the creeks may have a higher EC as the minerals in the weathered zone are more readily
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dissolved with groundwater flow. The EC generally exceeds the ANZECC 99% protection trigger
level for protection of aquatic ecosystems in lowland rivers of south-east Australia.
A pH range of about 7.13 – 7.94 is within the guidelines range and metal concentrations randomly
exceed the trigger values for aquatic ecosystems with arsenic, chromium, copper, nickel and zinc
being in exceedance in most of the bores. Metal concentrations are considered to be natural
background levels.
It is considered that accordance with Part 3, Section 6 of the Environmental Protection (Water)
Policy (2009), the prime environmental value of groundwater within the Project area that may need
to be enhanced or protected under this policy would be that for “agricultural use” in the form of
garden watering from privately owned bores. However, as discussed below, there is only one (1)
bore in the near vicinity of the quarry and it is in the perched aquifer and therefore unlikely to be
impacted.
Impact Assessment
Due to the low permeability of the rock mass and therefore low expected impact, spreadsheet
analyses based on classical groundwater flow equations were used to assess groundwater inflows
to the pit, the of radius of influence of dewatering during operations and groundwater recovery and
development of a pit lake post operations.
Groundwater Inflow and Drawdown
The analyses indicate that:
•

Groundwater inflow to the pit at the end of Q1 will be about 1.0 L/s increasing to 8.4 L/s at
completion of Q5 of the quarry operations. However based on anecdotal data from the
West Burleigh quarry the majority of groundwater inflow to the pit will occur as diffuse
seepage in the pit walls from joints and fractures, and will be evaporated before reaching
the pit floor and collection sump.

•

The predicted radius of influence of pit dewatering on the groundwater table will extend to
about 1640 m at the end of pit development in about 44 years, with the greatest lowering of
the water table occurring close into the pit and much less impact (minor lowering of the
water table), with distance from the pit.
Impacts on Existing Bores and Wells

As discussed the cone of depression in the water table is predicted will extend for up to a
maximum 1.64 km from the quarry after about 44 years. The closest registered bore is RN124068,
located in the Gold Coast City Council sports field, about 0.8 km to the south-east of the quarry.
The bore is shallow, low yielding and completed in the regolith which appears to form a perched
aquifer on the fresh rock. It is considered that as drawdown from quarry dewatering will primarily
be in the fresh rock there should be no or minimal impact on the bore.
The next closet bores are at the extremity of the radius of influence and should not be impacted.
Impact on Creeks and Potential Groundwater Dependent Ecosystems (GDEs)
It is considered that the prime source of groundwater discharge to the creeks is from the regolith
aquifer which will be removed over the area of the quarry footprint. Removal of the regolith and
lowering of the water table in the rock mass due to dewatering of the quarry pit has the potential to
impact ecosystems along the creeks, both flora and fauna that are partially dependent on
groundwater discharge. However the flora and fauna impact assessment has found that “none of
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the ecosystems present within the study area are identified as communities that are dependent on
groundwater”. It can therefore be concluded that the potential impact on GDEs is not an issue.
During and post quarry operations groundwater discharge to the creeks will continue from the
regolith in the catchments to the south, west and north of the quarry footprint and therefore some
groundwater discharge to the creeks should continue throughout and post quarry operations. In
addition pools in the creeks will continue to be maintained to some extent from surface runoff. It is
therefore considered that although quarry operations will reduce groundwater discharge to the
creeks, the pools and saturated alluvium will continue to exist, but as a result of the quarry
operations may not last as long into the dry season. The potential for this is only within the
predicted zone of influence, which is approximately 1.64 km around the pit.
Impact on Groundwater Quality
During the operational (quarrying), stage groundwater within the depression zone will flow to the
pit and any water that collects within in-pit sumps will then be pumped into the surface water
management system. The data collected at the site indicates that the groundwater in the deeper
fractured rock aquifer is fresh to slightly brackish with low levels of selected, naturally occurring
trace metals. It is expected that little if any groundwater will be stored in on-site storages as, rather
than collecting in sumps at the base of the pit, most groundwater inflow will be evaporated from
the pit walls due to the predicted slow rate of seepage.
Groundwater Management and Monitoring Plan
A groundwater management and monitoring plan has not been designed as it is considered based
on the studies undertaken that groundwater is not a significant resource in the Study Area on
which groundwater users (human or GDEs) are dependant, and that the impacts of the quarry on
the groundwater regime are minimal. As such the potential for groundwater related environmental
or social impact to result from the development occurring is considered negligible.
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REPORT ON
GROUNDWATER IMPACT ASSESSMENT OF
PROPOSED GOLD COAST QUARRY

1.0

INTRODUCTION

Boral Resources (Qld) Pty Limited (Boral), the Proponent, is proposing to establish a new
extractive industry operation on a on a 220 ha greenfield site bordering Old Coach Rd and
Tallebudgera Creek Road, at Reedy Creek on the Gold Coast. The project is necessary to
compensate for the scheduled winding down of Boral’s existing West Burleigh Quarry, which has
sufficient reserves for only a further 6.5 to 9 years of production. Given the lead times that are
involved (in gaining development and environmental approvals; establishing the operation and
completing preliminary site works in order to enable full scale production), it is necessary for Boral
to now commence the relevant approval processes to ensure that an adequate, uninterrupted and
efficient supply of construction materials remains available for critical infrastructure and
construction projects in the Gold Coast region.
The site of the proposed quarry contains the last and largest known deposit of meta-greywacke on
the southern Gold Coast, with an estimated resource of 79 million tonnes (Mt), with the potential to
supply high grade construction materials for in excess of forty years. The proposed development
will operate as a quarry for the extraction and processing of the hard rock primarily for use in
concrete, asphalt, drainage materials, road base, bricks, pavers, pipes and landscape supplies. All
elements of the project have been designed to achieve a production capacity of 2 million tonnes
per annum (Mtpa).
The significance of the site to the State has been established by its designation as a Key
Resource Area under the State Planning Policy (February 2007) – Protection of Extractive
Resources. The Queensland Government has declared the proposed quarry a “Coordinated
Project” under the State Development and Public Works Organization Act 1971, requiring an
Environmental Impact Assessment (EIS).
This report which has been prepared for inclusion in the EIS, provides an assessment of the
hydrogeological regime of the site and of the potential impacts of the proposed development on
this regime. The hydrogeological investigation and the preparation of the report were undertaken
by Australasian Groundwater and Environmental Consultants Pty Ltd (AGE) at the request of BMT
WBM Pty Ltd on behalf of their client, Cardno Humphreys Reynolds Perkins Pty Ltd, Project
Manager for the EIS.
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2.0

TERMS OF REFERENCE

The terms of reference (TOR) for the EIS were prepared by the then Department of Employment
Economic Development and Innovation (DEEDI) in July 20111 on behalf of the Co-ordinator
General. The TOR requires that the nature of groundwater in the area of interest be fully described
and the impacts, in terms of groundwater harm of the proposal on the groundwater resources be
assessed.
In relation to groundwater, the TOR are as follows:
4.4 Water resources
4.4.1 Description of environmental values
Describe the existing water resources that may be affected by the project in the context of
environmental values as defined in such documents as the EP Act, EPP (Water), Australia and
New Zealand Guidelines for Fresh and Marine Water Quality (Australian and New Zealand
Environment and Conservation Council & Agriculture and Resource Management Council of
Australia and New Zealand 2000) and the Queensland Water Quality Guidelines 2009
(Department of Environment and Resource Management 2009).
Indicate the quality and quantity of water resources in the vicinity of the project area.
Describe existing:
•

surface and groundwater in terms of physical, chemical and biological characteristics
Describe the environmental values of the surface waterways, wetlands and groundwater of the
affected area in terms of:

•

values identified in the EPP (Water)

•

any impoundments (e.g. dams, levees, weirs etc.)

•

hydrology of wetlands, waterways and groundwater

•

sustainability, including both quality and quantity

•

dependent ecosystems and dependent threatened species

•

existing and other potential surface and groundwater users

•

any water resource plans relevant to the affected catchments.
If the project is likely to use or affect local sources of groundwater, describe groundwater
resources in the area in terms of:

•

geology/stratigraphy

•

aquifer type—such as confined, unconfined

•

depth to and thickness of the aquifers

•

depth to water level and seasonal changes in levels

•

groundwater flow directions and transmissivity2 rates between aquifers (defined from water
level contours)

•

interaction with surface water

1

The Co-ordinator General (July 2011) “Gold Coast Quarry Project-Terms of Reference for the Environmental Impact
Statement”, Queensland Government.

2

Transmissivity refers to the rate which groundwater flows horizontally through an aquifer.
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•

possible sources of recharge

•

potential exposure to pollution

•

current access to groundwater resources in the form of bores, springs, ponds, including
quantitative yield of water and locations of access.
The groundwater assessment should also be consistent with relevant guidelines for the
assessment of acid sulfate soils, including spatial and temporal monitoring to accurately
characterise baseline groundwater characteristics.
Describe the project’s proposed use of recycled water.
4.4.2 Potential impacts and mitigation measures
Assess potential impacts of the project on water resource environmental values identified in
the previous section. Define and describe the objectives and practical measures for protecting
or enhancing water resource environmental values, to describe how nominated quantitative
standards and indicators may be achieved, and how the achievement of the objectives will be
monitored, audited and managed.
Matters to be addressed include:

•

potential impacts on the flow and the quality of surface and groundwaters from all phases of
the project, with reference to their suitability for the current and potential downstream uses and
discharge licences;

•

an assessment of all likely impacts on groundwater depletion or recharge regimes;

•

potential impacts on wetlands or other downstream receiving environments

•

an assessment of the potential to contaminate surface and groundwater resources and
measures to prevent, mitigate and remediate such contamination.
Strategies should be adequately detailed to demonstrate best practice management and that
environmental values of receiving waters will be maintained to nominated water quality
objectives. Describe the monitoring programs that will assess the effectiveness of
management strategies for protecting water resources during the construction, operation and
decommissioning of the project. Also outline how these strategies are incorporated into
appropriate sections of the EMP.
Discuss mitigation options and the effectiveness of mitigation measures, with particular
reference to sediment, acidity, salinity and other emissions of a hazardous or toxic nature to
human health, flora or fauna.

3.0

PROJECT OVERVIEW

The Project will comprise the following components:
•

an estimated resource of 79Mt, providing an operational life of at least forty years based on
an estimated production capacity of 2 Mtpa;

•

a proposed disturbance footprint of about 65 ha, that is approximately 30% of the total land
area of 220 ha;

•

a pit excavated to a maximum depth of RL-66 m Australian Height Datum (AHD);

•

a Processing Area within the disturbance footprint comprising the processing plant and a
stock piling capacity to service the 750 tonnes per hour (tph) to 900 tph fixed plant;
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•

office and staff facilities, maintenance facilities and vehicle parking;

•

a water storage area within the disturbance footprint in the northern portion of the site;

•

development of the site in a sequence of discrete stages, each of which will involve a
series of phases consisting of Site establishment (E), development (D), and construction
(C) stages (featuring a number of intermediate phases);

•

a quarry Operation stage associated with the development of the quarry pit itself which will
be carried out in a sequence of five discreet phases referred to as Q1 to Q5, with the pit
development for each phase being defined by market conditions and demand; and

•

rehabilitation and decommissioning of the site once the operations have concluded.

4.0
4.1

REGIONAL SETTING
Location

The site of the proposed Gold Coast Quarry is located on the western side of the Pacific Motorway
near Reedy Creek, approximately five kilometres from Burleigh on the Gold Coast, as shown on
Figure 1. The Project is a greenfield site with frontages to three constructed roads – Chesterfield
Drive to the north-west of the site, Tallebudgera Creek Road to the south and Old Coach Road to
the east. Boral’s existing West Burleigh Quarry is located about 750 m to the north of the site on
the eastern side of the Pacific Motorway, and Gold Coast City Council operate the Reedy Creek
Landfill in a disused quarry to the immediate west of the West Burleigh Quarry, as shown on
Figure 2.

Figure 1: Locality Plan
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The real property description of the Boral owned land is Lot 105 on SP144215 which has an area
of 216.7 hectares (ha). The irregularly shaped Project site has a total area of 219.998 ha and
includes a narrow 3.298 ha Gold Coast City Council parkland allotment (Lot 901 on RP907357),
which traverses the site in a general south-east to north-west direction between Tallebudgera
Creek Road and Chesterfield Drive, as shown on Figure 3.

4.2

Climate

The area experiences a subtropical climate with dominant summer rainfall. The rainfall totals in the
region are relatively high with an average of 1360 mm per year measured between 1975 and 2012
at the Bureau of Meteorology (BoM) Hinze Dam Station 040584, located about 15 km north-west
of the Project site, and at 111 m AHD is of similar elevation to the Project site. The annual average
evaporation recorded between 1994 and 2012 was 1464 mm, indicating evaporation marginally
exceeds rainfall on an annual basis. The average monthly rainfall and evaporation for the station
and the mean maximum and minimum monthly temperatures are presented in Table 1.
Table 1: SUMMARY OF CLIMATE DATA HINZE DAM - STN NO. 040584
Annual

Jan

Feb

Mar

Apr

May

Jun

Jul

Aug

Sept

Oct

Nov

Dec

Mean Rainfall (mm)

168.1

203.4

144.8

124.1

130.7

75.3

53.3

45.7

44.1

88.3

120.8

161.9

1360.5

Mean Evaporation (mm)

83.7

69.0

80.6

99.2

129.0

148.8

150.0

167.4

1464.1

161.2

140.0

130.2

105.0

(oC)

29.1

28.8

27.7

25.7

23.2

21.0

20.8

22.2

25.0

26.4

27.3

28.8

25.5

(oC)

20.2

20.5

19.2

16.8

13.8

11.6

10.2

10.6

13.3

15.5

17.4

19.2

15.7

Mean Max. Temp
Mean Min. Temp

4.3

Average

Topography, Drainage and Landuse

Topographically, the Project site is dominated by deep gullies and steep sided hills with elevations
ranging from about 150 m AHD on the ridgeline at the north-west boundary, to about 10 m AHD
where the main creek draining the site exits on the eastern boundary, Figure 3. There are 2 main
drainage lines (creeks), with numerous, steep sided gullies feeding into them. The creeks drain the
southern and northern portions of the site respectively, discharging to Oyster Creek, which is a
tributary of Tallebudgera Creek, as shown on Figure 2 and Figure 3. Gold Coast Botany (2005)3
recorded occasional ephemeral pools along some drainage lines during their assessment of the
site.
The resource is located within a central deposit that is favourably surrounded by ridges, with the
maximum height of the pit crest being at about 130 m AHD. The site is of a size and dimension
which is sufficient to provide the rare opportunity for substantial vegetation buffer areas to be
maintained on the land owned by Boral.
The Project site has a history of extensive clearing, grazing and other rural pursuits. However at
present it is covered by extensive areas of regrowth vegetation and pockets of remnant vegetation,
with some small cleared areas developed for nursery sheds, dams and access tracks. The
vegetation coverage is shown on Figure 2.

3

Gold Coast Botany Pty Ltd (April 2005) “Flora Assessment Lot 105 SP144215 (In part) Old Coach Road, Reedy
Creek”.
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5.0

LEGISLATION

The following sections briefly summarize Queensland Government legislation and policy that will
apply to the Project with respect to groundwater.

5.1

Environmental Protection (Water) Policy 2009

The Environmental Protection (Water) Policy 2009 (EPP Water) provides a framework to protect
and/or enhance the suitability of Queensland waters for various beneficial uses. This policy guides
the setting of indicators that will protect the environmental values of any resource.
Indicators for environmental values are those quantitative properties of the water, such as physical
and chemical parameters, that can be measured. The Australian Water Quality Guidelines
(ANZECC, 2000) prescribe the quantitative properties that protect specific environmental values.

5.2

Water Act 2000

The purpose of the Water Act 2000 is to advance sustainable management and efficient use of
water and other resources by establishing a system for planning, allocation and use of water. To
achieve this, the Act provides for:
•

the sustainable management of water and other resources;
a regulatory framework for providing water and sewerage services;
the establishment and operation of water authorities; and
other purposes.

•
•
•

5.3

Declared Sub-Artesian Areas

In Queensland a number of sub-artesian areas have been declared under the Water Act 2000,
most of which have been declared under the Water Regulation 2002, which is subordinate
legislation to the Act. The Project is not located in a Declared Sub-artesian Area and therefore a
water entitlement, water permit or seasonal water assignment notice to take groundwater, and a
“development permit to construct works”, such as a bore, are not required.

6.0

SCOPE OF WORK

The specific scope of work undertaken to address the TOR included the following:
1)

A review of reports for similar groundwater regimes and from the nearby West Burleigh
Quarry in order to assess the status of knowledge of the groundwater regime;

2)

A review of existing, registered, property bores on the Department of Natural Resources
and Mines (NRM), database within a 5 km radius of the Project site in order to assess
the current use of and significance of groundwater resources on both a local and regional
scale;

3)

Falling head permeability tests in order to establish hydraulic parameters for the quarry
rock;

4)

Establishment of a monitoring bore network, the bores being strategically located to
provide baseline data pre-development, and to monitor the impact of key infrastructure
such as water storage facility;
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5)

Assessment of the quality of groundwater present on site in terms of major cations and
anions, pH, EC, TDS and any potential metal contaminants, and the Environmental
Value of the groundwater resources;

6)

Development of a spread-sheet model of the groundwater regime in order to assess the
rate of groundwater inflow to the quarry pit with time and area of influence of the quarry
on groundwater levels;

7)

Preparation of an impact assessment for the Project defining the potential area of impact
on groundwater levels, the impact on surface waters, existing groundwater users both
human and groundwater dependent ecosystems, groundwater quality and on
groundwater recharge / depletion, etc;

8)

Development of appropriate mitigation actions where required; and

9)

Development of a Groundwater Monitoring Plan with recommended sampling locations,
analytes and sampling frequency, for employment before, during and after operations
commence.

7.0

GEOLOGICAL SETTING

The spatial distribution of surface or outcrop geology, shown on Figure 4, is taken from the
Murwillumbah 1:100,000 scale geological map. Figure 4 indicates that the geology of the Reedy
Creek area is dominated by the Palaeozoic (Devonian to Carboniferous) aged NeranleighFernvale Beds which generally consist of greywacke, argillite (shale and mudstone), arenite,
jasper, chert, quartzite and greenstone. This geological unit forms the basement geology for the
region. It is overlain by Quaternary aged alluvium in the lower topographic areas to the immediate
south of the site, (Figure 4).
The following description of the site geology is based on lithological descriptions prepared by Boral
geologists of core recovered from diamond drill holes. The diamond drill core recovered from the
Reedy Creek site indicates that within the proposed quarry, the main geological units are typically
a fine to medium grained siliceous sandstone, which has undergone regional metamorphism and
has been folded and fractured to a steeply inclined, meta-sedimentary strata sequence. The prime
source rock is meta-greywacke which contains minor and sporadic inclusions of meta-argillite,
ranging from pea-size to very large lenses up to several metres thick.
Unlike typical meta-greywackes, which are generally poorly sorted and contain a range of rock
fragments of different sizes, the typical Reedy Creek source rock is composed of finer grained,
more mature sediment, that is, it is generally well sorted. It is mid-grey in colour, and, when fresh,
is very hard and strong.
Many meta-greywackes from within the Neranleigh-Fernvale Beds in northern NSW have a typical
weathering profile extending to 30 m or more; however, the depth of weathering at Reedy Creek
appears to be significantly less, at least on the ridge-tops. The highly to moderately weathered
profile extends typically to about 10 m to 12 m below the surface and grades into hard, fresh rock.
Within the weathered zone the joints are generally closely spaced, planar and iron stained.
Jointing and defects becomes less common below the zone of weathering, that is, in the fresh
rock, but remain medium spaced. The defects in the fresh rock are not iron stained.
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8.0

PREVIOUS GROUNDWATER STUDIES

No other groundwater studies have been undertaken at the Project site however a groundwater
investigation was undertaken for the EIS for Hinze Dam Stage 3, about 15 km to the north-west,
and there is anecdotal data on groundwater occurrence at the West Burleigh Quarry, 750 m to the
north of the site; both of which are in a similar geological setting.

8.1

West Burleigh Quarry

Anecdotal information from site personnel and the Boral geologist indicates that groundwater is not
an issue at the site and that pit dewatering is not required due to groundwater inflow. Minor
groundwater seepage is noted in the pit walls, generally after heavy rainfall and primarily in the
upper 20 m to 30 m section which includes the weathered zone and upper part of the fresher rock.
Seepage occurs after rainfall has infiltrated the upper open joint system and emanates from the pit
walls. However at depth, where the rock is fresh, the joints are “tight” and seepage is not
observed. This indicates that only the upper weathered zone of the rock mass is permeable
enough, through open joints and defects, to contain some groundwater, generally after heavy
rainfall.
8.2

Hinze Dam

An impact assessment of the proposed Stage 3 of Hinze Dam on the groundwater resources of
the area was undertaken by Gold Coast City Council (June 2007)4. The report states that “the
Neranleigh Fernvale beds do not host a groundwater resource of significance and aquifer
prospects are poor given the extremely low in-situ permeability of the formation”, and concludes
that “an assessment of existing data indicates that there is no regional groundwater resource of
significance within the vicinity of the project. The Neranleigh Fernvale beds dominate the local
geological setting in which the groundwater resource is generally absent or of negligible
significance. As such the potential for groundwater related environmental or social impact to result
from the development occurring is considered negligible.

9.0

FIELD INVESTIGATIONS

The field investigation program undertaken for the EIS consisted of an initial site visit, installation
of monitoring bores, falling head permeability tests and groundwater sampling and testing for
baseline water quality. The data obtained from the investigations has been used to define the
hydrogeological regime of the Project area

9.1

Monitoring Bores

Two prime sites were selected for drilling and installation of monitoring bores at the proposed
quarry site, viz:

4

•

In the main creek that drains the southern part of the site near to where the creek leaves
the site on the eastern boundary, (bores GCQ_MB2 and GCQ_MB3), and

•

In the major creek that drains the northern part of the site below the proposed water
storage dam, (bores GCQ_MB4 and GCQ_MB5).

Gold Coast City Council, (June 2007), “Hinze Dam Stage 3 Environmental Impact Statement” Section 8 - Groundwater.
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The bores were located outside the proposed disturbance/quarry footprint as shown on Figure 2
and Figure 3. At each site a nest of two (2), bores, about 1 m apart, was installed; one shallow to
monitor creek alluvium and the upper weathered zone and the second a deeper bore to monitor
the fresh rock.
In addition three (3) monitoring bores were constructed on ridge areas within the quarry footprint
(GCQ_MB1, GCQ_MB65 and GCQ_MB7), in order to obtain baseline groundwater levels and
quality within the upper 20 m zone of weathered to fresh greywacke. These bores will enable
monitoring the impact of the proposed quarry operations on groundwater levels and quality until
destroyed.
In the short-term, the new monitoring bores were designed to provide information on:
•

baseline groundwater levels and quality;

•

the hydraulic connectivity of the shallow creek alluvium with groundwater in joints of the
deeper fresh rock; and

•

the permeability (hydraulic conductivity) of the fresh rock.

In the long-term the monitoring bores will enable monitoring the impact of the proposed quarry
operations on groundwater levels and quality.
The monitoring bores were drilled and constructed on the 13 to 14 August 2012. Due to the
hardness of the rock, the 115 mm diameter boreholes were drilled by Boral using their track
mounted, Atlas Copco Roc F9, rotary percussion, hydraulic drill rig. Once each hole was drilled the
installation and construction of the monitoring bores was undertaken by Terratest Pty Ltd, with
supervision provided by an AGE hydrogeologist. Rock chip samples were collected at 1 m
intervals and logged on-site by the Boral geologist.
The boreholes were cased with Class 18, 50 mm diameter, lead free, uPVC casing. Machine
slotted uPVC screens were placed at the base of the hole with blank uPVC casing completing the
hole to the surface. A clean, 3 mm to 6 mm gravel filter was placed by gravity around the screens
and a bentonite seal (1/4” bentonite pellets), was placed above the gravel pack. Drill cuttings were
used to fill the annulus above the bentonite and a cement grout plug was used to seal the upper
surface section of the annulus. Lockable steel covers protruding about 0.6 m above the surface
were originally concreted around each bore, but due to vandalism the uPVC casing was
subsequently cut off at ground level and a gatic type protective cover concreted into the ground
around the casing. A schematic of the monitoring bore construction is given on Figure 5 and
photographs of drilling and of a completed bore site, prior to the casing being cut off at ground
level, are shown on Figure 6. The construction details of the monitoring bores are summarized in
Table 2 and the composite borehole logs are included in Appendix 1.
After construction, the monitoring bores were purged by bailing as the yield was insufficient for
airlift development.

5

It should be noted that bore GCQ_MB6 was destroyed by vandalism subsequent to the initial round of monitoring
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Ground level

Gatic type cover concreted around
bore casing

Water table

Cement / bentonite grout
in annulus

ALLUVIUM AND
WEATHERED METAGREYWACKE

115mm diam. borehole

4-6m depth

Backfill with drill cuttings
50mm diam. Class 18 uPVC casing
WEATHERED TO
FRESH METAGREYWACKE

1-2m above top of screen
Gravel filter
Screens – 3-6m of machine slotted
Class 18 uPVC
20-25m depth

Figure 5: Schematic of Monitoring Bore Construction - Nested Bores

Above Drilling at site GCQ-MB2/3

Right Installed monitoring bores at site GCQ-MB4/5
Note water hole in creek was dry 7 weeks later

Figure 6: Drilling and Constructed Monitoring Bores
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Table 2: SUMMARY OF MONITORING BORE CONSTRUCTION AND WATER LEVELS
Location
(mE)
(mN)

Bore
GCQ_MB1

540567

GCQ_MB2

541160

GCQ_MB3

541160

Ground Level
(m AHD)

Depth
(m)

Screen
(mbGL)

~62

17.2

14.2–17.2

6889203
6889117
6889118

~19
~19

6.6
28.2

1.9-4.9
19.0-25.0

GCQ_MB4

540286

6889537

~35

28.2

18.9-24.9

GCQ_MB5

540286

6889538

~35

6.6

3.3-6.3

GCQ_MB6

540382

6888966

~96

22.0

16.0-22.0

GCQ_MB7

539878

6888945

~132.5

21.0

13.0-19.0

Notes:

9.2

i)
iii)
vi)

co-ordinates GDA94, Zone 56
elevations estimated from DTM
EW = extremely weathered

ii)
v)

Static Water Level
Date
(mbGL)
(RLm)
14-08-12

dry

-

5-10-12

dry

-

14-08-12

1.09

~17.9

5-10-12

1.74

~17.3

14-08-12

0.93

~18.1

5-10-12

1.58

~17.4

14-08-12

0.96

~34.0

5-10-12

1.14

~33.9

14-08-12

1.01

~34.0

5-10-12

1.03

~34.0

14-08-12

14.66

~81.3

5-10-12

Aquifer
fresh
greywacke
alluvium - EW
greywacke
fresh
greywacke
fresh
greywacke
alluvium - EW
greywacke

vandalized

14-08-12

5.65

~126.8

5-10-12

6.64

~125.8

fresh
greywacke
fresh
greywacke

co-ordinates taken with GPS
mbGL – metres below ground level

Water Sample Collection and Analysis

When collecting groundwater samples for laboratory analysis the bores were generally bailed dry
using disposable bailers, and where not, at least 3 casing volumes were bailed. They were then
left to stand overnight to recover and a sample for laboratory analysis was collected the following
day by bailing. The samples were stored in laboratory prepared sample bottles with the samples
collected for metal analysis being field filtered. The samples were submitted to Australian
Laboratory Services (ALS) for the following analysis:

9.3

•

pH, EC;

•

Anions (CO3, HCO3, Cl, SO4), hardness;

•

Cations (Ca, Mg, Na, K), alkalinity; and

•

Suite of 8 metals.

Permeability Tests

As a part of the investigation, hydraulic (falling head), permeability tests were conducted on the
deeper monitoring bores. The tests were designed to evaluate the hydraulic conductivity of rock
material surrounding the bore screen. A falling head test requires a “slug” of water being poured
into the bore and the rate of decline in water level being monitored. The last 20 L of water bailed
from each bore prior to the groundwater quality sample being taken was used as the “slug” in
order to prevent potential contamination by using water from another source.
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10.0 HYDROGEOLOGICAL REGIME
10.1 Aquifers
The hydrogeological regime of the Project area and surrounds comprises two broad aquifer6 types,
viz:
•

•

a fractured rock aquifer system of the Neranleigh-Fernvale Beds which covers the whole of
the Project site and is dominant in the surrounding area, and consists of:
-

an upper 10 m to 20 m weathered and open fracture zone (regolith) containing the
prime groundwater resource, perched on;

-

fresh rock of very low permeability with a “tight”, sparse joint system.

a restricted Quaternary alluvial system associated with the Tallebudgera Valley to the
immediate south of the site, as shown on Figure 4.

The Neranleigh-Fernvale Beds can be described as an aquifer of very low to low permeability.
Groundwater occurrence and flow within the metamorphosed sediments of the NeranleighFernvale Beds is dominated by secondary porosity features such as fractures and joints, with no
significant primary porosity. On a localised scale, permeability and groundwater flow will depend
on the number and aperture of fractures and joints, and can vary over a number of orders of
magnitude. Generally the fractures are likely to be more open and hence of higher hydraulic
conductivity (permeability), at shallower depth, primarily in the regolith (weathered zone), and
remain closed and “tight” at depth, that is in the fresh rock. This was confirmed by iron staining,
indicating groundwater flow, on joints in the upper 10 m to 20 m and tight, non-stained joints, in the
deeper fresher rock.
Alluvium and colluvium deposits form a relatively narrow band along the course of the two major
creeks that drain the site. These deposits were intersected when drilling monitoring bores
GCQ_MB2/3 and GCQ_MB4/5. They are up to 2 m thick and grade into highly weathered metagreywacke. The deposits consist of an inter-mix of sand, gravel and cobbles with the colluvium
being washed down the steep sided slopes. When the creeks are in flood after heavy rainfall the
alluvium/colluvium is fully saturated, but the alluvial water table depletes rapidly as creek levels
decline. The base of the alluvium/colluvium may contain minor saturation during drier months due
to groundwater discharge from the meta-greywacke, but as discussed, the pools in the creeks are
reported by Gold Coast Botany (2005) to be ephemeral, indicating that the alluvium/colluvium
probably drain completely during the dry season.

10.2 Hydraulic Parameters
As discussed falling head permeability tests were conducted on the deeper monitoring bores to
evaluate the hydraulic conductivity of the Neranleigh-Fernvale Beds of the Project Site. The data
was analysed by the Bouwer Rice Method using Aquifer Test Version 2.5 software, as shown in
Appendix 2 and the results of the analyses are summarised in Table 3.

6

An aquifer is defined as a rock formation capable of storing and transmitting water in useable quantities.
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Table 3: CALCULATED HYDRAULIC CONDUCTIVITY
Bore
GCQ_MB2
GCQ_MB4
GCQ_MB6
GCQ_MB7

Hydraulic Conductivity (k)
(m/sec)
(m/day)
-6
1.8 x 10
0.16
1.23 x 10-6
0.11
2.04 x 10-6
0.18
1.32 x 10-6
0.11

It can be seen from Table 3 that the permeability of the upper 20 m to 25 m zone tested by the
bores, that is the shallower zone where the fractures are more likely to be open, are iron stained
and hence of higher hydraulic conductivity than deeper into the rock mass, are consistently about
2 x 10‐6 m/s, which is considered a reasonably low value.
Comparison of the data obtained from the Project site can be made with hydraulic conductivity
data obtained from Boral’s Stapylton Quarry which is similarly in Neranleigh-Fernvale Beds. Boral
provided permeability data from seven temporary monitoring bores installed at the site in 2006 and
from the installation of six monitoring bores drilled and constructed across the site at locations
hydraulically up-gradient, and down-gradient of the quarry operation in 2009. The permeability
tests on these monitoring bores indicated hydraulic conductivity values as follows:
•

2006 campaign – from 0.005 m/day to 0.02 m/day (5.6 x 10‐8 to 2.3 x 10‐7 m/s); and

•

2009 campaign – from 0.02 m/day to 4.5 m/day (2.3 x 10‐7 to 5.2 x 10‐5 m/s).

The 2006 measurements show lower hydraulic conductivity values and value range, compared to
the permeability test results from 2009 which show higher hydraulic conductivity values and a
greater variability across two orders of magnitude. When all available measurements are
considered, the hydraulic conductivity varies across three orders of magnitude, which is typical for
low yielding fractured rock units, such as the Neranleigh-Fernvale Beds.
Similarly permeability testing of the Neranleigh-Fernvale Beds are reported by AGE (20067) for the
Brisbane area; the North South Bypass Tunnel (Clem 7), Airport Link Tunnel and the S1 Sewer
Tunnel. A summary of all test results is shown on Table 4 below
Table 4: NERANLEIGH FERNVALE BEDS PACKER TEST RESULTS
Project

Number of Tests

Lugeon Permeability (uL)
1<uL<5
5<uL<20 20<uL<50
16
9
3

S1 Sewer Tunnel

50

uL<1
21

Clem 7 Tunnel

71

52

12

Airport Link Tunnel

13

10

1

uL>50
1

5

2

0

2

0

0

-7

Note: One lugeon is approximately equivalent to a mass permeability of 1 x 10 m/s.

It can be seen that despite the majority of the results reporting a lugeon permeability of <5 uL, that
is < 5 x 10‐7 m/s, there are isolated areas of higher permeability. It is likely that these higher
permeability zones are associated with areas of localised fracturing rather than being indicative of
broad areas of high permeability.

7

Australasian Groundwater and Environmental Consultants Pty Ltd (May 2006), “Report on Hydrogeological
Environmental Impact Assessment - Airport Link Tunnel”, prepared for SKM-CW Joint Venture. Project No. G1312/C.
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The permeability data reported from the Stapylton Quarry site and Brisbane area provide a general
confirmation that the upper 20 m to 25 m tested at the Project site is higher than could be
expected of the rock mass as the rock becomes fresher with depth, and that a permeability of
about 5 x 10‐7 m/s could be accepted as an upper value as the rock becomes fresher, harder and
denser with depth.
In summary it is concluded that the upper 10 m to 20 m weathered zone, where the fractures are
open, has a hydraulic conductivity of about 2 x 10‐6 m/s; the hydraulic conductivity decreasing from
about 5 x 10‐7 m/s to 5 x 10‐8 m/s as the rock becomes fresher, harder and denser with depth. That
is the groundwater in the upper 10 m to 20 m, the regolith, is essentially perched on the underlying
fresh rock mass.

10.3 Recharge, Groundwater Flow and Discharge
The groundwater system identified within the Project area and surrounds depends primarily on
rainfall for recharge, with rainfall infiltrating the regolith, that is, the upper weathered zone. Based
on anecdotal data from the West Burleigh Quarry minor groundwater seepage is observed in the
pit walls, generally after heavy rainfall and primarily in the upper 20 m to 30 m section, which
includes the weathered zone and upper part of the fresher rock. However at depth, where the rock
is fresh and the joints are “tight”, seepage is not observed. A similar situation can be expected for
the Project site as the bores established as part of the current study indicate that the prime
groundwater occurrence is in the upper 20 m to 25 m consisting of the weathered material and
more open fractures. Below this zone groundwater only occurs in open fractures, which core data,
and inspection of the West Burleigh Quarry pit wall, indicate are sparse and randomly spaced.
Groundwater levels were measured in the monitoring bores and in four open exploration core
holes on the 5 October 2012, with the objective of defining the groundwater table for that point in
time. The water level data is shown on Figure 7 overlying the topography, and is summarized in
Table 5. Figure 7 indicates that the water table is a subdued reflection of the topography with the
highest measured water level (~RL 125.8 m) being in bore GCQ_MB7 which is on a ridge line
close to the north-west boundary, the topographically highest point of the site, and the lowest
measured water level (~RL 17.4 m) in bores GCQ_MB2/3 on the creek near the eastern boundary.
The water table gradient is therefore quite steep reflecting the low permeability of the rock mass
and also that the regolith of the site is saturated after heavy rainfall. As discussed, the
groundwater in the regolith is essentially perched on the underlying fresh, very low permeability
rock mass. Groundwater flow is from the ridge areas towards the creeks primarily through open
fractures in the weathered material and along the interface with the fresh rock. Groundwater
discharge to the creeks (baseflow), maintains creek flow for some time, however as discussed,
Gold Coast Botany (2005) recorded only occasional ephemeral pools along some drainage lines
during their assessment of the site, indicating that the regolith drains reasonably quickly, as would
be expected given the steep topography, and that discharge to the creeks and alluvium diminishes
and may stop during drier periods. This is supported by the fact that groundwater levels in bore
GCQ_MB7 on a high elevated ridge line decreased by 1 m in a little over 7 weeks.
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Table 5: GROUNDWATER LEVELS - 5 OCTOBER 2012
Location
Monitoring
Bore
mE
mN
GCQ_MB1
540567
6889203
GCQ_MB2
541160
6889117
GCQ_MB3
541160
6889118
GCQ_MB4
540286
6889537
GCQ_MB5
540286
6889538
GCQ_MB6
540382
6888966
GCQ_MB7
539878
6888945
Exploration Hole
DDH001
540094
6889052
DDH002
540064
6888701
DDH003
540458
6889056
DDH004
540282
6888687
DDH005
539880
6888610
Notes:

i)
iii)

RL
(mAHD)
~19
~19
~35
~35
~96
~132.5

Depth
(m)
17.2
4.9
25.0
24.9
6.3
22.0
19.0

~107.5
~93
~73
~87.5
~105.5

126
120
65.5
60
120

co-ordinates GDA94, Zone 56
elevations estimated from DTM

dip
-90
-90
-90
-90
-90
-90
-90
-60
-60
-60
-60
-60
ii)
v)

Water Level (mbGL)
measured
corrected for dip
dry
dry
1.74
1.74
1.58
1.58
1.14
1.14
1.03
1.03
15.66
15.66
6.64
6.64
15.05
11.53
blocked
13.58
9.20

RL
(mAHD)
17.3
17.4
33.9
34.0
81.3
125.8

13.03
9.98
11.76
7.97

94.5
83.0
75.7
97.5

co-ordinates taken with GPS
mbGL – metres below ground level

11.0 GROUNDWATER USE, QUALITY AND ENVIRONMENTAL VALUE
11.1 Groundwater Use
11.1.1

Legislation

As discussed, areas in Queensland where groundwater occurs in significant quantities and is
relied upon by various users, are “Declared Sub-artesian Areas” under the Water Act 2000. This
enables NRM to control the use of groundwater for other than stock and domestic supplies. Under
this legislation all water supply bores drilled in the area must be approved and licensed by NRM.
The Gold Coast Quarry Project area and surrounds however is not within a Declared Sub-artesian
Area and therefore bores can be drilled and groundwater supplies obtained without a license from
NRM. The fact that the area is not a Declared Sub-artesian Area indicates that groundwater is not
a substantial resource, yields are generally quite low and reliance on groundwater is limited.
11.1.2

NRM Database

NRM maintain a database of registered and licensed bores in Queensland and a search was
made of bores on the database within a 5 km radius of the Project site. The database indicates
that within this radius there are 16 registered bores, of which the closest is bore RN 124068
located at the Gold Coast City Council Sports Field, about 500 m south-east of the site boundary
and about 800 m south-east of the disturbance footprint. The next closest are two bores
(RN133269 and RN124627) located approximately 1.5 km southwest of the site and a group of
four bores (RN120602 to RN120605) also located about 1.5 km to the north of the site. With the
exception of RN 124068 the registered bores appear to be primarily used for domestic (garden
watering), supplies.
Most bores within the 5 km radius are reported to obtain low yields, generally less than 1 L/s, of
variable quality water from the Neranleigh-Fernvale Beds, consistent with the area being not a
Declared Sub-artesian Area.
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The registered bore locations are shown on Figure 4 and a summary of pertinent details of each
bore obtained from the NRM database are given in Appendix 3.

11.2 Groundwater Quality
The results of the analyses of groundwater samples collected from the monitoring bores are given
in Table 6 and are compared with ANZECC (2000) guidelines for aquatic ecosystems associated
with lowland rivers in south-east Australia, which includes South-East Queensland.
The metals analyses are compared with ANZECC (2000) guidelines for aquatic ecosystems
(freshwater species), with trigger values of 99% protections.
Table 6 indicates that the Electrical Conductivity (EC) is quite variable ranging from 1100 µS/cm in
GCQ_MB7 on a highly elevated ridge line, to 3770 µS/cm in GCQ_MB5 in the northern creek. Of
interest is the fact that the deeper groundwater is of lower EC value than the shallow groundwater
where the bores are nested, that is at sites GCQ_MB2/3 and GCQ_MB4/5. It is considered that
the shallow groundwater associated with the thin alluvium and extremely weathered greywacke in
the creeks may have a higher, slightly brackish EC as there is a greater surface area exposed to
groundwater flow in the weathered zone, and the minerals are more readily dissolved.
The EC in all bores with the exception of GCQ_MB7 which, as stated is on a ridge and has the
highest elevation of the installed monitoring bores, exceeds the ANZECC trigger level for
protection of aquatic ecosystems in lowland rivers of south-east Australia.
A pH range of about 7.13 to 7.94 is within the guidelines range for aquatic ecosystems, as shown
on Table 6.
Metal concentrations randomly exceed the trigger values for aquatic ecosystems with arsenic,
chromium, copper, nickel and zinc being in exceedance in most of the bores. Although the site has
a history of extensive clearing, grazing and other rural pursuits, the higher concentrations of
metals are unlikely to be a result of these past site activities, and are therefore considered to be
natural background concentrations.

Table 6: SUMMARY OF GROUNDWATER QUALITY DATA
Monitoring Bore

GCQ_MB2

GCQ_MB3

GCQ_MB4

GCQ_MB5

GCQ_MB6

GCQ_MB7

Screened Interval (mbGL)

19.0-25.0

1.9-4.9

18.9-24.9

3.3-6.3

16.0-22.0

13.0-19.0

ANZECC

Analyte

Units

LOR

14/08/12

14/08/12

14/08/12

14/08/12

15/08/12

15/08/12

pH Value

pH Unit

0.01

7.94

7.85

7.5

7.64

7.31

7.13

6.5 - 8.0

Electrical Conductivity @ 25°C

µS/cm

1

1750

2750

1660

3770

3140

1110

125 - 1200

Total Hardness as CaCO3

mg/L

1

285

502

328

890

761

268

Hydroxide Alkalinity as CaCO3

mg/L

1

<1

<1

<1

<1

<1

<1

Carbonate Alkalinity as CaCO3

mg/L

1

<1

<1

<1

<1

<1

<1

Bicarbonate Alkalinity as CaCO3

mg/L

1

377

528

216

531

354

217

Total Alkalinity as CaCO3

mg/L

1

377

528

216

531

354

217

Sulfate as SO4 2-

mg/L

1

112

194

57

116

148

72

Chloride

mg/L

1

381

681

432

1010

878

224

Calcium

mg/L

1

58

102

54

157

135

66

Magnesium

mg/L

1

34

60

47

121

103

25

1000
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Table 6: SUMMARY OF GROUNDWATER QUALITY DATA
Monitoring Bore

GCQ_MB2

GCQ_MB3

GCQ_MB4

GCQ_MB5

GCQ_MB6

GCQ_MB7

Screened Interval (mbGL)

19.0-25.0

1.9-4.9

18.9-24.9

3.3-6.3

16.0-22.0

13.0-19.0

Units

LOR

14/08/12

14/08/12

14/08/12

14/08/12

15/08/12

15/08/12

Analyte

ANZECC

Sodium

mg/L

1

314

520

247

586

468

142

Potassium

mg/L

1

10

10

13

19

10

5

mg/L

0.001

0.002

0.002

0.002

<0.001

0.004

0.015

0.001

Cadmium

mg/L

0.0001

<0.0001

<0.0001

0.0002

<0.0001

0.0001

0.0001

0.00006

Chromium

mg/L

0.001

0.001

0.002

<0.001

0.002

<0.001

<0.001

0.00001

Copper

mg/L

0.001

0.006

0.006

0.006

0.002

0.003

0.003

0.001

Dissolved Metals by ICP-MS
Arsenic

Nickel

mg/L

0.001

0.014

0.019

0.015

0.021

0.013

0.021

0.008

Lead

mg/L

0.001

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001

0.001

Zinc

mg/L

0.005

0.039

0.04

0.15

0.063

0.064

0.07

0.0024

Manganese

mg/L

0.001

0.357

0.328

0.75

0.485

1.1

0.688

1.2

Iron

mg/L

0.05

<0.05

<0.05

<0.05

1.95

1.67

2.52

ID

Mercury

mg/L

0.0001

<0.0001

<0.0001

<0.0001

<0.0001

<0.0001

<0.0001

ID

Notes:

i)

for aquatic ecosystems in lowland rivers in south-east Australia affording 99% protection

ii)

bold indicates concentrations in exceedance of ANZECC guideline values

iii)

the ANZECC guideline for sulfate is for livestock

iv)

samples for metal analysis were filtered in the field.

11.3 Environmental Value
11.3.1

Environmental Protection (Water) Policy 2009

The Environmental Protection (Water) Policy (2009) serves to protect Queensland’s environment
while allowing for ecologically sustainable development. This is achieved through the policy by
providing a framework for:
(a)

identifying environmental values for Queensland waters; and

(b)

stating water quality guidelines and water quality objectives to enhance or protect the
environmental values; and

(c)

providing a framework for making consistent, equitable and informed decisions about
Queensland waters; and

(d)

monitoring and reporting on the condition of Queensland waters.

As discussed in Section 5 the Australian Water Quality Guidelines (ANZECC, 2000) prescribe the
quantitative properties that protect specific environmental values.
Part 3, Section 6 of the policy states that the “environmental values” of waters, which include
groundwaters, to be enhanced or protected under this policy are the qualities given in subsections
(2) and (3), viz:
(2)

For subsection (1)(b), the environmental values are as follows—
(a) for high ecological value waters—the biological integrity of an aquatic ecosystem that
is effectively unmodified or highly valued;
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(b)

for slightly disturbed waters—the biological integrity of an aquatic ecosystem that has
effectively unmodified biological indicators, but slightly modified physical, chemical or
other indicators;

(c)

for moderately disturbed waters—the biological integrity of an aquatic ecosystem that
is adversely affected by human activity to a relatively small but measurable degree;

(d)

for highly disturbed waters—the biological integrity of an aquatic ecosystem that is
measurably degraded and of lower ecological value than waters mentioned in
paragraphs (a) to (c);

(e)

for waters that may be used in primary industry or for agricultural purposes, the
suitability of the water for—

(f)

(3)

(i)

agricultural use; or

(ii)

aquacultural use; or

(iii)

producing aquatic foods for human consumption;

for waters that may be used for recreation or aesthetic purposes, the suitability of the
water for—
(i)

primary recreational use; or

(ii)

secondary recreational use;

(g)

for waters that may be used for drinking water – the suitability of the water for supply
as drinking water;

(h)

for waters that may be used for industrial purposes – the suitability of the water for
industrial use;

(i)

the cultural and spiritual values of the water.

In this section—
cultural and spiritual values, of water, means its aesthetic, historical, scientific, social or
other significance, to the present generation or past or future generations.
primary recreational use, of water, means full body contact with the water, including, for
example, diving, swimming, surfing, waterskiing and windsurfing.
secondary recreational use, of water, means contact other than full body contact with the
water, including, for example, boating and fishing.

In terms of the policy, the relevant qualities of groundwater in the Project area are discussed
below.
11.3.2

Aquatic Ecosystems

Aquatic or specifically Groundwater Dependent Ecosystems (GDE’s) are defined as “communities
of plants, animals and other organisms whose extent and life processes are dependent on
groundwater”.
Five management principles establish a framework by which groundwater is managed in ways that
ensure, whenever possible, that ecological processes of dependent ecosystems are maintained or
restored. A summary of the principles follows:
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•

GDEs can have important values. Threats should be identified and action taken to protect
them;

•

Groundwater extractions should be managed within the sustainable yield of aquifers;

•

Priority should be given to ensure that sufficient groundwater is available at all time to
identified GDEs;

•

Where scientific knowledge is lacking, the precautionary principle should be applied to protect
GDEs; and

•

Planning, approval and management of developments should aim to minimise adverse effects
on groundwater by maintaining natural patterns, not polluting or causing changes to
groundwater quality and rehabilitating degraded groundwater systems.

Based on the description of the groundwater regime of the site and current knowledge of
groundwater occurrence and discharge in the area, it was considered that GDE’s may be
associated with the ephemeral water holes and the saturated alluvium along the two main creeks
draining the Project Site. It was considered that animal, specie plants, and other organisms that
are be partially dependant on groundwater may occur along the creeks, but that as the water holes
are ephemeral, any GDEs, if they exist, would not be totally dependent on groundwater and would
have adapted to a wetting and drying cycle. However the flora and fauna impact assessment
has found that “none of the ecosystems present within the study area are identified as
communities that are dependent on groundwater”. It can therefore be concluded that this
category of environmental value is not relevant to the groundwater regime of the area.
11.3.3

Agricultural Use

There is currently no agricultural use of groundwater on the site or in the immediate surrounds.
Groundwater bore RN 124068 is associated with the sports field to the south-east of the Project
site, but the reported yield from the bore of 0.25 L/s is considered insufficient for irrigation of the
grounds. Also, as discussed, the privately owned registered bores on the NRM bore database
appear to be primarily used for domestic garden watering and of these the closet are a group of
4 bores (RN120602 to RN120605), located about 1.4 km to the north of the site.
This category of environmental value may be relevant to the groundwater regime of the area, but it
is considered that there is likely to be little impact on the existing registered bores, as discussed in
Section 14.1.
11.3.4

Recreational Use

This category of environmental value is considered irrelevant to the groundwater regime of the
area.
11.3.5

Drinking Water

As the area is urbanized, the Gold Coast City Council provides a reticulated water supply for
drinking water. The groundwater quality data obtained from the monitoring bores also indicate that
the groundwater in the Project area is not potable to only marginally potable.
11.3.6

Industrial Use

There are no industrial users of groundwater within the Project area or surrounds.
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11.3.7

Cultural and Spiritual Values

There are no known cultural and spiritual values of groundwater within the Project area and
surrounds.
11.3.8

Summary

In summary, evaluation of the environmental values of the hydrogeological regime has identified
that the only possible environmental value likely to be impacted by the Project is agricultural use in
the form of garden watering. Therefore, it is considered that accordance with Part 3, Section 6 of
the Environmental Protection (Water) Policy (2009), the prime environmental value of groundwater
within the Project area that may need to be enhanced or protected under this policy would be that
for “agricultural use”. However, as discussed in Section 14, “Potential Impacts on Groundwater
Regime”, there is only one (1) bore in the near vicinity of the quarry and it is in the perched aquifer
and therefore unlikely to be impacted.

12.0 GROUNDWATER INFLOW TO QUARRY AND DRAWDOWN
12.1 Overview
As discussed in Section 3 the quarry will be developed and rehabilitated in five phases (Q1 to Q5),
with the floor level of the base of the final optimized pit being excavated to a maximum depth of
RL-66 m AHD, that is to a depth of about 141 m below an estimated average water table elevation
of about RL 75 m in the regolith at the centre of the quarry pit footprint. The Q5 pit and plant area
is shown on Figure 8.

Figure 8: Q5 Pit and Plant Area - Base of Pit RL - 66 m
(after BMT-WBM)
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Owing to the low measured permeability values of the greywacke that will be exposed in the
quarry walls, and on anecdotal information from the nearby West Burleigh Quarry, it is expected
that the proposed quarry will have only a minor impact on the regional groundwater system, via
inflow to the pit during the progressive phases of development.
Due to this low expected impact, it is considered that a spreadsheet analysis using classical
groundwater flow equations is an acceptable method for the assessment of groundwater inflow to
the pit and of the radius of influence of dewatering, rather than development of a complex 3D
numerical flow modelling.

12.2 Method of Analysis
The assessment of likely groundwater seepage rates to the pit/quarry as well as the radius of
influence on groundwater levels of pit dewatering was undertaken using equations developed by
Marinelli and Niccoli (2000)8. The analytical method requires a simplification of the hydrogeological
environment and is used to provide a ‘broad’ range of potential drawdown and pit inflow. The
equations calculate groundwater inflow from the pit walls (Zone 1), and from the base of the pit
(Zone 2), separately, based on the conceptual model presented in Figure 9 below.

Centre
of Pit

W

ho

ZONE 1
d

Q1
Q2
0

hp

No-Flow Boundary
ZONE 2

rp

Kh1

Kh2, m2

Radial distance from centre of pit (r)

r0

Figure 9: Analytical Model - Inflow to Quarry and Drawdown
(after Marinelli and Niccoli [2000])
Groundwater inflows were calculated for Zone 1 and Zone 2 using the following equations:
Zone 1

Q1

8

= W π ( ro2 − r p2 )

m 3 / day

Marinelli and Niccoli, (2000), “Simple Analytical Equations for Estimating Groundwater Inflow to a Mine Pit”, Vol 38, No.
2 - Ground water – March-April 2000 (pages 311-314).
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Zone 2

Q2 = 4 rp

m2

=

K h2
(ho − d )
m2
K h2
Kv2

where:
kh1

— hydraulic conductivity value for the aquifer

ho

— saturated thickness of aquifer

W

— rainfall recharge rate

hp

— the height of the aquifer seepage face in the open excavation

rp

— equivalent radius of quarry pit as a cylinder

kv2

— vertical hydraulic conductivity values for the aquifer

do

— depth of water level in pit

The extent of drawdown due to the nett groundwater loss then allows for determination of the
radius of influence of the loss on the water table by iteration from the following equation.

h0 = h p2 +

W ⎡ 2 ⎛⎜ ro
⎢ ro ln⎜
K h1 ⎣⎢
⎝ rp

⎞ ( ro2 − rp2 ⎤
⎟−
⎥
⎟
2 ⎦⎥
⎠

For Zone 1 the analytical solution considers steady-state, unconfined, horizontal, radial flow and
assumes that:
•

the excavation walls are approximated as a circular cylinder;

•

groundwater flow is horizontal; the Dupuit-Forchheimer approximation is used to account for
changes in saturated thickness due to depression of the water table;

•

the static (pre-quarrying) water table is approximately horizontal;

•

uniform distributed recharge occurs across the site as a result of surface infiltration from
rainfall; all recharge within the radius of influence (cone of depression) of the excavation is
assumed to be captured by the excavation; and

•

groundwater flow toward the excavation is axially symmetric.

12.3 Estimated Inflow and Drawdown
Estimation of groundwater inflows to the pit and drawdown in water levels was undertaken for the
likely range of the effective hydraulic conductivity of rock mass as indicated by the in-situ
permeability testing. The inputs used in the estimates were as follows:
kh1 — hydraulic conductivity for zone 1

= 2 x 10‐6 m/s (upper 20 m - regolith
= 1 x 10‐7 m/s (fresh rock, 20 m to100 m)
= 5 x10‐8 m/s (fresh rock, 100 m to141 m)
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kh2 — hydraulic conductivity for zone 2

= 0.1 x zone 1 value

kv2 — vertical hydraulic conductivity zone 2

= equivalent to kh2

ho — saturated thickness of aquifer

see Table 7, below for each Phase

W — rainfall recharge to aquifer
hp — the height of seepage face in the excavation

= 2% (27.2 mm/year) of mean annual rainfall
of 1,360 mm
=2m

rp — equivalent radius of quarry pit as a cylinder

see Table 7 below for each Phase

do — assumed depth of water level in pit

= 0.5 m

The decrease in hydraulic conductivity with depth for zone 1 reflects the fact that the fractures
become “tighter” and sparse with depth.
The hydraulic conductivity shown in Table 7 for each phase of quarry development, is a weighted
average based on the depth of the quarry floor below the assumed average water table level of
RL75 m (the saturated thickness), and a decrease in hydraulic conductivity (kh1), of the rock mass
for Zone, with depth.
Groundwater inflows at the estimated end of each phase of quarry development are given in
Table 7 below. As discussed pit development will be defined by market conditions and demand.
Table 7: SUMMARY OF GROUNDWATER QUALITY DATA
Quarry
Phases
Q1
Q2
Q3
Q5
Plant area

Est. Length
of each
Phase
(years)
3
6
15
44

Pit Floor
(RLm)

Saturated
Thickness
(m)

Weighted
Average of kh1
(m/s)

Radius of Pit
Base (rp)
(m)

Inflow
(L/s)

Radius of
Influence
(m)

66
54
30
-66
34

9
21
40
141
6

2 x 10-6
9.3 x 10-7
6.4 x 10-7
3.1 x 10-7
2 x 10-6

89
124
116
68
164

1.0
2.0
3.2
8.4
1.1

410
640
880
1640
400

Table 7 indicates that groundwater inflow to the pit at the end of Q1 will be about 1.0 L/s
increasing to 8.4 L/s at completion of Q5 of the quarry operations. However not all of this inflow will
collect at the base of the pit and will need to be pumped out to the on-site water storage dam.
Based on anecdotal data from the West Burleigh quarry and on experience with numerous open
cut coal mines, the majority of groundwater inflow to the pit will occur as diffuse seepage in the pit
walls from joints and fractures, and will be evaporated before reaching the pit floor and collection
sump.
Table 7 also indicates that the radius of influence of pit dewatering on the groundwater table will
extend to about 1640 m by the end of Q5, that is an estimated 44 years after commencement of
operations. However due to the low permeability of the rock mass the cone of depression will be
deep and relatively steep close into the pit, flattening with distance from the pit, that is the greatest
lowering of the water table will occur close into the pit and there will be much less impact (minor
lowering of the water table), with distance from the pit as illustrated on Figure 10.
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There are also two groups of bores (RN124627 and RN133269) to the southwest, and (RN120602
– RN120605) to the north of the pit (Figure 4), which are about 1.5 km from the pit perimeter. At
these locations, they are at the extremity of the radius of influence and are therefore not likely to
be impacted, other than by minor drawdown, which should this occur, will only be at the end of
quarry operations; at the end of Q5 in about 44 years. The bores are relatively deep (31 m to
51 m), with a water table around 20 m below ground level. There is therefore a reasonable amount
of available drawdown in the bores and minor drawdown due to quarry dewatering, should it occur,
should not adversely impact the yield.

13.2 Impact on Creeks and GDEs
It is considered that the prime source of groundwater discharge to the creeks is from the regolith
aquifer which will be removed over the area of the quarry footprint. Removal of the regolith and
lowering of the water table in the rock mass due to dewatering of the quarry pit has the potential to
impact ecosystems along the creeks, both flora and fauna that are partially dependent on
groundwater discharge. However as discussed, the flora and fauna impact assessment has found
that, “none of the ecosystems present within the study area are identified as communities that are
dependent on groundwater”. During and post quarry operations groundwater discharge to the
creeks will continue from the regolith in the catchments to the south, west and north of the quarry
footprint and therefore some groundwater discharge to the creeks should continue throughout and
post quarry operations. In addition pools in the creeks will continue to be maintained to some
extent from surface runoff. It is therefore considered that although quarry operations will reduce
groundwater discharge to the creeks, the pools and saturated alluvium will continue to exist, but as
a result of the quarry operations may not last as long into the dry season. The potential for this is
only within the predicted zone of influence, which is approximately 1.64 km around the pit.
As previously discussed the pools in the creeks are ephemeral and therefore should there be any
unidentified ecosystems associated the pools, they are likely to be only partially dependant on
groundwater discharge and can survive during dry conditions.

13.3 Impact on Groundwater Quality
During the operational (quarrying), stage groundwater within the depression zone will flow to the
pit and any water that collects within in-pit sumps will then be pumped into the surface water
management system. The data collected at the site indicates that the groundwater in the deeper
fractured rock aquifer is fresh to slightly brackish with low levels of selected trace metals. The
presence of the trace metals is expected to be due to dissolution of minerals in the aquifer matrix
and the metals are therefore naturally occurring. It is expected that little if any groundwater will be
stored in on-site storages as, rather than collecting in sumps at the base of the pit, most
groundwater inflow will be evaporated from the pit walls due to the predicted slow rate of seepage.
In summary it is assessed that there will be no impact on groundwater quality.

14.0 MITIGATION – CONTAINMENT STRATEGIES
Potential impacts that have been identified and which may require future mitigation and/or
containment are the impact on GDE’s and the impact on other groundwater users.
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14.1 GDEs
A mitigation measure that may be required should GDEs be identified in the future and they are
being adversely impacted, would be to periodically release water into the creeks during the dry
season from the on-site storage dam, particularly in sensitive areas.

14.2 Other Groundwater Users
It is recommended that details of the GCCC bore located to the south of the site be collated prior
to commencement of operations as this is the only bore that may be impacted, although as
discussed, this is considered highly unlikely. Details and data obtained should include (but not
necessarily be limited to) the status of the bore and it use, construction details, water level and a
baseline water quality data set. The remaining existing groundwater bores within the predicted
1.64 km impact zone are at the extremity of the Q5 impact zone and are therefore unlikely to be
impacted for an estimated 44 years. The impact in terms of drawdown, should it occur, would be
minimal, that is within the natural range of groundwater fluctuation.

15.0 GROUNDWATER MANAGEMENT AND MONITORING
15.1 Groundwater Management
Based on anecdotal evidence from the West Burleigh Quarry and that the Neranleigh-Fernvale
Beds are a very poor aquifer of low permeability and storage capacity it is likely that there will be
only minor groundwater seepage into the quarry pit, most of which will be evaporated from the pit
walls rather than collecting in sumps at the base of the pit. As such management and storage of
groundwater inflow during quarrying operations will not be an issue.

15.2 Groundwater Monitoring
A groundwater management and monitoring plan has not been designed as it is considered based
on the studies undertaken that groundwater is not a significant resource in the Study Area on
which groundwater users (human or GDEs) are dependent, and that the impacts of the quarry on
the groundwater regime are minimal. As such, the potential for groundwater related environmental
or social impact to occur as result from the development is considered negligible.

AUSTRALASIAN GROUNDWATER AND ENVIRONMENTAL CONSULTANTS PTY LTD
Reviewed by:

ERROL H. BRIESE
Consultant Hydrogeologist

DUNCAN W. IRVINE
Principal Hydrogeologist

LIMITATIONS OF REPORT
Australasian Groundwater and Environmental Consultants Pty Ltd (AGE) has prepared this report
for the use of BMT WBM Pty Ltd in accordance with the usual care and thoroughness of the
consulting profession. It is based on generally accepted practices and standards at the time it was
prepared. No other warranty, expressed or implied, is made as to the professional advice included
in this report.
The methodology adopted and sources of information used by AGE are outlined in this report.
AGE has made no independent verification of this information beyond the agreed scope of works
and AGE assumes no responsibility for any inaccuracies or omissions. No indications were found
during our investigations that information contained in this report as provided to AGE was false.
This study was undertaken between 13 August 2012 and 6 March 2013 and is based on the
conditions encountered and the information available at the time of preparation of the report. AGE
disclaims responsibility for any changes that may occurred after this time.
This report should be read in full. No responsibility is accepted for use of any part of this report in
any other context or for any other purpose or by third parties. It may not contain sufficient
information for the purposes of other parties or other users. This report does not purport to give
legal advice. Legal advice can only be given by qualified legal practitioners.
This report contains information obtained by inspection, sampling, testing and other means of
investigation. This information is directly relevant only to the points in the ground where they were
obtained at the time of the assessment. Where borehole logs are provided they indicate the
inferred ground conditions only at the specific locations tested. The precision with which conditions
are indicated depends largely on the frequency and method of sampling, and the uniformity of the
site, as constrained by the project budget limitations. The behaviour of groundwater is complex.
Our conclusions are based upon the analytical data presented in this report and our experience.
Where conditions encountered at the site are subsequently found to differ significantly from those
anticipated in this report, AGE must be notified of any such findings and be provided with an
opportunity to review the recommendations of this report.
Whilst to the best of our knowledge, information contained in this report is accurate at the date of
issue, subsurface conditions, including groundwater levels can change in a limited time. Therefore
this document and the information contained herein should only be regarded as valid at the time of
the investigation unless otherwise explicitly stated in this report.

Appendix 1
MONITORING BORE LOGS

BOREHOLE LOG

Australasian Groundwater & Environmental
Consultants Pty Ltd
Level 2, 15 Mallon St, Bowen Hills, Queensland

PROJECT NO.

G1612

DRILLER:

PROJECT NAME: Gold Coast Quarry

DRILLING METHOD: Airblast

08 Aug 2012

DATE:

BOREHOLE ID:

CONTRACTOR: Boral Resources (QLD) Pty Ltd

GCQ-MB1

Page 1 of 1

DATUM:

GDA94 Z56

GROUND LEVEL:

~62m AHD

DRILL RIG:

Roc F9

TOP OF CASING LEVEL: surface

COORDINATES:

540567 mE, 6889203 mN

LOGGED BY:

EHB

Elevation
Graphic

Lithologic Description

Depth

0

GCQ-MB1

Bore Description

0
TOPSOIL: silty sand, dark brown, dry
grout 0m-1.5m

GREYWACKE: orange brown, extremely weathered, dry

borehole diameter 115mm
5

-5

GREYWACKE: light brown, highly weathered, pervasive iron
alteration, moderately hard, dry
drill cuttings 1.5m-12.7m
GREYWACKE: light grey/brown, highly weathered to fresh, iron
alteration on joints, hard, dry

10

bore casing, 50mmID,
60mmOD, flush threaded
PVC, class 18, 0m-14.2m

-10

GREYWACKE: grey,slightly weathered to fresh, iron alteration on
joints, hard, dry

--12.7m

bentonite 12.7m-13.7m

--13.7m
--14.2m

15

-15

bore screen, machine
slotted, 0.5mm aperture,
14.2m-17.2m
--17.2m

20

-20

25

-25

30

-30

sand filter 13.7-17.2m

total depth 17.2m

BOREHOLE LOG

Australasian Groundwater & Environmental
Consultants Pty Ltd
Level 2, 15 Mallon St, Bowen Hills, Queensland

PROJECT NO.

G1612

DRILLER:

PROJECT NAME: Gold Coast Quarry

DRILLING METHOD: Airblast

13 Aug 2012

DATE:

BOREHOLE ID:

CONTRACTOR: Boral Resources (QLD) Pty Ltd

GCQ-MB2 / 3

Page 1 of 1

DATUM:

GDA94 Z56

GROUND LEVEL:

~19m AHD

DRILL RIG:

Roc F9

TOP OF CASING LEVEL: surface

COORDINATES:

541160 mE, 6889117 mN

LOGGED BY:

EHB

Elevation
Graphic

Lithologic Description

Depth

0

GCQ-MB2

GCQ-MB3

Bore Description

0
SILTY SAND: light to dark brown, humus rich, moist
-- 1.0m
-- 1.4m

grout 0m-3m

-- 1.9m

GREYWACKE: light grey, extremely weathered, moist
GREYWACKE: light to dark grey, moderately weathered to fresh,
medium to fine grained, with minor dark grey interbeds of Argillite,
dry
5

-- 4.9m

-5

borehole diameter 115mm

-- 6.6m

drill cuttings 3.0m-15.7m
10

-10
ARGILLITE/GREYWACKE: light to dark grey, fresh, fine grained,
dry
GREYWACKE: grey, fresh, fine to medium grained, dry
bore casing, 50mmID,
60mmOD, flush threaded
PVC, class 18, 0m-19.0m

15

-15
GREYWACKE: grey, fresh, medium grained, hard, wet. Hit water
at 15.5m

bentonite 15.7m-18.0m

sand filter 18.0-25.0m
20

-20

bore screen, machine
slotted, 0.5mm aperture,
19.0m-25.0m

GREYWACKE: grey, fresh, medium grained, very hard, wet

25

-25

backfill 25.0m-28.2m

--28.2m

30

-30

total depth 28.2m

BOREHOLE LOG

Australasian Groundwater & Environmental
Consultants Pty Ltd
Level 2, 15 Mallon St, Bowen Hills, Queensland

PROJECT NO.

G1612

DRILLER:

PROJECT NAME: Gold Coast Quarry

DRILLING METHOD: Airblast

13 Aug 2012

DATE:

BOREHOLE ID:

CONTRACTOR: Boral Resources (QLD) Pty Ltd

GCQ-MB4 / 5

Page 1 of 1

DATUM:

GDA94 Z56

GROUND LEVEL:

~35m AHD

DRILL RIG:

Roc F9

TOP OF CASING LEVEL: surface

COORDINATES:

540286 mE, 6889537 mN

LOGGED BY:

EHB

Elevation
Graphic

Lithologic Description

Depth

0

GCQ-MB5

GCQ-MB4

Bore Description

0
SAND: sand, cobbles, gravel, silt, dry
-- 1.6m

GREYWACKE: grey, extremely to highly weathered, medium
grained, dry

grout 0m-3m

-- 2.4m
-- 3.3m

GREYWACKE: grey, highly weathered to fresh, medium grained,
dry
5

-5

GREYWACKE: grey, fresh, medium grained, hard to very hard, dry

borehole diameter 115mm
-- 6.3m
-- 6.6m

10

drill cuttings 3.0m-16.6m

-10

bore casing, 50mmID,
60mmOD, flush threaded
PVC, class 18, 0m-18.9m

15

-15

bentonite 16.6m-18.0m

sand filter 18.0-24.9m
20

-20
GREYWACKE: grey, fresh, medium grained, hard, moist

bore screen, machine
slotted, 0.5mm aperture,
18.9m-24.9m

GREYWACKE: grey, fresh, medium grained, hard, wet

25

-25
GREYWACKE: grey, fresh, medium grained, hard, making water

--28.2m

30

-30

total depth 28.2m

BOREHOLE LOG

Australasian Groundwater & Environmental
Consultants Pty Ltd
Level 2, 15 Mallon St, Bowen Hills, Queensland

PROJECT NO.

G1612

DRILLER:

PROJECT NAME: Gold Coast Quarry

DRILLING METHOD: Airblast

13 Aug 2012

DATE:

BOREHOLE ID:

CONTRACTOR: Boral Resources (QLD) Pty Ltd

GCQ-MB6

Page 1 of 1

DATUM:

GDA94 Z56

GROUND LEVEL:

~96m AHD

DRILL RIG:

Roc F9

TOP OF CASING LEVEL: surface

COORDINATES:

540382 mE, 6888966 mN

LOGGED BY:

EHB

Elevation
Graphic

Lithologic Description

Depth

0

GCQ-MB6

Bore Description

0
TOPSOIL: silty sand, light brown, dry
GREYWACKE: orange brown, extremely weathered, dry

grout 0m-3m

GREYWACKE: light brown, highly weathered, dry

5

-5

GREYWACKE: light grey to light brown, varies from highly to
slightly weathered, dry

borehole diameter 115mm

drill cuttings 3.0m-14.5m
10

-10
GREYWACKE: grey, fine to medium grained, slightly weathered,
with minor interbeds of Argillite, iron staining on joints, dry

bore casing, 50mmID,
60mmOD, flush threaded
PVC, class 18, 0m-16.0m

--14.5m

15

bentonite 14.5m-15.5m

-15
GREYWACKE: grey, fine to medium grained, fresh, with interbeds
of Argillite, dry

--15.5m
--16.0m

sand filter 15.5-22.0m

20

bore screen, machine
slotted, 0.5mm aperture,
16.0m-22.0m

-20

--22.0m

25

-25

30

-30

total depth 22.0m

BOREHOLE LOG

Australasian Groundwater & Environmental
Consultants Pty Ltd
Level 2, 15 Mallon St, Bowen Hills, Queensland

PROJECT NO.

G1612

DRILLER:

PROJECT NAME: Gold Coast Quarry

DRILLING METHOD: Airblast

13 Aug 2012

DATE:

BOREHOLE ID:

CONTRACTOR: Boral Resources (QLD) Pty Ltd

GCQ-MB7

Page 1 of 1

DATUM:

GDA94 Z56

GROUND LEVEL:

~132.5m AHD

DRILL RIG:

Roc F9

TOP OF CASING LEVEL: surface

COORDINATES:

539878 mE, 6888945 mN

LOGGED BY:

EHB

Elevation
Graphic

Lithologic Description

Depth

0

GCQ-MB7

Bore Description

0
TOPSOIL: silty sand, orange brown, dry
GREYWACKE: orange brown, extremely weathered, dry

grout 0m-3m

GREYWACKE: light brown, highly to slightly weathered, medium
grained, dry

5

-5

GREYWACKE: grey, fresh, medium grained, with some fine
grained and coarse grained intervals, dry

borehole diameter 115mm

drill cuttings 3.0m-11.5m

10

bore casing, 50mmID,
60mmOD, flush threaded
PVC, class 18, 0m-19.0m

-10

--11.5m

bentonite 11.5m-12.5m

--12.5m
--13.0m

sand filter 12.5-19.0m
15

-15
bore screen, machine
slotted, 0.5mm aperture,
13.0m-19.0m

--19.0m

20

-20
total depth 21.0m

25

-25

30

-30

Appendix 2
AQUIFER TEST ANALYSIS

Appendix 3
NRM BORE DATABASE
SUMMARY OF EXISTING BORES

SUMMARY OF EXISTING BORES - NRM DATABASE
RN

Drilled Date

120061
120407
120602
120603
120604
120605
124068
124627
133269

30/10/2003
8/05/2003
20/07/2004
21/07/2004
22/07/2004
23/07/2004
6/07/2004
19/04/2005
28/10/2005

Location
(mE)
(mN)
542,031
6,886,723
541,229
6,891,310
540,791
6,890,758
540,818
6,890,789
540,845
6,890,758
540,845
6,890,696
541,273
6,888,171
539,230
6,886,911
538,838
6,887,430

Screen Depth
(mbGL)
25
79.2
38
41
51
49
13.75
44
31

124072

12/10/2004

542,194

6,886,383

21.5

133271
134267
134749
145307
145250
145754
120069
120408
124178
124192
124232
124310
124311
124551
124606
133357
133402
133535
133677

31/10/2005
3/10/2006
28/02/2007
23/04/2007
4/04/2007
4/04/2008
23/12/2003
10/05/2003
5/08/2004
22/10/2004
30/11/2004
15/12/2004
16/12/2004
12/04/2005
1/06/2005
18/11/2005
3/08/2007
7/12/2005
6/02/2006

542,404
542,857
543,348
541,523
541,429
538,297
538,536
536,896
537,227
536,993
534,527
535,511
535,523
535,645
536,907
539,858
542,094
536,115
545,790

6,885,886
6,893,077
6,889,811
6,893,717
6,885,839
6,884,861
6,893,781
6,884,278
6,883,171
6,884,149
6,892,744
6,883,096
6,883,094
6,883,159
6,883,486
6,883,128
6,883,201
6,892,244
6,889,874

31
10.5
16.5
8.5
32
38
26
24.4
39.6
22.9
23
12.5
8.5
70
12.7
42
62
53
6.3

1700 uS/cm

Yield
(L/s)
0.2
1.01

Potable

0.25
0.1
0.11

SWL
(mbGL)
6
1.6
20
20
32
30
6
21
17

1,300 ppm

0.2

5

Good, clear

0.85
0.5
16
0.4
0.87
0.67
0.37
0.5
0.26
0.25

4.3
15
3.4
4
2
8
9.1
5.48
9.14
8

Quality

400-450 ppm
525 ppm
Potable

Potable

Potable
Clear

0.06
1.12
0.13
0.37
1
2.66

18
3.5
10
3
30

Formation (Aquifer)
Neranleigh-Fernvale
Neranleigh-Fernvale
Neranleigh-Fernvale
Neranleigh-Fernvale
Neranleigh-Fernvale
Neranleigh-Fernvale
Neranleigh-Fernvale
Neranleigh-Fernvale
Neranleigh-Fernvale
Neranleigh-Fernvale
Quaternary - undefined
Neranleigh-Fernvale
Quaternary - undefined
Neranleigh-Fernvale
Neranleigh-Fernvale
Neranleigh-Fernvale
Neranleigh-Fernvale
Neranleigh-Fernvale
Neranleigh-Fernvale
Neranleigh-Fernvale
Neranleigh-Fernvale
Neranleigh-Fernvale
Beechmont Basalt
Neranleigh-Fernvale
Neranleigh-Fernvale
Quaternary - undefined

Comment

GCCC new sports field

Meadow Park Golf
Course

Robina AFL ground

SUMMARY OF EXISTING BORES - NRM DATABASE
RN

Drilled Date

134030
134526
134627
134628
134920
138521
142758
142759
142760
142761
142771
142772
142773
142774
142775
142776
145209
142819
145382
145673
145755

5/07/2006
10/12/2006
6/12/2006
8/12/2006
28/03/2007
23/04/2009
1/02/2011
1/02/2011
1/02/2011
1/02/2011
12/08/2011
15/08/2011
15/08/2011
15/08/2011
12/08/2011
12/08/2011
9/05/2007
18/10/2011
10/09/2007
17/04/2008
10/04/2008

Notes:

i)
ii)
iii)

Location
(mE)
(mN)
544,117
6,893,563
543,648
6,893,324
544,817
6,892,551
542,457
6,883,427
537,763
6,894,926
537,027
6,882,677
537,744
6,893,814
537,743
6,893,802
537,746
6,893,803
537,748
6,893,803
537,744
6,893,784
537,744
6,893,841
537,772
6,893,814
537728
6,893,841
537,710
6,893,812
537,717
6,893,784
542,491
6,893,575
536,483
6,883,667
543,980
6,893,263
533,101
6,893,306
535,114
6,882,423

Screen Depth
(mbGL)
9.5
7.8
32
7.5
9
76
15
15
8
8
10
7
13
10.5
10.2
14
9.1
33
7
23
92

Quality
Brown - no salt
Clear

Yield
(L/s)
1.45
0.83
2.5
2.5

Unknown
500 ppm

0.62

1200-1400 ppm

0.6

525 ppm
Potable

0.4

SWL
(mbGL)
3.2
3.6
17
1
7
19
10
10
5
6.5
5
5
8
7

Formation (Aquifer)
Dune Deposits
Quaternary - undefined
Neranleigh-Fernvale
Estuarine
Neranleigh-Fernvale
Neranleigh-Fernvale
Neranleigh-Fernvale
Neranleigh-Fernvale
Neranleigh-Fernvale
Neranleigh-Fernvale
Neranleigh-Fernvale
Neranleigh-Fernvale
Neranleigh-Fernvale

8
4.8

Neranleigh-Fernvale
Dune Deposits

4
2

Neranleigh-Fernvale
Neranleigh-Fernvale

red highlight are bores within a 1.6km radius of proposed Gold Coast Quarry
yellow highlight are bores within a 5km radius of proposed Gold Coast Quarry
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Glossary
Term

Definition

µ

microns

µg/m

3

micrograms per cubic metre

°C

degrees Celsius

BoM

Bureau of Meteorology

CO2

carbon dioxide

EHP

Department of Environment and Heritage Protection

EIS

Environmental Impact Statement

EP Act

Environmental Protection Act 1994

EPA

Environment Protection Authority

Air EPP

Environmental Protection (Air) Policy

g/s

grams per second

kg/hr

kilograms per hour

km

kilometre

m

metre

m/s

metres per second

m

2

square metres

m

3

cubic metres

3

m /s

cubic metres per second

mg

milligram

mg/m²/day

milligrams per square metre per day

MJ/m²

megajoules per square metre

Mtpa

million tonnes per annum

NPI

National Pollutant Inventory

kt

kilo-tonnes

PM

particulate matter (fine dust)

PM2.5 and PM10

Particulate matter less than 2.5 or 10 microns, respectively

ROM

Run of Mine

t

tonnes

TAPM

The Air Pollution Model

tpa

tonnes per annum

TSP

total suspended particles

USEPA

US Environmental Protection Agency
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Glossary
Term

Definition

Dust or particulate
matter

Dust or particulate matter are terms used to define solid or liquid
particles that may be suspended in the atmosphere. Particulate
matter is a generic term that is commonly used interchangeably
with other terms such as smoke, soot, haze and dust. The
potential affect of particulate matter on the environment, human
health and amenity depends on the size of the particles, the
concentration of particulate matter in the atmosphere and the rate
of deposition

Concentration

Concentration is the mass of particulate matter that is suspended
per unit volume of air. Suspended particulate matter in ambient air
is usually measured in micrograms per cubic metre (µg/m³).

Dust deposition rate

Deposition is the mass of particulate matter that settles per unit
surface area. Deposited particulate matter is usually measured in
grams per square metre per month or milligrams per square metre
2
2
per day (g/m /month or mg/m /day).
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Executive Summary
Katestone has been commissioned by CardnoHRP, on behalf of Boral, to conduct an air
quality impact assessment study to form part of the Environmental Impact Statement for the
Gold Coast Quarry. The Gold Coast Quarry is a proposed two million tonnes per annum
hard rock quarry with at least a 40 year lifetime. The proposed quarry borders Old Coach
Road and Tallebudgera Creek Road, at Reedy Creek on the Gold Coast.
The air quality assessment was conducted in accordance with recognised techniques for
dispersion modelling and emissions estimation and has specifically addressed air quality
items in the Coordinator-General's ToR for the Gold Coast Quarry (ToR Section 4.5).
A review of the activities proposed at the Gold Coast Quarry highlighted that the most
important air pollutant would be dust (considered as TSP, PM10 and PM2.5).
The air quality impact assessment has investigated the potential effect of dust emissions
arising from the Gold Coast Quarry at the stage of operations with the highest potential to
generate air pollutant emissions. A cumulative assessment of the Gold Coast Quarry
combined with ambient dust concentrations in the wider region was conducted. The air
quality assessment also conservatively quantified crystalline silica emissions from the quarry
and the potential health risk associated with such emissions.
The following activities proposed to be conducted at the Gold Coast Quarry have the
potential to result in dust emissions:
•
•
•
•
•
•
•
•

Material handling by site machinery such as bulldozers / front end loaders / scrapers
Drilling of blast holes within the pit area
Blasting within the pit area
Excavation of raw material
Processing of raw material (crushing and screening) by both mobile and fixed plant
Wheel generated dust associated with haulage of raw material and product
Wind erosion of raw material and product stockpiles
Wind erosion of exposed areas (pit and plant areas)

A dispersion model has been used to predict dust concentrations in the surrounding
residential communities that may be associated with the Project. Dust concentrations have
also been predicted in the vegetated buffer that surrounds the disturbance area of the
quarry. The vegetated buffer is located on Boral’s land and was designed to maximise
separation distances between the disturbance footprint and residential land-uses. A
vegetated buffer will always be maintained between the quarry disturbance area and the
boundaries of the site.
The findings of the air quality assessment of the Gold Coast Quarry are as follows:
•
•
•

The predicted ground-level concentrations of TSP, PM10 and PM2.5 due to the Project
are below the relevant Air EPP objectives in all residential areas and at all sensitive
receptors assessed in isolation and cumulatively
The predicted dust deposition rates due to the Project are below the relevant
objectives and assessment criteria in all residential areas and at all sensitive
receptors due to Project operations assessed in isolation and cumulatively
Some areas of the vegetation buffer receive high dust deposition rates when
evaluated against residential amenity criteria, but these are not considered large
enough to adversely affect vegetation. The majority of the vegetation buffer receives
a relatively low dust deposition rate.
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The findings of the assessment of respirable crystalline silica are as follows:
•
•

•

The predicted concentrations of respirable crystalline silica from operations of the
Gold Coast Quarry are less than 10% of the EPA Victoria assessment criterion in all
residential areas and at all sensitive receptors.
A Queensland Government study in 2009 measured respirable crystalline silica near
two quarries in the Mount Cotton community. The study found that measured
concentrations of respirable crystalline silica were less than 10% of the EPA Victoria
assessment criterion
Based on the findings of this assessment of the proposed Gold Coast Quarry and
inference from the findings from the Queensland Government study, emissions of
crystalline silica from the Gold Coast Quarry are low and present a minimal health
risk
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1.

Introduction

Boral Resources (Qld) Pty Limited (Boral), the proponent, is proposing to establish a new
extractive industry operation on a greenfield site bordering Old Coach Road and
Tallebudgera Creek Road, at Reedy Creek on the Gold Coast, as detailed in Figure 1.
The project is necessary to compensate for the scheduled winding down of Boral's existing
West Burleigh Quarry (the location of this quarry is detailed in Figure 1), which has sufficient
reserves for only a further 5 to 8 years of production. Given the lead times that are involved
(in gaining development approval and environmental approvals; establishing the operation
and completing preliminary site works in order to enable full scale production), it is
necessary for Boral to now commence the relevant approval process to ensure that an
adequate, uninterrupted and efficient supply of construction materials remains available for
critical infrastructure and construction projects in the Gold Coast Region.
Katestone Environmental Pty Ltd (Katestone) has been commissioned by CardnoHRP, on
behalf of Boral, to conduct an air quality impact assessment study of the proposed Gold
Coast Quarry. The air quality impact assessment study will be submitted as part of the
overall Environmental Impact Statement (EIS) for the Project's Environmental Approval
process.
This report describes the methods and findings of an air quality impact assessment of the
Project, conducted in accordance with the Coordinator General's Terms of Reference (ToR)
for the Gold Coast Quarry, specifically addressing the air quality items in Section 4.5 of the
ToR. In particular, this assessment:
•
•
•
•
•
•
•
•

Describes the regulatory requirements relevant to air quality
Describes the existing environment in terms of land-use, sensitive receptors, terrain
and ambient air quality
Describes the meteorology in the vicinity of the Project
Details an inventory of Project activities that produce emissions of air pollutants and
quantifies those emissions, including emissions during all the stages of the project
Evaluates the incremental and cumulative levels of air pollutants as a result of the
Project and existing activities in surrounding residential areas and at sensitive
receptors
Presents the results in relation to relevant air quality objectives and guidelines
Quantifies crystalline silica emissions from the quarry and the potential risk
associated with such emissions
Describes dust management and mitigation measures to be implemented
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2.

Development proposal

2.1

Project background

The site of the proposed Gold Coast Quarry contains the last and largest known deposit of
meta-greywacke quarry rock resources on the southern Gold Coast. In developing the
proposal, Boral has attempted to balance the need to secure this hard rock resource with the
social and environmental factors associated with extractive industry development. After
taking into account a range of environmental constraints and providing appropriate
separation buffers during the detailed design process for the proposed quarry footprint, it has
been estimated that a total of 79 million tonnes of measured, indicated and inferred quarry
resources have been delineated on the site (within the optimised pit shell and including the
area to be developed for the plant and associated infrastructure). Boral has voluntarily
sterilised a significant proportion of the resource, which is known to occur on the site in order
to achieve an appropriate balance between environmental, economic and community
interests
The proposed development will operate as a quarry for the extraction and processing of hard
rock primarily for use in concrete, asphalt, drainage materials, road base, bricks/blocks,
pavers, pipes and landscape supplies. The proposed Gold Coast Quarry has the potential to
supply the Gold Coast region with high grade construction materials for at least of 40 years
whilst maintaining continuity of employment across Boral’s integrated quarrying, asphalt,
concrete and transport operations.
The greenfield site will be fully developed and operated in accordance with recognised
industry best practice. Initial development requires the removal of significant overburden
over the first year of site development, before the introduction of mobile crushing plants to
develop the site and add value to the excavated material.
Boral estimates that
approximately 5-6 million tonnes of materials (all types) will be removed from the site to
allow the site infrastructure and fixed plant to be built.
The Gold Coast Quarry will be developed over a series of discrete stages with each stage
having a number of phases. The quarry stages include:
•
•
•

Site establishment (E), development of site earthworks (D) and plant construction (C)
(all featuring a number of intermediate phases)
Quarry operation stage (Q) (featuring a number of phases - associated with the
development of the quarry pit itself and dependent upon market demand)
Rehabilitation and decommissioning of the site once the operations have concluded

During the development of site earthworks and plant construction stages, the proposed Gold
Coast Quarry will operate with mobile crushers and screens that will be replaced with a large
permanent fixed plant as soon as practicable after the site area and initial pit have been
established (approximately 4-5 years after approval).
For the operation stage, the timing and rate of progression through the phases associated
with the pit development will be defined by market conditions and demand. However, the
quarry will have an operational life of over 40 years and extract up to 2 million tonnes per
annum (Mtpa).
A detailed description of all the Project's components is provided in Section 2 of the Gold
Coast Quarry EIS.
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2.2

Project activities with potential air pollutant emissions

During each stage of the Gold Coast Quarry, there is a potential for certain site activities to
generate air pollutant emissions. The type and magnitude of air pollutants emitted from
each stage of the quarry will vary depending upon the rate and intensity of each activity.
Dust will be the primary air pollutant emitted from the Gold Coast Quarry as the primary
focus of a quarry operation is the extraction and processing of hard rock into various
products suitable for use in concrete, asphalt, road base and bricks and pavers. Dust
emissions can occur at any stage of the quarrying process including:
•
•
•
•
•
•
•
•

any material handling (bulldozers / front end loaders / scrapers)
drilling
blasting
excavation
processing (crushing and screening) by both mobile and fixed plant
haulage of material (wheel generated dust)
wind erosion of raw material and product stockpiles
wind erosion of exposed areas (pit and plant)

The amount of dust emitted from the quarry will depend on the operations occurring at each
stage along with the management and mitigation measures that are employed to control
dust.
Small quantities of air pollutants such as oxides of nitrogen, carbon monoxide and sulfur
dioxide may also be emitted from vehicle traffic within the Project site. Emission rates of
these pollutants are negligible compared to the emission rates of dust from quarrying
activities and vehicle exhaust emissions generated by the thousands of vehicles that travel
along the nearby Pacific Highway. Therefore, there is a low risk associated with these
emissions, so further assessment is not required.
Blasting operations can cause fumes, primarily composed of oxides of nitrogen (NOx), if not
properly managed. Blasting in hard rock, such as the Gold Coast Quarry, provides good
confinement of a blast preventing release of fumes. The blasting material at the Gold Coast
Quarry will be completely water repellent as water mixing with explosives can lead to an
increase in NOx emissions during a blast. Blasting will occur intermittently, approximately
once every seven days. The mitigation measures that are proposed to be implemented will
ensure that NOx emissions from blasting at the Gold Coast Quarry will be minimised; hence,
further assessment is not required.
The stages of the Gold Coast Quarry is not expected to generate any other toxic or odorous
air pollutants. Emissions of these types of pollutants are not associated with quarry activities
and have not been considered further in this assessment. CO2 emissions have been
quantified and assessed in the Greenhouse Gas Assessment for the Project (Section XX).
The following sections describe the activities of each stage of the Gold Coast Quarry with a
potential to generate dust, the primary air pollutant associated with quarrying and the focus
of this air quality assessment.
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2.2.1 Establishment stage
The establishment stage of the Gold Coast Quarry will occur in three phases:
•
•
•

Establishment 1 (E1) - construction of the external access road and associated
intersection
Establishment 2 (E2) - further development of the access road, earthworks
associated with internal roads and the construction of the water storage dam
embankment walls and spillway
Establishment 3 (E3) - internal access road will be fully sealed, further earthworks
(cut and fill) for the facilities pad (plant) and sedimentation pond and construction of
temporary buildings

Potential dust emissions generated during the establishment phases will occur from the
following activities:
•
•
•
•
•
•

Excavation of material
Handling of material by front end loader
Handling of material by dump truck
Handling of material by bulldozer
On-site haulage of material (overburden and fill)
Off-site haulage of material

2.2.2 Development of site stage
The development stage of the Gold Coast Quarry will occur in four phases:
•
•

Development 1 and 2 (D1/D2) - continuation of earthworks for the facilities pad,
completion of the quarry dam and sedimentation pond
Development 3 and 4 (D3/D4) - creation of the ROM pad and ROM ramp areas,
completion of earthworks for the facilities pad to create a final level floor for plant,
operation of mobile crushing and screening plant, creation of stockpile area for
storage of product

The following activities are potential sources of dust emissions during the development
phases of the Project:
•
•
•
•
•
•
•
•
•

Excavation of material
Handling of material by front end loader
Handling of material by dump truck
Handling of material by bulldozer
Drilling
Blasting
Processing of material with mobile crushing and screening plant
On-site haulage of material (overburden and product)
Off-site haulage of material (overburden and product)
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2.2.3 Plant construction stage
The plant construction stage of the Gold Coast Quarry will occur in two phases:
•

Construction 1 (C1) - construction and erection of fixed crushing plant will be
commenced, permanent buildings (site office, employee facilities) will be constructed
and earthworks associated with the quarry pit area will be commenced
• Construction 2 (C2) - construction and erection of fixed crushing plant will be
completed, permanent buildings (site office, employee facilities) will be completed
and earthworks associated with the quarry pit area will be continued
The following activities are potential sources of dust emissions during the plant construction
phases of the Project:
•
•
•
•

Movement of vehicles on facilities pad
Excavation of overburden from quarry pit area
Handling of overburden
On-site haulage of material in pit area (overburden)

The plant construction stage had not been assessed further in this assessment due to the
relatively small number of dust generating activities.

2.2.4 Operation stages
The operation stage of the Project will occur in five phases (Q1-Q5) that represent the
development of the quarry pit over time. Minor earthworks will occur in each phase to
uncover the area of hard rock to be extracted and rehabilitation of previous operational
phase areas will be progressively introduced.
Each phase of operations at the Gold Coast Quarry commences with overlaying topsoil or
overburden removal to expose the fresh, hard rock underneath (“stripping”) in the quarry pit
area. Following stripping, the rock face and bench is surveyed to define the rock mass, and
an optimised blast hole pattern is designed and drilled. As production requirements
demand, the drilled "shot" is then charged with bulk explosive and fired in accordance with
the site blasting model and procedures.
Rocks broken by blasting are loaded from the pit floor onto haul trucks and transported to
the fixed processing plant. The load and haul fleet will generally be operated continuously
during the operating hours of the quarry in order to maintain continuity of supply for
processing.
At the processing plant, a jaw crusher and vibratory screens are used in the primary section,
with crushed product being held in an interim stockpile called a “surge pile”. Material will
then be conveyed to several downstream crushing and screening equipment stages. Each
stage produces different products. After processing, the material will be conveyed to
individual product stockpiles. The processing plant, including primary and secondary
crushers (and screening to separate dust and aggregates) will be located within the plant
and infrastructure area, near the individual product stockpiles.
The quarry materials are then either loaded directly by a front end loader (”sales loader”)
from the stockpiles or by overhead storage bins to road haulage trucks. The road haulage
trucks then proceed across the weighbridge and through the wheel wash before exiting the
site to deliver quarry materials to the market.
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The following activities are potential sources of dust emissions during the operational phases
of the Project:
•
•
•
•
•
•
•
•
•
•
•
•
•

Excavation of material
Drilling
Blasting
Handling of material by front end loader
Handling of material by dump truck
Handling of material by bulldozer
Erosion of exposed pit areas
On-site haulage of material (raw material)
Processing of material with fixed crushing and screening plant
Transferring of product by conveyors
Stockpiling of product material
Loading of product (front end loader / overhead storage bin)
Off-site haulage of product

An inventory of potential dust emissions generated by each stage of the Gold Coast Quarry
is detailed in Section 7.

2.2.5 Dust controls
The design of the Gold Coast Quarry has taken into account the potential for certain
activities to generate more dust than others. The design of the stage plans for pit
development have had specific regard to the terrain features and vegetation buffers of the
land owned by Boral in an attempt to balance the need to secure hard rock resources with
the social and environmental consequences of extractive industries.
The fixed infrastructure will be designed with industry best practice that includes enclosing
all crushing and screening process to control both noise and dust emissions.
Over the lifetime of the Gold Coast Quarry a number of dust controls will be rigorously
implemented to ensure that site activities do not generate excess levels of dust that may
lead to offsite nuisance and health impacts. The application of dust control measures will be
included within Boral's procedures manual for the Gold Coast Quarry. Table 1 details the
proposed dust controls measures for each stage of the Gold Coast Quarry.
Table 1

Gold Coast Quarry proposed dust controls and treatments

Project Stage

Establishment
Phase

Project Activity

Dust Control / Treatment

Delivery, mobilisation &
operation of HME
(earthmoving equipment)

Operation in daylight hours only (0600 - 1800)

Delivery and establishment
of construction facilities
Light vehicles (construction
workers)

Development /
Construction
Phase

Operation of HME

Use of water truck/s to wet down working roads
and pads
Operation in daylight hours only (0600 - 1800)
Use of water truck/s to wet down working roads
and pads
Use of water truck/s to wet down working roads
and pads
Operation in daylight hours only (0600 - 1800)
Use of water truck/s to wet down working roads
and pads
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Project Stage

Project Activity

Dust Control / Treatment

Drilling

Drill rig has integral dust collector
Use of water truck/s to wet down blast surface
prior to firing

Blasting
Operation of Portable (track
mounted)
Crushing/Screening Plant/s
Light vehicles (construction
workers)
Delivery of incoming
construction materials
Cranes and other
construction equipment
Light vehicles (quarry site
workers)
Delivery vehicles (goods /
services inwards)

Operation of HME

Drilling
Blasting
Operation of Portable (track
mounted)
Crushing/Screening Plant/s
Operational
Phase

Operation of crushers,
screens and feeders
Operation of conveyors
Storage of end products

Install and use dust suppression systems on the
plant and equipment
Use of water truck/s to wet down working roads
and pads
Use of water truck/s to wet down working roads
and pads
Operation in daylight hours only (0600 - 1800)
Use of water truck/s to wet down working roads
and pads
Operation in daylight hours only (0600 - 1800)
Internal access road from intersection to car park
will be sealed (concrete / asphalt / bitumen
sealed)
Operation in daylight hours only (0600 - 1800).
Use of water truck/s to wet down working roads
and pads - including application of polymer
additives for efficient use of water, and longer
retention time
Drill rig has integral dust collector
Use of water truck/s to wet down blast surface
prior to firing
Operation in daylight hours only, positioning of
plant in cuttings
Install and use dust suppression systems on the
plant and equipment (Consider use of foam
additives at key processing stages)
Operation in daylight hours only, noise
attenuation enclosures at each plant area
Plant enclosures and hi-pressure dust
suppression systems
All external conveyors to be fitted with rain/wind
covers
Contained storage in "toast-rack" bunkers. Dust
bunkers to be fitted with retractable covers.
Operation in daylight hours only (0600 - 1800)

Stockpiling - moving product
from plant to ground
stockpiles

Product loadout - Bins and
Blending Plant
Product loadout - Ground

Use of water truck/s to wet down working roads
and pads - including application of polymer
additives for efficient use of water, and longer
retention time (Longer term stockpiles of fine
products can have chemical treatments to reduce
wind-borne dust generation and sediment
generation in wet weather.)
Majority of high turnover aggregate products will
be despatched into trucks from overhead load
out bins with automated weigh-feeders to control
product discharge.
Use of water truck/s to wet down working roads
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Project Stage

Project Activity

Dust Control / Treatment

stockpiles

and pads - including application of polymer
additives for efficient use of water, and longer
retention time (Stockpile footprints will be laid out
and oriented (where possible) to assist with noise
mitigation and to reduce the generation of windborne dust from stockpile faces)
The main quarry access road (including
weighbridge area) will be sealed. All product
despatch trucks will pass through wheel wash
units. A street sweeper will be employed to
periodically sweep the internal roads and turnout
areas to Old Coach Rd.

Road transport to off-site
locations (customers)
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3.

Overview of Assessment Methodology

The air quality assessment of the Gold Coast Quarry was conducted in accordance with
recognised techniques for dispersion modelling and emission estimation. Predictions of air
pollutants (dust) generated from the Gold Coast Quarry have been assessed in accordance
with the legislated requirements of the Queensland Government. This section outlines the
impact assessment methodology adopted for this study.
The air quality assessment of the Gold Coast Quarry needs to:
•
•
•
•

Establish the existing environment in terms of air quality, meteorology, terrain and
land-use
Identify and quantify the emission rates of air pollutants that could occur as a result of
the activity and any similar existing or possible future activities
Quantify the potential impacts of the activity operating in isolation and in conjunction
with existing and potential future activities
Evaluate potential impact against legislative requirements and identify necessary
mitigation measures

The existing environment in the Region has been described in terms of:
•
•
•
•

Local terrain and land-use
Location of sensitive receptors
Climate and local meteorology
Existing industries and ambient air quality

The air quality impact assessment has focused on those air pollutants identified as most
critical in terms of potential impacts to air quality from typical quarry activities, namely dust in
the form of TSP, PM10 and PM2.5. Dust deposition rates have also been assessed. The
potential for the emission of crystalline silica has also been considered in this assessment.
Emission estimates for pollutants associated with the Gold Coast Quarry have been sourced
from the following information:
•
•
•

Emission factors published by the United States Environmental Protection Agency
(USEPA) in the AP-42 documents and by the National Pollutant Inventory (NPI) in
their emission factor handbooks
Operating parameters, such as daily and annual production rates, plant and ancillary
equipment types, stockpile dimensions, locations of plant and ancillary equipment
and the utilisation of such equipment
Free silica content determined from Gold Coast Quarry petrographic reports
(Geochempet, 2005)

Atmospheric dispersion modelling has been conducted to determine ground-level
concentrations of air pollutants as a result of the Gold Coast Quarry activities. Modelling has
been conducted using the following methodology:
•
•

The meteorological models TAPM developed by CSIRO (Version 4.0.4) and
CALMET developed by EarthTec (Version 6.4) were used to develop a threedimensional wind field representing wind flows in the region
The three dimensional wind field produced by CALMET was then used to create a
meteorological file suitable for use with the dispersion model CALPUFF developed by
EarthTec (Version 6.4) where ground-level concentrations of TSP, PM10 and PM2.5
and dust deposition rates were predicted
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The air quality impact assessment includes a prediction of ground-level concentrations of
TSP, PM10 and PM2.5 and dust deposition rates across a Cartesian grid and at the nearest
sensitive receptors. Sensitive receptors have been split into residential and ecological. .
A cumulative assessment of dust levels (TSP, PM10, PM2.5 and dust deposition) from the
Gold Coast Quarry has been conducted that has included consideration of ambient
background concentrations based on available monitoring data collected by EHP at
Springwood and Arundel and by Boral at West Burleigh.
The predicted ground-level concentrations of dust emitted from the Gold Coast Quarry
activities, assessed in isolation and cumulatively (plus an ambient background), at sensitive
receptor locations have been compared with the Queensland Government legislated air
quality objectives that are specified in the Environmental Protection (Air) Policy 2008 (Air
EPP) for TSP, PM10 and PM2.5 and relevant guidelines for dust deposition rate. There are no
dust assessment criteria for ecological receptors contained within the Air EPP. Ecological
receptors have been qualitatively assessed against dust deposition guidelines that are used
for the protection of human amenity impacts.
Best practice measures for the management and mitigation of emissions of air pollutants
from quarry operations have been adopted taking into consideration the proposed design
features of the Gold Coat Quarry.
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4.

Considerations for assessing air quality

4.1

Background to particulate matter

This study considers the potential air quality impact of the Gold Coast Quarry on the
surrounding environment, specifically at the nearest sensitive receptors to quarrying
activities which include residential, commercial and industrial places and areas of ecological
significance such as sensitive flora and fauna.
The risk to air quality associated with a quarry is caused by the fugitive release of dust from
the day to day activities including, drilling, blasting, extraction and processing of hard rock,
material handling, stockpiling and haulage of raw material and final product (as described in
Section 2.2)
The potential effect of dust (particulate matter (PM)) on the environment, human health and
amenity depends on the size of the particles, the concentration of dust in the atmosphere
and the rate of deposition. Dust with an aerodynamic diameter greater than 10 micrometres
(µm) tends to be associated with amenity impacts, while dust less than 10 µm in diameter is
associated with health impacts. For this reason, dust is sub-divided into a number of metrics
based on particle size. These metrics are total suspended particulates (TSP), PM10, PM2.5
and dust deposition rate:
•

•
•
•

•

TSP refers to the total of all particles suspended in the air. TSP was first used as a
human health metric, but research has found a poor correlation between the
concentration of TSP and health effects. TSP is now used as a metric of the
potential for particulate matter to affect amenity.
PM10 is a subset of TSP (US EPA, 2010) and refers to particles suspended in the air
with an aerodynamic diameter less than 10 µm.
Coarse particulate matter (US EPA, 2010) is a subset of TSP and PM10 and refers to
particles suspended in the air with an aerodynamic diameter between 2.5 and 10 µm.
PM2.5 is a subset of TSP and PM10 and refers to particles suspended in the air with
an aerodynamic diameter less than 2.5 µm. PM2.5 is also called fine particulate matter
(US EPA, 2010).
Dust deposition rate is the mass of particulate matter that collects on an area over a
one month period. Dust deposition rate is used as a metric of the potential for dust to
affect amenity.

Exposure to dust can cause a variety of health and amenity effects (NSW Health, 2007).
Under normal conditions, a human respiratory tract in good health is able to deal with
inhaled particles without undue stress or long-term effects. In sensitive individuals, or when
high levels of particles are present, particulate matter may contribute to increased rates of
respiratory illnesses and other symptoms.
Studies indicate that such adverse effects are dependent on a number of factors (Neale,
2005), including:
•
•
•
•
•

Particle size (whether particles can penetrate the lower airways)
The intensity of the exposure
The chemical nature of the particles and their interaction with human tissue
The presence or absence of pre-existing conditions (especially diseases of the
respiratory tract)
Meteorological factors such as winds, humidity, a temperature inversion, rain or
thunderstorms
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Amenity impacts can occur when levels of particulate matter become elevated (NSW Health,
2007). The following impacts on amenity have been associated with dust producing
activities:
•
•
•
•

Short-term reduction in visibility
Build up of particulate matter on surfaces within homes resulting in the occupant
needing to clean more frequently
Soiling of washing
Build up of particulate matter on the roofs of houses and, during rainfall, the flushing
of the particulate matter into rainwater tanks potentially affecting quality or
appearance of drinking water or tank capacity.

To protect the community from potentially adverse affects of air pollutants such as dust, the
State Government has introduced a regulatory framework to manage emissions and
impacts.

4.2

Legislation

The Environmental Protection Act 1994 (EP Act) provides for the management of the air
environment in Queensland. The legislation applies to government, industry and individuals
and provides a mechanism for the delegation of responsibility to other government
departments and local government and provides all government departments with a
mechanism to incorporate environmental factors into decision-making.
The EP Act gives the Department of Environment and Heritage Protection (EHP) the power
to create Environmental Protection Policies that identify, and aim to protect, environmental
values of the atmosphere that are conducive to the health and well-being of humans and
biological integrity. The Environmental Protection (Air) Policy (Air EPP) was made under the
EP Act and gazetted in 1997; the Air EPP was revised and reissued in 2008.
The objective of the Air EPP is:
...to identify the environmental values of the air environment to be enhanced or protected
and to achieve the objective of the Environmental Protection Act 1994, i.e. ecologically
sustainable development.
The environmental values to be enhanced or protected under the Air EPP are the qualities of
the environment that are conducive to:
•

protecting health and biodiversity of ecosystems

•

human health and wellbeing

•

protecting the aesthetics of the environment, including the appearance of building
structures and other property

•

protecting agricultural use of the environment

The administering authority must consider the requirements of the Air EPP when it decides
an application for an environmental authority, amendment of a licence or approval of a draft
environmental management plan. Schedule 1 of the Air EPP specifies air quality indicators
and objectives for Queensland for approximately 93 contaminants that may be present in the
air environment.
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4.2.1 Human health and wellbeing
The Air EPP air quality objectives relevant to the air pollutants that may be generated from
the Project are presented in Table 2.
Dust nuisance can occur due to the deposition of larger dust particles. Elevated dust
deposition rates can cause reduced public amenity, as an example through soiling of
clothes, building surfaces and other surfaces. Table 2 also shows the dust deposition
guideline commonly used in Queensland as a benchmark for avoiding amenity impacts due
to dust. The dust deposition guideline is not defined in the Air EPP and is therefore not
enforceable by legislation, but was recommended by the EHP as a design objective and has
been adopted for this project.
The impact assessment criteria from the NSW Office of Environment and Heritage (OEH),
Approved Methods for the Modelling and Assessment of Air Pollutants in New South Wales
(NSW DEC, 2005), defines the annual deposition rate of dust for general land-use, including
all areas other than specialised land-use. This assessment criteria has also been adopted
for this study.

4.2.2 Health and biodiversity of ecosystems
There is no statutory limit for protecting health and biodiversity of ecosystems. EHP
provides design guidance for dust deposition for the avoidance of dust nuisance, which is
related to human perception.
The effect of dusts on vegetation is principally through interception of light by leaves and the
consequential effects on the rates of photosynthesis and plant health and growth. However,
there are no prescribed assessment criteria for dust loads on vegetation associated with
reduced physiological activity.

4.2.3 Relevant air quality objectives, goals and assessment criteria
The relevant air quality objectives and assessment criteria that are used for the air quality
assessment of the Gold Coast Quarry are provided in Table 2.
Table 2

Ambient air quality indicators, objectives and guidelines relevant to the
study

Indicator
Particulate matter (as PM2.5)
Particulate matter (as PM10)
Particulate matter (as TSP)

a

b, c

Averaging period
24-hour
Annual
24-hour
Annual

Objective
3
25 µg/m
3
8 µg/m
3
50 µg/m
3
90 µg/m

Annual

130 mg/m /day

Monthly

120 mg/m /day

Dust deposition rate
(total insoluble solids)

Source
Air EPP
Air EPP
Air EPP
Air EPP

2

OEH

d

2

EHP recommended
guideline

Note:
a
PM2.5 are particles that have aerodynamic diameters that are less than 2.5 μm
b
PM10 are particles that have aerodynamic diameters that are less than 10 μm
c
Five exceedences allowed per year
d
Office of Environmental and Heritage (OEH) Approved Methods for the Modelling and Assessment of Air Pollutants in New
South Wales (NSW DEC, 2005)
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5.

Site and surrounds

5.1

Local terrain and land-use

The proposed Gold Coast Quarry will be located on a greenfield site bordering Old Coach
Road and Tallebudgera Creek Road, at Reedy Creek on the Gold Coast in southeast
Queensland. The site is approximately five kilometres inland from Burleigh Heads. The
land-use in the region is comprised of the residential and industrial suburbs of the Gold
Coast to the north and east, specifically Reedy Creek, West Burleigh and Burleigh Waters.
To the northwest, west and south is the start of the Gold Coast Hinterland with rural and
rural residential areas extending away from the coastline. These areas are made up of a
mixture of forested areas, bush land and small pockets of pasture and grazing land.
The terrain in the region is complex, comprising the flat coastal zone of the Gold Coast to the
east and the elevated terrain of the Gold Coast Hinterland to the west. The elevated terrain
of the hinterland comprises rising mountain ranges that form part of the Great Dividing
Range. The most prominent peak, Springbrook Mountain, rises to 900 metres in elevation at
around 18 kilometres southwest from the Project site. The coastline in the region generally
faces east-northeast to the Pacific Ocean.
The Gold Coast Quarry site is located in the foothills of the Gold Coast Hinterland at the
bottom of the Tallebudgera Valley, on a site that is made up of ridges and gullies. The
design of the quarry will utilize the natural terrain features where practicable
A map detailing the land-use and terrain of the region is provided in Figure 2.

5.2

Sensitive receptors

It is important to consider the proximity of sensitive receptors, both human and ecological, to
the Project in order to determine the potential for air quality impacts. The area surrounding
the Project includes, rural residential properties, residential suburbs, industrial areas,
schools, aged care homes and ecologically sensitive areas containing flora and fauna.
Due to the large number of potential sensitive receptors in the broader region surrounding
the Project, sensitive receptors have been grouped by locality and type. This has allowed
consideration of predicted concentrations of air pollutants in all areas surrounding the
Project. The locations of the receptors considered relevant in this assessment are provided
in Table 3 and Figure 3.
There are communities and isolated residencies that are located further away than the
selected receptors. Air pollutant concentrations associated with the Project are expected to
be lower than at the nearer sensitive receptors and therefore have not been directly included
in this assessment.

Katestone Environmental Pty Ltd
D1205128-3 Cardno HRP - Gold Coast Quarry Air Quality Assessment

April 2013
Page 16

Table 3

Sensitive receptors in proximity to the proposed Gold Coast Quarry

Sensitive Receptor Area
ID

Name

Type

A

Kingsmore Estate

B

Old Burleigh Town (NW)

C

Old Burleigh Town (SE)

D

Tallebudgera Creek Road

E

Tuesday Drive

F

Stocklands Observatory Estate

G

Skyline Terrace

H

Chesterfield Drive

I

Stocklands Observatory Estate
(Stage 20)

Proposed residential

J

Industry

Industrial

Residential

K
L

Other key receptors (schools,
aged care homes and
commercial places)
Vegetated buffer within Boral
lease (sensitive flora and fauna)
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6.

Existing environment

The following section describes the existing environment of the Gold Coast including
summaries of the regional climate, the local meteorology and the existing air quality
The local and regional meteorology can impact air quality through its influence on the
dispersion of pollutants. The meteorology in the region near the Project is likely to be
influenced by a number of factors including land-use, terrain features, thermally driven
daytime convection and the occurrence of sea breezes. With respect to the formation and
transport of dust as fugitive dust emissions from Project, key meteorological parameters to
consider include temperature, relative humidity, wind speed and wind direction. In general, it
is under hot, dry and windy conditions where fugitive dust has the maximum potential to
impact adversely on air quality away from its source location.

6.1

Regional climate

The weather system, as a whole consists of the general circulation of the atmosphere and its
interaction with the Earth’s surface. Due to the differential heating of the Earth’s surface and
the spatial variability of the oceans and land surface, including terrain features, the idealised
general circulation of the atmosphere is disturbed by random variations in the flow. These
disruptions develop into weather systems and their frequency and magnitude determine the
climate of regions.
The coastal climate of sub-tropical Queensland (Gold Coast) is largely driven by the
southeast trade winds and their variations between seasons. These trade winds bring moist
oceanic air masses to the coastal regions of eastern Australia and are the main drivers of
weather and climate.
A detailed analysis of the climate of the Gold Coast is described in the Climate, Natural
Hazards and Climate Change Chapter of the Gold Coast Quarry EIS (Chapter XX). This
section provides a short summary of the Gold Coast climate.
The climate of the Gold Coast has been described from analysis of meteorological
observations from the nearest Bureau of Meteorology (BoM) weather monitoring station to
the Project, located at Coolangatta Airport. Long-term climate data from this station has
been used to characterise the conditions typical of the study area. The Coolangatta Airport
automatic weather station (AWS) is located approximately 11 kilometres southeast of the
Project site.
Meteorological data has been collected at Coolangatta Airport since 1982 and includes:
•
•
•
•
•

Temperature;
Rainfall;
Wind speed and wind direction
Relative humidity; and
Solar exposure.

Key historical meteorological parameters measured at the Coolangatta Airport monitoring
station are summarised in Table 4 and described further in the following sections.
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Table 4

Climate statistics for Coolangatta Airport AWS (BoM, 2012)

Parameter

Annual average value

Data period

24.6

1982 - 2012

Highest temperature (°C)

40

1982 - 2012

Mean minimum temperature (°C)

16

1982 - 2012

Lowest temperature (°C)

-0.1

1982 - 2012

Mean rainfall (mm)

1492

1982 - 2012

Mean number of days of rain >= 10 mm (days/year)

39.6

1982 - 2012

Mean daily solar exposure (MJ/(m ))

18.88

1990 - 2012

Mean 9am temperature (°C)

21.5

1991 - 2012

Mean 9am relative humidity (%)

68

1993 - 2012

Mean 3pm temperature (°C)

23

1991 - 2012

Mean 3pm relative humidity (%)

64

1993 - 2012

Mean maximum temperature (°C)

2

6.1.1 Temperature and Solar Radiation
The annual average maximum daily temperature at Coolangatta Airport is 25°C. The annual
average minimum daily temperature is 16°C. The warmest months in the region are the
summer months. January is, on average, the warmest month with an average daily
maximum temperature of 28°C. The coolest month on average, is July with an average
minimum temperature of 10°C. The average monthly distribution of maximum and minimum
temperatures recorded at Coolangatta Airport AWS is illustrated in Figure 4.

6.1.2 Rainfall
The Region around the study area receives, on average, over 1,250 millimetres of rain each
year (based on the BoM standard 100 year analysis, from 1900 to 2000) with wet summers
and low winter rainfall (Figure 5). The annual average rainfall at Coolangatta is
1492 millimetres. The wettest period for the Region is centred around the wet season
(November to April), during which over 64 percent of the annual rainfall occurs. March and
April are the wettest months, with average total rainfalls of 173 millimetres (Figure 6).
Only around 11 percent of the annual average rainfall occurs during the winter months (July
to September). On average, September is the driest month, with an average total rainfall of
40 millimetres. This pattern is typical of subtropical locations in Australia.

6.1.3 Relative Humidity
The seasonal availability of moisture is another important factor in influencing the climate, by
affecting the transfer of heat in the atmosphere through the balance between sensible and
latent heat fluxes, and the occurrence of precipitation. Relative humidity is one of several
measures used to describe the amount of moisture in the atmosphere, and is the ratio of the
actual amount of moisture in the atmosphere to the maximum amount that could be held, at
a given temperature.
The monthly averaged distribution of relative humidity at 9am and 3pm at the Coolangatta
Airport AWS is shown in Figure 7. The distributions show a slight decrease in 3pm relative
humidity during the winter months, with 9am relative humidity showing little variation with the
seasons. This pattern is typical of sub-tropical locations in Australia.
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6.2

Local meteorology

The Project site is located in an area of relatively complex terrain. Key drivers of weather
patterns on the Gold Coast include the coastline (land/sea interface) and the terrain (Great
Diving Range). Because there is no meteorological monitoring conducted at the proposed
site of the Gold Coast Quarry a three dimensional meteorological file was generated using
the coupled TAPM/CALMET meteorological modelling system to represent the study area
(as described in Section 8).
The meteorological modelling system incorporated hourly measurements of wind speed and
wind direction from the BoM Coolangatta Airport AWS during 2011, that is 8,760 hour
records of measured wind speed and direction, to ensure that the model predictions were
representative of actual conditions, as far as practically possible. The modelling approach is
consistent with industry accepted practice. The meteorological file generated for the study
area is suitable for use in a dispersion model and represents the characteristics of the region
surrounding the proposed Gold Coast Quarry.
Meteorological parameters that are important for the dispersion of air pollutants include wind
speed and direction, atmospheric mixing heights and atmospheric stability.
These
parameters have been extracted from the meteorological modelling system at a location that
represents the proposed Gold Coast Quarry site and are described in the following sections.

6.2.1 Wind speed and wind direction
Wind speed and wind direction are important meteorological parameters that will influence
the emission rate and dispersion of dust from proposed activities at the Gold Coast Quarry.
Exposed dust sources, such as product stockpiles and open ground, will have a higher rate
of dust emissions during strong winds than during light winds.
All dust emissions from the Project, such as from the crushing and screening plant and
wheel generated dust from haul roads, will have a greater radius of impact during periods of
higher wind speeds due to the dust particles remaining suspended and being carried further
distances. The annual, seasonal and diurnal variability in the wind speed and wind direction
at the site will result in variation in the areas potentially affected by dust from the Project as
well as the intensity of any dust events.
The annual, seasonal and diurnal distributions of winds at the proposed Gold Coast Quarry
site for 2011 (year of modelling) as predicted by the meteorological model are presented as
wind roses in Figure 8, Figure 9 and Figure 10, respectively. A wind rose is a tool used to
illustrate the frequency and intensity of a given wind speed and its direction at a chosen
location. In this instance, a whole year (2011) of 1-hour average wind speed and wind
direction predictions from the model are shown, that is, 8,760 predictions. Wind speed is
grouped into one metre per second increments up to a maximum of 10 metres per second.
Wind direction is grouped into sixteen, 22.5 degree sectors that represent all possible wind
directions.
The annual wind rose for the Project site is shown in Figure 8. Key aspects of the winds that
occur at the site and in the broader region are evident in the annual wind rose. Some
aspects can be seen more clearly in the seasonal (Figure 9) and diurnal (Figure 10) wind
roses.
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The wind roses show:
•

The influence of the Tallebudgera Valley channeling terrain induced winds from high
terrain in the south-southwest to the north-northeast. These winds occur for 25% of
the year and are typically light to moderate, with 80 percent between 3 and 6 metres
per second. Such winds occur most frequently during the early morning (Figure 10)
and during the autumn and winter months (Figure 9).
The influence of the sea breeze during the afternoon. The diurnal wind rose (Figure
10) clearly shows the onset of the sea breeze between midday and 6pm, when
strong winds occur from the southeast sector.
Overall, the predicted annul wind rose (Figure 8) at the proposed Gold Coast Quarry
site indicates, on average, emissions would most likely be dispersed in a northnortheasterly direction.

•
•

A summary of the annual, seasonal and diurnal frequency of wind speeds at the Gold Coast
Quarry site is shown in Table 5 as predicted by the meteorological model. Wind speed is
relevant because dust emissions can be generated through wind erosion of stockpiles and
exposed surfaces by moderate to strong winds. Whereas under light winds, emissions are
essentially zero and will remain so until the wind speed exceeds a threshold that is specific
to the particular source but is generally found to be above about five to six metres per
second.
Approximately one percent of the annual winds are greater than six metres per second.
During the day (6am to 6pm), three percent of winds are predicted to be greater than
six metres per second, and during spring approximately three percent of winds are predicted
to be greater than six metres per second.
Table 5

Summary of modelled wind speeds at the Gold Coast Quarry (metres per
second)

Period

Wind speed
< 2 m/s

2 – 4 m/s

4 – 6 m/s

6 – 10 m/s

> 10 m/s

20.8%

57.7%

20.8%

0.7%

0.0%

Spring

17.6%

52.0%

27.9%

2.5%

0.0%

Summer

20.1%

59.4%

20.3%

0.2%

0.0%

Autumn

19.9%

60.6%

19.4%

0.1%

0.0%

Winter

25.4%

58.6%

15.8%

0.2%

0.0%

Midnight to 6am

22.0%

62.6%

15.3%

0.2%

0.0%

6am to Midday

24.3%

50.7%

24.2%

0.9%

0.0%

Midday to 6pm

10.8%

53.5%

33.9%

1.8%

0.0%

6pm to Midnight

26.0%

64.0%

10.0%

0.0%

0.0%

Annual
Seasonal distribution

Diurnal distribution
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6.2.2 Atmospheric stability
Stability classification is a measure of the stability of the atmosphere and can be determined
from wind measurements and other atmospheric observations. The stability classes range
from A class, which represents very unstable atmospheric conditions that may typically occur
on a sunny day, to F class stability, which represents very stable atmospheric conditions that
typically occur during light wind conditions at night. Unstable conditions (Classes A to C) are
characterised by strong solar heating of the ground that induces turbulent mixing in the
atmosphere close to the ground. This turbulent mixing is the main driver of dispersion during
unstable conditions. Dispersion processes for Class D conditions are dominated by
mechanical turbulence generated as the wind passes over irregularities in the local surface.
During the night, the atmospheric conditions are generally stable (often classes E and F).
A summary of the predicted frequency of each stability class at the location of the proposed
Gold Coast Quarry is presented in Table 6. Class D representing neutral stability occurs for
half of the time, indicating that mechanical turbulence drives the stability in this region.
Table 6

Predicted frequency of occurrence (%) of atmospheric stability at the
Gold Coast Quarry under Pasquil-Gifford stability classification scheme

Pasquill-Gifford Stability Class

Classification

Frequency (%)

A

Extremely unstable

0.7

B

Unstable

6.4

C

Slightly unstable

9.2

D

Neutral

52.3

E

Slightly stable

12.4

F

Stable

19

1

Note:
1
Stability class extracted from CALMET at the Gold Coast Quarry site

6.2.3 Mixing height
The mixing height refers to the height above ground within which particulates or other
pollutants released at or near ground can mix with ambient air. During stable atmospheric
conditions (F class stability), the mixing height is often quite low and particulate dispersion is
limited to within this layer. During the day, solar radiation heats the air at the ground level
and causes the mixing height to rise. The air above the mixing height during the day is
generally cooler. The growth of the mixing height is dependent on how well the air can mix
with the cooler upper level air and therefore depends on meteorological factors such as the
intensity of solar radiation and wind speed. During strong wind speed conditions the air will
be well mixed, resulting in a high mixing height.
Mixing height information has been extracted from the TAPM/CALMET simulation at Gold
Coast Quarry site and is presented in Figure 11. The data shows that the mixing height
increases from its overnight minimum at around 6am, reaching a peak between 1pm and
2pm. The mixing height then decreases from around 3pm to a minimum height during the
night time.
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6.3

Existing air quality

The air quality impact assessment of the Gold Coast Quarry requires an ambient
background concentration of each relevant air pollutant, which is representative of the likely
concentrations experienced in the region. The background concentration is added to the
predicted concentrations associated with the Project. This is known as a cumulative
assessment and demonstrates that the capacity of the airshed is sufficient to deal with the
proposed Project.
Background concentrations can be determined from on-site measurements or selected from
representative data. The representative background concentration is added to the predicted
concentrations from Project activities and assessed for compliance against the relevant air
quality objectives and guidelines. Therefore, the higher the representative background
concentration the harder it is to achieve compliance with the air quality guidelines and,
hence, the more conservative the assessment.
This section summarises the existing industries in the region surrounding the Project that are
sources of dust emissions, the nearest monitoring data collected by EHP and monitoring
data collected by Boral at the West Burleigh Quarry which provide an indication of dust
concentrations in the airshed. The final selection of background air quality concentrations
are described in the assessment methodology (Section 8).

6.3.1 Existing sources
The National Pollutant Inventory (NPI) is an initiative of the Australian Government that
provides the community, industry and government with information about emissions of
pollutants to air, water and land from industrial facilities across Australia. It has emissions
estimates for 93 substances and the source and location of these emissions. Industrial
facility operators are obliged to submit annual reports of their facilities emissions to the
environment, if certain threshold criteria are exceeded.
A search of the NPI database indicates that there are a number of facilities reporting to the
NPI in a 5 km radius of the Project site, as detailed in Table 7. The annual dust emissions,
in the form of PM10 and PM2.5, from these facilities as reported to the NPI for 2010/2011 are
presented in Table 8. The table shows that the Boral West Burleigh Quarry reports the
largest annual PM10 and PM2.5 emissions. However, other potential anthropogenic sources
of dust in the region include a number of industrial facilities to the north of the Project site.
These activities do not report to the NPI as, individually, their emissions are relatively minor
or they do not trigger the NPI reporting threshold criteria. Combined, emissions from these
activities would be more substantial. There will also be PM10 and PM2.5 emissions from the
exhausts of vehicles travelling along the Pacific Highway that are not reported to NPI.
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Table 7

2010/2011 NPI reporting facilities within a 5 km radius of the Project site

Facility Name
Boral Asphalt West Burleigh
Boral Quarries West Burleigh
Burleigh Heads Bakery

Registered
Business Name
Boral Resources
(Qld) Pty Ltd
Boral Resources
(Qld) Pty Ltd
Quality Bakers
Australia Pty Ltd

Elanora Wastewater
Treatment Plant

Allconnex Water

Reedy Creek Landfill

Gold Coast City
Council

Table 8

Activity Type

Suburb

Heavy and Civil Engineering
Construction

West
Burleigh
West
Burleigh
Burleigh
Heads

Construction Material Mining
Bakery Product
Manufacturing
Waste Treatment, Disposal
and Remediation Services
Waste Treatment, Disposal
and Remediation Services

Palm Beach
Reedy
Creek

2010/2011 NPI reported emissions of PM10 and PM2.5 from facilities within a
5 km radius of the Project site
Facility

PM10 Emissions
(kilograms/year)

PM2.5 Emissions
(kilograms/year)

Boral Asphalt West Burleigh
Boral Quarries West Burleigh
Burleigh Heads Bakery
Elanora Wastewater Treatment Plant
Reedy Creek Landfill
Total

180
134,196
121
1,273
135,770

145
2,606
121
1,209
3,937

6.3.2 Air quality monitoring
There are no air quality monitoring stations within a 15 km radius of the Project site with
publically available data. Boral has conducted monitoring of PM10 and dust deposition rates
around the boundary of the West Burleigh Quarry, located across the Pacific Highway from
the Project site.

6.3.2.1 West Burleigh Quarry dust deposition and PM10 monitoring
Boral has conducting dust deposition monitoring at its West Burleigh Quarry since January
2005. During the seven years of monitoring, dust deposition gauges have been placed at
three boundary locations to measure the amount of nuisance dust that may potentially arise
as a result of quarry operations. Table 9 provides a summary of the dust deposition
monitoring program conducted at West Burleigh and Figure 12 shows a map of the dust
gauge locations. A timeseries of the dust deposition rate recorded at each location is shown
in Figure 13.
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Table 9

West Burleigh Quarry dust deposition monitoring

Location

Monitoring
Start

WB1
WB2
WB3

January
2005

Monitoring
End
June 2008
Ongoing

Number
of
monthly
records
28
88
92

Maximum
(mg/m²/day)

Average
(mg/m²/day)

Number of
months above
1
120 mg/m²/day

73.8
145.9
379.0

26.4
49.2
87.4

0 (0%)
5 (6%)
17 (18%)

Table note:
1
The EHP guideline for dust deposition is 120 mg/m²/day when recorded at a sensitive receptor location. The above
monitoring sites are all located within the boundary of the quarry and should not be used for the determination of exceedance of
the EHP dust deposition guideline

Table 9 and Figure 13 show that the WB3 monitoring location records the highest dust
deposition rate. This is because the site is located immediately to the north and northwest of
the West Burleigh Quarry processing plant and product storage area (shown in Figure 12).
WB1 and WB2 record significantly lower dust deposition rates as they are located further
away from large dust generating sources. .
PM10 monitoring was conducted at West Burleigh Quarry for a period of two weeks in 2009.
The purpose of the monitoring was to determine if PM10 limits prescribed within the
Development Approval for West Burleigh Quarry were being exceeded at off-site properties.
A High Volume (Hi-Vol) air sampler was used to measure PM10 levels at Phosyn Analytical,
an industrial property less than 100 metres to the north of the West Burleigh Quarry. The
results of the 2 week monitoring campaign showed that measured levels of PM10 were below
the West Burleigh Quarry Development Approval limit of 150 µg/m³.

6.3.2.2 EHP monitoring
The EHP operates ambient air quality monitors at Springwood and Arundel, approximately
62 km and 20 km to the north of the Project site, respectively. The Arundel station, whilst
closer to the Project site, has only been operational since October 2010, whereas the
Springwood station has been operational since 1999. The Springwood station is also
classified as being located in a residential area and is a "population average" station, and
the data it gathers is therefore indicative of the air quality experienced by most of the
population in southeast Queensland. To provide an overview of ambient air quality, PM10
and PM2.5 data from the Springwood station has been extracted from the past five (2007 2011) annual monitoring reports released by EHP and summarised in Table 10 and Table
11.
Table 10

Existing 24-hour average concentrations of PM10 measured at the
Springwood EHP monitoring station

Year

Data
availability
(%)

2007
2008
2009

99.2
97.3
93.7

Maximum 24-hour
average PM10
concentration
3
(µg/m )
49.3
69
960

75th percentile 24hour average PM10
concentration
3
(µg/m )
18.2
17.1
18.5

Number of
exceedances of the
24-hour average PM10
air quality criteria
0
1
10

2010

98.1

37.1

15.2

0

2011

95.9

61.2

15.3

2
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Table 11

Existing 24-hour and annual average concentrations of PM2.5 measured at
the Springwood EHP monitoring station

Year

Data
availability
(%)

2007
2008
2009
2010
2011

98.4
97
91.5
83.3
92.9

Maximum
24-hour average
PM2.5
concentration
3
(µg/m )
17.9
10.9
150.6
19.4
51.2

75th percentile
24-hour
average PM2.5
concentration
3
(µg/m )
5.2
5.2
6.2
5.1
5.4

Number of
exceedances of
the 24-hour
average PM2.5air
quality criteria
0
0
3
0
3

Annual
average PM2.5
concentration
3
(µg/m )
4.3
4.1
5.5
4.4
4.6

The EHP annual monitoring reports indicate that the majority of exceedances of the 24-hour
average Air EPP objectives for PM10 and PM2.5 during the five years were caused by dust
storms, bushfires or grassfires. In particular, there was a high incidence of dust events
through Queensland during 2009 with the most significant of these events being a major
dust storm during late September 2009 that affected most of Queensland and much of
eastern Australia.
The analysis shows that dust concentrations at Springwood are generally low, however,
ambient concentrations in the Project area will also be affected by the industrial sources
nearby. The data also shows that exceedances of the Air EPP objectives for PM10 and PM2.5
will occur on occasion due to natural events.
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7.

Air pollutant emissions inventory

The types of air pollutants that will be emitted from the Gold Coast Quarry have been
described in Section 2.2. Proposed dust generating activities at the Gold Coast Quarry have
been assessed for their potential impact on sensitive receptor locations outside the quarry
boundaries. An inventory of potential dust emissions during each stage of the Gold Coast
Quarry has been calculated. The stage with the largest dust emissions inventory has been
selected for assessment as it will have the highest potential for causing off-site impacts.

7.1

Methodology to estimate dust emissions

To calculate a dust emissions inventory for the proposed activities at the Gold Coast Quarry,
the recognised emissions estimation technique has been used and is based on the following
equation:

𝐸𝑅 = 𝐴 × 𝐸𝐹 × (1 − 𝐶𝐹)

where:
ER
=
A
=
EF
=
CF
=
measures

dust emission rate
activity / operations data
dust emission factor
reduction in dust emissions due to the implementation of control

For a new facility it is common practice for dust emission rates to be estimated from
emission factors (EF) reported in the literature (e.g. National Pollutant Inventory Handbooks
or the USEPA’s AP-42 compilation of emission factors). The dust emissions inventory
calculated the dust emissions during construction and operation of the Gold Coast Quarry
using emission factors published by the USEPA and the NPI (USEPA, 1998; USEPA, 2004;
USEPA, 2006a; USEPA, 2006b; USEPA, 2011; NPI, 2001) and from the proposed
construction and operational information provided by Boral.
The dust control measures and treatments proposed by Boral for the Project (Section 2.2.5)
have been accounted for as far as practically possible in the dust emissions inventory by
using known reduction efficiencies published in the literature. The reduction efficiencies of
dust controls to be used at the Gold Coast Quarry are shown in Table 12.

Katestone Environmental Pty Ltd
D1205128-3 Cardno HRP - Gold Coast Quarry Air Quality Assessment

April 2013
Page 27

Table 12

Dust control reduction efficiency
Dust control measure

Operation in daylight hours only (0600 - 1800)
Use of water truck/s to wet down working roads and pads
Drill rig has integral dust collector
Use of water truck/s to wet down blast surface prior to firing
Install and use dust suppression systems on the plant and equipment

Internal access road from intersection to car park will be sealed
(concrete / asphalt / bitumen sealed)

Use of water truck/s to wet down working roads and pads - including
application of polymer additives for efficient use of water, and longer
retention time
Plant enclosures and hi-pressure dust suppression systems
All external conveyors to be fitted with rain/wind covers
Contained storage in "toast-rack" bunkers. Dust bunkers to be fitted
with retractable covers.
Majority of high turnover aggregate products will be despatched into
trucks from overhead load out bins with automated weigh-feeders to
control product discharge.
Diligent use of water truck/s to wet down aggregate product stockpiles
located at the northern area of the facilities pad
The main quarry access road (including weighbridge area) will be
sealed. All product despatch trucks will pass through wheel wash
units. A street sweeper will be employed to periodically sweep the
internal roads and turnout areas to Old Coach Rd.

7.2

Reduction efficiency
No reduction efficiency
applied in model, but good
practice to only operate in
daylight hours
50 %
70 %
No reduction efficiency
applied in model, but will be
adopted because good
practice measure
90 %
No reduction efficiency
applied in model, but will be
adopted because effective
in reducing potential
emissions by reducing the
amount of unsealed roads
75%
90%
75%
75%
No reduction efficiency
applied in model, but will be
adopted because good
practice measure
75%
No reduction efficiency
applied in model, but will be
adopted because good
practice measure

Dust Emissions Inventory

A dust emissions inventory (TSP, PM10 and PM2.5) for the various stages of the Gold Coast
Quarry has been compiled based upon proposed activities per stage described in Section
2.2 and the emissions estimation methodology detailed above. Table 13 summarises the
emissions of TSP, PM10 and PM2.5 from each stage of the quarry over the lifetime of the
Project. A detailed description of the dust emission inventory calculations for each stage of
the quarry is detailed in Appendix A. The table shows that the operational stage of the Gold
Coast Quarry has the largest dust emissions inventory. The dust inventory for the
operational stage is over double the inventories for any other stage and has been selected
for the detailed impact assessment.
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Table 13

Estimated total TSP, PM10, PM2.5 emissions inventory in grams per second
(g/s) for each stage of the Gold Coast Quarry
TSP

Emission Rate (g/s)
PM10

PM2.5

Establishment 1 (E1)

0.52

0.10

0.01

Establishment 2 (E2)

4.15

1.23

0.13

Establishment 3 (E3)

6.26

1.82

0.19

Development 1 and 2 (D1/D2)

8.44

2.83

0.38

Development 3 and 4 (D3/D4)

11.72

3.82

0.50

24.01

9.13

1.18

Stage (Phase)

Operation (Q1 -Q5)

1

Table note:
1
Operation expected to last for 40 years at extraction rate of 2 Mtpa. These emissions are based on Operational Stage Q5
which is 2Mtpa extraction with full development of the pit

7.2.1 Selection of stage for detailed assessment
The dust emissions inventory for each stage of the Gold Coast Quarry (Table 13) indicates
that operation of the quarry (Q stage) at 2Mtpa with a fixed crushing and screening plant
results in the largest dust inventory and therefore has the highest potential to cause off-site
impacts at nearby sensitive receptors.
Table 14 provides a detailed breakdown of the emissions of TSP, PM10 and PM2.5 from the
different quarry activities that are expected to occur during Q5. A map of the Gold Coast
Quarry site showing the areas where dust emissions would occur is shown in Figure 14. A
detailed description of the dust emission inventory calculations for this stage of the quarry is
detailed in Appendix A.
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Table 14

Estimated total TSP, PM10, PM2.5 emissions inventory in grams per second
(g/s) for quarry operations at 2 Mtpa and Q5 pit development
Emission Rate (g/s)
Activity

Extraction from pit
(drilling, blasting, material handling)
Primary crushing
(crushing, screening, conveyors and
material transfers)
Secondary crushing
(crushing, screening, conveyors and
material transfers)
Tertiary crushing
(crushing, screening, conveyors and
material transfers)
Final screening
(screening, conveyors and material
transfers)
Product loadout
(material transfers, conveyors and
stacking and reclaiming product
stockpiles)
Haulage
(pit to plant, plant to stockpile, offsite
transport and grading)
Wind erosion (average emission rates)
(exposed pit area, stockpiles in
processing area and product stockpiles)
Total

TSP

PM10

PM2.5

1.82

0.76

0.11

0.96

0.42

0.06

1.40

0.59

0.08

1.65

0.71

0.10

0.76

0.31

0.04

1.29

0.61

0.09

10.73

3.01

0.31

5.40

2.70

0.41

24.0

9.1

1.2

The dust emissions inventory for the quarry operation (Q5) stage shows wheel generated
dust from haulage activities is a major contributor to the total dust emissions with 45% of the
total TSP emission rate from this activity.
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8.

Dispersion modelling methodology

A dispersion model is a computer program and decision making tool that is used to predict
concentrations of air pollutants in the atmosphere. This air quality impact assessment was
conducted in accordance with recognised techniques for meteorological and dispersion
modelling. The assessment incorporates Project specific source characteristics and air
pollutant emission rates with site specific meteorology, terrain and land-use within a suitable
dispersion model in order to predict the concentrations of air pollutants within the Project
area, in this instance, the area surrounding the proposed quarry site.

8.1

Development of modelling methodology

The meteorological data for this study was generated by coupling The Air Pollution Model
(TAPM) (Version 4.0.4), a prognostic mesoscale model to CALMET (Version 6.4), a
diagnostic meteorological model. The coupled TAPM/CALMET modelling system was
developed by Katestone to enable high resolution modelling capabilities for regulatory and
environmental assessments. The modelling system incorporates synoptic, mesoscale and
local atmospheric conditions, detailed topography and land use categorisation schemes to
simulate synoptic and regional scale meteorology for input into pollutant dispersion models,
such as CALPUFF. Details of each model configuration and validation are provided in
Appendix B.

8.2

Dust dispersion modelling

The dispersion model CALPUFF (Version 6.4) was used to simulate the dispersion
characteristics and concentrations of dust generated by the Project's activities. The
CALPUFF dispersion model utilises the three-dimensional wind fields from CALMET to
simulate the dispersion of air pollutants and predict ground-level concentrations across a
pre-selected area.
Dust dispersion modelling considered a simulation for total suspended particulates (TSP),
PM10, PM2.5 and dust deposition rates. Twelve months of modelled meteorological data
(2011) was used as input for the dispersion model. This encompasses all weather
conditions likely to be experienced in the region during a typical year.
For dust deposition rate modelling, a particle size distribution was included based on size
fractions of TSP, PM10 and PM2.5 determined for the Project's sources in the emissions
inventory.
Details of the CALPUFF model configuration is provided in Appendix B.

8.3

Background levels of air quality

To determine the potential impact of a project upon the surrounding environment a
representative background concentration for all pollutants to be assessed is required. The
background dust level is generally defined as the level of dust that would exist in the
absence of anthropogenic sources. A summary of the background levels assumed for this
assessment are provided in Table 15.
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Table 15
Pollutant

Summary of ambient background dust levels used in this assessment
Averaging Period

Value

Units

Source
th

PM10

24-hour

18.5

µg/m³

24-hour

6.2

µg/m³

Annual

5.5

µg/m³

Annual

37

µg/m³

Annual / monthly
maximum

37.8

mg/m²/day

PM2.5

TSP
Dust
Deposition

EHP Springwood, highest 75
percentile 24-hour average
(2009)
th
EHP Springwood, highest 75
percentile 24-hour average
(2009)
EHP Springwood, highest
annual average (2009)
Assumed PM10/TSP
ratio of 50%
Boral West Burleigh, average
1
of WB1 and WB2

Table note:
1
Monitoring data from WB3 has not been used to determine the background dust deposition rate as measurements are
influenced by the nearby processing plant and product storage area and would not be a fair reflection on background levels in
the region.
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9.

Air quality impact assessment

The following section presents the results of the air quality dispersion modelling of emissions
of dust from the operation of the Gold Coast Quarry, with a maximum production rate of 2
Mtpa and with the pit developed to phase 5 (Q5 - full pit development). This stage of the
quarry operation has been predicted to have the highest potential for dust to impact on
sensitive receptors in the region surrounding the Project site.
Dispersion model output predicts a concentration or deposition rate for each hour of the year
(2011) for each pollutant considered in the study (TSP, PM10, PM2.5 and dust deposition).
That is, 8,760 1-hour average predictions are made at each grid point location within the
model area (100 x 100 grid points = 10,000 grid points). Results for each pollutant at each
grid point within the model area are averaged to match their respective assessment criteria.
For instance, PM10 has a 24-hour assessment criteria; therefore, each 1-hour average PM10
concentration at each grid point for a 24-hour period (1-day) is averaged to produce the
24-hour average PM10 concentration which can be directly compared to the assessment
criteria.
The results have been presented for the operation phase of the Project in isolation and
cumulatively with the addition of a representative ambient background concentration. As
discussed previously, the operation phase of the Project presents a scenario of the largest
potential dust generation capacity. Other phases of the Project, whilst they would have dust
generation, would not be at the same magnitude and can be considered to have a lower
impact than the dust concentrations presented here.
Predicted ground-level concentrations and deposition rates of dust within the model area,
and specifically at each identified sensitive receptor areas, have been assessed against the
Air EPP ambient air quality objectives and other relevant guidelines as discussed in
Section 4.2. Within each sensitive receptor area the highest predicted maximum, average
and minimum concentration is presented.
The results of the dispersion modelling include contour plots that are indicative of groundlevel concentrations and dust deposition rates. These are created from the predicted
ground-level concentrations and deposition rates at the network of grid points within the
model area, and converted to contours using a standard interpolation technique. Contour
plots are presented to illustrate the spatial distribution of ground-level concentrations and
deposition rates of dust as a result of the Gold Coast Quarry.

9.1

Particulate matter as TSP

Predicted annual average ground-level concentrations of TSP within each sensitive receptor
area due to the Project in isolation and cumulatively are presented in Table 16.
Contour plots of the predicted annual average ground-level concentrations of TSP are
presented in Figure 15 and Figure 16, due to the Project operations in isolation and
cumulatively with a background level of 37 μg/m3, respectively.
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Table 16

Predicted annual average ground-level concentrations of TSP (µg/m³)

Receptor
Area

Predicted annual average ground3
level concentrations of TSP (µg/m )
(isolation)
Minimum
Mean
Maximum

Predicted annual average ground3
level concentrations of TSP (µg/m )
(cumulative)
Minimum
Mean
Maximum

A

0.8

2.8

7.5

37.8

39.8

44.5

B

2.1

3.4

6.3

39.1

40.4

43.3

C

0.6

1.4

2.7

37.6

38.4

39.7

D

0.8

1.4

5.0

37.8

38.4

42.0

E

0.5

1.0

2.1

37.5

38.0

39.1

F

0.3

0.5

1.0

37.3

37.5

38.0

G

0.4

0.8

1.1

37.4

37.8

38.1

H

0.2

0.4

0.7

37.2

37.4

37.7

I

0.8

1.9

5.0

37.8

38.9

42.0

J_1

0.4

2.6

9.5

37.4

39.6

46.5

J_2

1.9

3.1

4.6

38.9

40.1

41.6

K

0.5

0.7

1.5

37.5

37.7

38.5

Background
Air EPP
objective

-

37*
90

Table note:
* TSP background derived from ratio of PM10 measured at Springwood EHP station in 2009 (Table 15)

The results show the following:
•

The predicted annual average ground-level concentrations of TSP are below the Air
EPP objective of 90 µg/m³ in all residential receptor areas and at all sensitive
receptors due to Project operations in isolation.

•

The highest concentration of TSP as a result of quarry operations in isolation is
predicted to occur in Receptor Area J_1 (Industry). A maximum annual average TSP
concentration of 10 µg/m³, or 11% of the Air EPP objective, is predicted.

•

The predicted annual average ground-level concentrations of TSP are below the Air
EPP objective of 90 µg/m³ in all residential receptor areas and at all sensitive
receptors due to Project operations assessed cumulatively with a background level of
37 μg/m3.

•

The highest concentration of TSP as a result of quarry operations assessed
cumulatively is predicted to occur in Receptor Area J_1 (Industry). A maximum
annual average TSP concentration of 47 µg/m³, or 52% of the Air EPP objective, is
predicted.
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9.2

Particulate matter as PM10

Predicted 6th highest 24-hour average ground-level concentrations of PM10 within each
sensitive receptor area due to the Project in isolation and cumulatively are presented in
Table 17.
Contour plots of the predicted 6th highest 24-hour average ground-level concentrations of
PM10 are presented in Figure 17 and Figure 18, due to the Project operations in isolation and
cumulatively with a background level of 18.5 μg/m3, respectively.
Table 17

Predicted 6th highest 24-hour average ground-level concentrations of PM10

Receptor
Area

Predicted 6th highest 24-hour average
ground-level concentrations of PM10
3
(µg/m ) (isolation)
Minimum
Mean
Maximum

Predicted 6th highest 24-hour average
ground-level concentrations of PM10
3
(µg/m ) (cumulative)
Minimum
Mean
Maximum

A

2.4

5.2

12.6

20.9

23.7

31.1

B

9.4

14.2

22.7

27.9

32.7

41.2

C

4.0

8.1

14.6

22.5

26.6

33.1

D

2.9

5.4

15.1

21.4

23.9

33.6

E

1.8

3.4

6.7

20.3

21.9

25.2

F

1.2

2.3

3.5

19.7

20.8

22.0

G

2.0

4.3

5.5

20.5

22.8

24.0

H

1.2

1.9

3.3

19.7

20.4

21.8

I

3.5

6.4

12.4

22.0

24.9

30.9

J_1

2.1

6.2

20.0

20.6

24.7

38.5

J_2

8.8

13.2

20.9

27.3

31.7

39.4

K

1.3

2.9

5.9

19.8

21.4

24.4

Background
Air EPP
objective

-

18.5*
50

Table note:
* PM10 background derived from measurements at Springwood EHP station in 2009 (Table 15)

The results show the following:
•

Predicted 6th highest 24-hour average ground-level concentrations of PM10 are below
the Air EPP objective of 50 µg/m³ in all residential receptor areas and at all sensitive
receptors due to Project operations in isolation.

•

The highest concentration of PM10 as a result of quarry operations in isolation is
predicted to occur in Receptor Area B (Old Burleigh Town (NW)). A maximum 6th
highest 24-hour average concentration of 23 µg/m³, or 46% of the Air EPP objective,
is predicted.

•

Predicted 6th highest 24-hour average ground-level concentrations of PM10 are below
the Air EPP objective of 50 µg/m³ in all residential receptor areas and at all sensitive
receptor areas due to Project operations assessed cumulatively with a background
level of 18.5 μg/m3.
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•

The highest concentration of PM10 as a result of quarry operations assessed
cumulatively is predicted to occur in Receptor Area B (Old Burleigh Town (NW)). A
maximum 6th highest 24-hour average concentration of 41 µg/m³, or 82% of the Air
EPP objective, is predicted.

•

The PM10 contour plots show the highest concentrations are predicted to occur over
the vegetation buffer. However, the 24-hour average PM10 Air EPP objective is
primarily aimed at protecting human health through inhalation pathways. The
significance of dust levels in vegetation surrounding the quarry is discussed in
Section 9.4.
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9.3

Particulate matter as PM2.5

The predicted maximum 24-hour average and annual average ground-level concentrations
of PM2.5 within each sensitive receptor area due to the Project in isolation and cumulatively
are presented in Table 18 and Table 19, respectively.
Contour plots of the predicted maximum 24-hour average and annual average ground-level
concentrations of PM2.5 are presented in Figure 19, Figure 20, Figure 21 and Figure 22, due
to the Project operations in isolation and cumulatively with background levels of 6.2 μg/m3
and 5.5 μg/m3respectively.
Table 18

Predicted maximum 24-hour average ground-level concentrations of
PM2.5 (µg/m³)

Receptor
Area

Predicted maximum 24-hour average
ground-level concentrations of PM10
3
(µg/m ) (isolation)
Minimum
Mean
Maximum

Predicted maximum 24-hour average
ground-level concentrations of PM10
3
(µg/m ) (cumulative)
Minimum
Mean
Maximum

A

0.6

1.2

2.7

6.8

7.4

8.9

B

1.7

2.7

4.3

7.9

8.9

10.5

C

0.9

2.1

3.7

7.1

8.3

9.9

D

0.6

1.3

4.0

6.8

7.5

10.2

E

0.5

0.8

1.4

6.7

7.0

7.6

F

0.3

0.9

1.7

6.5

7.1

7.9

G

0.5

1.0

1.6

6.7

7.2

7.8

H

0.3

0.5

1.0

6.5

6.7

7.2

I

1.2

2.3

5.3

7.4

8.5

11.5

J_1

0.4

1.3

4.7

6.6

7.5

10.9

J_2

1.6

3.0

4.9

7.8

9.2

11.1

K

0.4

1.0

2.1

6.6

7.2

8.3

Background
Air EPP
objective

-

6.2*
25

Table note:
* PM2.5 background derived from measurements at Springwood EHP station in 2009 (Table 15)
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Table 19

Predicted annual average ground-level concentrations of PM2.5 (µg/m³)

Receptor
Area

Predicted annual average groundlevel concentrations of PM2.5
3
(µg/m ) (isolation)
Minimum
Mean
Maximum

Predicted annual average groundlevel concentrations of PM2.5
3
(µg/m ) (cumulative)
Minimum
Mean
Maximum

A

0.06

0.19

0.48

5.6

5.7

6.0

B

0.20

0.30

0.55

5.7

5.8

6.1

C

0.05

0.12

0.22

5.6

5.6

5.7

D

0.06

0.11

0.37

5.6

5.6

5.9

E

0.03

0.07

0.14

5.5

5.6

5.6

F

0.02

0.04

0.07

5.5

5.5

5.6

G

0.04

0.08

0.11

5.5

5.6

5.6

H

0.02

0.03

0.05

5.5

5.5

5.5

I

0.06

0.12

0.29

5.6

5.6

5.8

J_1

0.04

0.22

0.79

5.5

5.7

6.3

J_2

0.16

0.25

0.37

5.7

5.7

5.9

K

0.04

0.05

0.11

5.5

5.6

5.6

Background
Air EPP
objective

-

5.5*
8

Table note:
* PM2.5 background derived from measurements at Springwood EHP station in 2009 (Table 15)

The results show the following:
•

Predicted maximum 24-hour average and annual ground-level concentrations of
PM2.5 are below the Air EPP objectives of 25 µg/m³ and 8 µg/m³ respectively, in all
residential receptor areas and at all sensitive receptors due to Project operations in
isolation.

•

Predicted maximum 24-hour average concentrations of PM2.5 are below the Air EPP
objective of 25 µg/m³, due to Project operations assessed cumulatively with
background level of 6.2 μg/m3.

•

Predicted annual average ground-level concentrations of PM2.5 are below the Air
EPP objective of 8 µg/m³, due to Project operations assessed cumulatively with a
background level of 5.5 μg/m3.

•

The PM2.5 contour plots show the highest concentrations are predicted to occur over
the vegetation buffer. However, the annual average PM2.5 Air EPP objective is
primarily aimed at protecting human health through inhalation pathways. The
significance of dust levels in vegetation surrounding the quarry is discussed in
Section 9.4.
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•

The highest concentration of annual average PM2.5 as a result of quarry operations
assessed cumulatively at a residential receptor area is in Receptor Area B (Old
Burleigh Town (NW)), located to the northeast of the quarry across Old Coach Road.
A maximum annual average concentration of 6.1 µg/m³, or 76% of the Air EPP
objective, is predicted.

9.4

Dust deposition rate

The predicted monthly maximum and annual average dust deposition rates within each
sensitive receptor area due to the Project in isolation and cumulatively are presented in
Table 20.
Contour plots of the predicted monthly maximum dust deposition rates due to the Project in
isolation and cumulatively are presented in Figure 23 and Figure 24, respectively, with a
background level of 37.8 mg/m²/day.
Contour plots of the predicted annual average dust deposition rates due to the Project in
isolation and cumulatively are presented in Figure 25 and Figure 26, respectively, with a
background level of 37.8 mg/m²/day.
Table 20

Predicted monthly maximum dust deposition rates

Receptor
Area

Predicted monthly maximum dust
deposition rate (mg/m²/day)
(isolation)
Minimum
Mean
Maximum

Predicted monthly maximum dust
deposition rate (mg/m²/day)
(cumulative)
Minimum
Mean
Maximum

A

8.4

27.9

80.6

46.2

65.7

118.4

B

9.6

21.4

42.0

47.4

59.2

79.8

C

2.5

6.8

15.4

40.3

44.6

53.2

D

3.0

11.1

56.9

40.8

48.9

94.7

E

4.6

13.0

40.5

42.4

50.8

78.3

F

2.0

4.3

11.8

39.8

42.1

49.6

G

2.5

5.2

6.9

40.3

43.0

44.7

H

1.6

3.3

6.0

39.4

41.1

43.8

I

7.9

26.2

72.1

45.7

64.0

109.9

J_1

2.4

15.1

78.1

40.2

52.9

115.9

J_2

10.3

17.5

28.5

48.1

55.3

66.3

1.9

4.5

13.2

39.7

42.3

51.0

10.5

80.7

301.5

48.3

118.5

339.3

K
Vegetation
buffer (L)
Background
Air EPP
objective

-

37.8*
120 mg/m²/day

Table note:
* Dust deposition rate background derived from measurements at West Burleigh Quarry (Table 15)
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Table 21

Predicted annual average dust deposition rates (mg/m²/day)

Receptor
Area

Predicted annual average dust
deposition rate (mg/m²/day)
(isolation)
Minimum
Mean
Maximum

Predicted annual average dust
deposition rate (mg/m²/day)
(cumulative)
Minimum
Mean
Maximum

A

3.7

16.2

50.8

41.5

54.0

88.6

B

3.6

7.8

14.9

41.4

45.6

52.7

C

1.0

2.8

6.4

38.8

40.6

44.2

D

1.6

4.2

21.3

39.4

42.0

59.1

E

1.5

4.1

11.8

39.3

41.9

49.6

F

1.0

2.1

5.0

38.8

39.9

42.8

G

0.7

1.5

1.9

38.5

39.3

39.7

H

0.9

1.7

3.2

38.7

39.5

41.0

I

4.0

11.8

34.6

41.8

49.6

72.4

J_1

0.6

6.9

37.8

38.4

44.7

75.6

J_2

4.7

8.1

12.2

42.5

45.9

50.0

0.8

2.3

7.0

38.6

40.1

44.8

5.1

37.7

216.9

42.9

75.5

254.7

K
Vegetation
buffer (L)
Background
Air EPP
objective

-

37.8*
130 mg/m²/day

Table note:
* Dust deposition rate background derived from measurements at West Burleigh Quarry (Table 15)

The results show the following:
•

Predicted maximum monthly dust deposition rates are below the EHP recommended
guideline of 120 mg/m²/day, due Project operations assessed in isolation and
cumulatively with a background of 37.8 mg/m²/day, in all residential receptor areas

•

The predicted monthly maximum dust deposition rate in the vegetation buffer, due
Project operations assessed in isolation, ranges from 11 to 302 mg/m²/day, with an
average of 81 mg/m²/day

•

Predicted annual average dust deposition rates are below the NSW OEH
assessment criteria of 130 mg/m²/day due Project operations assessed in isolation
and cumulatively with a background of 37.8 mg/m²/day, in all residential receptor
areas

•

The predicted annual average dust deposition rate in the vegetation buffer, due
Project operations assessed in isolation, ranges from 5 to 217 mg/m²/day, with an
average of 38 mg/m²/day

•

The dust deposition levels within the vegetation buffer vary depending upon the
proximity and direction from the Gold Coast Quarry disturbance footprint. The
vegetation buffer to the immediate south and north of the quarry receive the highest
predicted dust deposition rates (above the guidelines for human amenity and
nuisance impacts) due to the location of activities and also the wind direction. The
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vegetation buffer to the southwest and east of the quarry receive lower dust
deposition rates that are significantly below the guidelines for human amenity and
nuisance impacts.
•

There are no regulatory air quality objectives or guidelines relevant to dust affects on
flora and fauna in the vegetated buffer. Whilst some areas of the vegetation buffer
receive high dust deposition rates, they are not considered large enough to adversely
affect vegetation, whilst the majority of the vegetation buffer receives a relatively low
dust deposition rate.
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10.

Respirable crystalline silica assessment

10.1

Overview

Silica is a component of hard rock and overburden and is present in varying levels in both
crystalline and non-crystalline forms. Silica dust can be created at any point during cutting,
drilling, blasting or processing of hard rock and overburden. Silica dust can also be released
by activities such as wheel-action on unsealed haul roads.
Epidemiological studies have indicated that a prolonged exposure to respirable crystalline
silica at elevated levels may impact human health adversely. Note that this crystalline silica
must be in the form of very fine particles in order to be drawn into the lungs (respirable). It is
generally agreed that particles with an aerodynamic diameter less than three or four
micrometres (μm) are respirable (IARC, 1997).
There are no air quality objectives in the Air EPP for respirable crystalline silica. Therefore,
objectives from the Victorian Environmental Protection Agency (VIC EPA) have been
adopted for this study, which is a practice accepted by the EHP.
The “Protocol for Environmental Management: Mining and Extractive Industries” (VIC EPA,
2007) contains an assessment criterion for protection of human health for respirable
crystalline silica. The VIC EPA adopted the California EPA Office for Environmental Health
Hazard Assessment (OEHHA) crystalline silica inhalation reference exposure level (OEHHA,
2005). This criterion is listed in Table 22 and is used in this study. The equivalent PM2.5 Air
EPP annual objective is also shown in Table 22.
Table 22

Assessment criterion for respirable crystalline silica
Indicator

Averaging period

Air quality objective

Respirable crystalline silica in the form of PM2.5

Annual

3 µg/m³

PM2.5

Annual

8 µg/m³

If respirable crystalline silica is produced by the activities of the Gold Coast Quarry,
concentrations will be greatest in close proximity to the source of emissions. Hence, the risk
of exposure to respirable crystalline silica will be greatest for those working in close proximity
to dust producing activities. Boral will conduct routine monitoring of the exposure of its
workforce to respirable crystalline silica throughout the lifetime of the Gold Coast Quarry.
Ambient air measurements can give an indication of the fraction of respirable crystalline
silica in the form of quartz commonly found at extractive industry facilities. However,
because the Gold Coast Quarry is a greenfield site ambient air measurements are not
available. To determine a suitable respirable crystalline silica fraction the petrographic
analysis reports that Boral has undertaken on the hard rock deposits at the Gold Coast
Quarry have been used to conservatively estimate respirable crystalline silica. The
petrographic analysis of the Gold Coast Quarry hard rock indicates that the free silica
content of the 7 samples ranged from 18% to 32% (Geochempet, 2005).
This assessment of respirable crystalline silica has used the maximum free silica content
measured in the Gold Coast Quarry hard rock of 32% by assuming that 32% of respirable
dust generated from the gold Coast Quarry is in the form of crystalline silica. This is a
conservative assumption as not all dust sources from the quarry are from the hard rock
deposit. In fact, the largest source of dust is from wheel action on the haul roads. The silica
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content of the haul road may be lower than the silica content measured from the
Geochempet report.

10.2

Crystalline silica results

Dispersion modelling of respirable dust (PM2.5) has been undertaken for the operation of the
Gold Coast Quarry at 2 Mtpa, assuming pit phase 5 (full development) (see Section 9.3).
The predicted ground level concentrations of annual average PM2.5 are presented in Table
23 for the Project in isolation and with a background concentration of 5.5 µg/m³, reproduced
from the results presented in Section 9.3. Table 23 also presents the predicted levels of
respirable crystalline silica for the quarry operation in isolation, at each sensitive receptor
area. The annual average respirable crystalline silica concentration has been determined
assuming that 32% of the annual PM2.5 concentration is crystalline silica.
Contour plots of the predicted annual average ground-level concentrations of respirable
crystalline silica is presented in Figure 27, due to the Project operations in isolation.
Table 23

Predicted annual average ground-level concentrations of PM2.5 (µg/m³)
and respirable crystalline silica

Receptor
Area

Maximum predicted annual average
ground-level concentrations of PM2.5
3
(µg/m )
Isolation
Cumulative

Annual average respirable
crystalline silica due to Project
operation in isolation (µg/m³)
Isolation

A

0.48

6.0

0.15

B

0.55

6.1

0.18

C

0.22

5.7

0.07

D

0.37

5.9

0.12

E

0.14

5.6

0.05

F

0.07

5.6

0.02

G

0.11

5.6

0.03

H

0.05

5.5

0.01

I

0.29

5.8

0.09

J_1

0.79

6.3

0.25

J_2

0.37

5.9

0.12

K

0.11

5.6

0.04

-

5.5

-

Background
Guideline

8 µg/m³

3 µg/m³

The results show the following:
•

The maximum predicted crystalline silica concentration in a sensitive receptor area
is 0.25 µg/m³ (Receptor J_1), or 8% of the EPA Victoria assessment criterion of
3 µg/m³
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The potential for the operation of the Gold Coast Quarry to cause elevated levels of
respirable crystalline silica has been evaluated based on the results of the dispersion
modelling assessment of the quarry operating at 2Mtpa and the assumption that 32% of the
respirable dust (PM2.5) would be in the form of crystalline silica. This assumption is based on
hard rock petrographic surveys at the Gold Coast Quarry indicating a maximum free silica
content of 32 %. The results suggest that concentrations of respirable crystalline silica at the
nearest sensitive areas to the quarry are likely to be less that 10% of the EPA Victoria
assessment criterion.
To evaluate the sensitivity of this finding to the assumed free silica content, an even more
conservative assumption could be used that 100% of the respirable dust (PM2.5) emitted
from the Gold Coast Quarry operations is crystalline silica. This would result in a predicted
crystalline silica concentration at Receptor J_1 (highest) of 0.79 µg/m³. This is still only 26%
of the EPA Victoria assessment criterion of 3 µg/m³.
The findings of this respirable crystalline silica assessment for the proposed Gold Coast
Quarry show a similar result to the findings reported in the Mount Cotton Quarry Dust
Investigation, conducted by the Queensland Government (DSITIA, 2012).
In 2009 the Queensland Government conducted a year long monitoring study of dust levels
in the Mount Cotton region, specifically around the Karreman's Quarry (a 2.7 Mtpa hard rock
quarry) and Barro Group Pty Ltd Quarry (a 0.5 Mtpa hard rock quarry). The study was
undertaken following concerns raised by the local community about the impacts of air
emissions from quarrying activities on the health and wellbeing of the surrounding
community.
One part of the monitoring study determined the annual average crystalline silica
concentration at two monitoring sites based on samples taken over seven day periods
throughout 2009.
The findings of the Mount Cotton Quarry Dust Investigation in relation to respirable
crystalline silica were:
"Annual average PM2.5 crystalline silica concentrations in the Mount Cotton
community were very low, less than ten per cent of the Victorian EPA annual average
guideline value. Crystalline silica was detected in 90 per cent of PM2.5 samples at
Site 2 close to the quarry boundary, but this fell to less than 50 per cent of samples at
a distance of 1.5 km from the quarry at Site 1.....
The results from this investigation conclude that the Mount Cotton community is
unlikely to suffer any adverse health effects from particle and crystalline silica
generated from quarrying activities in the Mount Cotton area".
The Queensland Government study and this assessment indicate that whilst silica may be
generated from quarry activities, the levels that are produced do not pose a health risk to
people who live in communities adjacent to extractive industries. Notwithstanding this, Boral
is committed to the health and safety of its workforce and the health and wellbeing of the
local community. Boral will ensure that management practices at the proposed Gold Coast
Quarry are implemented throughout the lifetime of the project to ensure that emissions are
minimal.
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11.

Conclusion

An air quality assessment was conducted to assess the potential impacts from the proposed
Gold Coast Quarry, a 2 Mtpa hard rock quarry with at least a 40 year lifetime, bordering Old
Coach Road and Tallebudgera Creek Road, at Reedy Creek on the Gold Coast. The
assessment was undertaken to form part of the Environmental Impact Statement of the Gold
Coast Quarry.
The air quality assessment was conducted in accordance with recognised techniques for
dispersion modelling and emissions estimation and has specifically addressed air quality
items in the Coordinator-General's ToR for the Gold Coast Quarry (ToR Section 4.5). The
air quality impact assessment investigated the potential effect of dust emissions arising from
the Gold Coast Quarry at the stage of operations with the highest potential to generate
emissions. A cumulative assessment of the Gold Coast Quarry combined with ambient dust
concentrations in the wider region was conducted. The air quality assessment also
conservatively quantified crystalline silica emissions from the quarry and the potential health
risk associated with such emissions.
A review of the activities proposed at the Gold Coast Quarry highlighted that the most
important air pollutant is dust (considered as TSP, PM10 and PM2.5). Small quantities of
other air pollutants such as oxides of nitrogen and carbon monoxide may also be emitted
from the Project's activities but were deemed a low risk and not assessed further. CO2
emissions from the Gold Coast Quarry are assessed in a separate study.
The Gold Coast Quarry is to be developed in a number of stages, from site establishment,
development of the processing area to extraction from the pit and production of hard rock
product (operation). The following activities proposed to be conducted at the Gold Coast
Quarry have the potential to give rise to dust emissions:
•
•
•
•
•
•
•
•

Material handling by site machinery such as bulldozers / front end loaders / scrapers
Drilling of blast holes within the pit area
Blasting within the pit area
Excavation of raw material
Processing of raw material (crushing and screening) by both mobile and fixed plant
Wheel generated dust associated with haulage of raw material and product
Wind erosion of raw material and product stockpiles
Wind erosion of exposed areas (pit and plant areas)

A dispersion modelling study of the Gold Coast Quarry has been undertaken to predict the
ground-level concentrations of PM10, PM2.5 and TSP as well as dust deposition rates in the
surrounding residential communities, associated with the Project. Dust concentrations have
also been predicted in the vegetated buffer that surrounds the disturbance area of the
Project. The air quality assessment also conservatively quantified crystalline silica
emissions from the quarry and the potential health risk associated with such emissions.

Katestone Environmental Pty Ltd
D1205128-3 Cardno HRP - Gold Coast Quarry Air Quality Assessment

April 2013
Page 45

The findings of the air quality assessment of the Gold Coast Quarry are as follows:
•
•
•

The predicted ground-level concentrations of TSP, PM10 and PM2.5 due to the Project
are below the relevant Air EPP objectives in all residential areas and at all sensitive
receptors assessed in isolation and cumulatively
The predicted dust deposition rates due to the Project are below the relevant
objectives and assessment criteria in all residential areas and at all sensitive
receptors due to Project operations assessed in isolation and cumulatively
There are no regulatory air quality objectives or guidelines relevant to dust affects on
flora and fauna in the vegetated buffer. Some areas of the vegetation buffer receive
high dust deposition rates but are not considered large enough to adversely affect
vegetation, whilst the majority of the vegetation buffer receives a relatively low dust
deposition rate

The findings of the assessment of crystalline silica are as follows:
•
•

•

The predicted concentrations of respirable crystalline silica from operations of the
Gold Coast Quarry are less than 10% of the EPA Victoria assessment criterion in all
residential areas and at all sensitive receptors.
A Queensland Government study in 2009 measured respirable crystalline silica near
two quarries in the Mount Cotton community. The study found that measured
concentrations of respirable crystalline silica were less than 10% of the EPA Victoria
assessment criterion
Based on the findings of this assessment for the proposed Gold Coast Quarry and
inference from the findings from the Queensland Government study, emissions of
crystalline silica from the Gold Coast Quarry are low and present a minimal health
risk.
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Figure 1

Location of Gold Coast Quarry

Location:
Reedy Creek,
Gold Coast, Qld

Data source:
Cardno HRP
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Figure 2

Land use map surrounding the Gold Coast Quarry

Location:
Gold Coast Quarry, Qld

Data source:
Cardno HRP
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Figure 3

Sensitive receptor map

Location:
Gold Coast Quarry,
Qld

Data source:
Cardno HRP

Units:

Type:
Cadastral map

Prepared by:
Andrew Vernon

Date:
February 2013
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Figure 4

Mean maximum and minimum temperatures recorded at Coolangatta
Airport AWS

Location:
Coolangatta
Airport

Period:
1982 - 2012

Type:
Line graph

Data source:
Bureau of
Meteorology

Units:
°C

Prepared by:
Andrew Vernon

Date:
February 2013
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Figure 5

Climate classification - seasonal rainfall classification system

Location:
Queensland

Period:
1982 - 1990

Type:
Climate map

Data source:
Bureau of
Meteorology

Units:
classification

Prepared by:
Michael Burchill

Date:
February 2013
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Figure 6

Average monthly rainfall at Coolangatta Airport AWS

Location:
Coolangatta Airport

Period:
1982 - 2012

Type:
Histogram

Data source:
Bureau of Meteorology

Units:
millimetres

Prepared by:
Andrew Vernon

Date:
February 2013
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Figure 7

Mean 9am and 3pm relative humidity at Coolangatta Airport AWS

Location:
Coolangatta Airport

Period:
1982 - 2012

Type:
Histogram

Data source:
Bureau of Meteorology

Units:
percent

Prepared by:
Andrew Vernon

Date:
February 2013
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N

Figure 8

Annual wind speed (metres per second) and wind direction (degrees) at
the Project site

Location:
Gold Coast Quarry,
Queensland

Period:
2011

Data source:
TAPM/CALMET

Type:
Wind rose

Averaging period: Prepared by:
1-hour
Andrew Vernon
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Metres per second
and degrees
Date:
February 2013
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Figure 9

Seasonal wind speed (metres per second) and wind direction (degrees) at
the Project site

Location:
Gold Coast Quarry,
Queensland

Period:
2011

Data source:
TAPM/CALMET

Type:
Wind rose

Averaging period: Prepared by:
1-hour
Andrew Vernon
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N

Figure 10 Diurnal wind speed (metres per second) and wind direction (degrees) at
the Project site
Location:
Gold Coast Quarry,
Queensland

Period:
2011

Data source:
TAPM/CALMET

Type:
Wind rose

Averaging period: Prepared by:
1-hour
Andrew Vernon

Katestone Environmental Pty Ltd
D1205128-3 Cardno HRP - Gold Coast Quarry Air Quality Assessment

Units:
Metres per second
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Figure 11 Diurnal profile of modelled mixing height at the Project site
Location:
Gold Coast Quarry, QLD

Period:
2011

Data source:
TAPM/CALMET

Units:
metres

Type:
Box and whisker

Averaging period:
1-hour

Prepared by:
Andrew Vernon

Date:
February 2013
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Figure 12

Location of dust deposition gauges at West Burleigh Quarry

Location:
West Burleigh Quarry, QLD

Type:
Location map
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Data source:
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Date:
February 2013
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Figure 13

Timeseries of dust deposition rates measured at West Burleigh Quarry

Location:
West Burleigh Quarry, QLD

Period:
2005 - 2012

Data source:
Boral

Units:
mg/m²/day

Type:
Timeseries

Sample time:
1-month average

Prepared by:
Andrew Vernon

Date:
February 2013
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Figure 14

Gold Coast Quarry site layout (Q5)

Location:
Gold Coast Quarry

Data source:
Boral
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Figure 15 Predicted annual average ground-level concentrations of TSP due to
Project operations in isolation

Location:
Gold Coast, QLD

Averaging period:
Annual

Data source:
Calpuff

Units:
µg/m³

Type:
Annual contours

Objective:
Air EPP - 90 µg/m³

Prepared by:
Andrew Vernon

Date:
February 2013
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Figure 16 Predicted annual average ground-level concentrations of TSP due to
Project operations and including a background level of 37 µg/m³

Location:
Gold Coast, QLD

Averaging period:
Annual

Data source:
Calpuff

Units:
µg/m³

Type:
Annual contours

Objective:
Air EPP - 90 µg/m³

Prepared by:
Andrew Vernon

Date:
February 2013
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Figure 17 Predicted 6th highest 24-hour average ground-level concentrations of
PM10 due to Project operations in isolation

Location:
Gold Coast, QLD

Averaging period:
24-hour

Data source:
Calpuff

Units:
µg/m³

Type:
6th highest 24-hour
average contours

Objective:
Air EPP - 50 µg/m³

Prepared by:
Andrew Vernon

Date:
February 2013
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Figure 18 Predicted 6th highest 24-hour average ground-level concentrations of
PM10 due to Project operations and including a background level of
18.5 µg/m³
Location:
Gold Coast, QLD

Averaging period:
24-hour

Data source:
Calpuff

Units:
µg/m³

Type:
6th highest 24-hour
average contours

Objective:
Air EPP - 50 µg/m³

Prepared by:
Andrew Vernon

Date:
February 2013
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Figure 19 Predicted maximum 24-hour average ground-level concentrations of
PM2.5 due to Project operations in isolation

Location:
Gold Coast, QLD

Averaging period:
24-hour

Data source:
Calpuff

Units:
µg/m³

Type:
Maximum 24-hour
average contours

Objective:
Air EPP - 25 µg/m³

Prepared by:
Andrew Vernon

Date:
February 2013
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Figure 20 Predicted maximum 24-hour average ground-level concentrations of
PM2.5 due to Project operations and including a background level of
6.2 µg/m³
Location:
Gold Coast, QLD

Averaging period:
24-hour

Data source:
Calpuff

Units:
µg/m³

Type:
Maximum 24-hour
average contours

Objective:
Air EPP - 25 µg/m³

Prepared by:
Andrew Vernon

Date:
February 2013
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Figure 21 Predicted annual average ground-level concentrations of PM2.5 due to
Project operations in isolation

Location:
Gold Coast, QLD

Averaging period:
Annual

Data source:
Calpuff

Units:
µg/m³

Type:
Annual contours

Objective:
Air EPP - 8 µg/m³

Prepared by:
Andrew Vernon

Date:
February 2013
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Figure 22 Predicted annual average ground-level concentrations of PM2.5 due to
Project operations and including a background level of 5.5 µg/m³

Location:
Gold Coast, QLD

Averaging period:
Annual

Data source:
Calpuff

Units:
µg/m³

Type:
Annual contours

Objective:
Air EPP - 8 µg/m³

Prepared by:
Andrew Vernon

Date:
February 2013
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Figure 23 Predicted monthly maximum dust deposition rates due to Project
operations in isolation

Location:
Gold Coast, QLD

Averaging period:
Monthly maximum

Data source:
Calpuff

Type:
Monthly maximum
contours

Objective:
Prepared by:
EHP recommended Andrew Vernon
- 120 mg/m²/day
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Figure 24 Predicted monthly maximum dust deposition rates due to Project
operations and including a background level of 37.8 mg/m²/day

Location:
Gold Coast, QLD

Averaging period:
Monthly maximum

Data source:
Calpuff

Type:
Monthly maximum
contours

Objective:
Prepared by:
EHP recommended Andrew Vernon
- 120 mg/m²/day
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Figure 25 Predicted annual average dust deposition rates due to Project operations
in isolation

Location:
Gold Coast, QLD

Averaging period:
Annual

Data source:
Calpuff

Units:
mg/m²/day

Type:
Annual contours

Criteria:
NSW OEH 130 mg/m²/day

Prepared by:
Andrew Vernon

Date:
February 2013
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Figure 26 Predicted annual average dust deposition rates due to Project operations
and including a background level of 37.8 mg/m²/day

Location:
Gold Coast, QLD

Averaging period:
Annual

Data source:
Calpuff

Units:
mg/m²/day

Type:
Annual contours

Criteria:
NSW OEH 130 mg/m²/day

Prepared by:
Andrew Vernon

Date:
February 2013
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Figure 27 Predicted annual average concentration of respirable crystalline silica
due to Project operations in isolation

Location:
Gold Coast, QLD

Averaging period:
Annual

Data source:
Calpuff

Units:
µg/m³

Type:
Annual contours

Criteria:
Vic EPA - 3 µg/m³

Prepared by:
Andrew Vernon

Date:
February 2013
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Appendix A
Methodology and Activity
Data for Dust Emissions
Inventory
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A1

Gold Coast Quarry Dust Emissions Inventory

Dust emissions for activities related to each stage of the quarry were based on emission
factors and methods published by the US EPA (US EPA, 1998; US EPA 2006a; US EPA
2006b; US EPA 2004; US EPA 2003; US EPA 2011).
Operational information, site layouts, quarrying methods and vehicle information were
provided by Boral and Cardno HRP. Typical quarry product and overburden characteristics
were taken from the US EPA AP-42 documents where information was not available.
The complete dust emissions inventory is detailed in Section 7, Table 13 of the Gold Coast
Quarry Air Quality Assessment Report and reproduced below.

TSP

Emission Rate (g/s)
PM10

PM2.5

Establishment 1 (E1)

0.52

0.10

0.01

Establishment 2 (E2)

4.15

1.23

0.13

Establishment 3 (E3)

6.26

1.82

0.19

Development 1 and 2 (D1/D2)

8.44

2.83

0.38

Development 3 and 4 (D3/D4)

11.72

3.82

0.50

24.01

9.13

1.18

Stage

Operation (Q1 -Q5)

1

Table note:
1
Operation expected to last for 40 years at extraction rate of 2 Mtpa. These emissions are based on Operational Stage Q5,
which is 2Mtpa extraction with full development of the pit

A summary of the activities from each stage of the quarry is provided in the table below.
Incremental tonnage per Stage/Phase
Material
Topsoil
Cut
Fill
Overburden
Product

Phase E1
4000
21900
1850
20050
0

Phase E2
15912
422240
95760
326480
0

Phase E3
8964
453180
115900
337280
0

Phase D1
26100
888942
0
776652
112290

Phase D2
0
1441133
0
844625
596507

Phase D3
18900
1365735
24890
744338
596507

Phase D4
0
1405650
0
827775
577875

The following sections describe in detail the methodologies and activity data that was used
to calculate the dust emissions inventory for the operational stage (phase Q5) of the Gold
Coast Quarry, and used in the air quality assessment.
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A2

Methodology and activity data for Operation Q5 dust emissions
inventory

The following sections detail how dust emissions from each activity were calculated and list
the activity data used for the calculation. Where possible, discussion of the parameters that
have the greatest influence on the dust emissions has been included.

A2.1 Quarry hours of operation
Boral provided the following information regarding the operating hours of the proposed
quarry. Each section includes detail of how the operating hours for each activity have been
incorporated into the dispersion modelling to provide a more accurate prediction of potential
impacts.
Parameter
Number of operating
days per week for
quarry
Quarry operating hours
Number of days per
week for blasting
Blasting hours per day

Units

Value

Comments

Days/
week

6

Quarry operates Monday to Saturday

hours

12

6am - 6pm

Days/week

5

Monday to Friday

hours

8

9am - 5pm

A2.2 Drilling
The emission factors for drilling were calculated from the AP42 documents, chapter 11.9
"Western Surface Coal Mining" (October 1998).
Material
Overburden/raw quarry
material

Units

TSP

PM10

PM2.5

kg/hole

0.59

TSP x 0.52

TSP x 0.03

To estimate peak emissions and therefore the maximum ground-level concentrations of dust
over a 24-hour period, one blast per day was assumed, and therefore the drilling of 150
holes per day was also assumed. Calpuff was set up to model the dispersion of dust
emissions due to drilling 150 holes released at a constant rate between 6am to 6pm, each
day.
Parameter
Number of holes drilled
per blast

Units

Value

Source

holes/blast

150

Boral
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A2.3 Blasting
The emission factor for blasting was calculated from the AP42 documents, chapter 11.9
"Western Surface Coal Mining" (October 1998).
Material
Overburden/raw quarry
material

Units
kg/blast

TSP
1.5

0.00022 x A

PM10

PM2.5

TSP x 0.52

TSP x 0.03

Where A is the area per blast (m2). One blast per day was assumed in order to estimate the
maximum ground-level concentrations of dust due to quarry operations over a 24-hour
period. Actual frequency of blasting is proposed to be once a week.
Parameter
Blasts per day
Area per blast (A)

Units

Value

blasts/day

1

m

2

1300

Source
For dispersion modeling purposes,
actual frequency of blasting is proposed
to be once a week.
Blastechnology

Calpuff was set up to model the dispersion of dust emissions due to one blast released at a
constant rate between 6am to 6pm, each day, which is consistent .with the objectives for
PM10 and PM2.5.

A2.4 Bulldozing
The emission factors for bulldozing were calculated from the AP42 documents, chapter 11.9
“Western Surface Coal Mining” (October 1998).
Material
Overburden/raw quarry
material

Units

TSP

PM10
1.2

kg/hr

2.6 ( s)
( M )1.3

0.74 ×

PM2.5
1.5

0.45 ( s)
( M )1.4

TSP x 0.105

Where s = material silt content (%)
M = material moisture content (%)
Emissions of dust due to dozer movements in the active pit area were calculated using the
following activity data.
Parameter
Number of bulldozers
Operations hours/day
for each bulldozer
Silt content of active pit
material
Moisture content of
active pit material

Units
number

Value
1

hr

12

%

6.9

%

7.9

Source
Boral
Assumed to operate continuously while
other quarry operations occur (i.e. from
6am to 6pm)
US EPA AP42 documents, Chapter 13.3
"Unpaved roads" (US EPA, 2006a).
Average value for bulldozing
overburden

Calpuff was set to model the continuous use of the bulldozer between 6am to 6pm, each
day. While the emissions due to dozer activity are dependent on material characteristics,
they are directly proportional to the hours of operation. The estimate of emissions is
conservative as it has assumed a 100% utilisation rate for the bulldozer.
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A2.5 Material transfers
Material is transferred at various locations and by several types of equipment during quarry
operations. The emission rates for transfer points were calculated using the following
equation from the AP42 documents, chapter 13.2 "Aggregate Handling and Storage Piles"
(November 2006b):
1.3

 U  M 
E = k 0.0016 
  
 2.2   2 

−1.4

kg / t

k
k
k

=
=
=

0.74 for particles less than 30 μm
0.35 for particles less than 10 μm
0.053 for particles less than 10 μm

U
M

=
=

mean wind speed in m/s
material moisture content

The following activity data were used to calculate emissions due to material transfers.
Parameter
Mean wind speed
between 6am and
6pm

Overburden moisture
content

Raw material moisture
content

Product moisture
content

Units

Value

Source

m/s

3.3

CALMET

%

%

%

7.9

2.1

2.1

Comments
All material transfers will
occur during quarry
operating hours, during
which the average wind
speed is slightly higher than
over a 24-hour period
Used for:
• front end loaders
moving overburden in
active pit area
• truck dumping
overburden

US EPA AP42
documents, Chapter 13.3
"Unpaved roads" (US
EPA, 2006a). Average
value for bulldozing
overburden
US EPA AP42
documents, chapter
13.2.4, average values for •
stone quarrying and
processing "various
limestone products"
US EPA AP42
documents, chapter
13.2.4, average values for
stone quarrying and
processing "crushed
limestone"

•
•
•
•
•
•
•

Used for:
front end loaders
moving raw quarry
material
Used for:
front end loaders
truck dumping
trip feeders
conveyor transfers
surge bins
stacking
reclaiming
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Parameter
Front end loader
overburden
extraction/dumping
rate
Front end loader raw
material extraction
rate
Truck dumping to
primary crusher
Total transfer capacity
through primary
crusher stage
Stacking and
reclaiming rate at
scalps/roadbase
stockpile
Stacking and
reclaiming rate at
primary stockpile
Total trip feeder rate
near primary stockpile
Stacking and
reclaiming rate at
scalps/roadbase
stockpile
Stacking and
reclaiming rate at
secondary scalps
stockpile
Total transfer capacity
through secondary
crusher stage
Total transfer capacity
through tertiary
crusher stage
Stacking and
reclaiming rate at
ballast stockpile
Total transfer capacity
through final
screening stage
Total transfer capacity
in loadout
Stacking and
reclaiming rate at
blending stockpile

Units

Throughputs
Value

tph

100

tph

900

tph

895

tph

3,080

Source
Assumed to match extraction rate

Process flow diagrams provided by Boral
tph

142

tph

752

tph

752

tph

142

Process flow diagrams provided by Boral

tph

292

Assumed equivalent to blending stockpile.

tph

4,343
Process flow diagrams provided by Boral

tph

5,892

tph

292

tph

1,498

Assumed equivalent to blending stockpile.

Process flow diagrams provided by Boral
tph

2,685

tph

292

Assumed reclaiming rate. Stacking rate provided
on process flow diagrams from Boral

Calpuff was set up to model dispersion of dust emissions due to material transfers released
between 6am and 6pm.
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A2.6 Screening
Emission factors for screening at the processing plant were calculated using the AP42
documents, chapter 11.19.2 "Crushed Stone Processing and Pulverized Mineral
Processing."
Material
Raw
material
product

quarry
and

Units

TSP

PM10

kg/Mg

0.0125

0.0043

PM2.5
PM10 x 0.000025 / 0.00037
(using the ratio of controlled
screening PM2.5 and PM10
emission factors for as a
scaling factor)

The following throughputs, provided by Boral, were used to calculate the peak emissions
due to screening over a day of quarry operations. Calpuff was set up to model dispersion of
these emissions released at a constant rate between 6am and 6pm each day.
Screen number

Units

1
2
3
4
5
6
7
8
9
10
11
12
13

tph
tph
tph
tph
tph
tph
tph
tph
tph
tph
tph
tph
tph

Maximum
throughput
242
242
237
752
442
442
379
379
749
375
375
291
121

Comments
Screens within primary crushing stage
Screens within secondary crushing
stage
Screens within tertiary crushing stage

Screens within final screening stage

A2.7 Crushing
Emission factors for primary, secondary and tertiary crushing of quarry products at the
processing plant were calculated using the AP42 documents, chapter 11.19.2 "Crushed
Stone Processing and Pulverized Mineral processing” (August 2004). Emission factors for
all crushing operations have been determined from the emission factor for tertiary crushing.
Material

Units

TSP

PM10

Raw and
product
material

kg/Mg

0.0027

0.0012

PM2.5
TSP x 0.00005 /
0.0027 (using the ratio
of controlled tertiary
crushing PM2.5 and
TSP emission factors
for as a scaling factor)

The following throughputs, provided by Boral, were used to calculate the peak emissions
due to crushing over a day of quarry operations. Calpuff was set up to model dispersion of
these emissions released at a constant rate between 6am and 6pm each day.
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Crusher number

Units

1
2a
2b
3
4
5
6

tph
tph
tph
tph
tph
tph
tph

Maximum
throughput
653
351
351
253
253
253
600

Comments
Primary crusher
Secondary crushers

Tertiary crushers

A2.8 Conveyor emissions
TSP emissions from conveyors at the quarry processing plant for each hour modelled were
estimated using the following equation:

where:
EFTSP
U
UCONV

𝐸𝐹𝑇𝑆𝑃 = 0.031 × 0.2 ×

0.00006(𝑈 + 𝑈𝑐𝑜𝑛𝑣 )2 − 0.0002(𝑈 + 𝑈𝑐𝑜𝑛𝑣 )2 + 0.0001
0.00006(10 + 𝑈𝑐𝑜𝑛𝑣 )2 − 0.0002(10 + 𝑈𝑐𝑜𝑛𝑣 )2 + 0.0001

emission factor for TSP (g/m/s)
wind speed (m/s)
conveyor speed (m/s)

TSP emissions for each hour modelled were based on the combined speed of prevailing
winds and the conveyor, referenced in the study by GHD and Oceanics Australia (GHDOceanics, 1975), using the reference emission rate of 0.031 g/s/m at a base wind velocity of
10 m/s.
The factor 0.2 is used to account for the difference in particle size distribution between
particulate matter sampled in the GHD Oceanics study and the normal TSP size fraction of
PM30-50.
Of TSP emissions, 47% are estimated to be PM10 and 7% of TSP emissions are estimated
to be PM2.5. The particulate matter distribution is based on size ratios of dust emitted from
transfers.
The following activity data were used to estimate emissions due to conveyors within the
processing plant. Calpuff was set up to model emissions from conveyors operating between
6am and 6pm.
Parameter
Wind speed
Conveyor speed
Total
length
of
conveyors (as viewed
on site layouts)
Slant
angle
of
conveyors
Total
length
of
conveyors

Units
m/s
m/s

Value
3.3
6

Source
CALMET
Assumed

m

1562

Site layouts provided by Boral

%

6

Boral

m

1570

Calculated from information and layouts
provided by Boral
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A2.9 Haulage on Unpaved Roads
The emission factors for wheel generated dust due to haulage along unpaved roads were
calculated from the AP42 documents in chapter 13.2.2 titled “unpaved roads” dated
December 2003.
The equation included in the assessment is as follows:

E = k (s / 12 ) (W / 3)
a

b

Where s = surface material silt content (%)
W = mean vehicle weight (tons) and the following constants were assumed.
Constant

TSP (assumed from
PM30)
4.9
0.7
0.45

k (lb/VMT)
a
b

PM10

PM2.5

1.5
0.9
0.45

0.15
0.9
0.45

The following activity data were used to estimate emissions from haulage activity on
unpaved roads onsite. Calpuff was set up to model the dispersion of haulage emissions
generated during the quarry operational hours of 6am and 6pm.

Parameter
Units
Material characteristics
Surface material
silt content

Surface material
silt content

%

%

Vehicle weights
Cat 740 ADT
tonnes
payload
Cat 740 ADT
tonnes
average weight
Product haul
tonnes
truck payload
Product haul
truck average
tonnes
weight
Haul road lengths - one way
Active pit to
km
processing area

Value

8

10

Source
US EPA AP-42 documents,
Chapter 13.3 " Unpaved roads"
(US EPA, 2006a). Average value
for stone quarrying and
processing
US EPA AP-42 documents,
Chapter 13.3 " Unpaved roads"
(US EPA, 2006a). Plant road
average value for stone quarrying
and processing

39.5

Comments
•

•

•

53
43

Specifications data provided by
Boral

•

36

1.73

Processing area
to product
stockpiles

km

0.06

Product stockpile
area to paved
access road

km

0.16

Site layouts provided by Boral

Used for:
haulage of raw
material from
active pit to
processing area
Used for:
haulage of product
to main road along
unsealed route
Used for:
haulage of raw
material and
overburden onsite
Used for:
haulage of product
material from
processing area
offsite

Haulage of raw quarry
material
Haulage of product
material that is not
leaving site
immediately
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A2.10 Haulage on Paved Roads
The emission factors for wheel generated dust due to haulage along the paved section of
road up to the site boundary were calculated from the AP42 documents in chapter 13.2.1
titled “Paved Roads” dated December 2003.
The equation included in the assessment is as follows:

E = k (sL )

0.91

× (W )

1.02

Where sL = road surface silt loading (g/m2)
W = mean vehicle weight (tons) and the following constants were assumed.
Constant

TSP (assumed from
PM30)
3.23

k (g/VKT)

PM10

PM2.5

0.62

0.15

The following activity data were used to calculate emissions due to haulage of product
material on the section of paved road. Calpuff was set up to model the dispersion of
haulage emissions generated between 6am and 6pm.
Parameter
Length of haul road

Units
km

Silt loading

g/m

Product haul truck
payload
Product haul truck
average weight

Value
0.85

2

8

tonnes

43

tonnes

36

Source
Site layout provided by Boral
US EPA AP-42 documents, Chapter
13.3.1 "Paved roads" (US EPA, 2006a).
Plant road average value for quarrying
Specifications data provided by Boral

A2.11 Grading of Unsealed Haul Roads
The emission factors for grading were calculated from the AP42 documents, chapter 11.9
“Western Surface Coal Mining” (October 1998).
Material
Unsealed
road

Units
kg/VKT

TSP
0.0034 (S)

PM10
2.5

0.6 x 0.051 (S)

PM2.5
2.0

TSP x 0.031

Where S = mean vehicle speed (km/hr), based on specifications data for a 140M grader that
would be used by the earthworks crew.
For the modelling assessment a mean vehicle speed of 12.4 km/hr has been adopted. One
grader has been assumed to operate 50% of the time during quarry operating hours.
Grading emissions have been apportioned to each section of unsealed haul road according
to the length of each section. Calpuff was set up to model the dispersion of haulage
emissions generated between 6am and 6pm.
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A2.12 Wind Erosion
Wind erosion will occur 24 hours per day, regardless of quarry operations. The amount of
dust lift-off into the air is dependent on the wind speed. Typically, wind speeds during the
daytime are higher than overnight. While this means that there may be more dust lift-off
during the day than overnight, conditions for dispersion are typically poorer overnight due to
a much lower mixing height and more stable air and there is not a straightforward
relationship between the amount of dust lift-off and potential impacts in the area. To
accurately represent the variation in dust lift-off and dispersion of these emissions
throughout a 24-hour period, Calpuff has been set up with hourly varying emissions for wind
erosion.

A2.12.1Wind Erosion of Active Stockpiles
The emission factors for active stockpiles and the active pit area were calculated from the
AP42 documents, chapter 11.9 “Western Surface Coal Mining” (October 1998). Scaling
factors for the PM10 and PM2.5 emission factors were taken from the AP42 documents,
chapter 13.2 "Industrial Wind Erosion" (November 2006).
Material

Units

TSP

Active
stockpiles

kg/(hectare)(hour)

1.8 × 𝑢 ×

365−𝑝
,
365

PM10
TSP x 0.5
(assumed from the
NPI mining version
2.3 where a 50 %
ratio of TSP to
PM10 was found.

PM2.5
PM10 x 0.075
(assumed from the
NPI mining version
2.3 where a 15 %
ratio of TSP to PM10
was found.

Where u = wind speed and p is the number of days per year with rainfall greater than
0.25mm.
To calculate wind erosion emissions from active stockpiles, a time series of hourly wind
speeds over the entire year was extracted from the dataset generated by CALMET at the
project site. The equations and activity data in the following sections were then applied to
calculate a wind erosion emission rate for each hour of the year.
The following stockpile surface areas were calculated and used to estimate wind erosion
emissions.
Stockpile
Active pit area
ROM pad stockpile
Primary crusher
stockpile
Post primary scalps
Secondary scalps
Radial stacker
stockpiles (blending,
ballast and
scalps/roadbase)
Product stockpiles

Units
2
m
2
m
2
m

Surface area
38,746
3,608
3,608

2

885
885

m

2

1528

m

2

13,145

m
2
m

Source

Stockpile shapes and footprints
provided by Boral, total surface areas
calculated by Katestone
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A2.12.2Wind Erosion of Exposed Areas
The emission factors from wind erosion for the exposed, inactive areas of the pit were
calculated from the AP42 documents, chapter 11.9 “Western Surface Coal Mining” (October
1998) and adapted to include the effect of rainfall on wind erosion.
Material

Units

TSP

Inactive pit
areas

Mg/(hectare)(year)

0.85* Rain
Factor

Where the rain factor is given by
greater than 0.25 mm.

365−𝑝
,
365

PM10
TSP x 0.5 (assumed
from the NPI mining
version 2.3 where a 50
% ratio of TSP to PM10
was found.

PM2.5
PM10 x 0.075
(assumed from the
AP42, chapter 13.2
"Industrial Wind
Erosion").

where p is the number of days per year with rainfall

The following activity data has been used to estimate wind erosion from the exposed,
inactive pit area. To estimate wind erosion emissions for each hour of the year, the total
dust emissions for a year were calculated, and these were split between each hour of the
year according to the wind speed.
Parameter
Number of days with
rainfall > 0.25 mm
Exposed, inactive pit
area

Units

Value

number

179

ha

27.2

Source
Bureau of Meteorology Coolangatta
Aero monitoring station, 2011 year
Site layouts provided by Boral
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B1

Air dispersion modelling

The meteorological data for this study was generated by coupling TAPM, a prognostic
mesoscale model to CALMET, a diagnostic meteorological model. The coupled
TAPM/CALMET modelling system was developed by Katestone to enable high resolution
modelling for regulatory and environmental assessments.
The modelling system
incorporates synoptic, mesoscale and local atmospheric conditions, detailed topography and
land use categorisation schemes to simulate synoptic and regional scale meteorology for
input into pollutant dispersion models, such as CALPUFF. Details of the model configuration
and evaluation are supplied in the following sections.

B1.1

TAPM

The meteorological model, TAPM (The Air Pollution Model) Version 4.0.5, was developed by
the CSIRO and has been validated by the CSIRO, Katestone and others for many locations
in Australia, in southeast Asia and in North America (see www.cmar.csiro.au/research/tapm
for more details on the model and validation results from the CSIRO). Katestone has used
TAPM throughout Australia as well as in parts of New Caledonia, Bangladesh, America and
Vietnam. This model has performed well for simulating regional meteorological conditions.
TAPM has proven to be a useful model for simulating meteorology in locations where
monitoring data is unavailable.
TAPM is a prognostic meteorological model that predicts the flows important to regional and
local scale meteorology, such as sea breezes and terrain-induced flows from the largerscale meteorology provided by the synoptic analyses. TAPM solves the fundamental fluid
dynamics equations to predict meteorology at a mesoscale (20 km to 200 km) and at a local
scale (down to a few hundred metres). TAPM includes parameterisations for cloud/rain
micro-physical processes, urban/vegetation canopy and soil, and radiative fluxes.
TAPM requires synoptic meteorological information for the study region. This information is
generated by a global model similar to the large-scale models used to forecast the weather.
The data are supplied on a grid resolution of approximately 75 kilometres, and at elevations
of 100 metres to 5 kilometres above the ground. TAPM uses this synoptic information, along
with specific details of the location such as surrounding terrain, land-use, soil moisture
content and soil type to simulate the meteorology of a region as well as at a specific location.
TAPM was configured as follows:
•
•
•
•
•
•
•
•
•
•
•

35 x 35 grid point domain with an outer grid of 30 kilometres and nested grids of
10 kilometres, 3 kilometres and 800 metres
Grid centred near the project site (latitude –28°7’, longitude 153°25)
Landuse and coastline refined for TAPM using Geosciences Australia classifications
Geosciences Australia 9-second DEM terrain data
Synoptic data used in the simulation for the period of January 2011 to December
2011
25 vertical grid levels
Hourly varying wind speed and wind direction data from the Bureau of Meteorology
(BoM) Coolangatta monitoring station was assimilated into TAPM to nudge the
predicted solution towards the observation
Data assimilation was given a 11 kilometre radius of influence
Data was assimilated over the lowest 4 vertical levels
Data was given a reliability of 0.9
All other options set to default
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B1.2

Calmet

CALMET is an advanced non-steady-state diagnostic three-dimensional meteorological
model with micro-meteorological modules for overwater and overland boundary layers. The
model is the meteorological pre-processor for the CALPUFF modelling system. CALMET is
capable of reading hourly meteorological data from multiple sites within the modelling
domain; it can also be initialised with the gridded three-dimensional prognostic output from
other meteorological models such as TAPM. This can improve dispersion model output,
particularly over complex terrain as the near surface meteorological conditions are
calculated for each grid point.
CALMET (version 6.327) was used to simulate meteorological conditions in the study region.
The CALMET simulation was initialised with the gridded TAPM three dimensional wind field
data from the 800-metre (innermost) grid. CALMET treats the prognostic model output as the
initial guess field for the CALMET diagnostic model wind fields. CALMET then adjusts the
initial guess field for the kinematic effects of terrain, slope flows, blocking effects and 3dimensional divergence minimisation. The geophysical data was supplied by Geosciences
Australia.
Key features of CALMET used to generate the wind fields are as follows:
•
•
•
•
•

Domain area of 100 by 100 grid points at 100 metre spacing
Twelve vertical levels set at 20, 60, 100, 150, 200, 250, 350, 500, 800, 1600, 2600 and
4600 metres at each grid point.
365 days (1 January 2011 to 31 December 2011)
Prognostic wind fields generated by TAPM for the 800 metre grid (innermost) used as
MM5/3D.dat at surface and upper air for "initial guess" field
All other options have been set to default.

B1.3

Calpuff

The CALPUFF dispersion model utilises the three-dimensional wind fields from CALMET to
simulate the dispersion of air pollutants to predict ground-level concentrations across a
gridded domain. CALPUFF is a non-steady-state Lagrangian Gaussian puff model
containing parameterisations for complex terrain effects, overwater transport, coastal
interaction effects, building downwash, wet and dry removal, and simple chemical
transformation. CALPUFF employs the three-dimensional meteorological fields generated
from the CALMET model by simulating the effects of time- and space-varying meteorological
conditions on pollutant transport, transformation and removal.
CALPUFF contains
algorithms that can resolve near-source effects such as building downwash, transitional
plume rise, partial plume penetration, sub-grid scale terrain interactions, as well as the long
range effects of removal, transformation, vertical wind shear, overwater transport and
coastal interactions. Emission sources can be characterised as arbitrarily-varying point,
area, volume and lines or any combination of those sources within the modelling domain.
CALPUFF (version 6.267) was used to simulate the dispersion characteristics and emissions
generated by the proposed activities. Hourly varying meteorological conditions were
obtained from CALMET at 100 metre resolution.
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Key features of CALPUFF used to simulate dispersion:
•
•
•
•
•
•
•

•
•

Domain area of 50 by 50 grid points at 50 metre spacing
365 days (1 January 2011 to 31 December 2011)
Partial plume path adjustment for terrain modelled
Dispersion coefficients calculated internally from sigma v and sigma w using
micrometeorological variables
Minimum turbulence velocity of sigma-v over land set to 0.2 m/s
Minimum wind speed allowed for non-calm conditions 0.2 m/s
For dust modelling size fractions for TSP, PM10 and PM2.5 were based on size
fractions from the emission factor handbooks. The geometric mass mean diameters
assumed in the modelling were 30 µm (TSP), 10µm (PM10) and 2.5 µm (PM2.5). All
pollutants were modelled with 0 µm geometric standard deviation as required when
using the grouping function in CALPUFF.
Wind erosion sources modelled with hourly varying emission rates dependant on the
wind speed
All other sources modelled with emissions occurring during hours of operation only
(diurnal emission rates)

All other options set to default.
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B2

Air dispersion model evaluation

The TAPM meteorological simulations were compared against meteorological monitoring in
the region by using statistical measures described here.

B2.1

Statistical measures

Root Mean Square Error (RMSE)

RMSE =

1
N

N

∑ (P − O )
i =1

i

2

i

The RSME can be described as the standard deviation of the difference for hourly predicted
and observed pairings at a specific point. The RMSE is a quadratic scoring rule which
measures the average magnitude of the error. The difference between predicted and
corresponding observed values are each squared and then averaged over the sample.
Finally, the square root of the average is taken. Since the errors are squared before they are
averaged, the RMSE gives a relatively high weight to large errors. This means the RMSE is
most useful when large errors are particularly undesirable. Overall, the RSME is a good
overall measure of model performance, but since large errors are weighted heavily (due to
squaring), its value can be distorted. RMSE is equal to the unit of the values being analysed
i.e. an RMSE of 1.2 for wind speed = 1.2 m/s-1.
Systematic Root Mean Square Error (RMSEs)

RMSE S =

1
N

N

∑ ( Pˆ − O )
i =1

i

2

i

The RMSEs is calculated as the square root of the mean square difference of hourly
predictions from the regression formula and observation pairings, at a specific point. The
regressed predictions are taken from the least squares formula. The RMSEs estimates the
model’s linear (or systematic) error. The systematic error is a measure of the bias in the
model due to user input or model deficiency, i.e. data input errors, assimilation variables and
choice of model options.
Unsystematic Root Mean Square Error (RMSEu)

RMSE U =

1
N

N

∑ ( Pˆ − P )
i =1

i

2

i

The RMSEu is calculated as the square root of the mean square difference of hourly
predictions from the regression formula and model prediction value pairings, at a specific
point. The RMSEu is a measure of how much of the difference between predictions and
observations resulting from random processes or influences outside the legitimate range of
the model. This error may require model refinement, such as new algorithms or higher
resolution grids, or that the phenomena being simulated cannot be fully resolved by the
model.
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Ultimately for ‘good’ model performance, the RMSE should be a low value, with most of the
variation explained in the observations. Here, the systematic error RMSEs should approach
zero and the unsystematic error, RMSEu, should approach the RMSE since:

RMSE 2 = RMSE S2 + RMSE 2u
Mean Error (ME) and Mean Absolute Error (MAE)
The ME is simply the average of the hourly modelled values minus the hourly observed
values. It contains both systematic and unsystematic errors and is heavily influence by high
and low errors.
The MAE measures the average magnitude of the errors in a set of predictions, without
considering their direction. It measures accuracy for continuous variables. Expressed in
words, the MAE is the average over the verification sample of the absolute values of the
differences between predictions and the corresponding observation. The MAE is a linear
score which means that all the individual differences are weighted equally in the average.
The MAE and the RMSE can be used together to diagnose the variation in the errors in a set
of predictions. The RMSE will always be larger or equal to the MAE; the greater difference
between them, the greater the variance in the individual errors in the sample. If the
RMSE=MAE, then all the errors are of the same magnitude Both the MAE and RMSE can
range from 0 to ∞. They are negatively-oriented scores - lower values indicate better
accuracy.
Index of agreement
N

IOA = 1 −

∑ (P − O )
i =1

N

∑ (| P − O
i =1

i

mean

i

2

i

| + | Oi − Omean |) 2

The IOA is calculated using a method described in Wilmott (1982). The IOA can take a value
between 0 and 1, with 1 indicating perfect agreement. The IOA is the ratio of the total RMSE
to the sum of two differences: the difference between each prediction and the observed
mean, and the difference between each observation and observed mean. From another
perspective, the IOA is a measure of the match between the departure of each prediction
from the observed mean and the departure of each observation from the observed mean.
(Note: N is the number of observations, Pi are the hourly model predictions, Oi are the hourly
observations, Omean is the observed observation mean, and
regression fitted with intercepts a and slope b.)

Pˆi = a + bOi is the linear

A models skill can be measured by the difference in the standard deviation of the modelled
and observed values. Skill measure statistics are given in terms of a score, rather than in
absolute terms.
SE is indicative of the of how much of the standard deviation in the observations is predicted
to be due to random/natural processes (unsystematic) in the atmospheric boundary layer
(i.e. turbulence).
SV shows how closely the modelled standard deviation matches the observed standard
deviation
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SR takes into account systematic and unsystematic errors in relation to the observed
standard deviation.
Skill is determined by the following benchmarks:
•
•
•

B2.2

SKILL_E (SE) = (RMSE_U/StdvOBS) < 1 shows skill
SKILL_V (SV) = (Stdv_MOD/Stdv_OBS) close to 1 shows skill
SKILL_R (SR) = (RMSE/Stdv_OBS) < 1 shows skill

Meteorological evaluation

The closest monitoring station to the site for use in the TAPM model evaluation is the
Coolangatta Airport monitoring station operated by BoM. TAPM was initialised without data
assimilation to determine the model’s ability to simulate the range of meteorological
conditions. Wind speed, wind direction, surface temperature and relative humidity were
extracted from TAPM at the location of Coolangatta Airport. As wind direction has a crosspoint at north between 0° and 360°, it has been decomposed into its U component (eastwest) and V component (north-south) for statistical analysis.
Concurrent data for the period 1 January 2011 to 31 December 2011 from the Coolangatta
observations and those extracted from TAPM for the monitoring site location have been
analysed to assess the performance of the model.
The TAPM model evaluation (Table B2.1) shows that there is an acceptable index of
agreement (IOA) for temperature (0.93), relative humidity (0.78) and the U (0.70) and V
(0.81) components. The wind speed (IOA) is unacceptable (0.57) suggesting that the model
is not predicting the wind speed sufficiently. The wind speed root mean square error
(RMSE) is 2.46 and the mean absolute error (MAE) is 2.01. Analysis of the frequency
distribution (Figure B2.1) shows that the model predicts a higher frequency of light to
moderate (1 – 3 m/s) wind speeds with little or no winds predicted above 6 m/s, whilst the
observations suggest that moderate to strong winds are common place (3- 8 m/s). Figure
B2.2 illustrates the frequency distribution of the modelled and observed wind direction. The
plot indicates the model was predicting a lower frequency of winds from the south-southwest
compared to the Coolangatta observations.
Table B2.1
Statistical
measure
intercept
slope
RMSE
RMSE_s
RMSE_u
IOA
SE
SV
SR
MAE

Evaluation of TAPM model performance
Wind speed
(m/s)
1.20
0.25
2.46
2.36
0.68
0.57
0.33
0.41
1.18
2.01

Temperature
(°C)
7.06
0.67
2.34
1.80
1.50
0.93
0.29
0.73
0.46
1.78

Relative
humidity (%)
29.08
0.65
13.68
6.20
12.19
0.78
0.82
1.05
0.92
10.88

U vector
(m/s)
0.02
0.33
1.86
1.56
1.02
0.70
0.43
0.55
0.80
1.44

V vector
(m/s)
0.24
0.43
2.34
2.13
0.98
0.81
0.27
0.50
0.64
1.90

These results indicated that data assimilation was required to nudge the TAPM modelled
wind fields towards the observations. Wind speed and direction data recorded at
Coolangatta Airport were assimilated into TAPM (as described in section B1.1). The
frequency distributions of wind speed and wind direction are presented in Figure B2.3 and
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Figure B2.4 respectively. These figures demonstrate that the inclusion of the monitoring
data in the TAPM model has changed the windfields generated.

Figure B2.1

Frequency distribution of wind speeds measured at Coolangatta BOM
site (blue line) and predicted by TAPM (red line)

Location:
Coolangatta

Period:
January 2011 to
December 2011

Data source:
Bureau of Meteorology
meteorological station
and TAPM

Units:
m/s

Type:
Probability Density
Function (pdf) of
the frequency
distribution

Averaging Period:
1-hour

Prepared by:
Andrew Vernon

Date:
November
2012
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Figure B2.2

Frequency distribution of wind direction measured at Coolangatta BOM
site (blue line) and predicted by TAPM (red line)

Location:
Coolangatta

Period:
January 2011 to
December 2011

Data source:
Units:
o
Bureau of Meteorology
meteorological station and
TAPM

Type:
Probability Density
Function (pdf) of
the frequency
distribution

Averaging Period:
1-hour

Prepared by:
Andrew Vernon

Katestone Environmental Pty Ltd
D1205128-3 - Cardno HRP - Boral Gold Coast Quarry - Air Quality Assessment - Appendix B

Date:
November
2012

April 2013
Page 8

Figure B2.3

Frequency distribution of wind speeds measured at Coolangatta BOM
site (blue line) and predicted by TAPM (red line) with data assimilation

Location:
Coolangatta

Period:
January 2011 to
December 2011

Data source:
Units:
m/s
Bureau of Meteorology
meteorological station and
TAPM

Type:
Probability Density
Function (pdf) of
the frequency
distribution

Averaging Period:
1-hour

Prepared by:
Andrew Vernon
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Figure B2.4

Frequency distribution of wind direction measured at Coolangatta BOM
site (blue line) and predicted by TAPM (red line) with data assimilation

Location:
Coolangatta

Period:
January 2011 to
December 2011

Data source:
Units:
o
Bureau of Meteorology
meteorological station and
TAPM

Type:
Probability Density
Function (pdf) of
the frequency
distribution

Averaging Period:
1-hour

Prepared by:
Andrew Vernon
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Glossary
Term

Definition

Units of measurement
GJ

Gigajoule

PJ

Petajoule

TJ

Terajoule

kL

Kilolitre

MWh

Megawatt hour

Mt

Million tonnes

Mtpa

Million tonnes per annum

tCO2-e

tonnes of CO2 equivalent

h/day

Hours per day

d/year

Days per year

Air pollutants and chemical nomenclature
CH4

Methane

CO2

Carbon dioxide

HFCs

Hydrofluorocarbons

N2O

Nitrous oxide

PFCs

Perfluorocarbons

Other abbreviations
ACCUs

Australian Carbon Credit Units

DCC

Department of Climate Change

DCCEE

Commonwealth Department of Climate Change and Energy
Efficiency

EEO

Energy Efficiency Opportunities

GWP

Global warming potential

GHG

Greenhouse Gas
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Land Use, Land Use Change and Forestry
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National Greenhouse and Energy Reporting
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Terms of Reference

UNFCCC

United Nations Framework Convention on Climate Change
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Executive Summary
Katestone Environmental Pty Ltd (Katestone) has been commissioned by Cardno HRP, on
behalf of Boral Resources (Qld) Pty Limited (Boral), to conduct a greenhouse gas
assessment of the proposed Gold Coast Quarry suitable for inclusion in an Environmental
Impact Statement (EIS) and application for Environmental Approval.
Boral is proposing to establish a new extractive industry operation on a greenfield site
bordering Old Coach Rd and Tallebudgera Creek Road, at Reedy Creek on the Gold Coast.
This assessment responds to the Queensland Coordinator-General’s Terms of Reference for
assessment of greenhouse gas emissions as part of the Environmental Impact Statement for
the Gold Coast Quarry (the Project). Calculations of greenhouse gas emissions are based
on expected activity data supplied by the proponent together with National Greenhouse
Account factors and other suitable emissions estimation methods.
Annual greenhouse gas emissions for the Project peak at 6,900 tonnes of equivalent carbon
dioxide emissions (tCO2-e) during the site establishment, development and plant
construction stages and 10,300 tCO2-e during the quarry operational stages. The table and
figure below summarise the annual greenhouse gas emissions from the Project.
Summary of annual greenhouse gas emissions (t CO2-e)
Year
1
2
3
4
5
6
7 to 47

Phase
Site establishment, development
and plant construction
Plant construction/Operation
Operation
TOTAL

Total emissions
2,303
4,934
6,914
2,621
3,279
6,599
10,304
438,810

% of total
0.5%
1.1%
1.6%
0.6%
0.7%
1.5%
93.9%
100.0%

Source contributions to total greenhouse gas emissions from the Project
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Transportation of quarry products is relatively costly, greenhouse intensive activity. There
are, therefore, a range of benefits achieved if a quarry is located close to its markets. The
relative emissions of greenhouse gas emissions for the Gold Coast Quarry compared with
possible alternative sources of quarry materials, supplying areas around Reedy Creek,
Mudgeeraba and Palm Beach have been estimated. This has found that the Gold Coast
Quarry could avoid between 2,067 and 12,918 tonnes per year of CO2-e, which amounts to
between 82,000 tonnes and 517,000 tonnes CO2-e over 40 years when compared with
alternative sources of materials.
The proposed quarry does not trigger the threshold for National Greenhouse and Energy
Reporting (NGER) although emissions from the quarry will be captured through reporting
obligation associated with Boral (the Boral group) as a corporation. Energy usage at the site
may also be considered as part of Boral’s participation in Energy Efficiency Opportunities
(EEO's).
Overall the vast majority of the greenhouse gas emissions occur during the
operation/production phase of the Project.
A range of mitigation measures are proposed.
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1.

Introduction

Katestone Environmental Pty Ltd (Katestone) has been commissioned by Cardno HRP, on
behalf of Boral Resources (Qld) Pty Limited (Boral), to conduct a greenhouse gas
assessment of the proposed Gold Coast Quarry suitable for inclusion in an Environmental
Impact Statement (EIS) and application for Environmental Approval.
Boral is proposing to establish a new extractive industry operation on a greenfield site
bordering Old Coach Rd and Tallebudgera Creek Road, at Reedy Creek on the Gold Coast.
The proposed development will operate as a quarry for the extraction and processing of hard
rock primarily for use in concrete, asphalt, drainage materials, road base, bricks/blocks,
pavers, pipes and landscape supplies. The proposed Gold Coast Quarry has the potential to
supply the Gold Coast region with high grade construction materials for at least of 40 years.
This report has been prepared to address the Queensland Coordinator-General’s Terms of
Reference (ToR) for the Gold Coast Quarry, specifically in relation to Section 4.6
Greenhouse Gas Emissions. The relevant components of the ToR are:
Provide an inventory of projected annual emissions for each relevant greenhouse gas,
with total emissions expressed in CO2-e terms for the following categories:
•

Scope 1 emissions - means direct emissions of greenhouse gases from sources
within the boundary of the facility and as a result of the facility's activities

•

Scope 2 emissions - means emissions of greenhouse gases from the production
of electricity, heat or steam that the facility will consume, but that are physically
produced by another facility

Discuss the potential for greenhouse gas abatement measures, including:
•

a description of the proposed measures (alternatives and preferred) to avoid
and/or minimise direct greenhouse gas emissions

•

an assessment of how the preferred measures minimise emissions and achieve
energy efficiency

•

a description of any opportunities for further offsetting greenhouse gas emissions
through indirect means, including sequestration and carbon trading

Discuss any potential benefits of the project in terms of its overall greenhouse gas
footprint.
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2.

Greenhouse gas assessment

2.1

Background

This greenhouse gas assessment considers the potential impact of the Project on the global
climate system by changes that it may cause to net greenhouse gas emissions. Climate
change is an environmental concern at a global level. Any source or sink of greenhouse
gases has a nominally equivalent effect no matter where it occurs in the world. While few if
any individual projects would make a noticeable change to the Earth’s climate, the
summation of human activities increasing the concentrations of greenhouse gases in the
upper atmosphere does. Governments and the global scientific community have established
conventions for accounting for greenhouse gas emissions to enable pollution control among
all global jurisdictions. This assessment employs these established conventions so that the
relative impact of the current project can be properly understood.
The term greenhouse gases comes from the ‘greenhouse effect’, which refers to the process
whereby greenhouse gases in the atmosphere absorb the radiation released by the Earth’s
surface and then radiate some heat back towards the ground, increasing the surface
temperature (Rapston, 2011). Human activity, especially burning fossil fuels, is increasing
the concentration of greenhouse gases and hence increasing the absorption of outgoing
heat energy. Even a small increase in long-term average surface temperatures has
numerous direct and indirect consequences for climate.
The main greenhouse gases influenced directly by human activities and included in carbon
accounting are carbon dioxide (CO2), methane (CH4), nitrous oxide (N2O) and synthetic
gases, such as sulphur hexafluoride (SF6) hydrofluorocarbons (HFCs) and perfluorocarbons
(PFCs) (Raupach and Fraser 2011; pp. 15-20). These gases vary in effect and longevity in
the atmosphere, but scientists have developed a system called Global Warming Potential to
allow them to be described in equivalent terms to CO2 (the most prevalent greenhouse gas)
called equivalent carbon dioxide emissions (CO2-e). A unit of one tonne of CO2-e is the basic
unit used in carbon accounting. An emissions inventory, or ‘carbon footprint’, is calculated as
the sum of the emission rate of each greenhouse gas multiplied by the global warming
potential. For example:
tonnes CO2-e = tonnes CO2 x 1.0 + tonnes CH4 x 21 + tonnes N2O x 310
CO2 and CH4 are part of the carbon cycle, which refers to the natural movement of carbon
among the ocean, plants, soil and the atmosphere. Fossil fuels such as coal, oil and natural
gas are the product of ancient deposits of organic matter. When combusted, their stored
carbon is released again to the atmosphere at an extremely rapid rate in comparison to the
rate at which it became stored.
Burning fossil fuels always causes greenhouse gas emissions and energy from fossil fuels
underpins the global economy and the human development gained from it. Consequently,
changing this pattern to reduce emissions and protect climate is extremely difficult. The need
for a global solution to this problem has led to the United Nations Framework Convention on
Climate Change (UNFCCC), the associated Kyoto Protocol and the world scientific body, the
Intergovernmental Panel on Climate Change (IPCC). In 2010, governments agreed that
emissions need to be reduced so that global temperature increases are limited to below two
degrees Celsius (UNFCCC, 2012). Australia is an active participant in these global
arrangements and this has a strong effect on domestic economic and environmental policy.
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2.2

Australian policy and regulation

2.2.1 Australian international commitments
The following discussion of Australia’s global commitments to respond to climate change is
derived from information published by the Commonwealth Department of Climate Change
and Energy Efficiency (DCCEE) on its website (DCCEE, 2012c).
The United Nations Framework Convention on Climate Change (UNFCCC) provides the
basis for global action ‘to protect the climate system for present and future generations’.
Australia ratified the Convention in 1992. The Convention entered into force in 1994 after a
requisite 50 countries had ratified it. There are now 193 Parties to the UNFCCC - almost all
of the members of the United Nations.
Parties to the Convention have agreed to work towards stabilising ‘greenhouse gas
concentrations in the atmosphere at a level that would prevent dangerous anthropogenic
interference with the climate system’.
Under the convention, Australia is committed to:
•

Submitting a national inventory of emissions and removals of greenhouse gases

•

Implementing national programs to mitigate climate change and adapt to its impacts

•

Conducting research related to the climate system and promoting relevant
technologies

•

Raising public awareness about climate change

•

Submitting comprehensive National Communications (i.e. reports)

The Kyoto Protocol is an international agreement created under the UNFCCC in Kyoto,
Japan in 1997. Australia's ratification of the protocol came into effect on 11 March 2008. The
protocol aims to reduce the collective greenhouse gas emissions of developed country
parties by at least five per cent below 1990 levels during 2008 to 2012 – referred to as the
first commitment period. Australia has a target for emissions of 108 percent of estimated
emissions for 1990 or 591.5 Mt CO2-e.
At the United Nations climate change negotiations in Durban, South Africa in 2011, Parties
to the Kyoto Protocol decided to establish a second commitment period from
1 January 2013. On 9 November 2012, the Australian Government announced its intention
to join a second commitment period under the Kyoto Protocol, conditional on a number of
factors to be negotiated at the Doha Conference of the Parties in late 2012. All countries that
are party to the UNFCCC are negotiating a new global agreement that is intended to have
legally binding commitments for all major emitters. This agreement is due for finalisation by
2015 and come into effect in 2020 (Combet, 2012).
The Australian Government has a constitutional power to ensure that Australia meets its
international commitments, including those made under the UNFCCC. There are two related
national policies, statutes and regulations that are important to Boral's development and
operation of the Project, including:
•

The National Greenhouse and Energy Reporting (NGER) Act 2007 and regulations –
Boral must participate in the national emissions reporting process

•

The Energy Efficiency Opportunities Act 2006 – Boral will have to identify, evaluate
and report publicly on cost effective energy savings opportunities
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This legislation is enforced by Australian Government agencies and penalties apply for noncompliance.

2.2.2 National Greenhouse and Energy Reporting
The National Greenhouse and Energy Reporting Act 2007 (NGER Act) established a
national framework for corporations to report greenhouse gas emissions and energy
consumption. Registration and reporting is mandatory for corporations that have energy
production, energy use or greenhouse gas emissions that exceed specified thresholds. The
quarry does not exceed the thresholds for energy use and greenhouse gas emissions. The
energy use is estimated at 43 TJ of electricity and 35 TJ of diesel per year, which is
approximately 78 TJ (12,000 MWh electricity, 900kL diesel) in total compared to the facility
threshold of 100 TJ, while the annual greenhouse gas emissions are 13 ktCO2-e compared
to the facility threshold of 25 ktCO2-e. Although the facility thresholds are not exceeded it is
likely that emissions from this facility will need to be reported as a component of Boral’s
corporate NGER reporting obligations.
The NGER Act is now administered by the Clean Energy Regulator and the scheme will also
be the basis for the Clean Energy Act 2011 and associated carbon pricing mechanism (i.e.
emissions trading). Registered, corporations are required to report by 31 October following
the reporting year, and must submit an NGER Report for every year that it remains
registered (Clean Energy Regulator, 2012a).

2.2.3 Energy Efficiency Opportunities
The Energy Efficiency Opportunities (EEO) program encourages large energy-using
businesses to improve their energy efficiency. It does this by requiring businesses to
identify, evaluate and report publicly on cost effective energy savings opportunities (DRET,
2011). Participation in Energy Efficiency Opportunities is mandatory for corporations that
use more than 0.5 petajoules (PJ) of energy per year.
The quarry has been estimated to require 0.08 PJ of energy per year. As a result the quarry
would not be required to participate in EEO. The facility may be included in the Boral
corporate reporting, meaning that reporting standards will need to be consistent with
corporate requirements and potential inclusion of usage and opportunities in future EEO
reports.

2.2.4 Clean Energy Act (Carbon Pricing Mechanism)
The Clean Energy Act 2011 has established a carbon emissions trading system for Australia
including a fixed price period, a ‘ceiling’ period and full emissions trading from 1 July 2015,
where the market will determine prices (with some restrictions). Emissions covered under
the Act are essentially those which the facility directly emits (Scope 1); however, covered
emissions do not include emissions from the combustion of liquid petroleum fuel that has
been subject to any duty under the Customs Tariff Act 1995 or the Excise Tariff Act 1921.
As the quarry scope 1 emissions are related to diesel use and therefore not covered, the
quarry will not be a liable entity under the Act.
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2.2.5 Reporting tools
The DCCEE monitors and compiles databases on anthropogenic activities that produce
greenhouse gases in Australia. The DCCEE has published greenhouse gas emission
factors for a range of anthropogenic activities. The DCCEE methodology for calculating
greenhouse gas emissions is published in the National Greenhouse Accounts (NGA) Factors
workbook (DCCEE, 2012b) and is based on Australian data. This workbook is updated
regularly to reflect current compositions in fuel mixes and evolving information on emission
sources.
The scope that emissions are reported under, and the emission factors used are determined
by whether an activity is within an organisation's boundary or not. Direct emission factors
are used to calculate Scope 1 emissions from activities within the organisation's boundary.
Indirect emission factors are used to calculate Scope 2 emissions from the generation of
electricity purchased and consumed by an organisation.
Scope 3 emissions occur as an indirect result of an activity. For an example, Scope 3
emissions are those that occur due to the production of fuel or the losses associated with the
transmission of electricity. The determination of Scope 3 emissions relating to the quarry
have been limited to those available in the NGA namely electricity generation and fuel
production.
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3.

Sources of greenhouse gas emissions

3.1

Site Development and Construction Phase

The site development and construction phase of the Project is expected to last for five and a
half years. The key activities carried out during this phase will be:
•
•
•
•
•
•
•

Establishment of site access roads and the facilities area
Construction of dam and sediment pond
Vegetation clearing
Topsoil and overburden removal
Mobile crushing operations
Construction of permanent fixed crushing plant
Set up of stockpile areas

Vegetation acts as a carbon sink and sequesters carbon; hence, the removal of vegetation
results in general in the eventual return to the atmosphere of the carbon sequestered in the
vegetation.
Greenhouse gas emissions associated with this phase of the project can be predominantly
attributed to:
•
•
•
•

Land clearing
Fuel usage
Electricity consumption
Blasting

Table 1 provides a summary or emission sources and usage rates for the construction phase
of the Project.
Table 1

Emission sources and usage during development and construction phase
1

Year
1
2
3
4
5
6

Diesel

Electricity

L
646,700
1,615,500
2,346,100
754,900
999,105
426,400

MWh
600
600
600
600
600
300

Petroleum
based oil
L
35,000
35,000
35,000
35,000
35,000
17,500

Acetylene
3

m @ STP
1,100
1,100
1,100
1,100
1,100
550

Explosives
t
0
100
150
150
150
100

Table note:
1
Construction forecast to be completed by mid way through Year 6

3.2

Operations Phase

Production and sale of hard rock quarry products will commence mid-way through the
development phase utilising a mobile crushing plant. After approximately six years, upon
completion of the fixed crushing and screening plant, up to 2 Mtpa of hard rock will be
processed into products suitable for use in concrete, asphalt, drainage materials, road base,
bricks, pavers, pipes and landscape supplies.
Table 2 provides a summary of proposed operations at the quarry once it is in full
operational mode.
Katestone Environmental Pty Ltd
D1205129-7 Cardno HRP - Gold Coast Quarry Greenhouse Gas Assessment

April 2013
Page 8

Table 2

Summary of Project Operations
Project component

Detail

Reserve volume estimate

79 Mt

Production rate

Up to 2 Mt per annum

Project life

over 40 years

Operating hours

6am – 6pm Monday – Saturday (actual hours of
operation are likely to be less than 6am-6pm)

Number of employees

Up to 25 full time employees
Up to 90 construction jobs

Site equipment and infrastructure

Mobile Fleet (comprising excavators, graders, front end
loaders, bulldozers ,dump trucks, water trucks and
haulage trucks)
Fixed Plant (crushing and screening, product storage
and outloading)
Product stockpiles
Site administration and workshop buildings
Water storage facilities

Product Transport

Road haulage via road truck

Site Access

Old Coach Road

Table 3 provides a summary of the expected diesel fuel, electricity consumption and
explosives for each year of operation.
Table 3

Emission sources and annual usage during production phase
Source

Diesel
1
Electricity
Maintenance oils
Acetylene
Explosives

Units
L/year
MWh/year
L/year
3
m @STP/year
t/year

Usage
900,000
9,000
35,000
1,100
550

Table note:
1
Assumes 8MW (connected motor power) x 0.75 (estimated duty/load factor) x 2000 h/year
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4.

Method used to estimate greenhouse gas emissions

4.1

Emission factors

DCCEE has published greenhouse gas emission factors for a range of anthropogenic
activities. The DCCEE methodology for calculating greenhouse gas emissions is published
in the National Greenhouse Accounts (NGA) Factors workbook (DCCEE, 2012d) and is
based on Australian data. This workbook is updated regularly to reflect current compositions
in fuel mixes and evolving information on emission sources.
The greenhouse gas intensity of each activity has been calculated using the simplified
equation as follows:
GHG = E x EF

Where:

GHG: Annual greenhouse gas emissions in tonnes of carbon dioxide equivalent
(tCO2-e)
E:
Annual energy use (GJ/yr or kWh/yr)
EF:
Emission factors for CO2, CH4 and N2O (kg CO2-e/GJ or kg CO2-e/kWh)
The total annual CO2-e emissions are the sum of the individual CO2-e emissions of CO2,
CH4 and N2O. The emission factors that have been used to calculate greenhouse gas
emissions are presented in Table 4.
Table 4

Greenhouse gas emission factors for emission sources
Emission factor

Activity
Diesel consumption
Purchased electricity
Petroleum based oils
Acetylene
Explosives

1

unit
kg CO2e/GJ
kg CO2e/kWh
kg CO2e/GJ
kg CO2e/kg
C2H2
t CO2-e/t

Scope 1

Scope 2

Scope 3

69.9

-

5.3

-

0.86

0.12
5.3

Source
Table 4 & Table 39 (DCCEE,
2012d)
Table 5 & Table 40 (DCCEE,
2012d)
Table 39 (DCCEE, 2012d)

3.4

Stoichiometric calculation

0.17

Table 4 (DCC, 2008Jan)

Table note:
1
Used for vehicle maintenance, not combusted

4.2

Carbon storage

The Full Carbon Accounting Model (FullCAM) software published by the Australian
Government Department of Climate Change and Energy Efficiency was used to estimate a
worst-case quantity of carbon released to the atmosphere as a result of vegetation clearing
during the site establishment and development and fixed plant construction phase of the
Project.
A footprint for the Project was estimated from available information and the distribution of
various vegetation types within this footprint was analysed, using vegetation data from a GIS
database.
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The FullCAM model was based on:
•
•
•
•

Disturbance footprint: The disturbance footprint for the project was estimated to be
66ha based on the project design (Cardno HRP)
Vegetation type: Cardno Chenoweth advised that the forest being cleared is most
closely allied with Eucalypt Open Forests (MVG 3 – as defined by the Department of
Environment and Water Resources (2007))
Forest clearing scenario: A one off forest clearing event occurring at project
commencement was determined as a worst case scenario with cleared vegetation
remaining on-site and decomposing naturally
Spatial characteristics: FullCAM uses the geographical location of site to characterise
the relationship between rainfall and biomass taking into account factors such as
forest type and soil nutrient availability of the region. Due to the relatively small area
being cleared for the project on a regional scale it is sufficient to characterise the site
using the mid-point of the plot

The carbon storage assessment has not accounted for the rehabilitation of benches within
the quarry void or rehabilitation of buffer zones. These would be relatively small areas from
a carbon storage perspective and are unlikely to cause a significant change.
Notwithstanding this, rehabilitation of quarry benches and buffer zones will provide some
additional carbon storage capacity.
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5.

Greenhouse gas inventory

5.1

Project greenhouse gas inventory

The greenhouse gas emissions estimated for each year of operation of the quarry
commencing with the construction phase are summarised in Table 5. These figures cover
scope 1, 2 and 3 components, and are based on the assumption of constant year to year
operations once the operational phase is established.
Table 5

Estimated greenhouse gas emission by year of operation (t CO2-e)

1
2
3
4
5
6*
7-47
TOTAL

Total
% of total
emissions
Scopes 1 & 2 only
2,303
0.5%
4,934
1.1%
6,914
1.6%
2,621
0.6%
3,279
0.8%
6,599
1.5%
10,304
93.9%
438,810
100.0%

Annual Emissions Summary

Year

Scope 1
1,787
4,418
6,398
2,105
2,763
2,471
2,564
122,500

Scope 2
516
516
516
516
516
4,128
7,740
316,310

Scope 3
211
410
559
234
284
762
1,271
53,310

Table note:
* The change over from the development and construction phase to the operational production phase is estimated to occur midway through Year 6

Table 6 shows the percentage contribution of each emissions source to the total projected
greenhouse gas emissions (Scope 1, 2 and 3 as described above) for the life of the project
(see also Figure 1). It can be seen from Table 6 that the emissions from electricity
consumption are expected to have the greatest contribution to the total greenhouse gas
emissions from the project.
Table 6

Estimated greenhouse gas emissions by emission source (t CO2-e)
Total
emissions

Emissions summary
Emission source
Scope 1
1

Diesel
Electricity
Petroleum based oils
Acetylene
Explosives
TOTAL

116,664
1,743
199
3,897
122,500

Scope 2
316,308
316,310

Scope 3
8,846
44,136
331
53,310

% of total

Scopes 1 & 2 only
116,664
316,308
1,743
199
3,897
438,810

27%
72%
0%
0%
1%
100%

Table note:
1
Information currently available does not include a breakdown between mobile and stationary plant. Transport fuels are
covered directly under the carbon pricing mechanism (Clean Energy Regulator, 2012b, c); therefore the Scope 1 emissions
from diesel are not 'covered' emissions and the quarry will not exceed the Carbon Pricing Mechanism facility threshold of
25,000 tCO2-e/y. An equivalent carbon price is applied through adjustments to fuel tax credits and excise
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The predicted annual emission rate of scope 1 and 2 greenhouse gases from the quarry is
10 ktCO2-e, which is not significant on a national or state scale. The Project's emissions
represent:
•
•

0.002% of Australia’s estimated greenhouse gas emissions for the year to March,
2012 (551 Mt CO2-e) (DCCEE, 2012d).
0.008% of Queensland’s annual emissions (scope 1 and 2). The total greenhouse
gas emissions reported for Queensland were 134.3 Mt CO2-e in the 2009/2010
reporting period (DCCEE, 2012f), excluding emissions and removals from Land Use,
Land Use Change and Forestry (LULUCF). With the inclusion of emissions and
removals from LULUCF, the total greenhouse gas emissions were 157.3 Mt CO2-e.

1.3%

Diesel

72%
27%

Electricity
Other

Figure 1

Source contributions to total greenhouse gas emissions from the Gold
Coast Quarry

Location:
N/A

Data source:
Based on emissions
calculations from activity
data supplied by client

Units:

Type:
Pie chart

Prepared by:
Lisa Smith

Date:
4 March 2013

5.2

Percentage

Carbon storage emissions

The greenhouse gas emissions resulting from clearing an area of forest of approximately
66ha have been estimated using the FullCAM model.
The FullCAM method of estimating carbon emissions has been developed for use on a
regional scale, its use for comparatively small areas relating to infrastructure projects and
similar are still being refined. As a result, this method for estimating Scope 1 emissions
associated with vegetation clearing is not as accurate as available methods for determining
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emissions associated with diesel, electricity and explosives. To account for the greater level
of uncertainty inherent in this estimation method, carbon emissions relating to forest clearing
have been considered separately to the other emissions sources detailed in this report.

Carbon emissions (tCO2-e/yr)

12000

70

11000

60

10000
9000

50

8000
7000

40

6000
30

5000
4000

20

3000
2000

10

1000
0

0

Cumulative carbon emissions (ktCO2-e)

The annual carbon emissions resulting from forest clearing of the Gold Coast Quarry site are
summarised in Figure 2. The highest annual emissions of 11 ktCO2-e occur immediately
following the clearing of the site. The total project greenhouse gas emissions associated with
forest clearing are 67 ktCO2e.

1 3 5 7 9 11 13 15 17 19 21 23 25 27 29 31 33 35 37 39 41

Years since forest clearing

Figure 2

Carbon emissions from forest clearing of the Gold Coast Quarry site

Location:
N/A

Data source:
FullCAM Model

Units:

Type:
Bar Chart

Prepared by:
Lisa Smith

Date:
4 February 2013

Years, tCO2-e

Figure 3 shows the overall contribution of land clearing to total project emission is
approximately 13%
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1.2%
Diesel

13%

Electricity

23%
63%

Figure 3

Other
Forest
clearing

Source contributions to total greenhouse gas emissions from the Gold
Coast Quarry including forest clearing

Location:
N/A

Data source:
Based on emissions
calculations from activity
data supplied by client

Units:

Type:
Pie chart

Prepared by:
Lisa Smith

Date:
4 March 2013

5.3

Percentage

Planned burns

Planned burns will be utilised on site as an integral component of the Gold Coast Quarry
Bushfire Management Plan to reduce the risk and severity of bushfires. Obligations under
the Kyoto Protocol currently incorporate prescribed burning of savannas, as part of the
agriculture category, this does not presently extend to prescribed burning activities relating
to forests, additionally there is still ongoing discussion and conjecture concerning the net
effect of prescribed burning of forest areas and the impact of the activity on carbon
emissions. It has been suggested that in areas with a high risk of bushfires that prescribed
burning activities will lead to a lower net emission of greenhouse gases, taking into
consideration the higher rate of regrowth and soil carbon accumulation that occurs following
a prescribed burning activity compared to a bushfire (Narayan, 2007). These emissions have
not been accounted for in this instance due to the uncertainty relating to the overall impact of
planned burns on net carbon emissions.
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6.

Benefits of project

Transportation of quarry products is relatively costly, greenhouse intensive activity. There
are, therefore, a range of benefits achieved if a quarry is located close to its markets.
Locating a quarry close to the points of use of the quarry materials avoids greenhouse gas
emissions from truck diesel that would occur if the materials had to travel further. Quarry
products are dense and their transport requires more energy compared to lighter payloads;
that is, they require sturdier vehicles and consume comparatively more diesel. Hence,
proximity to market is more advantageous in minimising greenhouse gas emissions than for
less dense payloads.
The amount of greenhouse gas emissions that would be avoided depends on the additional
distance to be travelled, and the comparative process efficiency (regarding greenhouse gas
emissions) of alternative sources of material and the fuel efficiency of the truck fleets.
Greenhouse gas benefits would accompany multiple other benefits of minimising the
distance between quarry and point of use, notably cost, safety and amenity.
This assessment has incorporated a quantitative comparison of alternative source quarries
and possible points-of-use (markets) for quarry products to investigate the potential
greenhouse gas emissions benefits of a proximal quarry site. Norling and Davies (2012)
identified a series of alternative sources of quarry materials and also concluded that the
proposed Gold Coast Quarry is the only strategic hard rock resource on the central and
southern parts of the Gold Coast. These locations were taken as alternative source quarries.
Mudgeeraba, Reedy Creek and Palm Beach were selected as possible points-of-use, based
on Emerging Community areas identified in the Gold Coast City Council planning scheme,
and an urban location (Palm Beach). The distances between these points by road was
established using Google Maps, the results of which are presented as a matrix in Table 7.
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Table 7

Matrix of distances between alternative quarry sites and possible points of
use
Point-of-use:

1

Mudgeeraba

Reedy Creek

Palm Beach

Assumed
address:

Jarema Drive,
Mudgeeraba

Abilene Place,
Reedy Creek

Jefferson
Lane, Palm
Beach

Land use:

Emerging
2
community

Emerging
2
community

Existing urban

Assumed address

Distance (km)

Distance (km)

Distance (km)

Gold Coast Quarry

Old Coach Road,
Reedy Creek

5

4

10

Nerang Hymix/Hanson

Hymix Road,
Nerang

21

26

31

Oxenford (Nucon)

33 Maudsland Rd

28

33

37

Darlington Range

Hideaway Road,
4
Willow Vale

46

52

56

Tumbulgum Quarry

Pollards Road,
Dulguigan, NSW

47

45

36

Stapylton

Stonemaster Drive,
Stapylton

48

53

58

Blue Rock (Cedar
Creek)

Rowe Lane, Cedar
4
Creek

63

68

72

Ballina

North Teven Road,
4
Teven

105

103

95

Source quarry

3

Table note:
1
Indicative points-of-use only
2
Based on Reedy Creek Structure Plan - Emerging Communities Map EC8, GCCC
3
Distances taken from Google Maps Directions, selecting first option.
4
Not actual quarry addresses

The source to market distance matrix in Table 7 was used to estimate potential greenhouse
gas emissions benefits. The emissions calculations assumed 2 Mtpa of quarry product
transported by trucks with a 28 tonne payload, burning 20 litres per hour and travelling
60 km in an hour. The analysis further assumed that there would be no differences in vehicle
fleet, product characteristics or production efficiency among the alternatives.
Figure 4 presents the results of this analysis. The next nearest source quarry, Nerang
Hymix/Hanson, would have between double and five times (an additional 2,067 to 2,842 t/y
CO2-e depending on point-of-use) the greenhouse gas emissions due to transport.
Transporting quarry materials to these markets from Ballina would increase emissions by a
multiple of 8 to as much as 25 times (between 10,979 to 12,918 t/y). On this analysis, the
minimum annual savings would be 2,067 tonnes and the maximum savings would be 12,918
tonnes. Over 40 years, the total savings would range between 82,000 tonnes and 517,000,
tonnes CO2-e.
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Figure 4

Illustration of differing annual greenhouse gas emissions from truck
movements to service points of use from alternative quarry locations

Location:
N/A

Data source:
Based on emissions
calculations from activity
data supplied by client

Units:

Type:
Clustered column chart

Prepared by:
Scott Losee

Date:
1 March 2013
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7.

Mitigation of greenhouse gas emissions from the Project

There are many opportunities throughout the construction and operation of the Project to
reduce greenhouse gas emissions. In many instances, these measures would also have the
potential to save capital and/or operational expenditure and complement other
environmental and business processes.
Although the quarry as a facility would not give rise to a liability under the Clean Energy Act
(carbon tax), Boral as a corporation will likely be a liable entity under the Act. As a result
there will be a cost associated with a portion of Scope 1 emissions. In addition, the passthrough effect of the carbon pricing mechanism is designed to create a price signal to
discourage carbon emissions and therefore construction and operational costs would be
indirectly affected at the quarry in the form of increasing diesel, electricity and other
consumable prices. The Energy Efficiency Opportunities (EEO) Act would also apply at a
corporate level as with carbon mitigation measures are frequently the same as those that
would be identified under EEO.
The following is general advice about initiatives that may mitigate or avoid greenhouse gas
emissions. Their individual viability would vary and most require further analysis prior to
adoption.

7.1

Management approaches
•
•
•
•

7.2

Review of existing environmental management system to ensure that it incorporates
management strategies and targets for energy and reduction of greenhouse gas
emissions
Set a project policy (e.g. on environmental management or sustainability) that
incorporates commitment to minimising greenhouse gas emissions wherever costeffective
Communicate, induct and train project staff and contractors on energy and
greenhouse priorities alongside other matters (e.g. safety, environmental
management)
Ensure that energy management information including sub-metering and control
systems are implemented with development of the infrastructure and buildings to
track energy consumption to a level of detail that is useful. Assign responsibility for
controlling energy use.

Design and operation
•

•

•

Develop an energy consumption model for all steps in the process from extraction of
rock from the quarry to delivery of the aggregate product to the customer – optimise
the technologies, energy sources and operational schedules with a view to
minimising energy costs and greenhouse gas emissions. The optimisation analysis
should highlight trade-offs in design and operation, such as between diesel and
electricity consuming equipment
Hard rock processing can be an energy intensive activity. The degree of processing
should be in line with delivery requirement to improve the efficiency of plant
operations. This has the potential to reduce the electricity consumption related to the
usage of secondary and tertiary crushing operations
Optimise the movement of material onsite to reduce distances travelled and ensure
optimal loading of mobile equipment. For heavy use haulage routes consider
installing a conveyor system as part of an integrated transport management plan
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•
•

•

•
•
•

7.3

Incorporate energy efficiency goals into procurement criteria for plant items such as
crushers and conveyors. Select equipment on a net present value basis that
includes operation, maintenance and energy costs
Design all site buildings to provide adequate worker comfort and heat protection for
equipment with minimum electricity requirements. Techniques include (to the extent
relevant):
o Considering whole-of-life costs in air-conditioning plant selection
o Providing thermally efficient design including building orientation and
opportunities for natural ventilation and use of electric fans
o Include shaded outdoor common areas for meals and breaks
o Provide for natural light indoors that minimises addition to heat load (e.g. use
window film)
o Install energy efficient lighting, separation of lighting bank controls and
automatic timers
Consider on-site renewable energy generation to provide part of load requirements
on land particularly for infrastructure buildings. Solar photovoltaic (PV) generation
would seem the most likely option. Solar power is normally relatively expensive;
however, there are sometimes site and load-specific circumstances that make it
commercially advantageous, such as reducing peak demand and sharing the benefit
of this with the electricity distributor
Ensure that water pumping operations are matched with usage requirements to
minimise energy use. Choose pumps of appropriate type and capacity for the
application
Identify activities that can be carried out during off-peak periods to reduce peak
demand, this will reduce costs and better utilise electrical infrastructure, an added
benefit to electricity suppliers
Implement recommended operation, maintenance and replacement regimes for
assets and equipment (e.g. conveyors) to ensure that equipment continues to
operate to design expectations for energy demand

Voluntary good management practices

The following practices undertaken in a voluntary capacity by Boral and reviewed
periodically may provide additional abatement opportunities:
•
•
•
•
•

Match processing operations with demand for specific products to avoid over
crushing of rock
Consider staging equipment start-up to limit peak demand and associated electricity
cost as an integral part of an electricity demand management program.
Maximise the efficiency of distribution operations through the optimisation of delivery
schedules matched to vehicle capacity; including the use of articulated haul trucks
where practical
Ensure lighting is only on when necessary and select energy efficient public lighting
(considering whole-of-life costs including maintenance and energy consumption)
Incorporate driver training and awareness as part of operational requirements. This
has been found (Carbon Trust, 2011) to lead to reduced idle time, improved
maintenance regimes (e.g. tyre pressure), and improved haulage routes all related to
fuel efficiency
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SUMMARY
Boral Resources (Qld) Pty Limited (Boral) is seeking to establish a new extractive industry operation
on a greenfield site at Tallebudgera Creek Road, near Reedy Creek on the Gold Coast. The project will
activate a greenfield extractive resource that is recognised under State Planning Policy 2/07 –
Protection of Extractive Resources as State‐significant.
On 19 December 2010, the Coordinator-General declared the Gold Coast Quarry project to be a
‘significant project’ under section 26(1)(a) of the Queensland State Development and Public Works
Organisation Act 1971 (SDPWO Act). This declaration initiates the statutory environmental impact
assessment procedure of Part 4 of the SDPWO Act, which requires the proponent to prepare an
Environmental Impact Statement (EIS) for the project.
To assist Boral in the preparation of the required EIS, Acoustics RB Pty Ltd has been engaged by Boral
to conduct an assessment of the potential impact of noise from the proposed quarry on the nearby
sensitive receptors and to make appropriate recommendations for the control of any excessive noise
from the proposed quarry.
The acoustical assessment has been carried out with reference to (i) Gold Coast Quarry Project Terms
of reference for the environmental impact statement July 2011, (ii) SPP 5/10 Guideline Air, Noise and
Hazardous Materials, (iii) Environmental Protection (Noise) Policy 2008 (EPP (Noise), (iv) Noise
Measurement Manual (Environment Protection Agency 2000) (v) EPA document Guideline – Planning
for Noise Control July 2004, (vi) prudent best practice noise control (BPNC) techniques and other
relevant criteria and considerations.
The analysis has been based on a site evaluation which has included measurement of the current
ambient noise levels, determination of source sound power levels of plant and equipment at the
quarry together with prediction of the impact of noise from the quarry during (i) the Pre-construction
Stage, (ii) Construction Stage and (ii) Operational Stage.
This report presents the results of the assessment together with recommendations for prudent best
practice noise control actions to achieve compliance with the appropriate noise level limits.
From these results, the following conclusions have been drawn:1. Pre-Operational Phases
Compliance with the relevant noise emission targets for the Pre-Operational Phases is fully expected
to be achieved provided relatively straight-forward noise control measures are implemented. These
measures comprise:Compliance with the relevant noise emission targets for the Pre-Operational Phases is fully expected
to be achieved provided relatively straight-forward noise control measures are implemented. These
measures comprise:(i)

The strategic placement of items of major noise generating plant to maximise the beneficial
shielding provided by the retained high ground.

(ii)

The construction of a 3m high noise barrier along the outer rim of the sedimentation pond at
Phase E3.

(iii)

The construction and deployment of 5m high moveable modular barriers close to one or
more of the mobile primary crushers from the commencement of Establishment Phase E2/E3.
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(iv)

The deployment of a 5m high moveable modular barrier located in close proximity to the
single mobile primary crusher to be deployed throughout Phases C1 and C2.

(v)

The erection of a 8m high 176m long barrier / earth mound combination constructed along
the high ground immediately to the west of western extent of Phase C2 together with a 6m
high 111m long barrier / earth mound combination constructed along the northern edge of
Phase C2 as shown in Figure G-C2-2.

(vi)

Compliance with the requirements of the Construction Noise Management Plan, especially
with regard to the selection, operation and maintenance of “low noise” plant and equipment.

2. Quarrying Phases
Compliance with the relevant noise level limits for the Quarrying Phases is fully expected to be
achieved provided relatively straight-forward noise control measures are implemented. These
measures comprise:(i)

The full enclosure of all fixed crushing and screening plant, with openings let into the
enclosures for the entry and passage of product and conveyors only.

(ii)

At, or prior to, the commencement of Phase Q5, the construction of a 6m high 150m long
barrier fixed acoustic barrier along a line parallel to and set back 6m from the common
boundary with The Observatory Stage 20 as shown in Figure H-Q5-3.

(iii)

Rock drilling to be carried out using a “low noise” rock drill only which is to be operated for
the minimum time feasible and, where necessary, screened using moveable modular barriers
located at appropriate elevated positions between the operating drill rig and the nearest
residences.

(iv)

Compliance with the requirements of the Environmental Noise Management Plan, especially
with regard to the selection, operation and maintenance of “low noise” plant and equipment.

To ensure that the proposed new quarry can be developed and operated in compliance with the
relevant noise level criteria applicable to the proposed development, it is recommended that the
following noise control actions be undertaken:1. Each of the noise control measures outlined at (i)-(v) in Section 13.1 of this report for the PreOperational Phases is to be implemented. In addition, each of these measures should be
examined in more thoroughly during the detail design phase of the proposed new quarry to
ensure that optimisation of the acoustical performance of each measures is achieved.
2. Each of the noise control measures outlined at (i)-(iii) in Section 13.2 of this report for the
Quarrying Phases is to be implemented. Furthermore, each of these measures should be
examined in more thoroughly during the detail design phase of the proposed new quarry to
ensure that optimisation of the acoustical performance of each measures is achieved.
3. Finally, the establishment, development and construction of the proposed new quarry should be
carried out in accordance with the requirements of the Construction Noise Management Plan. In
addition, the operation of the new quarry during the Quarrying Phases should be conducted in
accordance with the requirements of the Environmental Noise Management Plan.
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Introduction

Boral Resources (Qld) Pty Limited (Boral) is seeking to establish a new extractive industry operation
on a greenfield site at Tallebudgera Creek Road, near Reedy Creek on the Gold Coast. The project will
activate a greenfield extractive resource that is recognised under State Planning Policy 2/07 –
Protection of Extractive Resources as State‐significant.
On 19 December 2010, the Coordinator-General declared the Gold Coast Quarry project to be a
‘coordinated project’ under section 26(1)(a) of the Queensland State Development and Public Works
Organisation Act 1971 (SDPWO Act). This declaration initiates the statutory environmental impact
assessment procedure of Part 4 of the SDPWO Act, which requires the proponent to prepare an
Environmental Impact Statement (EIS) for the project.
To assist Boral in the preparation of the required EIS, Acoustics RB Pty Ltd has been engaged by Boral
to conduct an assessment of the potential impact of noise from the proposed quarry on the nearby
sensitive receptors and to make appropriate recommendations for the control of any excessive noise
from the proposed quarry.
The acoustical assessment has been carried out with reference to (i) Gold Coast Quarry Project Terms
of reference for the environmental impact statement July 2011, (ii) SPP 5/10 Guideline Air, Noise and
Hazardous Materials, (iii) Environmental Protection (Noise) Policy 2008 (EPP (Noise), (iv) Noise
Measurement Manual (Environment Protection Agency 2000) (v) EPA document Guideline – Planning
for Noise Control July 2004, (vi) prudent best practice noise control (BPNC) techniques and other
relevant criteria and considerations.
The analysis has been based on a site evaluation which has included measurement of the current
ambient noise levels, determination of source sound power levels of plant and equipment at the
quarry together with prediction of the impact of noise from the quarry during (i) the Pre-construction
Stage, (ii) Construction Stage and (ii) Operational Stage.
This report presents the results of the assessment together with recommendations for prudent best
practice noise control actions to achieve compliance with the appropriate noise level limits.

2.0

Site Particulars

2.1

Site Details

The location of the subject site, the cadastral plan of the surrounding community and an aerial
photograph of the site and surrounds are presented in Attachment A.
The particulars of the site are presented below:

Street Address:

Tallebudgera Creek Road, Tallebudgera Valley, Q4228



Real Property Description:

Lot 105 on SP144215 and Lot 901 on RP907357



Total Site Area:

219.99ha



Owners:

Boral Resources (Qld) Pty Limited, and
Gold Coast City Council (as trustee)



Local Government Area:

Gold Coast City Council



SEQ Regional Plan Designation:

Urban Footprint

Acoustics RB Pty Ltd

RB/08-073-EIS.R01 Page 7 of 137

Proposed Boral Gold Coast Quarry EIS - Assessment of Environmental Noise Issues



Local Government Planning
Scheme Designations:

April 2013

Part Urban Residential Strategic Designation;
Part Park Living Strategic Designation;
Part Open Space/Nature Conservation Strategic Designation;
Emerging Communities Domain;
Reedy Creek Structure Plan Area;
Part Urban Residential Structure Plan Precinct;
Part Park Living Structure Plan Precinct; and
Part Open Space/Nature Conservation Structure Plan Precinct

2.2

Location and Contextual Setting

The proposed Gold Coast Quarry is located on the western side of Pacific Motorway, approximately
five kilometres from Burleigh Heads.
Topographically, the site contains a number of gullies and vegetated ridgelines, with the resource
being located within a central deposit that is favourably surrounded by ridges. The site is of a size and
dimension which is sufficient to provide the substantial vegetation buffer areas to be maintained on
land owned by Boral.
2.3

Site Area

The irregular shaped site contains a total site area of 219.998 hectares, including a narrow 3.298ha
Council‐owned parkland allotment (Lot 901 on RP907357) which traverses the site generally in a
south-east to north-west direction between Tallebudgera Creek Road and Chesterfield Drive.
The site, under the ownership of Boral (Lot 105 on SP144215) and the Gold Coast City Council (Lot
901 on RP907357), has a history of extensive clearing, grazing and other rural pursuits. At present,
the site contains some small cleared areas (developed with nursery sheds, dams and access tracks)
set amongst extensive areas of regrowth vegetation and pockets of remnant vegetation.
2.4

Land Tenure and Native Title

Lot 105 on SP144215 is subject to freehold title and is not currently burdened or benefitted by any
existing easements.
Lot 901 on RP907357 is a reserve administered by the Council of the City of Gold Coast as trustee. It is
not currently burdened or benefitted by existing easements.
Native title has been extinguished over both allotments which comprise the site.
2.5

Road Frontage and Vehicular Access

The site contains frontages to three constructed roads: (i) Chesterfield Drive to the north-west, (ii)
Tallebudgera Creek Road to the south and (iii) Old Coach Road to the east. Vehicular access will only
be obtained to and from a nominated point on Old Coach Road to be defined by Gold Coast City
Council engineering requirements.
Access to and from the site is proposed by Old Coach Road, which connects the site to the Pacific
Motorway via an existing interchange to the north.
Acoustics RB Pty Ltd
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However, Boral understands that the Gold Coast City Council is currently investigating the
development of a new road corridor, using parts of Old Coach Road, to link Tallebudgera Creek Road
from beyond the east of the site with the existing Bermuda Street / M1 Pacific Motorway interchange
to the north of the site (the “future connection road”).
While transportation will occur along the existing Old Coach Road, which is identified as a ‘Transport
Route’ under the SPP 2/07, it is preferred by Boral that, should the alternative future connection road
be constructed, transportation and access be taken from this new road alignment. Both access
options are therefore under consideration at this point in time.

3.0

Sensitive Receptors

The sensitive residential receptor locations located within 2km of the boundaries of the site are
presented in Attachment B.

4.0

Site Particulars

4.1

Resource Volume

It is estimated that the site contains approximately 84 million tonnes of available hardrock resource.
4.2

Production Capacity

All elements of the project are to be designed to achieve a production capacity of 2 million tonnes per
year, subject to fluctuations in market demand.
4.3

Operational Life

All elements of the project are to provide for an operational life of at least 40 years.
4.4

Disturbance Footprint

The extraction area, processing plant and site infrastructure have been retained within a total
proposed disturbance footprint of around 66 hectares (or 30% of the site). The extent of the
disturbance footprint is shown in yellow in the aerial photograph presented in Attachment A. The
quarrying and processing activities have been constrained to the centre of the site, allowing very
substantial buffers to residential areas to be maintained.
4.5

Staging

Work to prepare and construct the proposed new quarry is proposed to be carried out in the
following eight pre-operational phases as follows:



Establishment Phases E1, E2 and E3:
Development Phases D1, D2, D3 and D4:
Construction Phases C1 and C2:

Four quarters commencing January 2016
Eight quarters commencing January 2017
Six quarters commencing end-December 2018

Thereafter, it is proposed to operate the quarry in five phases, ie Phases Q1, Q2, Q3, Q4 and Q5.
Details of the works to be undertaken during the pre-operational phases and the extent of quarrying
during the quarrying phases are presented in detail in the staging plans prepared by the project civil
and mining engineers, Lambert & Rehbein.
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Mobile Plant – Pre-Operational Phases

During the Establishment, Development and Construction phases of the project, mobile crushing and
screening plant and heavy earthmoving plant will be utilised.
A schedule of the major noise-generating items of proposed plant and equipment to be used during
the pre-operational phases is presented in Attachment C. Refer Table C1.
During the pre-operational phases, careful consideration will be given to overburden removal and
excavation to ensure that, to the greatest degree feasible, high ground is retained to provide natural
shielding to the major noise-generating items of plant. Correspondingly, mobile crushing and
screening operations will be strategically placed to take advantage of the shielding provided by the
retained high ground. Where necessary, supplementary acoustical shielding will be provided by
purpose designed fixed barriers and moveable barriers.
Furthermore, wherever feasible, source sound power levels will be used to guide selections of
earthmoving and mobile plant (especially rock drills) to ensure that “low-noise” plant is used on-site.
4.7

Fixed Plant – Quarrying Phases

All fixed processing plant will be located within a dedicated Processing Area.
The layout of the Processing Area is shown in Attachment C Figure C1.
All major noise-generating items of fixed crushing and screening plant will be fully enclosed, with
penetrations maintained for the passage of conveyors and the entry of raw material.
A mechanical workshop will be located at the south-eastern extent of the Processing Area. All
openings into the workshop will be located on the western side of the building.
A schedule of the unitary sound power levels of enclosed fixed crushing and screening plant is
presented in Attachment C. Refer Table C2.
4.8

Hours for Pre-Operational Phases and Quarrying Phases

4.8.1

Pre-Operational Phases

During the Establishment, Development & Construction Phases, the proposed development will be
operated within the following hours:



Access (excluding Maintenance):
Construction activities & site works*:
Sales and Dispatch:
Mobile Crushing and Screening:
Maintenance:



Blasting:





6:00am to 6:00pm Monday to Saturday
6:30am to 6:00pm Monday to Saturday
6:30am to 6:00pm Monday to Saturday
7:00am to 6:00pm Monday to Saturday
24 hours Monday to Saturday and
8:00am to 6:00pm Sundays
9:00am to 5:00pm Monday to Friday

* Operation of major items of noise-generating plant, specifically bulldozers, rock breakers and rock
drills will not commence until 7:00am.
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Quarrying Phases

During Quarrying Phases Q1 to Q5, the proposed development will be operated within the following
hours:







5.0

Access (General Operations):
Extraction:
Crushing and Screening:
Sales and Dispatch:
Maintenance:
Blasting:

6:00am to 6:00pm Monday to Saturday
6:30am to 6:00pm Monday to Saturday
6:30am to 6:00pm Monday to Saturday
6:30am to 6:00pm Monday to Saturday
24 hours Monday to Saturday and 8:00am to 6:00pm Sundays
9:00am to 5:00pm Monday to Friday

Requirements of Terms of Reference

With respect to the assessment and control of environmental noise emission, the requirements of the
Terms of Reference are presented in Section 4.7 of that document. These requirements are
reproduced in blue font below.
Note: Section 4.7 also includes requirements with respect to matters relating to ground vibration and
blast overpressure, notably (ii) parts of S4.7.1 dealing with vibration matters as well as (ii) S4.7.2
Items 2 (part), 4-8, 10, 11, 13 and 15 (part) following. These specific matters will be dealt with in the
assessment of ground vibration and blast overpressure prepared by the blasting expert engaged by
Boral, Mr Cameron McKenzie of Blast Technology.
4.7

Noise and vibration

4.7.1

Description of environmental values

Describe the existing noise and vibration environment that may be affected by the project in
the context of environmental values as defined by the EPP (Noise). The Noise Measurement
Manual (Environment Protection Agency 2000) and the Guideline: Noise and Vibration from
Blasting (Environment Protection Agency 2006) are to be considered in describing the existing
noise and vibration environment and the potential impacts from the proposed activity. The
Australian Standard AS2187.2-2006 Explosives: Storage and Use (Part 2—Use of Explosives)
(Standards Australia 2006) is also to be considered in this section.
The EIS should confirm that the impact on human health at the sensitive receivers is to be
appropriately mitigated to achieve a satisfactory internal noise level for the preservation of
health and well-being as identified within the EPP (Noise).
Identify likely sensitive noise receptors and estimate typical background noise and vibration
levels based on surveys at representative sites. Discuss the potential sensitivity of such
receptors and nominate performance indicators and standards. The proponent is to provide
management options at the sensitive receivers when noise attenuation at the source does
not adequately reduce the emissions.
Sensitive noise receptors should also consider health, recreational and educational facilities.
As well as existing sensitive receptors, the EIS should consider the nature and extent of any
potential impacts on areas identified for future development in the local area (either by
existing approvals or by designations under the planning scheme).
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Potential impacts and mitigation measures

The EIS should describe, in separate chapters, the impacts of noise and vibration generated
during the pre-construction, construction, operation and decommissioning phases of the
project. Noise and vibration impact analysis should include:
1. A hierarchical impact mitigation methodology.
2. The levels of noise and vibration generated, including noise contours, assessed against
current typical background levels, using modelling using computer modelling of a
reputable nature which has been peer reviewed, such as the Environmental Noise Model
or SoundPLAN.
3. A scaled plan depicting the location of the sensitive receptors, the source noises, the
topography of the site and the noise levels at the sensitive receptors depicted as noise
contours surrounding the premises.
4. The impact of noise, including low frequency noise (noise with components below 200Hz)
and vibration at all potentially sensitive receivers within and around the study corridor,
compared with the performance indicators and standards nominated above.
5. The potential impacts from noise and vibration on the neighbouring residences from a
physical perception perspective, such as any sensation of buildings/structures/ ground
vibrating or emitting noise (for example, windows rattling or items on shelving moving).
6. Potential effects of noise and vibration on nearby buildings and structures such as private
residences.
7. Potential effects of noise and vibration on other infrastructure, including roads and rail.
8. Within considerations on vibration, include separate discussion on possible settlement or
lateral seam impacts.
9. Impacts on terrestrial and aquatic fauna.
10. The EIS should include an outline of the scope and methodology of pre-construction
building surveys including a preliminary identification of the type and location of
properties that should be surveyed. The proponent should undertake any required preconstruction building surveys in the vicinity of the project prior to commencement of any
quarrying operations.
11. A proposed plan for managing impacts of, and/or complaints about, damage to structures
caused by the project due to vibration should also be provided.
12. Proposals to minimise or eliminate the effects of noise, including details of any screening,
lining, enclosing or bunding, construction methods, or timing schedules for construction
that would minimise environmental harm and environmental nuisance from noise.
13. Proposals to minimise or eliminate the effects of vibration, including blast design, that
would minimise environmental harm and environmental nuisance from vibration.
14. Any computer modelling used to suggest abatement measures must list the assumptions
made for existing attenuation (for example, distance, atmospheric absorption, barriers,
effects of intervening ground types and weather conditions).
15. In addition, develop likely noise and vibration management measures for sensitive places
and options if unable to achieve a satisfactory internal noise level.
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Compliance with Terms of Reference

From an examination of S4.7.1 and S4.7.2 of the TOR, it is apparent that there is some minor overlap
between the requirements of S4.7.1 and those of S4.7.2. In addition, as noted above, several the
specific requirements of both S4.7.1 and S4.7.2 would be dealt with by the blasting expert.
For purposes of clarity and to ensure that all of the relevant requirements relating to environmental
noise issues are dealt with, the specific requirements of S4.7.1 and S4.7.2 are examined in the
following sections and sub-sections of this report:Section 7.0 - Description of Environmental Values
Section of TOR:

S4.7.1

Requirement:

Description of Environmental Values

Details:

A description of the existing noise environment that may be affected by the
project in the context of environmental values as defined by the EPP (Noise)
by reference to the appropriate mitigation of the impact on human health at
the sensitive receivers by establishing a satisfactory internal noise level for
the preservation of health and well-being as identified within the EPP (Noise)
with consideration also given to the ambient noise level measurement
techniques of Noise Measurement Manual (Environment Protection Agency
2000), NMM. (Refer also Section 8.0 for specific application of NMM.)

Additional:

For completeness and having regard to any subsequent Development
Approval application, consideration has also been given to (i) the external
acoustical quality objective of EPP (Noise), (ii) Clause 10 Controlling
background creep of EPP (Noise) 2008, and (iii) the noise level limits set under
conditions commonly imposed by DEHP for quarry applications.

Section 8.0 - Background Noise Levels and Relevant Noise Level Limits
Section of TOR:

S4.7.1

Requirement:

Identification of sensitive receptors, determination of typical background and
determination of specific values for noise level performance indicators

Details:

Identification of likely sensitive noise receptors (both current and approved)
and presentation of results of measurements of current background noise
levels at representative sites. Discussion of the potential sensitivity of
receptors and determination of specific values for noise level performance
indicators. Discussion of management options at the sensitive receivers
when noise attenuation at the source does not adequately reduce the
emissions.

Additional:

For completeness and having regard to any subsequent Development
Approval application, noise level limits based on (i) the external acoustical
quality objective of EPP (Noise), (ii) Clause 10 Controlling background creep of
EPP (Noise) 2008, and (iii) the limits set under conditions commonly imposed
by DEHP for quarry applications are also provided.
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Section 9.0 - Establishment Phases
Section of TOR:

S4.7.2

Requirement:

Assessment and control of
Establishment Phases of project

Details:

Item 1: Identification of the appropriate hierarchical impact mitigation
methodology for these phases

environmental

noise

emission

during

Items 2 & 3: Presentation of SoundPLAN noise level contours for likely worstcase operations during Establishment Phases
Item 9: Discussion of noise impacts on terrestrial and aquatic fauna
Item 12-14: Discussion of proposals to minimise or eliminate the effects of
noise
Section 10.0 - Development Phases
Section of TOR:

S4.7.2

Requirement:

Assessment and control of environmental noise emission during Development
Phases of project

Details:

Item 1: Identification of the appropriate hierarchical impact mitigation
methodology for these phases
Items 2 & 3: Presentation of SoundPLAN noise level contours for likely worstcase operations during Development Phases
Item 9: Discussion of noise impacts on terrestrial and aquatic fauna
Item 12-14: Discussion of proposals to minimise or eliminate the effects of
noise

Section 11.0 - Construction Phases
Section of TOR:

S4.7.2

Requirement:

Assessment and control of environmental noise emission during Construction
Phases of project

Details:

Item 1: Identification of the appropriate hierarchical impact mitigation
methodology for these phases
Items 2 & 3: Presentation of SoundPLAN noise level contours for likely worstcase operations during Construction Phases
Item 9: Discussion of noise impacts on terrestrial and aquatic fauna
Item 12-14: Discussion of proposals to minimise or eliminate the effects of
noise
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Section 12.0 - Quarrying Phases
Section of TOR:

S4.7.2

Requirement:

Assessment and control of environmental noise emission during Quarrying
Phases of project

Details:

Item 1: Identification of the appropriate hierarchical impact mitigation
methodology for these phases
Items 2 & 3: Presentation of SoundPLAN noise level contours for likely worstcase operations during Quarrying Phases
Item 9: Discussion of noise impacts on terrestrial and aquatic fauna
Item 12-14: Discussion of proposals to minimise or eliminate the effects of
noise

Section 13.0

Conclusions

Section 14.0

Noise Management Plans

Section 15.0

Recommendations

Attachments
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At S4.7.1 of the TOR, and examining the requirements of the TOR with respect to environmental noise
matters only, it is stated:“Describe the existing noise ... environment that may be affected by the project in the context of
environmental values as defined by the EPP (Noise). The Noise Measurement Manual (Environment
Protection Agency 2000) … (is) to be considered in describing the existing noise … environment and
the potential impacts from the proposed activity. The EIS should confirm that the impact on human
health at the sensitive receivers is to be appropriately mitigated to achieve a satisfactory internal
noise level for the preservation of health and well-being as identified within the EPP (Noise).”
7.2

Application of Environmental Protection (Noise) Policy 2008 - EPP (Noise)

EPP (Noise) 2008 states:The environmental values to be enhanced or protected under this policy are—
(a) the qualities of the acoustic environment that are conducive to protecting the health and
biodiversity of ecosystems; and
(b) the qualities of the acoustic environment that are conducive to human health and wellbeing,
including by ensuring a suitable acoustic environment for individuals to do any of the
following (i)

sleep;

(ii)

study or learn;

(iii)

be involved in recreation, including relaxation and conversation; and

(c) the qualities of the acoustic environment that are conducive to protecting the amenity of the
community.
S4.7.1 of the TOR states also: “The EIS should confirm that the impact on human health at the
sensitive receivers is to be appropriately mitigated to achieve a satisfactory internal noise level for the
preservation of health and well-being as identified within the EPP (Noise).”
As stated above, the focus of the requirements of S4.7.1 of the TOR is the achievement of a
satisfactory internal noise levels in accordance with the requirements of EPP (Noise) 2008.
EPP (Noise) 2008 presents a table of acoustic quality objectives which are “prescribed for enhancing
or protecting the environmental value(s). ... It is intended that the acoustic quality objectives be
progressively achieved as part of achieving the purpose of this policy over the long term.”
For residential dwellings, and taking due account of the proposed hours of operation the quarry, the
acoustic quality objectives (measured using the most stringent noise level parameter, ie LAeq adj,1hr) for
satisfactory internal noise levels (together with equivalent external noise levels) would be as follows:

06:00-07:00: 30dBA internally (ie 37-40dBA free field externally with windows open)1



07:00-18:00: 35dBA internally (ie 42-45dBA free field externally with windows open)

1

The minimum attenuation afforded by dwellings with windows open has been determined to be 7dBA. A reduction of 10dBA is
ascribed by AS3671 - 1989 Acoustics - Road Traffic Noise Intrusion - Building Siting and Construction.
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For completeness and having regard to any subsequent Development Approval application,
consideration has also been given to (i) the external acoustical quality objective of EPP (Noise) 2008,
(ii) Clause 10 Controlling background creep of EPP (Noise) 2008, (iii) the noise level limits set under
conditions commonly imposed by DEHP for quarry applications and (iv) constraints placed on noise
from construction activities.
Notes re Noise Level Parameters:
For the purposes of determining the limits for acceptable levels of noise emission from facilities not yet
established, the background noise level is determined as the long-term background noise level (minLA90) also
termed the Rating Background Level, RBL. This value is determined using the methods described in Appendix B
of Planning for Noise Control. By contrast, for noise assessment purposes, the background noise level is
determined as the short term LAbg,T (ie the average of the minimum noise levels measured over the time
interval, T) or LA90,T (ie the noise level exceeded for 90% of the measurement time interval, T), each measured at
the time of the assessment of the acceptability of the emitted noise, with the measurements of the background
noise level excluding the contributions from noise source under investigation.
LAmax adj,T is the adjusted average maximum A-weighted sound pressure level over the time period, T. When
measured using a sound level meter, it is determined as the average of the maximum noise levels plus, if
applicable, an adjustment for noise character. LAeq adj,T is the adjusted energy average A-weighted sound
pressure level over the time period, T. It is the constant noise level whose energy is equivalent to that of the
noise level which varies over time plus, if applicable, an adjustment for noise character.
For both LAmax adj,T and LAeq adj,T, the adjustment for each element of noise character, if applicable, is usually 2dBA
or 5dBA depending on the nature of the noise and the discernibility of the specific noise characteristic/s within
the overall noise level environment in which the noise is being experienced. While individual quarrying noise
sources may exhibit noise level characteristics that may, on their own, give rise to adjustments for specific noise
character, because these noise sources are acting in concert with a very large number of other operational
quarrying noise sources, the emergence of the noise of these particular sources, and hence, the discernible of
the specific noise characteristics is usually depressed to the degree that either no adjustment is applicable or a
maximum adjustment of 2dBA may apply from time-to-time.
Finally, when noise level limits are set in terms of LA90,T or LAeq adj,T and the permissible tolerance above the
otherwise prevailing LA90,T or LAeq adj,T noise level is set at 0dBA, it is not the intention that there be no change to
the LA90,T or LAeq adj,T noise level. To do so, of course, would totally preclude the operation of the noise
source/premises being assessed. Rather, the noise limit clearly applies to the component noise level, ie the
level of noise emitted by the noise source/premises being assessed without contribution from the otherwise
prevailing LA90,T or LAeq adj,T noise level. It is this component noise level that must not exceed a value equal to the
otherwise prevailing LA90,T or LAeq adj,T noise level.

Each of these four other matters is discussed below:1.

At Schedule 1, EPP (Noise) 2008 also poses an external 50dBA LAeq
objective for dwellings, with windows either open or closed.

2.

At Clause 10 Controlling background creep, EPP (Noise) 2008 states:

adj,1hr

acoustical quality

(1) This section states the management intent for an activity involving noise.
Note - See section 51 of the Environmental Protection Regulation 2008 (Refer also
Attachment K of this report for details of s.51 of EPR2008.)
(2) To the extent that it is reasonable to do so, noise from an activity must not be—
(a) for noise that is continuous noise measured by LA90,T - more than nil dBA greater than
the existing acoustic environment measured by LA90,T; or
(b) for noise that varies over time measured by LAeq adj,T - more than 5dBA greater than the
existing acoustic environment measured by LA90,T.
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Commonly, DEHP sets limits for acceptable levels of noise emission from quarries in terms of the
stated tolerance above the background noise level. Historically, the noise level parameter of
choice has been the Adjusted Maximum Sound Pressure Level LAmax adj,T. Recently, due to
proposed changes to the Noise Measurement Manual, the preferred parameter is now LAeq adj,T.
Note: it is also commonplace for DEHP to set underpinnings (ie lower limiting values) either to
the background noise level or the resultant noise level limit applicable to the specific noise
source/premises being assessed.

4.

Noise from building construction activities is addressed in Environmental Protection Act 1994 at
Part 3B Division 3 Default Noise Standards Clause 440R Building Work. This clause places specific
constraints on the permitted hours for building construction activity, but does not impose noise
level limits, viz:(1) A person must not carry out building work in a way that causes an audible noise –
(a) on a business day or Saturday, before 6: 30am or after 6:30pm; or
(b) on any other day, at any time.

Presented below are examples of noise level limits for operational activities set in terms of each
measured LAmax adj,T, component LAeq adj,T and measured LAeq adj,T:Schedule D - Noise
Noise monitoring
(D1) In the event of a complaint about noise that the administering authority considers is reasonable,
the emission of noise from the activity must not result in levels greater than those specified in
Table 1 of the Noise Schedule until circumstances which gave rise to the complaint are resolved.
Table 1 Limits set in terms of LAmax adj,T
Noise Level at a Noise Sensitive Place Measured as the Adjusted Maximum
Sound Pressure Level LAmax adj,T

Period

Background noise level plus 5dBA

7 am - 6 pm

Background noise level plus 5dBA

6 pm - 10 pm

Background noise level plus 3dBA

10 pm - 7 am

Table 1 Limits set in terms of component LAeq adj,T
Noise Level at a Noise Sensitive Place, LAeq adj,T

Period

Background noise level plus 3dBA

7 am - 6 pm

Background noise level plus 3dBA

6 pm - 10 pm

Background noise level plus 0dBA

10 pm - 7 am
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Table 1 Limits set in terms of measured LAeq adj,T
Noise Level at a Noise Sensitive Place, measured LAeq adj,T

Period

Background noise level plus 5dBA

7 am - 6 pm

Background noise level plus 5dBA

6 pm - 10 pm

Background noise level plus 3dBA

10 pm - 7 am

8.0

Background Noise Levels and Relevant Noise Level Limits

At S4.7.1 of the TOR, and examining the requirements of the TOR with respect to environmental noise
matters only, it is also stated:“Identify likely sensitive noise receptors and estimate typical background noise … levels based on
surveys at representative sites. Discuss the potential sensitivity of such receptors and nominate
performance indicators and standards. The proponent is to provide management options at the
sensitive receivers when noise attenuation at the source does not adequately reduce the emissions.
Sensitive noise receptors should also consider health, recreational and educational facilities. As well
as existing sensitive receptors, the EIS should consider the nature and extent of any potential impacts
on areas identified for future development in the local area (either by existing approvals or by
designations under the planning scheme).”
Each of these matters is discussed, in turn, in Sections 8.1-8.3 below.
8.1

Identification of Likely Sensitive Noise Receptors

As noted in Section 3.0 above, the sensitive residential receptor locations located within 2km of the
boundaries of the site are presented in Attachment B. All nearby sensitive noise receptors are
residential. There are no sensitive health, recreational or educational facilities located in close
proximity to the subject site.
It should be noted that these figures show the existing cadastre obtained from DNRM which shows all
allotments that have been formally created and titled. In addition, the cadastre has been
supplemented with approved development over Stage 20 at the Observatory. It should be noted that
the detached lots shown on Stage 20 have not yet been created, ie there are no registered survey
plans or titles over these lots.
In terms of noise emission to the community, the locations of the likely most sensitive noise receptors
will be generally be those individual residential allotments located in close proximity to the site of the
proposed quarry. Refer also noise contour plots presented in Attachments E-H.
8.2

Ambient Noise Levels and Background Noise Levels

As noted above in Section 4.8, for the Establishment, Development and Construction phases of the
project, the operation of major items of noise-generating plant (ie specifically, bulldozers, rock
breakers, rock drills and mobile crushing and screening plant) will not commence until 7:00am
Monday to Saturday. There will be no noise-generating activities conducted after 6:00pm, or on
Sundays or public holidays.
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For the operational phases of the proposed quarry, extraction, crushing and screening and sales will
be conducted between 6:30am and 6:00pm Monday to Saturday.
Maintenance activities are proposed to be conducted at any time.
To quantify the ambient noise levels and background noise levels in the surrounding community as it
is currently configured, unattended noise level monitoring was conducted continuously from the
morning of Thursday 16 August to the morning of Thursday 23 August 2012 at five representative
locations typical of the likely most-sensitive noise receptors. All noise logging was conducted
continuously over sequential 15 minute intervals.
The measurement locations are shown in Attachment D Figure D1.
The monitoring was conducted at a height of 1.4-1.5m above ground level using a precision logging
sound level meters as follows:

Location A:

Norsonic type Nor-140 Serial No. 8828920 and acoustic calibrator ARL type ND9
Serial No. N229479



Location B:

Rion type NL-21 Serial No. 00877040 and acoustic calibrator ARL type ND9 Serial
No. N229479



Location C:

Norsonic type Nor-140 Serial No. 8193415 and acoustic calibrator ARL type ND9
Serial No. N229479



Location D:

Norsonic type Nor-131 Serial No. 2710349 and acoustic calibrator ARL type ND9
Serial No. N229479



Location E:

Norsonic type Nor-140 Serial No. 8182422 and acoustic calibrator ARL type ND9
Serial No. N229479

Important note:

Location D was chosen to be generally representative of the noise levels that
currently prevail at the eastern extent of the recently approved, but
undeveloped, Stage 20 of Observatory Estate. Notwithstanding, it should be
noted that because development has yet to take place over Stage 20, the noise
levels measured at Location D will understate the actual noise levels expected to
result after development has been completed.

All sound level meters carry current calibration, issued either by the original manufacturer or an
appropriately certified NATA registered laboratory.
All sound level meters were field calibrated at the commencement and conclusion of the noise level
monitoring period. All were found to be reading to within 0.1dBA of the calibration level.
The identified noise sources were (i) all locations: birds, occasional light rustling of leaves, infrequent
aircraft, (ii) Locations B, C and E: distant road traffic and (iii) Location A: road traffic on Old Coach
Road.
Measurements were carried out in accordance with AS 1055.1-1989, Acoustics - Description and
Measurement of Environmental Noise and EPA Noise Measurement Manual. Weather conditions
were ideal for the noise level monitoring. Each day was fine and clear. There was no rain registered
at all during this period. The wind speed was calm to light. The temperature range was 5-26°C.
The results of the noise level monitoring are presented in Attachment D.
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Figures DA1-DE1 show the noise levels at the five monitoring locations recorded over 15 minute
intervals over the entire monitoring period for each of the following noise level parameters:

LA01,15min:

The A-weighted sound pressure level exceeded for 1% of the 15 minute monitoring
time interval



LA10,15min:

The A-weighted sound pressure level exceeded for 10% of the 15 minute monitoring
time interval



LAeq,15min:

The energy average A-weighted sound pressure level over the time period,



LA90,15min:

The A-weighted sound pressure level exceeded for 90% of the 15 minute monitoring
time interval

Figures DA2-DE2 show the noise levels monitored over 15 minute intervals over a typical week day
for each of the four noise level parameters above.
A summary of the results is presented in Attachment D in Tables DA1-DA7, DB1-DB7, DC1-DC7, DD1DD7 and DE1-DE7.
As noted in Section 4.8.2 and as restated at Section 8.2 above, when the proposed quarry is fully
operational, extraction, crushing and screening and sales will be conducted between 6:30am and
6:00pm six days per week, ie Monday to Saturday. Eleven of these 11.5 hours of operations occur
during the day time period, ie 7:00am-6:00pm. The first half hour, 6:30am-7:00am, is part of the
night time period.
From these results, the Rating Background Level (RBL) for the day time period at each monitoring
location has been calculated as the median value of the set of six (ie Monday to Saturday) 10
percentile levels recorded at each location. The resultant daytime RBL values are as follows:

Location A: 40dBA



Location B: 40dBA



Location C: 30dBA



Location D: 31dBA



Location E: 37dBA

For the one half hour period 6:30am-7:00am, there is not sufficient data each day to be able to
calculate the 10 percentile levels. Instead, and adopting a necessarily conservative stance, the Rating
Background Level for this time period may be calculated as the median of the seven minimum daily
values recorded during the full hour from 6:00am-7:00am. The results are as follows:

Location A: 44dBA



Location B: 42dBA



Location C: 32dBA



Location D: 32dBA



Location E: 41dBA
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Notes:
As outlined above, the noise levels measured at Location D will understate the actual noise levels
expected to result after development has been completed. Having regard to the effect of this future
development and reviewing the resultant noise levels at Location D presented above in the context of
(i) the ambient and background noise levels recorded at the other monitoring locations and (ii) the
average background A-weighted sound pressure levels determined by reference to Appendix A of
AS1055.2-1997, it can be concluded that the rating background noise level Location D is likely to
increase by approximately 3dBA after development has been completed. Over time, and as for the
development takes place to the north of Stage 20 and road traffic volumes increase on Pacific
Motorway, a further additional increase in the rating background noise levels would be expected to
result. In view of this, it is considered appropriate to take account of the expected increase in rating
background noise levels at this location when setting any limits based on the tolerance applied to the
background noise level.
Given the very substantial distances of separation of the Skyline Terrace community (ie Sensitive
Receptor Area G) from the quarry coupled with the presence of intervening residential developments,
it was deemed unnecessary to undertake noise level monitoring within this community.
Notwithstanding and adopting a conservative approach, it can be reasonably concluded that the
average background noise levels and the rating background noise level for this community will each
be equivalent to those determined for Stage 20.
In a similar manner, and giving due regard to the rural residential nature of both the Tuesday Drive
community (ie Noise Receptor Area E) and the Chesterfield Drive community (ie Noise Receptor Area
H), it can be reasonably concluded that the average background noise levels in the two communities
will be equivalent and the rating background noise level for each of these communities will be the
same as well.
8.3

Distilled Noise Level Limits

From the discussion presented above in Section 7.0, it is apparent that, for the proposed quarry,
there are various noise level limits for acceptable levels of noise emission and a number of methods
by which these limits may be set. These can be distilled to be as follows:1. TOR Requirements
Satisfactory internal noise levels in accordance with the requirements of EPP (Noise) 2008
 06:00-07:00:

30dBA internally (ie 37-40dBA free field externally with windows open)

 07:00-18:00:

35dBA internally (ie 42-45dBA free field externally with windows open)

2. At Schedule 1, EPP (Noise) 2008
External AQO:

50dBA LAeq adj,1hr

3. Clause 10 Controlling Background Creep, EPP (Noise) 2008
 06:00-07:00:

External Measured LAeq adj,T = Background Noise Level + 5dBA

 07:00-18:00:

External Measured LAeq adj,T = Background Noise Level + 5dBA

4. DEHP Development Permits
 06:00-07:00:

External Measured LAeq adj,T = Background Noise Level + 3dBA

 07:00-18:00:

External Measured LAeq adj,T = Background Noise Level + 5dBA

 06:00-07:00:

External Component LAeq adj,T = Background Noise Level + 0dBA

 07:00-18:00:

External Component LAeq adj,T = Background Noise Level + 3dBA
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As discussed in the notes to Section 7.2, for the purposes of determining the limits for acceptable
levels of noise emission from facilities not yet established, the background noise level is determined
as the Rating Background Level, RBL.
By contrast, for noise assessment purposes, the background noise level is determined as the short
term LAbg,T (ie the average of the minimum noise levels measured over the time interval, T) or LA90,T (ie
the noise level exceeded for 90% of the measurement time interval, T), each measured at the time of
the assessment of the acceptability of the emitted noise, with the measurements of the background
noise level excluding the contributions from extraneous noise sources.
Because the RBL is determined as the median of the 10 percentile LA90,T values measured over a
representative week, noise level limits set relative to the RBL will almost invariably be more
conservative than a limit set against the short term background noise level.
In addition, it can be readily shown by decibel subtraction that a measured limit set at a value equal
to the background noise level plus 5dBA is equivalent to a component level limit that is set at a value
equal to the background noise level plus 3dBA.
Similarly, also by decibel subtraction, it can be shown that a measured limit set at a value equal to the
background noise level plus 3dBA is equivalent to a component level limit that is set at a value equal
to the background noise level plus 0dBA. That is, and as discussed in the notes to Section 7.2 above,
the two sets of noise limits commonly set by DEHP in development permits are equivalent.
In view of this, and for the sake of reducing unnecessary complexity, (i) each set of limits will be
considered to be interchangeable and (ii) determination of the resultant noise level limit – both under
Clause 10 of EPP (Noise) 2008 And DEHP Development Permits – will be made by reference to the
component limit solely.
Adopting the RBL values determined above, and including the discussion at the note to Section 8.2,
the values of the noise level limits for each monitoring location can be determined to be as presented
in Table 2 (Daytime Activities 7:00am-6:00pm) and Table 3 (Early Morning Activities 6:00am-7:00am).
Note: All RBL values have been determined under free field conditions. To maintain consistency, both
for relativity against the various limit setting methodologies and against the process for determining
the RBL values, all limits are also free field criteria.
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Component Noise Level Limit, LAeq adj,T
(dBA) by Monitoring Location
A

B

C

D

E

TOR Requirements

All

NA

NA

42-45

42-45

42-45

42-45

42-45

Schedule 1, EPP
(Noise) 2008

All

NA

NA

50

50

50

50

50

Cl.10, EPP (Noise)
2008

A

40

3

43

DEHP Development
Permits

A

40

3

43

Cl.10, EPP (Noise)
2008

B

40

3

43

DEHP Development
Permits

B

40

3

43

Cl.10, EPP (Noise)
2008

C

30

3

33

DEHP Development
Permits

C

30

3

33

Cl.10, EPP (Noise)
2008

D

35

3

38

DEHP Development
Permits

D

35

3

38

Cl.10, EPP (Noise)
2008

E

37

3

40

DEHP Development
Permits

E

37

3

40

Table 2 – Component Free Field Noise Level Limits - Daytime Activities 7:00am-6:00pm
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Component Noise Level Limit, LAeq adj,T
(dBA) by Monitoring Location
A

B

C

D

E

TOR Requirements

All

NA

NA

42-45

42-45

42-45

42-45

42-45

Schedule 1, EPP
(Noise) 2008

All

NA

NA

50

50

50

50

50

Cl.10, EPP (Noise)
2008

A

44

0

44

DEHP Development
Permits

A

44

0

44

Cl.10, EPP (Noise)
2008

B

42

0

42

DEHP Development
Permits

B

42

0

42

Cl.10, EPP (Noise)
2008

C

32

0

32

DEHP Development
Permits

C

32

0

32

Cl.10, EPP (Noise)
2008

D

35

0

35

DEHP Development
Permits

D

35

0

35

Cl.10, EPP (Noise)
2008

E

41

0

41

DEHP Development
Permits

E

41

0

41

Table 3 – Component Free Field Noise Level Limits - Daytime Activities 6:30am-7:00am
Having regard to (i) the results presented in Tables 2 and 3 and (ii) the proposed hours of activities for
the pre-operational phases and the quarrying operations and (iii) adopting the most stringent set of
criteria for each monitoring location, the resultant component noise level limits can be distilled to be
as follows:Pre-Operational Phases


Location A:

43dBA



Location B:

43dBA



Location C:

33dBA



Location D:

38dBA



Location E:

40dBA
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Quarrying Phases


Location A:

43dBA



Location B:

42dBA



Location C:

32dBA



Location D:

35dBA



Location E:

40dBA

9.0

Establishment Phases

As noted in Section 6.0 of this report above, S4.7.2 of the TOR requires that each of the following
items be assessed for the Establishment Phases of the proposed development:

Item 1: Identification of the appropriate hierarchical impact mitigation methodology for these
phases



Items 2 & 3: Presentation of SoundPLAN noise level contours for likely worst-case operations
during Establishment Phases



Item 9: Discussion of noise impacts on terrestrial and aquatic fauna



Item 12-14: Discussion of proposals to minimise or eliminate the effects of noise

Each is discussed in the following sub-sections.
9.1

Hierarchical Impact Mitigation Methodology

Part 4 Clause 9 of EPP (Noise) 2008 which presents a management hierarchy for noise. This is
reproduced below:(1) This section states the management hierarchy for an activity involving noise.
(2) To the extent that it is reasonable to do so, noise must be dealt with in the following order of
preference—
(a) firstly—avoid;
Example for paragraph (a) - locating an industrial activity in an area that is not near a sensitive receptor

(b) secondly—minimise, in the following order of preference—
(i)

firstly—orientate an activity to minimise noise;

Example for subparagraph (i) - facing a part of an activity that makes noise away from a sensitive
receptor

(ii) secondly—use best available technology;
(c) thirdly—manage.
Example for paragraph (c) - using heavy machinery only during business hours
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An examination of each of the three strategies discussed above follows.
1. Avoidance
Strategy: Avoid locating noise generating activities close to residential premises.
Application: The strategy of avoidance works best when siting options are available, eg in the
case of industrial and commercial buildings which can be sited in designated industrial estates
well moved from residential areas or appropriately zoned commercial areas separated from
residential areas.
By contrast, in the case of quarries, the quarry pit and processing activities must be located where
the resource occurs. This is a simple function of geology and of proximity to markets.
Notwithstanding, in contrast to many other recently developed quarries, this strategy has been
applied to the proposed development. As noted in Section 4.4 above, the extraction area,
processing plant and site infrastructure have been retained within a total proposed disturbance
footprint comprising approximately 30% of the site. Furthermore, as is also evident in the plant
layout and pit design drawings, the quarrying and processing activities have been constrained to
the centre of the site allowing very substantial buffers to residential areas to be maintained.
As a result, the noise generating activities conducted as part of the Establishment Phases of the
development of the proposed quarry will be located at substantial separation distances from the
nearest residential communities.
2. Minimisation
Strategies: (i) Orientation of noise generating activities to face away from sensitive receptor
locations and (ii) Adoption of best available technology, ie Best Practice Noise Control.
Application: Both of these strategies have been adopted for the Establishment Phases of the
proposed new quarry.
Firstly, considerable care and attention to detail has been given to the design and execution of
the pre-operational works. This includes the work during the Establishment Phases. Specifically,
these works have been designed to ensure that, to the greatest degree possible and for the
longest time achievable, the pre-operational earthworks will be carried out utilising the receding
rim method, whereby local high ground is maintained between the noise generating activities and
the nearest/most likely affected residential areas. The purpose of retaining the high ground is to
maximise the degree of beneficial acoustical shielding provided to these residences.
While a maximum benefit from this strategy will accrue during the Development Phases of the
project, the design of the works during the Establishment Phases has incorporated specific work
platform areas for the placement of mobile processing plant to maximise the beneficial shielding
provided by the retained high ground.
Secondly, Best Practice Noise Control will be applied to the major items of noise generating plant.
Specifically, wherever possible, major items of noise generating plant will be selected to ensure
that only “low noise” plant and equipment is used. In addition, all mobile processing plant and
earthmoving equipment used during the Establishment Phases will be subject to a stringent
maintenance program to ensure that all source sound power levels are maintained at the same
low levels throughout the duration of the Establishment Phases. For example, mufflers and
sound suppression devices fitted to earthmoving equipment will be routinely inspected to ensure
that they are operating at their optimum acoustical performance.
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In addition, frequent inspection of bulldozers will be undertaken to ensure that a high level of
lubrication is maintained to all bulldozer tracks. Furthermore, and importantly, all earthmoving
equipment will be fitted with broadband reversing signals. Tonal reversing alarms, which are a
well-documented source of community annoyance, will not be permitted to be fitted to any plant
and equipment operating on the site.
Finally, where it has been determined that the objective noise level targets noted above in
Section 8.3, may be exceeded, a properly designed and located local screening of the dominant
noise source/s will be maintained for the duration of the relevant phase.
3. Manage
Strategy: Adopt appropriate management techniques to minimise the intrusiveness of noise
emission.
Application: As noted above in Section 4.8.1, access to the site during the Establishment Phases
of the project will be provided between 6:00am and 6:00pm Monday to Saturday.
Notwithstanding, in accordance with standard constraints on hours for construction activities,
site works will not commence until 6:30am. Furthermore, and in recognition of the importance of
the strategy of managing activities to minimise the intrusiveness of noise emission, the operation
of major items of noise-generating plant, specifically bulldozers, rock breakers and mobile
processing plant used during the Establishment Phases will not commence until 7:00am. Finally,
other than for necessitated out-of-hours maintenance, there will be no noise-generating activities
conducted after 6:00pm.
In addition, the Establishment Phases will operate under a detailed Construction Noise
Management Plan to ensure that all of the noise control strategies and each of the specific noise
control treatments and actions are maintained at their maximum efficiency and acoustical
performance.
9.2

SoundPLAN Contour Plots

In accordance with the requirements of S4.7.2 of the TOR, SoundPLAN noise contour plots have been
prepared for the likely worst-case operations during the Establishment Phases. The process involved
in preparing these noise contour plots and the significance of the resultant noise levels is discussed
below in the following sub-sections.
9.2.1

Sensitivity Analysis

Preparation of construction work during Establishment will be conducted in three phases: E1, E2 and
E3. These phases will be characterised by differences in the extent and location of earthworks
undertaken as well as differences in the schedule of plant and equipment used during these works.
The differences themselves are not profound, but from the results of the sensitivity analysis
conducted to determine which of the three phases will generate the highest levels of noise emission
from the site, it was determined that Phase E3 would be deemed to be the likely worst-case. As a
result, Phase E3 was chosen for detailed analysis.
The results of this analysis are presented overpage.
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Modelling Inputs

For Phase E3, a detailed SoundPLAN2 noise model was prepared. The noise model was configured to
determine the extent of noise emission from the earthmoving activities to be conducted during this
phase. Noise levels throughout the residential community surrounding the site were calculated using
the CONCAWE3 prediction algorithms as applied by the SoundPLAN computer program.
The inputs for the noise prediction model comprised:

Equipment layouts as depicted in the E3 drawings prepared by the project civil and mining
engineers, Lambert & Rehbein.



The locations of sensitive residential receptor locations situated within 2km of the centre of the
noise generating activities on the site as presented in Attachment B.



The locations and general outlines of the nearest residences as determined by reference to
current aerial photographs, site inspection and as shown in electronic files provided by Boral.



3-D topographical contours for Phase E3 development over the site as supplied by Lambert &
Rehbein as well as 3-D topographical contours throughout the community as supplied by Boral.



Source sound power levels for the plant and equipment proposed to be used on site during Phase
E3 as derived from sound power level determinations conducted on the same or similar
make/model of equipment proposed to be used and supplemented, where available, with data
supplied by equipment manufacturers. Refer Appendix C for details of the source sound power
levels.



Source heights relative to ground level as determined by reference to manufacturers’ datasheets.
Refer Table C1. Furthermore and where appropriate, individual noise sources been subdivided
into separate sub-sources to take account of the differences in height above ground level of the
major elements of the source. The subdivision was applied in the case of (i) road trucks, (ii)
haul/dump trucks, (iii) bulldozers, (iv) front end loaders and (iv) excavators where the individual
source was divided into an engine noise source located at the midpoint of the engine above
ground and an exhaust noise source located at the height of the exhaust discharge above ground.
In this way, an accurate determination of the performance of barriers and high ground was
maintained and any inadvertent overstatement of performance due to understatement of source
height was avoided.



Expected locations of the Phase E3 plant and equipment as determined from discussions with
Lambert & Rehbein and having regard as well to the purpose-designed crushing platforms
specifically incorporated into the design of the Phase E3 works to maximise the opportunity and
extent of beneficial shielding from retained high ground.

2

SoundPLAN is an integrated software package for noise and air pollution evaluation developed in Germany by Braunstein + Berndt
GmbH. It has been configured to predict the extent of (i) road traffic noise intrusion by application of the CRTN ‘88 algorithms and (ii)
industrial noise emission using the CONCAWE algorithms. It is in use in more than 48 countries and has had widespread application
throughout Australia. It is endorsed by DEHP, Gold Coast City Council and most other State environmental authorities.

3

The CONCAWE (Conservation of Clean Air and Water in Europe) methods were developed under funding from European and North
American groups to quantify noise prediction procedures for emission from large industrial facilities such as oil refineries and
petrochemical plants. The methods were first published in 1981 in research paper CONCAWE Report No. 4/81 entitled The Propagation
of Noise from Petroleum and Petrochemical Complexes to Neighbouring Communities. In contrast to the methods of ISO 9613-2:1996,
the CONCAWE algorithms allow prediction of noise emission under calm conditions and specified stability class conditions. The
CONCAWE algorithms are endorsed by Department of Environment and Heritage Protection, Gold Coast City Council and most State
environmental authorities.
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Notes:
The source sound power levels used in the model were (i) in the case of mobile processing plant, the
sound power levels calculated by reference to the LAeq,T noise levels generated under maximum
throughput conditions and (ii) in the case of earthmoving equipment, the sustained sound power
levels calculated by reference to the LAeq,T noise levels generated under maximum, or close to
maximum, governed engine speed.
In the case of road trucks, these noise sources were modelled as a moving line source extending along
the length of the entry road. The source sound power level of the moving line source were set by
reference to (i) in-house noise level data derived from measurements conducted on road trucks on
numerous other occasions, (ii) the derived number of truck movements along the entry road
determined by reference to the truck capacities and the quantity of overburden removal to be
undertaken during Phase E3 and (iii) road speeds on-site.
The noise model took account of each of the following matters:

Effect of attenuation due to distance between sources and receivers



Effect of attenuation due to relevant retained vegetation coverage



Effect of shielding by intervening high ground



Effect of atmospheric and anomalous excess absorption



Source directivity effects



Attenuation provided by purpose designed/supplementary noise barriers

9.2.3

Modelling Results

The results of the predictions of the level of noise emission into the community from operations
during Phase E3 are presented in Attachment E.
The following figures refer:

Figure E-E3-1: Predicted noise level contours throughout the community assuming no specific
noise control treatments are implemented.



Figure E-E3-2: Predicted noise levels throughout the community assuming that (i) a 3m high
acoustic barrier is erected along the outer rim sedimentation pond to attenuate the level of
noise emitted by the mobile crushing plant (Cr1) to be located in the basin for the sedimentation
pond and (ii) a 5m high moveable barrier is erected and maintained in close proximity to the
second mobile crushing plant (Cr2) to be used during Phase E3.



Figure E-E3-3: Detail of the alignment of 3m high fixed barrier.



Figure E-E3-4: Detail of the likely arrangement of each of the 5m high moveable barrier.



Figure E-E3-5: Isometric view from front of 3m high moveable barrier



Figure E-E3-6: Isometric view from rear of 3m high moveable barrier

Notes:
As discussed above in Section 7.2, the LAeq adj,T parameter includes an adjustment for noise character
to take account of discernible tonality and impulsiveness. As also discussed, when operating alone,
an individual quarrying noise source may exhibit noise level characteristics that may, on their own,
give rise to adjustments for specific noise character.
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By contrast, when this noise source is acting in concert with a large number of other noise sources, as
would be the case for activities conducted during Phase E3, the emergence of the noise of this
particular source/s, and hence, the discernibility of the specific noise characteristics is usually
depressed to the degree that either no adjustment is applicable or a maximum adjustment of 2dBA
may apply from time-to-time.
In this instance, it is fully expected that either (i) the discernibility of any significant noise
characteristics of the dominant noise sources will be fully masked by the noise level contributions of
the other operating noise sources resulting in an adjustment of 0dBA, or (ii) in the event that the
operation of the other noise sources ceases for a sufficient length of time that the maximum
adjustment of 2dBA may apply, the reduction in the emitted noise level due to the cessation of
operation of the other noise sources would reduce the level of noise emitted by greater than 2dBA
thus offsetting the 2dBA noise character penalty. In either event, the predicted noise levels
presented in Figures E-E3-1 and Figure E-E3-2 are the LAeq adj,T noise levels expected to be emitted
during Phase E3.
From the noise level contours presented in Figure E-E3-1, it can be seen that the highest noise levels
in each of the surrounding community areas will be encountered in Sensitive Receptor Area C – Old
Burleigh Town SE. Predicted highest noise levels in each Sensitive Receptor Area are noted in Table 4
below. (For sensitive receptor areas not depicted in Figure E-E3-1, the level of noise emission has
been determined by direct calculation.) For ease of reference, the noise level limits for the preoperational phases have been included in this table as well.
Applicable Noise
Level Limit, dBA

Meets Limit?

(refer also Appendix B)

Highest Predicted
Free Field Noise Level,
LAeq adj,T (dBA)

A - Kingsmore Estate

32

40

Yes

B - Old Burleigh Town (NW)

35

43

Yes

C - Old Burleigh Town (SE)

44

43

No

D - Tallebudgera Creek Road
Rural Residential

38

43

Yes

E - Tuesday Drive Rural
Residential

<25

33

Yes

F - Stockland Observatory Estate

<25

38

Yes

G - Skyline Terrace

<30

43

Yes

H - Chesterfield Drive

30

33

Yes

I - Approved Stage 20 at the
Observatory

39

38

No

Sensitive Receptor Area

Table 4 – Highest Predicted Free Field Noise Levels and Noise Level Limits – Phase E3
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Requirements for Noise Control

From the results presented in Table 4 above, it can be seen that the noise level limits will be met at all
sensitive receptor areas other than in Sensitive Receptor Area B Old Burleigh Town (SE) and Sensitive
Receptor Area I Approved Stage 20 at the Observatory where, in each case, maximum noise levels
1dBA higher than the desirable target may be encountered.
While this is only a minor exceedance, it will be a relatively straight-forward matter to deal with this
1dBA departure.
From analysis of the noise source contribution rankings, it is apparent that the dominant source of
noise emission to Sensitive Receptor Area B is the mobile crushing plant to be located in the basin for
the sedimentation pond. By erecting a 3m high acoustic barrier along the outer rim sedimentation
pond as shown in Figure E-E3-3, a net 4dBA reduction in the level of noise emission to the affected
areas of Sensitive Receptor Area B can be achieved.
At Sensitive Receptor Area I, the second mobile crushing plant to be located at the northern end of
the Phase E3 works area will be the dominant noise source.
By installing a 5m high moveable acoustic barrier adjacent to and to the west of the northern mobile
primary crushing unit as shown in Figure E-E3-4, a net 3dBA reduction in the level of noise emission to
the affected areas of Sensitive Receptor Area I can be achieved.
The resultant noise contour plots with both barriers in place are presented in Figure E-E3-2.
With these barriers in place, together with the strategic noise control measures discussed above in
Section 9.1, the resultant noise levels throughout all of the community areas are expected to be fully
compliant with the noise level targets established at Section 8.3
Due to the very minor nature of the earthmoving equipment to be utilised during Phase E1, the level
of noise emission from Phase E1 will be very substantially less than that generated during Phase E3.
For Phase E2, the plant utilisation will be similar to but still less intense than that proposed for Phase
E3. Consequently, while it is reasonable to expect that compliance with the relevant noise levels will
be generally achieved throughout during these earlier phases, it is still possible that, from time-totime, the level of noise emission from the activities of the earthmoving equipment used during Phase
E2 may also exceed the noise level limit at some parts of Sensitive Receptor Area B and/or Sensitive
Receptor Area I. The magnitude of any exceedance, however, would be expected to be very low: 1-3
dBA. The dominant noise source in such instances will again be the mobile crushing plant.
In view this to and to achieve optimum results, it would be appropriate to consider implementing at
the commencement of Establishment Phase E2 the moveable barrier control to the mobile crushing
plant.
To ensure that the optimum level of attenuation is achieved from the movable barrier at all times, it
is recommended that the barrier be constructed so that it can be readily moved to follow any
relocation of the primary crushing unit. Typically, such portable barriers would be constructed as a
set of 8-9 inter-linking barrier modules, each of which is constructed on steel skids which can be
dragged behind a bulldozer of front end loader to allow the barrier modules to be readily relocated
on-site. Details of the appropriate barrier module constructions can be developed during the detail
design phase the project.
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Discussion of Noise Impacts on Terrestrial and Aquatic Fauna

The TOR requests that impacts of environmental noise on terrestrial and aquatic fauna be considered.
This requirement has arisen from time-to-time in other TOR’s and Information Requests. In each
instance, the answer has been the same: while the effects are likely to be more pronounced for
nocturnal animals while foraging at night, the acceptance criteria are unknown, the evaluation
parameters are unknown and, as a result, the impacts cannot be quantified. In view of this, it is
possible only to consider the impacts on terrestrial and aquatic fauna in general terms only and to
ameliorate the effects of any impact by the application of Best Practice Noise Control.
For work during the Establishment Phases, Best Practice Noise Control will comprise all of the
strategies and detailed noise control measures described above in Sections 9.1 and 9.2.4. With these
measures in place, it can be reasonably concluded that the appropriate level of action has been taken
to militate against any adverse effects on other terrestrial or aquatic fauna.

10.0

Development Phases

As noted in Section 6.0 of this report above, S4.7.2 of the TOR requires that each of the following
items be assessed for the Development Phases of the proposed quarry also:

Item 1: Identification of the appropriate hierarchical impact mitigation methodology for these
phases



Items 2 & 3: Presentation of SoundPLAN noise level contours for likely worst-case operations
during Development Phases



Item 9: Discussion of noise impacts on terrestrial and aquatic fauna



Item 12-14: Discussion of proposals to minimise or eliminate the effects of noise

Each is discussed in the following sub-sections.
10.1

Hierarchical Impact Mitigation Methodology

As discussed in Section 9.1 above, Part 4 Clause 9 of EPP (Noise) 2008 which presents a management
hierarchy for noise.
The three key strategies are (i) avoidance, (ii) minimisation and (iii) management.
An examination of each of the three strategies as they apply to the Development Phases follows.
1. Avoidance
Strategy: Avoid locating noise generating activities close to residential premises.
Application: As noted above in Section 9.1, the strategy of avoidance works at its optimum when
siting options are available, eg in the case of industrial and commercial buildings which can be
sited in designated industrial estates well moved from residential areas or appropriately zoned
commercial areas separated from residential areas.
By contrast, in the case of quarries, the quarry pit and processing activities must be located where
the resource occurs.
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Notwithstanding, in contrast to many other recently developed quarries, this strategy has been
applied to the proposed quarry. As noted in Section 4.4 above, the extraction area, processing
plant and site infrastructure have been retained within a total proposed disturbance footprint
comprising approximately 30% of the site. Furthermore, is also evident in the plant layout and pit
design drawings, the quarrying and processing activities have been constrained to the centre of
the site allowing very substantial buffers to residential areas to be maintained.
As a result, the noise generating activities conducted as part of the Development Phases of the
development of the proposed quarry will be located at substantial separation distances from the
nearest residential communities.
2. Minimisation
Strategies: (i) Orientation of noise generating activities to face away from sensitive receptor
locations and (ii) Adoption of best available technology, ie Best Practice Noise Control.
Application: Both of these strategies have been adopted during the Development Phases of the
proposed new quarry.
Firstly, considerable care and attention to detail has been given to the design and execution of
the all of the pre-operational works. This includes the work during the Development Phases.
Specifically, these works have been designed to ensure that, to the greatest degree possible and
for the longest time achievable, the pre-operational earthworks will be carried out utilising the
receding rim method, whereby local high ground is maintained between the noise generating
activities and the nearest/most likely affected residential areas. As noted in Section 9.1, the
purpose of retaining the high ground is to maximise the degree of beneficial acoustical shielding
provided to these residences.
As also noted in Section 9.1, the maximum benefit from this strategy will accrue during the
Development Phases of the project where specific work platform areas for the placement of
mobile processing plant have been strategically located in a to maximise the beneficial shielding
provided by the retained high ground.
Secondly, Best Practice Noise Control techniques applied to all major items of noise generating
equipment during the Establishment Phases will be maintained during the Development Phases.
Specifically, wherever possible, major items of noise generating plant will be selected to ensure
that only “low noise” plant and equipment is used. This will be the case particularly for rock drills.
In addition, all mobile processing plant and earthmoving equipment will be subject to a stringent
maintenance program to ensure that all source sound power levels are maintained at the same
low levels throughout the duration of the Development Phases. For example, mufflers and sound
suppression devices fitted to earthmoving equipment will be routinely inspected to ensure that
they are operating at their optimum acoustical performance. In addition, frequent inspection of
bulldozers will be undertaken to ensure that a high level of lubrication is maintained to all
bulldozer tracks. Furthermore, and importantly, all earthmoving equipment will be fitted with
broadband reversing signals. Tonal reversing alarms, which are a well-documented source of
community annoyance, will not be permitted to be installed on any plant and equipment
operating on the site.
Finally, where it has been determined that the objective noise level targets noted above in
Section 8.3, may be exceeded, properly designed and located local screening of the dominant
noise source/s will be maintained for the duration of the relevant phase.

Acoustics RB Pty Ltd

RB/08-073-EIS.R01 Page 34 of 137

Proposed Boral Gold Coast Quarry EIS - Assessment of Environmental Noise Issues

April 2013

3. Manage
Strategy: Adopt appropriate management techniques to minimise the intrusiveness of noise
emission.
Application: As noted above in Section 4.8.1, access to the site during the Development Phases of
the project will be provided between 6:00am and 6:00pm Monday to Saturday. Notwithstanding,
in accordance with standard constraints on hours for construction activities, site works will not
commence until 6:30am. Furthermore, and in recognition of the importance of the strategy of
managing activities to minimise the intrusiveness of noise emission, the operation of major items
of noise-generating plant, specifically bulldozers, rock breakers and mobile processing plant used
during the Establishment Phases will not commence until 7:00am. In addition, other than for
necessitated out-of-hours maintenance, there will be no noise-generating activities conducted
after 6:00pm.
In addition, the Development Phases will operate under a detailed Construction Noise
Management Plan to ensure that all of the noise control strategies and each of the specific noise
control treatments and actions are maintained at their maximum efficiency and acoustical
performance.
10.2

SoundPLAN Contour Plots

In accordance with the requirements of S 4.7.2 of the TOR, SoundPLAN noise contour plots have been
prepared for the likely worst-case operations during the Development Phases. The process involved
in preparing these noise contour plots and the significance of the resultant noise levels is discussed
below in the following sub-sections.
10.2.1 Sensitivity Analysis
Preparation of construction work during Development will be conducted in four phases: D1-D4.
These phases will be characterised by differences in the extent and location of earthworks
undertaken as well as differences in the schedule of plant and equipment used during these works.
The differences themselves are not profound, but from the results of the sensitivity analysis
conducted to determine which of the four phases will generate the highest levels of noise emission
from the site, it was determined that Phase D3 would be deemed to be the likely worst-case. As a
result, Phase D3 was chosen for detailed analysis.
The results of this analysis are presented below.
10.2.2 Modelling Inputs
The SoundPLAN noise model prepared for Phase E3 was modified to take account of the effect of
changes that that will occur between completion of Phase E3 and Phase D3. The noise model was
then configured to determine the extent of noise emission from the earthmoving activities to be
conducted during this phase. Noise levels throughout the residential community surrounding the site
were calculated using the CONCAWE prediction algorithms as applied by the SoundPLAN computer
program.
Again, the inputs for the noise prediction model comprised:

Equipment layouts as depicted in the D3 drawings prepared by Lambert & Rehbein.



The locations of sensitive residential receptor locations situated within 2km of the centre of the
noise generating activities as presented in Attachment B.
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The locations and general outlines of the nearest residences as noted in Section 9.2.2.



3-D topographical contours for Phase D3 development over the site as supplied by Lambert &
Rehbein as well as 3-D topographical contours throughout the community as supplied by Boral.



Source sound power levels for the plant and equipment proposed to be used on site during Phase
D3 as derived from sound power level determinations conducted on the same or similar
make/model of equipment proposed to be used and supplemented, where available, with data
supplied by equipment manufacturers. Refer Appendix C for details of the source sound power
levels.



As noted in Section 9.2.2, source heights relative to ground level as determined by reference to
manufacturers’ datasheets. Furthermore and where appropriate, individual noise sources been
subdivided into separate sub-sources to take account of the differences in height above ground
level of the major elements of the source. The subdivision was applied in the case of (i) road
trucks, (ii) haul trucks, (iii) bulldozers, (iv) front end loaders and (iv) excavators where the
individual source was divided into an engine noise source located at the midpoint of the engine
above ground and an exhaust noise source located at the height of the exhaust discharge above
ground. In this way, an accurate determination of the performance of barriers and high ground
was maintained and any inadvertent overstatement of performance due to understatement of
source height was avoided.



Expected locations of the Phase D3 plant and equipment as determined from discussions with
Lambert & Rehbein and having regard as well to the purpose-designed crushing platforms
specifically incorporated into the design of the Phase D3 works to maximise the opportunity and
extent of beneficial shielding from retained high ground.

Notes:
As outlined in Section 9.2.2 above, the source sound power levels used in the model were (i) in the
case of mobile processing plant, the sound power levels calculated by reference to the LAeq,T noise
levels generated under maximum throughput conditions and (ii) in the case of earthmoving
equipment, the sustained sound power levels calculated by reference to the LAeq,T noise levels
generated under maximum, or close to maximum, governed engine speed.
In the case of road trucks, these noise sources were again modelled as a moving line source extending
along the length of the entry road and across the relevant portion of the subject site. The source
sound power level of the moving line source were set by reference to (i) in-house noise level data
derived from measurements conducted on road trucks on numerous other occasions, (ii) the derived
number of truck movements along the entry road on the subject site as determined by reference to
the truck capacities and the quantity of overburden and hard rock to be removed from the site during
Phase D3 and (iii) road speeds on-site.
Once again, the noise model took account of each of the following matters:

Effect of attenuation due to distance between sources and receivers



Effect of attenuation due to relevant remaining vegetation coverage



Effect of shielding by intervening high ground



Effect of atmospheric and anomalous excess absorption



Source directivity effects



Attenuation provided by purpose designed/supplementary noise barriers
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10.2.3 Modelling Results
The results of the predictions of the level of noise emission into the community from operations
during Phase D3 are presented in Attachment F.
The following figures refer:

Figure F-D3-1: Predicted noise level contours throughout the community assuming no specific
noise control treatments are implemented.



Figure F-D3-2: Predicted noise levels throughout the community assuming that a 5m high
moveable acoustic barrier is placed adjacent to and to the east of each of the mobile primary
crushing units employed for overburden processing.



Figure F-D3-3: Detail of the likely arrangement of each of the 5m high moveable barriers.

Note:
As discussed above in Section 7.2, the LAeq adj,T parameter includes an adjustment for noise character
to take account of discernible tonality and impulsiveness. As also to discussed, when operating alone,
an individual quarrying noise source may exhibit noise level characteristics that may, on their own,
give rise to adjustments for specific noise character. By contrast, when this noise source is acting in
concert with a large number of other noise sources, as would be the case for activities conducted
during Phase D3, the emergence of the noise of this particular source/s, and hence, the discernibility
of the specific noise characteristics is usually depressed to the degree that either no adjustment is
applicable or a maximum adjustment of 2dBA may apply from time-to-time.
In this instance, it is fully expected that either (i) the discernibility of any significant noise
characteristics of the dominant noise sources will be fully masked by the noise level contributions of
the other operating noise sources resulting in an adjustment of 0dBA, or (ii) in the event that the
operation of the other noise sources ceases for a sufficient length of time that the maximum
adjustment of 2dBA may apply, the reduction in the emitted noise level due to the cessation of
operation of the other noise sources would reduce the level of noise emitted by greater than 2dBA
thus offsetting the 2dBA noise character penalty. In either event, the predicted noise levels
presented in Figures F-D3-1 and Figure F-D3-2 are the LAeq adj,T noise levels expected to be emitted
during Phase D3.
From the noise level contours presented in Figure F-D3-1, it can be seen that the highest noise levels
in each of the surrounding community areas will be encountered in Sensitive Receptor Area C – Old
Burleigh Town SE. Predicted highest noise levels in each Sensitive Receptor Areas are noted in Table
5 overpage. For ease of reference, the noise level limits for the pre-operational phases have been
included in this table as well.
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Highest Predicted
Free Field Noise Level,
LAeq adj,T (dBA)

Applicable Noise Level
Limit, dBA

Meets Limit?

A - Kingsmore Estate

36

40

Yes

B - Old Burleigh Town (NW)

35

43

Yes

C - Old Burleigh Town (SE)

46

43

No

D - Tallebudgera Creek Road
Rural Residential

37

43

Yes

E - Tuesday Drive Rural
Residential

<25

33

Yes

F - Stockland Observatory Estate

<25

38

Yes

G - Skyline Terrace

<30

43

Yes

H - Chesterfield Drive

<25

33

Yes

I - Approved Stage 20 at the
Observatory

35

38

Yes

Sensitive Receptor Area
(refer also Appendix B)

Table 5 – Highest Predicted Free Field Noise Levels and Noise Level Limits – Phase D3
10.2.4 Requirements for Noise Control
From the results presented in Table 5 above, it can be seen that the relevant noise level limits are
expected to be met in all sensitive receptor areas other than in Sensitive Receptor Area B Old Burleigh
Town (SE) where maximum noise levels 3dBA higher than the desirable target may be encountered.
While this exceedance is of greater magnitude than that predicted for Phase E3, it can still be dealt
with using the same straight-forward form of noise control.
From analysis of the noise source contribution rankings, it is apparent that the dominant source of
noise emission to Sensitive Receptor Area B will be the two trains of mobile crushing plant for
overburden processing. By installing a 5m high moveable acoustic barrier adjacent to and to the east
of each of the mobile primary crushing units as shown in Figure F-D3-3, a net 3dBA reduction in the
level of noise emission to the affected areas of Sensitive Receptor Area B can be achieved. The
resultant noise contour plots are presented in Figure F-D3-2.
With these movable barriers in place, together with the strategic noise control measures discussed
above in Section 10.1, the resultant noise levels throughout all of the community areas are expected
to be fully compliant with the noise level targets established at Section 8.3.
For optimum results, it would be appropriate to implement the barrier control at the commencement
of the Development Phases. To ensure that the optimum level of attenuation is achieved from the
movable barriers at all times, it is recommended that each barrier be constructed so that it can be
readily moved to follow any relocation of the primary crushing units. As was the case for the
Establishment Phases, such portable barriers would be constructed as a set of 8-9 inter-linking barrier
modules, each of which is constructed on steel skids which can be dragged behind a bulldozer or front
end loader to allow the barrier modules to be readily relocated on-site. Details of the appropriate
barrier design can be developed during the detail design phase the project.
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Discussion of Noise Impacts on Terrestrial and Aquatic Fauna

In the same manner as discussed above in Section 9.3, Best Practice Noise Control comprising all of
the strategies and detailed noise control measures described above in Sections 10.1 and 10.2.4 will be
implemented during the Development Phases. With these measures in place, it can be reasonably
concluded that the appropriate level of action has been taken to militate against any adverse effects
on other terrestrial or aquatic fauna.

11.0

Construction Phases

As noted in Section 6.0 of this report above, S4.7.2 of the TOR requires that each of the following
items be assessed for the Construction Phases of the proposed quarry also:

Item 1: Identification of the appropriate hierarchical impact mitigation methodology for these
phases



Items 2 & 3: Presentation of SoundPLAN noise level contours for likely worst-case operations
during Construction Phases



Item 9: Discussion of noise impacts on terrestrial and aquatic fauna



Item 12-14: Discussion of proposals to minimise or eliminate the effects of noise

Each is discussed in the following sub-sections.
11.1

Hierarchical Impact Mitigation Methodology

As discussed in Section 9.1 above, Part 4 Clause 9 of EPP (Noise) 2008 which presents a management
hierarchy for noise.
The three key strategies are (i) avoidance, (ii) minimisation and (iii) management.
An examination of each of the three strategies as they apply to the Construction Phases follows.
1. Avoidance
Strategy: Avoid locating noise generating activities close to residential premises.
Application: As noted above in Sections 9.1 and 10.1, the strategy of avoidance works at its
optimum when siting options are available, eg in the case of industrial and commercial buildings
which can be sited in designated industrial estates well moved from residential areas or
appropriately zoned commercial areas separated from residential areas.
By contrast, in the case of quarries, the quarry pit and processing activities must be located where
the resource occurs.
Notwithstanding, in contrast to many other recently developed quarry is, this strategy has been
applied for the proposed quarry. As noted in Section 4.4 above, the extraction area, processing
plant and site infrastructure have been retained within a total proposed disturbance footprint
comprising approximately 30% of the site. Furthermore, is also evident in the plant layout and pit
design drawings, the quarrying and processing activities have been constrained to the centre of
the site allowing very substantial buffers to residential areas to be maintained.
As a result, the noise generating activities conducted as part of the Construction Phases of the
development of the proposed quarry will be located at substantial separation distances from the
nearest residential communities.
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2. Minimisation
Strategies: (i) Orientation of noise generating activities to face away from sensitive receptor
locations and (ii) Adoption of best available technology, ie Best Practice Noise Control.
Application: Both of these strategies have been adopted during the Construction Phases of the
proposed new quarry.
Firstly, considerable care and attention to detail has been given to the design and execution of
the all of the pre-operational works. This includes the work during the Construction Phases.
Specifically, these works have been designed to ensure that, to the greatest degree possible and
for the longest time achievable, the Construction Phase earthworks will be carried out by placing
the major items of noise generating equipment, notably the two mobile crushing units to be used
for processing overburden, at low level (eg at or close to the natural gullies on-site) and by
maximising the distance of separation of the earthworks processing equipment from the nearest
existing and approved residential developments.
Secondly, Best Practice Noise Control techniques applied to all major items of noise generating
equipment during the Establishment and Development Phases will be maintained during the
Construction Phases. Specifically, wherever possible, major items of noise generating plant will
be selected to ensure that only “low noise” plant and equipment is used. In addition, all mobile
processing plant and earthmoving equipment will be subject to a stringent maintenance program
to ensure that all source sound power levels are maintained at the same low levels throughout
the duration of the Construction Phases. For example, mufflers and sound suppression devices
fitted to earthmoving equipment will be routinely inspected to ensure that they are operating at
their optimum acoustical performance. In addition, frequent inspection of bulldozers will be
undertaken to ensure that a high level of lubrication is maintained to all bulldozer tracks.
Furthermore, and importantly, all earthmoving equipment will be fitted with broadband reversing
signals. Tonal reversing alarms, which are a well-documented source of community annoyance,
will not be permitted to be installed on any plant and equipment operating on the site.
Finally, where it has been determined that the objective noise level targets noted above in
Section 8.3, may be exceeded, properly designed and located local screening of the dominant
noise source/s will be maintained for the duration of the relevant phase.
3. Manage
Strategy: Adopt appropriate management techniques to minimise the intrusiveness of noise
emission.
Application: As noted above in Section 4.8.1, access to the site during the Construction Phases of
the project will be provided between 6:00am and 6:00pm Monday to Saturday. Notwithstanding,
in accordance with standard constraints on hours for construction activities, site works will not
commence until 6:30am. Furthermore, and in recognition of the importance of the strategy of
managing activities to minimise the intrusiveness of noise emission, the operation of major items
of noise-generating plant, specifically bulldozers, rock breakers and mobile processing plant used
during the Establishment Phases will not commence until 7:00am. Finally, other than for
necessitated out-of-hours maintenance, there will be no noise-generating activities conducted
after 6:00pm.
In addition, the Construction Phases will operate under a detailed Construction Noise
Management Plan to ensure that all of the noise control strategies and each of the specific noise
control treatments and actions are maintained at their maximum efficiency and acoustical
performance.
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SoundPLAN Contour Plots

In accordance with the requirements of S 4.7.2 of the TOR, SoundPLAN noise contour plots have been
prepared for the likely worst-case operations during the Construction Phases. The process involved in
preparing these noise contour plots and the significance of the resultant noise levels is discussed
below in the following sub-sections.
11.2.1 Sensitivity Analysis
Preparation of construction work during Construction will be conducted in two phases: C1 and C2,
each of which be conducted over approximately three quarters, ie three by three monthly subphases. These sub-phases will be characterised by differences in the extent and location of
earthworks undertaken as well as differences in the schedule of plant and equipment used during
these works. The differences themselves are not profound, but from the results of the sensitivity
analysis conducted, it was determined that Phase C1 at approximately Quarter 15 and Phase C2 at
approximately Quarter 17 would be deemed to be the likely worst-case sub-phases. As a result, both
have been selected for analysis. (Note: For simplicity, the selected sub-phases are simply referred to
below as Phase C1 and Phase C2. Refer also further discussion regarding Phase C2 in Section 11.2.3
following.)
The results of this analysis are presented below.
11.2.2 Modelling Inputs
The SoundPLAN noise model prepared for Phase D3 was modified to take account of the effect of
changes that that will occur at the completion of the Development Phases. The noise model was then
configured sequentially to determine the extent of noise emission from the plant and equipment
installation activities, building construction works and earthmoving activities to be conducted during
each of Phase C1 and Phase C2. Noise levels throughout the residential community surrounding the
site were again calculated using the CONCAWE prediction algorithms as applied by the SoundPLAN
computer program.
Once more, the inputs for the noise prediction model comprised:

Equipment layouts as depicted in the C1 and C2 drawings prepared by the project civil engineers,
Lambert & Rehbein.



The locations of sensitive residential receptor locations situated within 2km of the centre of the
noise generating activities as presented in Attachment B.



The locations and general outlines of the nearest residences as noted in Section 9.2.2.



3-D topographical contours for Phase D3 development over the eastern part of the site as
supplied by Lambert & Rehbein as well as 3-D topographical contours over Phases C1 and C2 and
throughout the community as supplied by Boral.



Source sound power levels for the plant and equipment proposed to be used on site during
Phases C1 and C2 as derived from sound power level determinations conducted on the same or
similar make/model of equipment proposed to be used and supplemented, where available, with
data supplied by equipment manufacturers. Refer Appendix C for details of the source sound
power levels.
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As noted in Section 9.2.2, source heights relative to ground level as determined by reference to
manufacturers’ datasheets. Furthermore and where appropriate, individual noise sources been
subdivided into separate sub-sources to take account of the differences in height above ground
level of the major elements of the source. The subdivision was applied in the case of (i) road
trucks, (ii) haul trucks, (iii) bulldozers, (iv) front-end loaders and (iv) excavators where the
individual source was divided into an engine noise source located at the midpoint of the engine
above ground and an exhaust noise source located at the height of the exhaust discharge above
ground. In this way, an accurate determination of the performance of barriers and high ground
was maintained and any inadvertent overstatement of performance due to understatement of
source height was avoided.



Expected locations of the Phases C1 and C2 plant and equipment as determined from discussions
with Boral.

Notes:
As outlined in Section 9.2.2 above, source sound power levels used in the model were (i) in the case
of mobile processing plant, the sound power levels calculated by reference to the LAeq,T noise levels
generated under maximum throughput conditions and (ii) in the case of earthmoving equipment, the
sustained sound power levels calculated by reference to the LAeq,T noise levels generated under
maximum, or close to maximum, governed engine speed.
In the case of road trucks, these noise sources were once again modelled as a moving line source
extending along the length of the entry road and across the subject site. The source sound power
level of the moving line source were set by reference to (i) in-house noise level data derived from
measurements conducted on road trucks on numerous other occasions, (ii) the derived number of
truck movements along the entry road and on the subject site as determined by reference to the
truck capacities and the quantity of overburden to be removed from the site during Phases C1 and C2
and (iii) road speeds on-site.
Again, the noise model took account of each of the following matters:

Effect of attenuation due to distance between sources and receivers



Effect of attenuation due to relevant remaining vegetation coverage



Effect of shielding by intervening high ground



Effect of atmospheric and anomalous excess absorption



Source directivity effects



Attenuation provided by purpose designed/supplementary noise barriers

11.2.3 Modelling Results
The results of the predictions of the level of noise emission into the community from operations
during Phases C1 and C2 are presented in Attachment G.
The following figures refer:

Figure G-C1-1: Predicted noise levels throughout the community assuming that a 5m high
moveable acoustic barrier is placed in close proximity to the mobile primary crushing unit.



Figure G-C1-2: Detail of the likely arrangement of the 5m high barrier.
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Figure G-C2-1: Predicted noise levels throughout the community assuming that (i) a 5m high
moveable acoustic barrier is placed in close proximity to the mobile primary crushing units, (ii)
the 8m high 176m long barrier / earth mound combination constructed along the high ground
immediately to the west of western extent of Phase C2 together with (iii) a 6m high 111m long
barrier / earth mound combination constructed along the northern edge of Phase C2.



Figure G-C1-2: Details of the (i) likely arrangement of the 5m high movable barrier and (ii) the
recommended locations of the 8m high 176m long and 6m high 111m long barrier / earth mound
combinations.

Notes:
It should be noted that further more detailed analysis has also conducted on the early eastern subphases of Phase C2. The specific issue analysed for these sub-phases was the impact of noise from
the operation of the bulldozer while operating at high level at the northern extent of the eastern part
of Phase C2. The objective of the assessment was to verify that adequate control of noise emission to
the west was maintained due to the presence of the residual high ground over the western
component of Phase C2. The outcome of the assessment confirmed that the retention of the high
ground to the west of the operations during the early sub-phases would provide adequate control of
noise emission to residences to the west. Accordingly, it was determined that there was no need for
any additional specific noise control measures to be implemented during the early part of Phase C2.
As discussed above in Section 7.2, the LAeq adj,T parameter includes an adjustment for noise character
to take account of discernible tonality and impulsiveness. As also discussed previously, when
operating alone, an individual quarrying noise source may exhibit noise level characteristics that may,
on their own, give rise to adjustments for specific noise character. By contrast, when this noise
source is acting in concert with a large number of other earthmoving noise sources, as would be the
case for activities conducted during Phases C1 and C2, the emergence of the noise of this particular
source/s, and hence, the discernibility of the specific noise characteristics is usually depressed to the
degree that either no adjustment is applicable or a maximum adjustment of 2dBA may apply from
time-to-time.
In this instance, it is fully expected that either (i) the discernibility of any significant noise
characteristics of the dominant noise sources will be fully masked by the noise level contributions of
the other operating noise sources resulting in an adjustment of 0dBA, or (ii) in the event that the
operation of the other noise sources ceases for a sufficient length of time that the maximum
adjustment of 2dBA may apply, the reduction in the emitted noise level due to the cessation of
operation of the other noise sources would reduce the level of noise emitted by greater than 2dBA
thus offsetting the 2dBA noise character penalty. In either event, the predicted noise levels
presented in Figures G-C1-1 and G-C2-1 are the LAeq adj,T noise levels expected to be emitted during the
analysed Phases C1 and C2.
From the noise level presented in Figure G-C1-1 and Figure G-C2-1, it can be seen that the highest
noise levels in each of the surrounding community areas will be encountered in Sensitive Receptor
Area C – Old Burleigh Town SE. Predicted highest noise levels in each Sensitive Receptor Area are
noted in Table 6 and 7 below. For ease of reference, the noise level limits for the pre-operational
phases have been included in this table as well.

Acoustics RB Pty Ltd

RB/08-073-EIS.R01 Page 43 of 137

Proposed Boral Gold Coast Quarry EIS - Assessment of Environmental Noise Issues

April 2013

Highest Predicted
Free Field Noise Level,
LAeq adj,T (dBA)

Applicable Noise Level
Limit, dBA

Meets Limit?

A - Kingsmore Estate

28

40

Yes

B - Old Burleigh Town (NW)

<35

43

Yes

C - Old Burleigh Town (SE)

40

43

Yes

D - Tallebudgera Creek Road
Rural Residential

40

43

Yes

E - Tuesday Drive Rural
Residential

<30

33

Yes

F - Stockland Observatory Estate

<25

38

Yes

G - Skyline Terrace

<30

43

Yes

H - Chesterfield Drive

26

33

Yes

I - Approved Stage 20 at the
Observatory

36

38

Yes

Sensitive Receptor Area
(refer also Appendix B)

Table 6 – Highest Predicted Free Field Noise Levels and Noise Level Limits – Phase C1
Highest Predicted
Free Field Noise Level,
LAeq adj,T (dBA)

Applicable Noise Level
Limit, dBA

Meets Limit?

A - Kingsmore Estate

28

40

Yes

B - Old Burleigh Town (NW)

30

43

Yes

C - Old Burleigh Town (SE)

40

43

Yes

D - Tallebudgera Creek Road
Rural Residential

31

43

Yes

E - Tuesday Drive Rural
Residential

31

33

Yes

F - Stockland Observatory Estate

<25

38

Yes

G - Skyline Terrace

<30

43

Yes

H - Chesterfield Drive

28

33

Yes

I - Approved Stage 20 at the
Observatory

36

38

Yes

Sensitive Receptor Area
(refer also Appendix B)

Table 7 – Highest Predicted Free Field Noise Levels and Noise Level Limits – Phase C2
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11.2.4 Requirements for Noise Control
From the results presented in Figure G-C1-1 and Table 6 above, it can be seen that the relevant noise
level limits are both expected to be met in all sensitive receptor areas provided a 5m high moveable
acoustic barrier is constructed in close proximity to the mobile primary crushing unit as shown in
Figure G-C1-2.
With this barrier in place, together with the strategic noise control measures discussed above in
Section 11.1, the resultant noise levels throughout all of the community areas are expected to be fully
compliant with the noise level targets established at Section 8.3.
For optimum results, it would be appropriate to implement the barrier control at the commencement
of the Construction Phase C1. To ensure that the optimum level of attenuation is achieved from the
barrier at all times, it is recommended that the barrier be constructed in the same manner as
recommended for the Establishment and Development Phases so that it can be readily moved to
follow any relocation of the primary crushing units. Typically, such portable barriers would be
constructed as a set of 8-9 inter-linking barrier modules, each of which are constructed on steel skids
which can be dragged behind a bulldozer or front end loader to allow the barrier modules to be
readily relocated on-site. Details of the appropriate barrier design can be developed during the detail
design phase the project.
For Phase C2, the 5m high moveable barrier will need to be complemented with two additional fixed
barriers, ie a 8m high 176m long barrier / earth mound combination constructed along the high
ground immediately to the west of western extent of Phase C2 together with a 6m high 111m long
barrier / earth mound combination constructed along the northern edge of Phase C2 as shown in
Figure G-C2-2.
The details of construction of the 8m high and 6m high barrier / earth mound combination can be
prepared during the detail design phase the project.
11.3

Discussion of Noise Impacts on Terrestrial and Aquatic Fauna

In the same manner as discussed above in Sections 9.3 and 10.3, Best Practice Noise Control
comprising all of the strategies and detailed noise control measures described above in Sections 11.1
and 11.2.4 will be implemented during the Construction Phases. With these measures in place, it can
be reasonably concluded that the appropriate level of action has been taken to militate against any
adverse effects on other terrestrial or aquatic fauna.
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Quarrying Phases

As noted in Section 6.0 of this report above, S4.7.2 of the TOR requires that each of the following
items be assessed for the Quarrying Phases of the proposed development also:

Item 1: Identification of the appropriate hierarchical impact mitigation methodology for these
phases



Items 2 & 3: Presentation of SoundPLAN noise level contours for likely worst-case operations
during Quarrying Phases



Item 9: Discussion of noise impacts on terrestrial and aquatic fauna



Item 12-14: Discussion of proposals to minimise or eliminate the effects of noise

Each is discussed in the following sub-sections.
12.1

Hierarchical Impact Mitigation Methodology

As discussed in Section 9.1 above, Part 4 Clause 9 of EPP (Noise) 2008 which presents a management
hierarchy for noise.
The three key strategies are (i) avoidance, (ii) minimisation and (iii) management.
An examination of each of the three strategies as they apply to the Quarrying Phases follows.
1. Avoidance
Strategy: Avoid locating noise generating activities close to residential premises.
Application: As noted above in Sections 9.1, 10.1 and 11.1, the strategy of avoidance works at its
optimum when siting options are available, eg in the case of industrial and commercial buildings
which can be sited in designated industrial estates well moved from residential areas or
appropriately zoned commercial areas separated from residential areas.
By contrast, in the case of quarries, the quarry pit and processing activities must be located where
the resource occurs.
Notwithstanding, in contrast to many other recently developed quarry is, this strategy has been
applied for the proposed quarry. As noted in Section 4.4 above, the extraction area, processing
plant and site infrastructure have been retained within a total proposed disturbance footprint
comprising approximately 30% of the site. Furthermore, is also evident in the plant layout and pit
design drawings, the quarrying and processing activities have been constrained to the centre of
the site allowing very substantial buffers to residential areas to be maintained.
As a result, the noise generating activities conducted as part of the Quarrying Phases of the
development of the proposed quarry will be located at substantial separation distances from the
nearest residential communities.
2. Minimisation
Strategies: (i) Orientation of noise generating activities to face away from sensitive receptor
locations and (ii) Adoption of best available technology, ie Best Practice Noise Control.
Application: Both of these strategies have been adopted during the Quarrying Phases of the
proposed new development.
Firstly, considerable care and attention to detail has been given to the design and placement of
fixed crushing and screening plant on the site.
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Specifically, the location of the fixed crushing and screening plant has been selected to maximise,
to the greatest degree feasible, the separation distance to the nearby residential premises.
Furthermore, with respect to the closest residential premises, the crushing and screening plant
has been located at a ground level set sufficiently low as to preserve a high level of acoustical
screening afforded by the intervening natural high ground.
In addition, the siting and orientation of the tip head into the primary crusher, notably with
respect to the enclosure to be constructed around primary crusher is such that the opening to the
enclosure is directed towards the west, ie away from all of the closest residences.
Is also noted above in Section 9.1, the design of the pit will utilise the receding rim method,
whereby local high ground is maintained between the noise generating activities within the pit
and the nearest/most likely affected residential areas. The purpose of retaining the high ground
is to maximise the degree of beneficial acoustical shielding provided to these residences.
Secondly, the Best Practice Noise Control techniques applied to all major items of noise
generating equipment during the pre-operational phases will be maintained during the Quarrying
Phases. Specifically, wherever possible, major items of noise generating plant will be selected to
ensure that only “low noise” plant and equipment is used. In addition, all earthmoving
equipment will be subject to a stringent maintenance program to ensure that all source sound
power levels are maintained at the same low levels throughout the duration of the Quarrying
Phases. For example, mufflers and sound suppression devices fitted to earthmoving equipment
will be routinely inspected to ensure that they are operating at their optimum acoustical
performance. In addition, and importantly, all the earthmoving equipment will be fitted with
broadband reversing signals. Tonal reversing alarms, which are a well-documented source of
community annoyance, will not be permitted to be installed on any plant and equipment
operating on the site.
Thirdly, and most importantly, all fixed crushing and screening plant will be fully enclosed with
openings let into the enclosures for the entry and passage of product and conveyors only.
Finally, where it has been determined that the objective noise level targets noted above in
Section 8.3, may be exceeded, properly designed and located local screening of the dominant
noise source/s will be maintained for the duration of the relevant phase.
3. Manage
Strategy: Adopt appropriate management techniques to minimise the intrusiveness of noise
emission.
Application: As noted above in Section 4.8.2, the operational hours of the quarry will be
restricted to 6:30am to 6:00pm Monday to Saturday. Other than for routine and emergency
maintenance, there will be no noise-generating activities conducted after 6:00pm before 6:00am.
There will be no extraction, crushing and screening or sales activities conducted on Sundays or
public holidays.
In addition, the quarry will operate under a detailed Noise Management Plan to ensure that all of
the noise control strategies and each of the specific noise control treatments and actions are
maintained at their maximum efficiency and acoustical performance.
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SoundPLAN Contour Plots

In accordance with the requirements of S 4.7.2 of the TOR, SoundPLAN noise contour plots have been
prepared for the likely worst-case operations during the Quarrying Phases. The process involved in
preparing these noise contour plots and the significance of the resultant noise levels is discussed
below in the following sub-sections.
12.2.1 Sensitivity Analysis
Preparation of construction work during Quarrying will be conducted in five phases: Q1-Q5. These
phases will be characterised by differences in the extent dimensions of the material extracted from
the site and the dimensions of the pit. There will be no differences to the location or number of items
of crushing and screening plant. Nor will there be any changes to the number of items of
earthmoving equipment used on-site. Finally, the number of road truck movements on-site and the
adjoining road system will remain relatively constant between each phase of quarrying, varying only
due to day-to-day fluctuations in market requirements.
From the results of the sensitivity analysis conducted to assess the significance of noise emission from
each of the five phases, it was determined that having regard to the dimensions of the pit and the
location of earthmoving plant with in the pit, Phases Q1, Q3 and Q5 would be deemed to be the likely
worst-case phases acoustically. As a result, each of these phases has been selected for analysis.
The results of this analysis are presented below.
12.2.2 Modelling Inputs
The SoundPLAN noise model prepared for Phase C2 was modified to take account of the effect of
changes that that will occur at the completion of the Construction Phases. The noise model was then
configured sequentially to determine the extent of noise emission from the quarrying activities to be
conducted during each of Phase Q1, Phase Q3 and Phase Q5. Noise levels throughout the residential
community surrounding the site were again calculated using the CONCAWE prediction algorithms as
applied by the SoundPLAN computer program.
Once more, the inputs for the noise prediction model comprised:

Equipment layouts as depicted in the drawings prepared by the project civil engineers, Lambert &
Rehbein.



The locations of sensitive residential receptor locations situated within 2km of the centre of the
noise generating activities as presented in Attachment B.



The locations and general outlines of the nearest residences as noted in Section 9.2.2.



The 3-D pit design for each of Phases Q1, Q3 and Q5 as prepared by Boral and as shown in the
drawings prepared by Lambert & Rehbein.



The 3-D topographical contours throughout the community as supplied by Boral.



Source sound power levels for the crushing and screening plant and equipment proposed to be
used on site during the Quarrying Phases (i) as derived from sound power level determinations
conducted on the same or similar make/model of crushers and screens proposed to be used and
supplemented, where available, with data supplied by equipment manufacturers and (ii) adjusted
to take account of the beneficial attenuation that will be provided by the purpose-designed full
building enclosures. Refer Appendix C for details of the unitary source sound power levels.
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Source heights relative to ground level as determined (i) in the case of the enclosure buildings, by
reference to drawings prepared by the project consultants and (ii) in the case of the mobile plant
and trucks by reference to manufacturers’ datasheets. As noted above, individual mobile noise
sources have been subdivided into separate sub-sources to take account of the differences in
height above ground level of the elements of the source. The subdivision was applied in the case
of (i) road trucks, (ii) haul trucks, (iii) bulldozers, (iv) front-end loaders and (iv) excavators where
the individual source was divided into an engine noise source located at the midpoint of the
engine above ground and an exhaust noise source located at the height of the exhaust discharge
above ground. In this way, an accurate determination of the performance of barriers and high
ground was maintained and any inadvertent overstatement of performance due to
understatement of source height was avoided.



Expected locations of the mobile plant and equipment as determined from discussions with
Lambert & Rehbein and Boral.

Notes:
The noise model for each of the Quarrying Phases comprised (i) nine point sources, (ii) 37 line sources
and (iii) 64 individual area sources. This is a total of 110 noise sources. It should be noted that this
degree of detail and rigour of acoustical analysis has seldom, if ever, been brought to bear on any
quarry application lodged in Queensland. In view of this, it is reasonable to suggest that the degree
of in the acoustical scrutiny placed on this particular project and the resultant accuracy of the
predictions that have been made represent a new standard for acoustical assessment for quarry
projects.
As outlined in Section 9.2.2 above, the source sound power levels for earthmoving equipment used in
the model were the sound power levels calculated by reference to the LAeq,T noise levels generated
under maximum, or close to maximum, governed engine speed.
In the case of road trucks, these noise sources were modelled as a moving line source extending along
the length of the entry road and across the subject site. The source sound power level of the moving
line source were set by reference to (i) in-house noise level data derived from measurements
conducted on road trucks on numerous other occasions, (ii) the derived number of truck movements
along the entry road and on the subject site as determined by reference to the truck capacities and
the quantity of generated daily the operation of the quarry and (iii) road speeds on-site.
Again, the noise model took account of each of the following matters:

Effect of attenuation due to distance between sources and receivers



Effect of attenuation due to relevant remaining vegetation coverage



Effect of shielding by intervening high ground



Effect of atmospheric and anomalous excess absorption



Source directivity effects



Attenuation provided by purpose designed/supplementary noise barriers
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12.2.3 Modelling Results
The results of the predictions of the level of noise emission into the community from operations
during Phases Q1, Q3 and Q5 are presented in Attachment H.
The following figures refer:

Figure H-Q1-1: Predicted noise level contours throughout the community assuming no specific
noise control treatments are implemented, calm wind conditions prevailing.



Figure H-Q1-2: Predicted noise level contours throughout the community assuming no specific
noise control treatments are implemented, 3 m/s downwind conditions prevailing.



Figure H-Q3-1: Predicted noise level contours throughout the community assuming no specific
noise control treatments are implemented, calm wind conditions prevailing.



Figure H-Q5-1: Predicted noise level contours throughout the community assuming no specific
noise control treatments are implemented, calm wind conditions prevailing.



Figure H-Q5-2: Predicted noise level contours across eastern portion of The Observatory Stage
20, calm wind conditions prevailing and assuming that a free-standing 6m high 150m long barrier
is erected along a line parallel to and set back 6m from the common boundary with The
Observatory Stage 20 as shown in Figure H-Q5-3.



Figure H-Q5-3: Detail of the proposed 6m high 150m long barrier fixed acoustic barrier to be
erected along a line parallel to and set back 6m from the common boundary with The
Observatory Stage 20.

Note:
As discussed above in Section 7.2, the LAeq adj,T parameter includes an adjustment for noise character
to take account of discernible tonality and impulsiveness. As also discussed previously, when
operating alone, some individual quarrying noise source may exhibit noise level characteristics that
may, on their own, give rise to adjustments for specific noise character. By contrast, when this noise
source is acting in concert with a large number of other earthmoving noise sources as well as the
entire crushing and screening train, the emergence of the noise of this particular source/s, and hence,
the discernibility of the specific noise characteristics would be expected to be depressed to the
degree that either no adjustment is applicable or a maximum adjustment of 2dBA may apply from
time-to-time.
In this instance, it is fully expected that either (i) the discernibility of any significant noise
characteristics of the dominant noise sources will be fully masked by the noise level contributions of
the other operating noise sources resulting in an adjustment of 0dBA, or (ii) in the event that the
operation of the other noise sources ceases for a sufficient length of time that the maximum
adjustment of 2dBA may apply, the reduction in the emitted noise level due to the cessation of
operation of the other noise sources combined with the relatively low level of noise emitted by the
residual source itself and, hence, the not insubstantial degree of masking afforded by the otherwise
prevailing ambient noise sources, would reduce the level of noise emitted by greater than 2dBA thus
offsetting the 2dBA noise character penalty. In either event, the predicted noise levels presented in
Figures H-Q1-1, H-Q1-2, H-Q1-1, H-Q3-2, H-Q5-1 and H-Q5-2 are the LAeq adj,T noise levels expected to
be emitted during Phases Q1, Q3 and Q5, respectively.
From the noise level presented in Figure H-Q1-1, H-Q3-1 and H-Q5-1 , it can be seen that the highest
noise levels in each of the surrounding community areas will be encountered in Sensitive Receptor
Area C – Old Burleigh Town (SE). Predicted highest noise levels in each Sensitive Receptor Area are
noted in Tables 8-10 below. For ease of reference, the noise emission limits for the quarrying phases
have been included in this table as well.
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Highest Predicted
Free Field Noise
Level, LAeq adj,T (dBA)

Applicable Noise
Level Limit, dBA

Meets Limit?

(refer also Appendix B)

A - Kingsmore Estate

34

40

Yes

B - Old Burleigh Town (NW)

32

43

Yes

C - Old Burleigh Town (SE)

39

43

Yes

D - Tallebudgera Creek Road Rural
Residential

39

42

Yes

E - Tuesday Drive Rural Residential

<25

32

Yes

F - Stockland Observatory Estate

25

35

Yes

G - Skyline Terrace

<30

35

Yes

H - Chesterfield Drive

28

35

Yes

I - Approved Stage 20 at the
Observatory

35

35

Yes

Table 8 – Highest Predicted Free Field Noise Levels and Noise Level Limits
without Noise Control – Phase Q1
Sensitive Receptor Area

Applicable Noise
Level Limit, dBA

Meets Limit?

(refer also Appendix B)

Highest Predicted
Free Field Noise
Level, LAeq adj,T (dBA)

A - Kingsmore Estate

35

40

Yes

B - Old Burleigh Town (NW)

32

43

Yes

C - Old Burleigh Town (SE)

39

43

Yes

D - Tallebudgera Creek Road Rural
Residential

37

42

Yes

E - Tuesday Drive Rural Residential

<25

32

Yes

F - Stockland Observatory Estate

<25

35

Yes

G - Skyline Terrace

<30

35

Yes

H - Chesterfield Drive

25

35

Yes

I - Approved Stage 20 at the
Observatory

33

35

Yes

Table 9 – Highest Predicted Free Field Noise Levels and Noise Level Limits
without Noise Control – Phase Q3
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Applicable Noise
Level Limit, dBA

Meets Limit?

(refer also Appendix B)

Highest Predicted
Free Field Noise
Level, LAeq adj,T (dBA)

A - Kingsmore Estate

35

40

Yes

B - Old Burleigh Town (NW)

35

43

Yes

C - Old Burleigh Town (SE)

40

43

Yes

D - Tallebudgera Creek Road Rural
Residential

37

42

Yes

E - Tuesday Drive Rural Residential

<25

32

Yes

F - Stockland Observatory Estate

<25

35

Yes

G - Skyline Terrace

<30

35

Yes

H - Chesterfield Drive

28

35

Yes

I - Approved Stage 20 at the
Observatory

37

35

No

Table 10 – Highest Predicted Free Field Noise Levels and Noise Level Limits
without Noise Control – Phase Q5
From the noise level presented in Figure H-Q5-1 (ie Phase Q5 without any specific noise control
treatments adopted), it can be seen that the relevant noise level limit will be met at all Sensitive
Receptor Areas other than in Sensitive Receptor Area I – Approved Stage 20 of The Observatory
where an exceedance of 2dBA is predicted to result. Attenuation of this degree of exceedance can be
readily achieved by the erection of a 6m high 150m long fixed acoustic barrier in close proximity to
the common boundary with Stage 20. Refer also details in Section 12.2.6 following. With this barrier
in place, the resultant noise levels are predicted to be as shown in Table 10 below.
Sensitive Receptor Area are

Applicable Noise
Level Limit, dBA

Meets Limit?

(refer also Appendix B)

Highest Predicted
Free Field Noise
Level, LAeq adj,T (dBA)

A - Kingsmore Estate

35

40

Yes

B - Old Burleigh Town (NW)

35

43

Yes

C - Old Burleigh Town (SE)

40

43

Yes

D - Tallebudgera Creek Road Rural
Residential

37

42

Yes

E - Tuesday Drive Rural Residential

<25

32

Yes

F - Stockland Observatory Estate

<25

35

Yes

G - Skyline Terrace

<30

35

Yes

H - Chesterfield Drive

28

35

Yes

I - Approved Stage 20 at the
Observatory

35

35

Yes

Table 10 – Highest Predicted Free Field Noise Levels and Noise Level Limits
with Noise Control – Phase Q5
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12.2.4 Effect of Drill Rig Operation
The noise contour plots include the operation of all sources of fixed crushing and screening plant and
all earthmoving equipment, but do not include the short term operation of the “low noise” rock
drill. The level of noise generated by the rock drill will be a function of its location relative to the
residential premises being considered. In this instance, its location refers to its separation distance
horizontally from the residence as well as the RL of the bench on which the rock drill is operating at
the time.
Because (i) the location of the rock drill will vary considerably over the life of the quarry (ii) there are
a large number of individual residences to be considered on each occasion, it is impractical to attempt
to quantify the combined extent of noise emission from the operation of fixed and mobile plant
together with the operation of the rock drill by the simple preparation of noise contour
plots. Instead, a series of noise level calculations has been undertaken to determine the expected
degree of increase in the level of noise that will be generated as a result of the operation of the rock
drill in concert with the rest of the quarry equipment.
From the results of this analysis, it has been concluded that under most operating conditions, the
operation of the “low noise” rock drill, will result in an increase in the level of noise emission to the
nearest residences in the range 0-14 dBA, with the greatest increase likely to occur at the residences
already subjected to noise levels well below the relevant noise level limit.
While it is possible that the noise from the operation of the rock drill may result in noise levels
exceeding the relevant noise level limits, it is important to put any potential exceedances into
perspective.
The first point to be considered is the vertical location of the rock drill. The limited occasions when
exceedances may arise will generally coincide with times when the rock drill is operating just below
natural ground level, ie at the top benches of the quarry. Over the life of the quarry, operations at
this level will occur for a very minor portion of the total resource life, estimated to be in the order of
2% of the resource life. For the remaining 98% (approx) of the time, the rock drill will be operating
well below natural ground level and will be shielded by the lip of the quarry.
The second point to be considered is the duration of drilling. It should be noted that it is likely that
once the quarry is in full production and extraction is being conducted on the lower benches, the rock
drill will be operated for most of the day and for most of the six-day week. During the earliest stages
of quarrying, however, particularly when the rim of the quarry is being extended and material is being
extracted from the top benches, smaller shots requiring fewer drill holes will be set. Under these
circumstances, the period of time the rock drill is in use will be significantly reduced.
The final point of note is the horizontal location of the rock drill. Unlike (i) the enclosed crushing and
screening plant which will not move during the life of the quarry and, to an extent, (ii) the mobile
earthmoving plant which will maintain the same operational locations and movement paths for
extended periods of time, the rock drill will move from one part of the bench to another and from
one bench to another many times during any particular month. In view of this, the level of noise
emitted by the rock drill to any particular residential location will change after a period of just a few
days. That is, any minor exceedances of the noise limits will be apparent for only a brief period of
time before the normal plan of extraction of material at the quarry dictates that the rock drill move
once more which, in turn, will result in a change to the level of noise emitted by the rock drill.
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Notwithstanding, in circumstances where it is predicted in advance that the operation of the “low
noise” drill rig may result in significant and sustained exceedances of the relevant noise level limits, it
would be appropriate to ensure that appropriate noise control strategies are implemented. Primarily,
such strategies will include (i) the construction and deployment of moveable barriers located at
appropriate elevated positions between the operating drill rig and the nearest residences, and if
necessary, (ii) the deployment of a supplementary drill rig to reduce the duration of time over which
any exceedances may occur.
Further details can be developed during the detail design phase and so that they can be implemented
as part of the Noise Management Plan.
12.2.5 Effect of Downwind Propagation
To date, the assessment of the extent of environmental noise emission from the quarrying activities
has considered the impact of noise emission under calm wind conditions. This focus has been
maintained because the highest degree of intrusiveness is usually generated under calm conditions.
Under downwind conditions, it is usual for the level of noise emission to increase, but for the
intrusiveness to decrease. The reason for this is that the degree of increase in noise emission is
quickly compensated for by an increase in ambient noise levels due primarily to wind-induced noise in
trees.
In most commonly encountered situations, the elevation of the ambient and background noise levels
due to wind effects is of a similar or greater magnitude than the increase in noise emission due to
downwind propagation.
Under neutral wind propagation conditions, ie when the direction of wind is normal to the line
between the source and receiver, there is generally no increase in the level of noise emission, but a
significant increase in the level of masking noise occurs. A reduction in intrusiveness results.
Under upwind conditions, the level of noise emission decreases while the level of ambient noise
increases. A significant reduction in the level of intrusiveness occurs in these instances.
To illustrate the significance of direct downwind propagation, it is appropriate to compare the noise
level contour plots presented in Figures H-Q1-1 and H-Q1-2. In these figures, the only change is the
introduction of the constant 3 m/s downwind effect into the noise contour plots presented in Figure
H-Q1-2.
Note:
The model assumes that for each noise source and each receiver location, the wind direction is
directly from the source to the particular receiver.
When the noise contour plots presented in Figures H-Q1-1 and H-Q1-2 are compared, it can be seen
that, at the nearest affected residences, the level of increase is generally in the range 3.0-4.5dBA.
From an examination of the ambient and background noise level data, the increase in rating
background noise level under the same light wind conditions has been calculated to be 5dBA. That is,
the increase in rating background noise level and, hence, the elevation of the corresponding noise
level limit is of the same order as the increase in the level of noise emission, resulting in no change to
the degree of compliance or otherwise with the acceptance criteria.
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12.2.6 Requirements for Noise Control
From the results presented in Tables 8-10 above, it can be seen that the relevant noise level limits are
both expected to be met in all sensitive receptor areas under Phases Q1 and Q3, and in the case of
Phase Q5, at all sensitive receptor areas other than in Sensitive Receptor Area I – Approved Stage 20
of The Observatory where maximum noise levels 2dBA higher than the desirable target may be
encountered.
From analysis of the noise source contribution rankings, it is apparent that the dominant source of
noise emission to Sensitive Receptor Area I will be the operations of plant and equipment in the
Phase Q5 pit. By erecting a 6m high 150m long fixed acoustic barrier along a line parallel to and set
back 6m from the common boundary with The Observatory Stage 20 as shown in Figure H-Q5-3, the
noise modelling has determined that a net 2dBA reduction in the level of noise emission to the
affected areas of Sensitive Receptor Area I, would be expected to be achieved. The resultant noise
contour plots are presented in Figure H-Q5-2.
With this barrier in place when necessary, together with the strategic noise control measures
discussed above in Section 12.1, the resultant noise levels throughout all of the community areas are
expected to be fully compliant with the noise level limits established at Section 8.3.
The details of construction of the 6m high barrier can be prepared during the detail design phase the
project.
Note:
The analysis conducted to date has established that the level of noise emission to Sensitive Receptor
Area I (Approved Stage 20 of The Observatory) is expected to vary from 35dBA at Phase Q1 to 33dBA
at Phase Q3 and subsequently, after erection of the 6m high barrier detailed above, at Phase Q5 to
35dBA again. While no detailed analysis of the expected degree of noise emission to Sensitive
Receptor Area I has been conducted for either Phase Q2 or Phase Q4, it is anticipated that the
emitted noise levels will generally be a greater than 35dBA during these phases.
Notwithstanding, because the analysis for Phase Q5 has established that the 6m high barrier will need
to be in place at the commencement of Phase Q5, there is some likelihood (at this stage, albeit low)
that the same barrier may be warranted for the latter part of Phase Q4 as well. To determine the
precise timing of the erection of the barrier, it will be a simple matter during the detail design phase
of the project to analyse the significance of noise emission from activities during Phase Q4 and, if
necessary, sub-phases of Phase Q4.
12.3

Workshop Noise

As noted in Section 4.8.2, the hours for operation of the workshop will be as follows:

24 hours Monday to Saturday, and



8:00am to 6:00pm Sundays

The most critical time in terms of controlling noise emission will be during the night-time period, ie
between 10:00pm and 7:00am. For consistency with the method adopted above in Section 8.3 for
setting limits for acceptable levels of noise emission, the appropriate limits for each of the nearby
residential areas can be set by reference to the Rating Background Level (RBL) for the night time
period at each monitoring location. The relevant RBL has been calculated as the median value of the
set of six (ie Monday to Saturday) 10 percentile levels recorded at each location.
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The resultant night time RBL values are as follows:

Location A: 28dBA



Location B: 28dBA



Location C: 21dBA



Location D: 23dBA



Location E: 27dBA

The resultant component LAeq adj,T noise level limits can be determined to be as follows:

Location A: 28dBA



Location B: 28dBA



Location C: 21dBA



Location D: 23dBA



Location E: 27dBA

It is recognised that the design of the workshop building has progressed no further than the
determination of the external dimensions, general positioning and orientation. Notwithstanding, it is
understood that the major openings to the workshop will be in the western wall only, there will be no
openings in the eastern or southern walls and thermal insulation will be installed to the underside of
the roof decking. Furthermore, to reduce reverberant build-up within the workshop and, hence,
maximise hearing conservation and occupant comfort, a perforated foil facing will be fixed to the
underside of the thermal insulation. The acoustical performance objective for the selection of the
perforated foil faced insulation is NRC 0.95.
To evaluate the extent of noise emission from workshop activities when carried out under likely
worst-case conditions during the night-time period, the SoundPLAN noise model was reconfigured by
removing the enclosed fixed crushing and screening plant and the mobile earthmoving plant (none of
which will be operating during the night time period) and introducing the workshop as a series of
planar area sources where the sound power level of each source was determined by reference to
typical worse case internal noise levels. In this instance, it was assumed that a number of power tools
would be used simultaneously including the likely worst-case power tool, ie a compressed air driven
air wrench undoing/tightening wheel nuts. To simulate likely operating conditions, it was assumed
that one or more roller doors to western wall will be open resulting in a total open area of 100m².
The resultant noise contour plot is presented in Attachment I. Figure I-1 refers.
From the noise level plot presented in Figure I-1, it can be seen that the highest noise levels in each of
the surrounding community areas will be encountered in Sensitive Receptor Area C – Old Burleigh
Town (SE), but even so, the level of noise emission will be well below the relevant noise level limits
applicable to each of the nearby residential areas.
The predicted highest noise levels in each Sensitive Receptor Area are noted in Table 11 overpage.
For ease of reference, the noise emission limits for workshop noise emission have been included in
this table as well.
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Highest Predicted
Free Field Noise Level,
LAeq adj,T (dBA)

Applicable Noise
Level Limit, dBA

Meets Limit?

(refer also Appendix B)

A - Kingsmore Estate

14

27

Yes

B - Old Burleigh Town (NW)

18

28

Yes

C - Old Burleigh Town (SE)

21

28

Yes

D - Tallebudgera Creek Road
Rural Residential

12

21

Yes

E - Tuesday Drive Rural
Residential

<10

23

Yes

F - Stockland Observatory Estate

<10

23

Yes

G - Skyline Terrace

10

23

Yes

H - Approved Stage 20 at the
Observatory

<10

23

Yes

I - Approved Royston Crescent

<10

23

Yes

Table 11 – Highest Predicted Free Field Noise Levels and Noise Emission Targets
Quarry Phases Q1-Q5 – Workshop Noise
It is noted also that while most maintenance during the pre-operational phases will be conducted
during normal daytime operating hours, it is possible that breakdown repairs may need to be carried
out during the evening and, possibly, during the night as well. In these circumstances, because the
maintenance workshop would not yet have been constructed, any maintenance undertaken would be
conducted in the open.
At this stage, it is not appropriate to attempt to fully quantify the effect of the level of noise emission
that may result from out-of-hours maintenance activities being carried out during the pre-operational
phases. The number of variables is too large to allow any accurate qualification to be attempted.
Instead, it is appropriate to ensure that control of noise emission arising from such maintenance
events is achieved by application of specific provisions within the Construction Noise Management
Plan. Accordingly, it will be necessary for this management plan to include details of methodologies
and appropriate mitigation measures to be adopted in the event of out-of-hours maintenance
activities being necessitated.
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Discussion of Noise Impacts on Terrestrial and Aquatic Fauna

In the same manner as discussed above in Sections 9.3, 10.3 and 11.3, Best Practice Noise Control
comprising all of the strategies and detailed noise control measures described above in Sections 12.1
and 12.2.6 will be implemented during the Quarrying Phases. With these measures in place, it can be
reasonably concluded that the appropriate level of action has been taken to militate against any
adverse effects on other terrestrial or aquatic fauna.
12.5

Road Traffic Noise

The TOR does not identify a requirement to address the environmental noise emission from trucks on
the haul route/s serving the quarry markets. Notwithstanding, it is considered that the noise from
truck movements on the haul route/s is a matter that warrants attention as part of the EIS.
Because two alternative haul routes are currently under consideration and the final haul route has
not yet been decided, it is appropriate to give consideration to the impact of noise from truck
movements belong each route.
Given the close proximity of Old Coach Road to residences at the eastern extent of Kingsmore Estate,
it is clear that if there is to be adverse impact from introduction onto the public roads of road trucks
serving the quarry, any adverse effects will be experienced at these residences and under
circumstances when all truck traffic uses Old Coach Road, rather than the proposed new Bermuda
Street link4.
The analysis of the impact of the introduction of road trucks travelling to and from the quarry via the
current Old Coach Road alignment has been assessed by comparing the level of road traffic noise
emission to the nearest affected residences under two scenarios: (i) without any change to the road
stream on Old Coach Road and (ii) with the introduction of the expected daily volume of road trucks
onto Old Coach Road at the commencement of quarrying operations, ie Phase Q1, with all trucks
travelling along the road segment between the intersection of the quarry access road with Old Coach
Road and Kingsmore Boulevard.
In accordance with standard practice, road traffic noise levels have been quantified in terms of the
L10(18hour) 5 noise level parameter. The level of road traffic noise intrusion has been calculated using the
CRTN ’886 algorithms as applied by SoundPLAN. For completeness, and given the close proximity of
Pacific Motorway, the noise model has also included the northbound and southbound road streams
on Pacific Motorway.
The calculations also took account of the various site-specific variables and parameter settings which
influence the level of road traffic noise emission onto the site.

4

Although only a conceptual road corridor development plan has been prepared for the interchange serving the Bermuda Street link, it
can be easily established that, when due consideration is given to the flow paths of trucks travelling to and from the proposed new
quarry relative to the traffic drawn onto the interchange from elsewhere, the level of road traffic noise emitted to the residences
located closest to the proposed new roads will be dominated by traffic on Pacific Motorway and the new traffic drawn onto the new
interchange from elsewhere.

5

L10(18hour) is defined by DTMR in their Road Traffic Noise Management: Code of Practice and by UK DoE in their Calculation of Road
Traffic, as the arithmetic mean of each of the eighteen hourly L10,1hr levels between 6:00am and 12:00 midnight on an average weekday
where L10,1hr is the noise level measured in dBA that is exceeded for 10% of the specific one hour period.

6

“Calculation of Road Traffic”, UK DoE, HMSO, 1988. This is the method endorsed by Queensland Department of Transport and Main
Roads, Gold Coast City Council and various local authorities.
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These included:


The outlines of each residence determined by reference to current aerial photographs
Future road traffic volumes on each road at Phase Q1




Percentage of heavy vehicles on each road at Phase Q1
Posted road speeds




Site topography
Distance from each road



Road gradient and road surface for each road




Vertical alignment of each road
Angle of view to road



Receptor height

Given the unknown nature of construction of any existing side or rear fences constructed along the
Old Coach Road boundary of the nearest residences, ie whether constructed to acoustical standard or
not, the beneficial shielding generated by any barriers has been ignored.
Having regard to both (i) Gold Coast Planning Scheme 03 Part 7 Division 3 Chapter 13 Road Traffic
Noise Management and (ii) DTMR Road Traffic Noise Management: Code of Practice, the objective
limit for road traffic noise intrusion is 63dBA L10(18hour) facade-corrected.
The resultant noise contour plots presented in Attachment J. Figures J-1 and J-2 refer.
From an inspection of these figures, it can be seen that the external noise levels at each of the
residences located in close proximity to Old Coach Road will be as follows:•
•

Without Quarrying (ref. Figure J-1):
With Quarrying (ref. Figure J-2):

64.5-66.9dBA
64.8-67.2dBA

That is, the level of road traffic noise intrusion is predicted to be greater than 63dBA under both
scenarios, ie without quarrying and with quarrying. The net increase in road traffic noise levels will be
<0.5dBA throughout. (For ease of reference, the change in road traffic noise level exposure is
presented in Figure J-3.)
From an inspection of Figures J-1and J-2, it is apparent that the dominant source of road traffic noise
intrusion onto these residences is traffic on Pacific Motorway.
While the increase in the degree of road traffic noise intrusion onto the nearest residential properties
can be quantified, it is clear that the objective criterion (ie 63dBA) is expected to be exceeded as a
matter of course irrespective of whether quarrying operations are conducted on the subject site or
not. Furthermore, the degree of increase is very low and is within the expected tolerances for
measurement of road traffic noise intrusion.
On this basis, it could be concluded that there is no warrant to implement any specific noise control
actions to ameliorate the impact of road traffic noise intrusion onto these properties.
Notwithstanding, it is recognised that the predicted level of noise intrusion exceeds the relevant
noise level limit. While introduction of the quarrying traffic will not precipitate this exceedance, a
case could be made that an appropriate action to be undertaken by a good corporate citizen in such
circumstances, it is to offer to erect a 1.8m high acoustical fence along the Old Coach Road boundary
of each of the seven residential properties shown adjoining Old Coach Road in Figure J-1.
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Conclusions

From the results of the assessment presented above, a number of key conclusions can be drawn.
These are presented in sub-sections 13.1 and 13.2 following.
13.1

Pre-Operational Phases

Compliance with the relevant noise emission targets for the Pre-Operational Phases is fully expected
to be achieved provided relatively straight-forward noise control measures are implemented. These
measures comprise:(i)

The strategic placement of items of major noise generating plant to maximise the beneficial
shielding provided by the retained high ground.

(ii)

The construction of a 3m high noise barrier along the outer rim of the sedimentation pond at
Phase E3.

(iii)

The construction and deployment of 5m high moveable modular barriers close to one or
more of the mobile primary crushers from the commencement of Establishment Phase E2/E3.

(iv)

The deployment of a 5m high moveable modular barrier located in close proximity to the
single mobile primary crusher to be deployed throughout Phases C1 and C2.

(v)

The erection of a 8m high 176m long barrier / earth mound combination constructed along
the high ground immediately to the west of western extent of Phase C2 together with a 6m
high 111m long barrier / earth mound combination constructed along the northern edge of
Phase C2 as shown in Figure G-C2-2.

(vi)

Compliance with the requirements of the Construction Noise Management Plan, especially
with regard to the selection, operation and maintenance of “low noise” plant and equipment.

13.2

Quarrying Phases

Compliance with the relevant noise level limits for the Quarrying Phases is fully expected to be
achieved provided relatively straight-forward noise control measures are implemented. These
measures comprise:(i)

The full enclosure of all fixed crushing and screening plant, with openings let into the
enclosures for the entry and passage of product and conveyors only.

(ii)

At, or prior to, the commencement of Phase Q5, the construction of a 6m high 150m long
barrier fixed acoustic barrier along a line parallel to and set back 6m from the common
boundary with The Observatory Stage 20 as shown in Figure H-Q5-3.

(iii)

Rock drilling to be carried out using a “low noise” rock drill only which is to be operated for
the minimum time feasible and, where necessary, screened using moveable modular barriers
located at appropriate elevated positions between the operating drill rig and the nearest
residences.

(iv)

Compliance with the requirements of the Environmental Noise Management Plan, especially
with regard to the selection, operation and maintenance of “low noise” plant and equipment.
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Noise Management Plans

S4.7 of the TOR makes reference to a requirement to prepare environmental management plans only
in instances where compliance with relevant criteria is unlikely to be achieved. Elsewhere in the TOR
(ie Section 10), it is requested that the proponent “detail the EMPs for both the construction and
operation phases of the project.”
From the results of the analysis presented above, it has been concluded that compliance with the
relevant noise level criteria applicable to the proposed development can be achieved by adopting
relatively straight-forward noise control measures.
Notwithstanding, to ensure that the noise control measures are implemented and maintained, it is a
prudent measure to prepare and operate the facility under (i) a Construction Noise Management Plan
(CNMP) for the pre-operational phases and (ii) an Environmental Noise Management Plan (ENMP) for
the quarrying phases.
The structure of each of the CNMP and ENMP are presented in Attachment L.

15.0

Recommendations

To ensure that the proposed new quarry can be developed and operated in compliance with the
relevant noise level criteria applicable to the proposed development, it is recommended that the
following noise control actions be undertaken:1. Each of the noise control measures outlined at (i)-(v) in Section 13.1 for the Pre-Operational
Phases is to be implemented. In addition, each of these measures should be examined more
thoroughly during the detail design phase of the proposed new quarry to ensure that
optimisation of the acoustical performance of each measure is achieved.
2. Each of the noise control measures outlined at (i)-(iii) in Section 13.2 for the Quarrying Phases is
to be implemented. Furthermore, each of these measures should be examined more thoroughly
during the detail design phase of the proposed new quarry to ensure that optimisation of the
acoustical performance of each measure is achieved.
3. Finally, the work during the Establishment, Development and Construction Phases of
proposed new quarry should be carried out in accordance with the requirements of
Construction Noise Management Plan. In addition, the operation of the new quarry during
Quarrying Phases should be conducted in accordance with the requirements of
Environmental Noise Management Plan.
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Attachments
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Attachment A – Site Location, Cadastral Plan and Disturbance Footprint
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Item
Haul/Dump Truck
Haul/Dump Truck
Compactor
Compactor
Excavator
Excavator
Grader
Grader
Water Truck
Water Truck
Drill and Blast Crew
Bulldozer
Bulldozer
Mobile Primary Crusher
Mobile Secondary Crusher
Mobile Tertiary Crusher
Mobile Inclined Screen
Mobile Horizontal Screen
Front End Loader
Front End Loader
Truck and Dog / Work Truck
Truck and Dog / Work Truck
Mobile Crane
Mobile Crane
Slewing Crane
Crawler Crane
Bulldozer
Bulldozer
Excavator
Excavator
Rigid Dump Truck
Rigid Dump Truck
Articulated Dump Truck
Articulated Dump Truck

Likely Selection/Basis for Determination
Cat 725 / Typical 26t
Cat 725 / Typical 26t
Cat 815F / Bomag BC601
Cat 815F / Bomag BC601
Cat 374D / Typical 71t
Cat 374D / Typical 71t
Cat 140M
Cat 140M
Typical
Typical
"Quiet" Rock Drill / Atlas Copco ROC D7C (ave)
Cat D8T, or equivalent
Cat D8T, or equivalent
Astec KPI-JCI Track-mounted Jaw Plant FT3055
Astec KPI-JCI Track-mounted Crushing Plant FT300DF
Astec KPI-JCI Truck-mtd VSI Crushing Plant FT 2500
Astec KPI-JCI Truck-mtd Inclined Screening Plant FT3620
Astec KPI-JCI Truck-mtd Horiz Screening Plant FT 6203
Cat 962K, or equivalent
Cat 962K, or equivalent
Typical
Typical
Franna 18t/25t, or equivalent
Franna 18t/25t, or equivalent
70t typical
Link Belt RTC 8000, 300t typical
Cat D10T, or equivalent
Cat D10T, or equivalent
Cat 374
Cat 374
Cat 775G, 75t typical
Cat 775G, 75t typical
Cat 770, 40t typical
Cat 770, 40t typical

Source
Exhaust
Engine
Exhaust
Engine
Exhaust
Engine
Exhaust
Engine
Exhaust
Engine
Aco Centre
Exhaust
Engine
Aco Centre
Aco Centre
Aco Centre
Aco Centre
Aco Centre
Exhaust
Engine
Exhaust
Engine
Exhaust
Engine
Engine & Exh
Engine & Exh
Exhaust
Engine
Exhaust
Engine
Exhaust
Engine
Exhaust
Engine

April 2013
Source Sound Power Level (Sustained Leq, dBA re 10-12W) by Octave Band
Centre Frequency (Hz)
63

125

250

500

1k

2k

4k

8k

77
77
80
80
78
78
75
75
87
87
75
87
87
94
88
89
80
80
81
81
87
87
87
87
92
81
89
89
78
78
77
77
77
77

87
87
93
93
91
91
88
88
90
90
86
94
94
103
97
98
91
91
94
94
90
90
90
90
95
94
96
96
91
91
87
87
87
87

95
95
97
97
95
95
92
92
102
102
89
101
101
110
102
99
97
97
98
98
102
102
102
102
107
98
103
103
95
95
95
95
95
95

98
98
100
100
99
99
96
96
99
99
100
101
101
115
106
103
104
104
102
102
99
99
99
99
104
102
103
103
99
99
98
98
98
98

101
101
103
103
101
101
98
98
97
97
105
105
105
118
108
103
107
107
104
104
97
97
97
97
102
104
107
107
101
101
101
101
101
101

99
99
101
101
99
99
96
96
101
101
105
103
103
116
107
102
110
110
102
102
101
101
101
101
106
102
105
105
99
99
99
99
99
99

94
94
94
94
92
92
89
89
97
97
108
97
97
108
102
99
106
106
95
95
97
97
97
97
102
95
99
99
92
92
94
94
94
94

79
79
85
85
83
83
80
80
92
92
101
87
87
100
95
90
99
99
86
86
92
92
92
92
97
86
89
89
83
83
79
79
79
79

O’all
dBA

Source
Height (m)

105
105
107
107
105
105
102
102
107
107
112
109
109
122
113
109
114
114
108
108
107
107
107
107
112
108
111
111
105
105
105
105
105
105

3.4
1.6
3.2
1.8
4.0
2.4
3.2
2.0
3.0
1.5
2.5
3.5
2.0
3.2
2.9
2.7
5.7
3.8
3.1
1.8
3.0
1.5
3.2
1.5
3.0
2.4
4.5
2.7
4.0
2.4
3.3
2.2
4.0
2.3

Table C1 – Source Sound Pressure Levels of Major Noise-Generating Items of Proposed Plant and Equipment - Pre-Operational Phases
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Building

Panel/Area
Type

April 2013

Source Sound Power Level (1m2, dBA re 10-12W) by Octave Band Centre
Frequency (Hz)
63

125

250

500

1k

2k

4k

8k

Overall
dBA/m2

Primary Tip Head

Enclosed

46

54

61

66

68

64

58

62

72.2

Primary Tip Head

Open

55

66

72

78

79

77

71

62

83.6

Primary Enclosed

Enclosed

43

51

59

63

66

61

56

59

69.6

Spalls Scalps and Beneficiation (Sc02)

Enclosed

43

49

56

61

64

64

62

67

71.5

Spalls Scalps and Beneficiation (Sc03)

Enclosed

42

49

55

61

64

64

61

67

71.0

Spalls Scalps and Beneficiation (Cr06)

Enclosed

49

54

56

58

59

56

53

50

64.6

Post Primary Secondary Scalps (Sc04)

Enclosed

43

49

56

61

64

64

61

67

71.4

Secondary Crushing Combined

Enclosed

45

55

63

69

72

69

63

66

76.0

Post-Secondary Combined

Enclosed

42

49

56

59

63

64

62

68

71.6

Tertiary Crushing Combined

Enclosed

56

57

63

66

69

64

59

65

73.2

Post-Tertiary Combined

Enclosed

50

55

57

59

62

62

60

66

70.1

Pre-Shaping (Sc09)

Enclosed

44

49

52

54

58

57

56

63

65.7

Shaping (Cr06A)

Enclosed

49

53

55

58

59

56

52

49

64.2

Final Screening Combined

Enclosed

45

50

53

55

59

58

57

64

66.8

Table C2 – Unitary Source Sound Pressure Levels for Enclosed Fixed Crushing and Screening Plant – Quarrying Phases
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Attachment D - Noise Level Monitoring Locations plus Ambient and Background Noise Levels
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Figure D1 - Noise Level Monitoring Locations
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Noise Level Parameter, dBA
Time Period

Statistical Parameter
LA01,T

LA10,T

LAeq,T

LA90,T

Day

Minimum

54

51

47

39

07:00-18:00

Maximum

71

56

60

47

Average

58

54

51

44

10 percentile

41

Evening

Minimum

53

48

45

38

18:00-22:00

Maximum

60

53

50

45

Average

55

51

47

41

10 percentile

41

Night

Minimum

41

38

35

27

22:00-07:00

Maximum

58

55

52

48

Average

51

45

42

36

10 percentile

29

Table DA1 – Monitored Noise Levels at Location A - Thursday, 16 August 2012

Noise Level Parameter, dBA
Time Period

Statistical Parameter
LA01,T

LA10,T

LAeq,T

LA90,T

Day

Minimum

54

51

47

38

07:00-18:00

Maximum

70

57

57

50

Average

59

54

51

44

10 percentile

40

Evening

Minimum

53

47

44

39

18:00-22:00

Maximum

59

55

51

45

Average

55

50

47

41

10 percentile

39

Night

Minimum

44

41

37

30

22:00-07:00

Maximum

58

55

52

48

Average

52

46

43

37
32

10 percentile
Table DA2 – Monitored Noise Levels at Location A - Friday, 17 August 2012
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Noise Level Parameter, dBA
Time Period

Statistical Parameter
LA01,T

LA10,T

LAeq,T

LA90,T

Day

Minimum

56

52

48

38

07:00-18:00

Maximum

82

57

59

46

Average

65

54

51

43

10 percentile

40

Evening

Minimum

53

48

43

28

18:00-22:00

Maximum

65

52

48

39

Average

59

50

46

33

10 percentile

28

Night

Minimum

41

36

32

25

22:00-07:00

Maximum

65

52

49

40

Average

55

43

41

32

10 percentile

27

Table DA3 – Monitored Noise Levels at Location A - Saturday, 18 August 2012

Noise Level Parameter, dBA
Time Period

Statistical Parameter
LA01,T

LA10,T

LAeq,T

LA90,T

Day

Minimum

54

51

47

34

07:00-18:00

Maximum

72

60

59

44

Average

60

54

51

39

10 percentile

36

Evening

Minimum

52

43

41

34

18:00-22:00

Maximum

56

51

47

39

Average

54

48

44

36

10 percentile

35

Night

Minimum

40

33

33

26

22:00-07:00

Maximum

57

51

47

40

Average

50

41

39

31

10 percentile

27

Table DA4 – Monitored Noise Levels at Location A - Sunday, 19 August 2012
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Noise Level Parameter, dBA
Time Period

Statistical Parameter
LA01,T

LA10,T

LAeq,T

LA90,T

Day

Minimum

54

51

46

36

07:00-18:00

Maximum

63

56

53

47

Average

57

53

50

41

10 percentile

38

Evening

Minimum

51

45

41

33

18:00-22:00

Maximum

57

54

50

41

Average

54

49

45

37

10 percentile

35

Night

Minimum

35

31

29

24

22:00-07:00

Maximum

58

54

51

44

Average

50

42

40

32

10 percentile

26

Table DA5 – Monitored Noise Levels at Location A - Monday, 20 August 2012

Noise Level Parameter, dBA
Time Period

Statistical Parameter
LA01,T

LA10,T

LAeq,T

LA90,T

Day

Minimum

54

51

47

35

07:00-18:00

Maximum

66

59

56

49

Average

58

53

50

42

10 percentile

39

Evening

Minimum

53

45

43

36

18:00-22:00

Maximum

57

53

50

42

Average

55

50

46

38

10 percentile

36

Night

Minimum

43

36

36

27

22:00-07:00

Maximum

59

55

53

48

Average

51

45

42

35

10 percentile

29

Table DA6 – Monitored Noise Levels at Location A - Tuesday, 21 August 2012

Acoustics RB Pty Ltd

RB/08-073-EIS.R01 Page 87 of 137

Proposed Boral Gold Coast Quarry EIS - Assessment of Environmental Noise Issues

April 2013

Noise Level Parameter, dBA
Time Period

Statistical Parameter
LA01,T

LA10,T

LAeq,T

LA90,T

Day

Minimum

54

50

47

39

07:00-18:00

Maximum

70

56

58

47

Average

58

53

50

43

10 percentile

40

Evening

Minimum

52

44

43

37

18:00-22:00

Maximum

60

55

51

42

Average

54

50

46

39

10 percentile

37

Night

Minimum

39

35

32

27

22:00-07:00

Maximum

57

54

51

45

Average

50

43

40

33

10 percentile

27

Table DA7 – Monitored Noise Levels at Location A - Wednesday, 22 August 2012

Noise Level Parameter, dBA
Time Period

Statistical Parameter
LA01,T

LA10,T

LAeq,T

LA90,T

Day

Minimum

47

45

42

39

07:00-18:00

Maximum

62

53

52

47

Average

53

48

47

43

10 percentile

40

Evening

Minimum

49

46

43

39

18:00-22:00

Maximum

54

50

47

43

Average

51

47

45

41

10 percentile

39

Night

Minimum

38

34

32

27

22:00-07:00

Maximum

58

48

46

43

Average

50

43

40

36

10 percentile

28

Table DB1 – Monitored Noise Levels at Location B - Thursday, 16 August 2012
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Noise Level Parameter, dBA
Time Period

Statistical Parameter
LA01,T

LA10,T

LAeq,T

LA90,T

Day

Minimum

47

45

42

39

07:00-18:00

Maximum

62

53

51

48

Average

54

49

47

44

10 percentile

40

Evening

Minimum

48

45

42

38

18:00-22:00

Maximum

51

48

46

44

Average

49

46

44

40

10 percentile

38

Night

Minimum

40

35

33

28

22:00-07:00

Maximum

58

50

48

45

Average

48

43

40

35

10 percentile

30

Table DB2 – Monitored Noise Levels at Location B - Friday, 17 August 2012

Noise Level Parameter, dBA
Time Period

Statistical Parameter
LA01,T

LA10,T

LAeq,T

LA90,T

Day

Minimum

49

46

44

39

07:00-18:00

Maximum

65

53

53

45

Average

56

50

48

42

10 percentile

40

Evening

Minimum

47

43

39

31

18:00-22:00

Maximum

57

47

46

37

Average

50

45

42

34

10 percentile

32

Night

Minimum

39

34

32

24

22:00-07:00

Maximum

57

50

47

40

Average

48

42

39

31

10 percentile

27

Table DB3 – Monitored Noise Levels at Location B - Saturday, 18 August 2012
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Noise Level Parameter, dBA
Time Period

Statistical Parameter
LA01,T

LA10,T

LAeq,T

LA90,T

Day

Minimum

50

47

45

39

07:00-18:00

Maximum

66

53

52

45

Average

56

49

48

43

10 percentile

41

Evening

Minimum

48

44

41

35

18:00-22:00

Maximum

52

49

46

42

Average

50

47

44

40

10 percentile

37

Night

Minimum

40

35

31

24

22:00-07:00

Maximum

62

51

50

41

Average

48

42

39

32

10 percentile

27

Table DB4 – Monitored Noise Levels at Location B - Sunday, 19 August 2012

Noise Level Parameter, dBA
Time Period

Statistical Parameter
LA01,T

LA10,T

LAeq,T

LA90,T

Day

Minimum

50

47

45

41

07:00-18:00

Maximum

60

53

52

48

Average

53

50

48

44

10 percentile

41

Evening

Minimum

48

43

41

37

18:00-22:00

Maximum

54

49

47

45

Average

50

47

45

41

10 percentile

39

Night

Minimum

40

33

32

26

22:00-07:00

Maximum

57

51

48

45

Average

47

42

39

34

10 percentile

28

Table DB5 – Monitored Noise Levels at Location B - Monday, 20 August 2012
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Noise Level Parameter, dBA
Time Period

Statistical Parameter
LA01,T

LA10,T

LAeq,T

LA90,T

Day

Minimum

49

46

44

41

07:00-18:00

Maximum

63

53

52

49

Average

53

49

47

44

10 percentile

41

Evening

Minimum

48

45

42

36

18:00-22:00

Maximum

52

49

47

44

Average

50

47

44

39

10 percentile

37

Night

Minimum

38

35

32

28

22:00-07:00

Maximum

61

52

50

46

Average

47

42

40

35

10 percentile

30

Table DB6 – Monitored Noise Levels at Location B - Tuesday, 21 August 2012

Noise Level Parameter, dBA
Time Period

Statistical Parameter
LA01,T

LA10,T

LAeq,T

LA90,T

Day

Minimum

47

44

41

37

07:00-18:00

Maximum

61

52

51

46

Average

53

48

46

42

10 percentile

39

Evening

Minimum

49

45

42

37

18:00-22:00

Maximum

59

51

49

43

Average

50

47

44

39

10 percentile

37

Night

Minimum

39

34

32

27

22:00-07:00

Maximum

63

53

52

44

Average

47

41

38

33

10 percentile

28

Table DB7 – Monitored Noise Levels at Location B - Wednesday, 22 August 2012
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Noise Level Parameter, dBA
Time Period

Statistical Parameter
LA01,T

LA10,T

LAeq,T

LA90,T

Day

Minimum

40

36

34

29

07:00-18:00

Maximum

69

50

57

40

Average

51

42

42

34

10 percentile

30

Evening

Minimum

36

33

31

27

18:00-22:00

Maximum

43

38

35

32

Average

38

35

33

30

10 percentile

30

Night

Minimum

30

26

25

22

22:00-07:00

Maximum

62

44

47

39

Average

38

33

31

27

10 percentile

23

Table DC1 – Monitored Noise Levels at Location C - Thursday, 16 August 20122012

Noise Level Parameter, dBA
Time Period

Statistical Parameter
LA01,T

LA10,T

LAeq,T

LA90,T

Day

Minimum

42

36

36

29

07:00-18:00

Maximum

63

53

50

39

Average

51

43

41

34

10 percentile

31

Evening

Minimum

35

34

32

29

18:00-22:00

Maximum

50

41

38

34

Average

39

35

34

31

10 percentile

30

Night

Minimum

27

25

24

21

22:00-07:00

Maximum

57

43

47

37

Average

38

32

30

26

10 percentile

22

Table DC2 – Monitored Noise Levels at Location C - Friday, 17 August 2012
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Noise Level Parameter, dBA
Time Period

Statistical Parameter
LA01,T

LA10,T

LAeq,T

LA90,T

Day

Minimum

39

36

34

29

07:00-18:00

Maximum

69

57

58

44

Average

56

49

47

38

10 percentile

30

Evening

Minimum

36

31

28

20

18:00-22:00

Maximum

52

43

40

32

Average

42

36

33

26

10 percentile

22

Night

Minimum

32

24

23

19

22:00-07:00

Maximum

55

43

44

33

Average

40

33

31

24

10 percentile

20

Table DC3 – Monitored Noise Levels at Location C - Saturday, 18 August 2012

Noise Level Parameter, dBA
Time Period

Statistical Parameter
LA01,T

LA10,T

LAeq,T

LA90,T

Day

Minimum

42

36

34

27

07:00-18:00

Maximum

72

55

58

38

Average

55

44

44

31

10 percentile

29

Evening

Minimum

34

29

27

22

18:00-22:00

Maximum

44

38

35

30

Average

40

35

32

26

10 percentile

23

Night

Minimum

26

20

19

18

22:00-07:00

Maximum

62

44

47

31

Average

39

30

29

22

10 percentile

18

Table DC4 – Monitored Noise Levels at Location C - Sunday, 19 August 2012
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Noise Level Parameter, dBA
Time Period

Statistical Parameter
LA01,T

LA10,T

LAeq,T

LA90,T

Day

Minimum

42

38

36

29

07:00-18:00

Maximum

64

46

49

38

Average

49

41

40

33

10 percentile

30

Evening

Minimum

38

33

30

25

18:00-22:00

Maximum

41

39

36

32

Average

39

35

33

28

10 percentile

25

Night

Minimum

24

21

20

19

22:00-07:00

Maximum

62

45

48

34

Average

37

30

28

23

10 percentile

19

Table DC5 – Monitored Noise Levels at Location C - Monday, 20 August 2012

Noise Level Parameter, dBA
Time Period

Statistical Parameter
LA01,T

LA10,T

LAeq,T

LA90,T

Day

Minimum

38

34

33

29

07:00-18:00

Maximum

66

50

55

36

Average

48

40

39

31

10 percentile

30

Evening

Minimum

33

30

28

25

18:00-22:00

Maximum

38

34

33

31

Average

36

33

31

28

10 percentile

26

Night

Minimum

29

23

22

20

22:00-07:00

Maximum

63

46

48

35

Average

38

31

29

24

10 percentile

21

Table DC6 – Monitored Noise Levels at Location C - Tuesday, 21 August 2012
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Noise Level Parameter, dBA
Time Period

Statistical Parameter
LA01,T

LA10,T

LAeq,T

LA90,T

Day

Minimum

42

36

34

26

07:00-18:00

Maximum

62

50

54

37

Average

49

41

40

32

10 percentile

29

Evening

Minimum

37

32

30

26

18:00-22:00

Maximum

58

50

46

31

Average

39

35

32

28

10 percentile

27

Night

Minimum

26

24

23

21

22:00-07:00

Maximum

60

47

46

35

Average

36

31

29

25

10 percentile

22

Table DC7 – Monitored Noise Levels at Location C - Wednesday, 22 August 2012

Noise Level Parameter, dBA
Time Period

Statistical Parameter
LA01,T

LA10,T

LAeq,T

LA90,T

Day

Minimum

40

36

35

29

07:00-18:00

Maximum

74

49

59

40

Average

50

43

42

35

10 percentile

32

Evening

Minimum

37

34

32

31

18:00-22:00

Maximum

44

40

38

37

Average

41

38

36

34

10 percentile

32

Night

Minimum

30

27

26

22

22:00-07:00

Maximum

62

44

47

39

Average

38

33

31

27

10 percentile

24

Table DD1 – Monitored Noise Levels at Location D - Thursday, 16 August 2012
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Noise Level Parameter, dBA
Time Period

Statistical Parameter
LA01,T

LA10,T

LAeq,T

LA90,T

Day

Minimum

39

36

34

28

07:00-18:00

Maximum

63

50

50

40

Average

50

42

41

35

10 percentile

32

Evening

Minimum

39

37

36

34

18:00-22:00

Maximum

46

43

41

40

Average

42

39

37

36

10 percentile

34

Night

Minimum

32

27

27

23

22:00-07:00

Maximum

51

44

41

36

Average

39

33

32

28

10 percentile

24

Table DD2 – Monitored Noise Levels at Location D - Friday, 17 August 2012

Noise Level Parameter, dBA
Time Period

Statistical Parameter
LA01,T

LA10,T

LAeq,T

LA90,T

Day

Minimum

36

33

30

27

07:00-18:00

Maximum

70

61

59

42

Average

54

47

45

36

10 percentile

32

Evening

Minimum

31

27

25

21

18:00-22:00

Maximum

51

43

39

27

Average

38

31

30

24

10 percentile

22

Night

Minimum

28

23

23

20

22:00-07:00

Maximum

55

45

42

33

Average

38

32

30

25

10 percentile

21

Table DD3 – Monitored Noise Levels at Location D - Saturday, 18 August 2012
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Noise Level Parameter, dBA
Time Period

Statistical Parameter
LA01,T

LA10,T

LAeq,T

LA90,T

Day

Minimum

39

33

32

28

07:00-18:00

Maximum

71

59

58

37

Average

57

45

45

31

10 percentile

29

Evening

Minimum

37

30

30

25

18:00-22:00

Maximum

45

36

34

30

Average

40

34

32

27

10 percentile

26

Night

Minimum

26

21

21

18

22:00-07:00

Maximum

60

43

49

28

Average

37

29

28

22

10 percentile

19

Table DD4 – Monitored Noise Levels at Location D - Sunday, 19 August 2012

Noise Level Parameter, dBA
Time Period

Statistical Parameter
LA01,T

LA10,T

LAeq,T

LA90,T

Day

Minimum

39

35

34

29

07:00-18:00

Maximum

68

52

51

36

Average

47

40

39

33

10 percentile

30

Evening

Minimum

35

31

29

27

18:00-22:00

Maximum

44

39

37

35

Average

39

36

34

31

10 percentile

28

Night

Minimum

29

23

24

20

22:00-07:00

Maximum

57

42

44

31

Average

37

29

29

24

10 percentile

20

Table DC5 – Monitored Noise Levels at Location D - Monday, 20 August 2012
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Noise Level Parameter, dBA
Time Period

Statistical Parameter
LA01,T

LA10,T

LAeq,T

LA90,T

Day

Minimum

39

36

35

29

07:00-18:00

Maximum

69

51

55

35

Average

50

41

40

33

10 percentile

30

Evening

Minimum

34

32

30

29

18:00-22:00

Maximum

46

36

35

33

Average

38

34

33

31

10 percentile

29

Night

Minimum

28

25

24

22

22:00-07:00

Maximum

50

44

40

32

Average

36

31

30

26

10 percentile

23

Table DD6 – Monitored Noise Levels at Location D - Tuesday, 21 August 2012

Noise Level Parameter, dBA
Time Period

Statistical Parameter
LA01,T

LA10,T

LAeq,T

LA90,T

Day

Minimum

39

35

35

27

07:00-18:00

Maximum

67

53

53

37

Average

50

41

40

33

10 percentile

30

Evening

Minimum

35

34

32

30

18:00-22:00

Maximum

59

50

46

34

Average

40

36

35

32

10 percentile

30

Night

Minimum

30

28

26

24

22:00-07:00

Maximum

53

45

45

34

Average

38

32

32

28

10 percentile

25

Table DD7 – Monitored Noise Levels at Location D - Wednesday, 22 August 2012
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Noise Level Parameter, dBA
Time Period

Statistical Parameter
LA01,T

LA10,T

LAeq,T

LA90,T

Day

Minimum

48

44

42

36

07:00-18:00

Maximum

82

54

67

49

Average

57

48

48

42

10 percentile

38

Evening

Minimum

44

41

39

37

18:00-22:00

Maximum

50

45

43

41

Average

46

43

41

39

10 percentile

37

Night

Minimum

37

33

31

26

22:00-07:00

Maximum

69

57

56

43

Average

47

41

40

34

10 percentile

28

Table DE1 – Monitored Noise Levels at Location E - Thursday, 16 August 2012

Noise Level Parameter, dBA
Time Period

Statistical Parameter
LA01,T

LA10,T

LAeq,T

LA90,T

Day

Minimum

48

43

40

37

07:00-18:00

Maximum

64

55

54

50

Average

56

49

48

43

10 percentile

38

Evening

Minimum

44

42

39

37

18:00-22:00

Maximum

49

46

56

42

Average

46

43

42

39

10 percentile

38

Night

Minimum

41

37

35

29

22:00-07:00

Maximum

67

53

54

44

Average

47

42

40

35

10 percentile

30

Table DE2 – Monitored Noise Levels at Location E - Friday, 17 August 2012
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Noise Level Parameter, dBA
Time Period

Statistical Parameter
LA01,T

LA10,T

LAeq,T

LA90,T

Day

Minimum

50

41

43

32

07:00-18:00

Maximum

71

57

65

45

Average

58

50

49

40

10 percentile

36

Evening

Minimum

43

39

35

24

18:00-22:00

Maximum

54

44

42

35

Average

47

42

38

30

10 percentile

25

Night

Minimum

32

29

28

23

22:00-07:00

Maximum

63

51

52

42

Average

45

40

37

30

10 percentile

25

Table DE3 – Monitored Noise Levels at Location E - Saturday, 18 August 2012

Noise Level Parameter, dBA
Time Period

Statistical Parameter
LA01,T

LA10,T

LAeq,T

LA90,T

Day

Minimum

49

44

42

31

07:00-18:00

Maximum

79

64

65

45

Average

60

49

49

38

10 percentile

34

Evening

Minimum

42

39

36

33

18:00-22:00

Maximum

60

49

49

40

Average

46

42

40

36

10 percentile

34

Night

Minimum

39

34

31

23

22:00-07:00

Maximum

62

51

50

40

Average

46

40

37

30

10 percentile

25

Table DE4 – Monitored Noise Levels at Location E - Sunday, 19 August 2012
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Noise Level Parameter, dBA
Time Period

Statistical Parameter
LA01,T

LA10,T

LAeq,T

LA90,T

Day

Minimum

49

42

43

35

07:00-18:00

Maximum

74

63

61

45

Average

56

49

48

42

10 percentile

36

Evening

Minimum

43

38

37

32

18:00-22:00

Maximum

50

46

44

42

Average

46

43

41

38

10 percentile

35

Night

Minimum

35

30

30

24

22:00-07:00

Maximum

64

52

51

41

Average

45

39

38

31

10 percentile

25

Table DE5 – Monitored Noise Levels at Location E - Monday, 20 August 2012

Noise Level Parameter, dBA
Time Period

Statistical Parameter
LA01,T

LA10,T

LAeq,T

LA90,T

Day

Minimum

47

44

42

35

07:00-18:00

Maximum

72

62

60

46

Average

56

48

47

42

10 percentile

38

Evening

Minimum

42

39

37

34

18:00-22:00

Maximum

51

45

47

41

Average

44

41

40

36

10 percentile

34

Night

Minimum

40

34

35

26

22:00-07:00

Maximum

65

54

53

45

Average

48

42

40

34

10 percentile

28

Table DE6 – Monitored Noise Levels at Location E - Tuesday, 21 August 2012
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Noise Level Parameter, dBA
Time Period

Statistical Parameter
LA01,T

LA10,T

LAeq,T

LA90,T

Day

Minimum

44

41

39

35

07:00-18:00

Maximum

73

61

60

46

Average

56

47

47

40

10 percentile

36

Evening

Minimum

43

40

38

36

18:00-22:00

Maximum

61

48

49

40

Average

48

43

42

37

10 percentile

36

Night

Minimum

33

31

29

25

22:00-07:00

Maximum

67

54

56

41

Average

45

39

38

32

10 percentile

27

Table DE7 – Monitored Noise Levels at Location E - Wednesday, 22 August 2012
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Attachment E – Noise Contour Plots - Development Phase E3
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Figure E-E3-5 – Isometric View from Front of 3m High Moveable Barrier

Figure E-E3-6 – Isometric View from Rear of 3m High Moveable Barrier
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Attachment F – Noise Contour Plots - Development Phase D3
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Attachment G – Noise Contour Plots - Construction Phases C1 and C2
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Attachment H – Noise Contour Plots - Quarrying Phases Q1, Q3 & Q5
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Attachment I – Noise Contour Plot - Night Time Workshop Noise
Assessment
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Attachment J – Noise Contour Plots - Road Traffic Noise Assessment
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Attachment K – Environmental Protection Regulations 2008 S.51
Matters to Be Considered for Environmental Management Decisions

51 Matters to be considered for environmental management decisions
(1) The administering authority must, for making an environmental management decision relating to
an activity, consider the following matters –
(a) each of the following under any relevant environmental protection policies –
(i)
(ii)
(iii)
(iv)

the management hierarchy;
environmental values;
quality objectives;
the management intent;

(aa) environmental values declared under this regulation;
(b) the characteristics of the contaminants or materials released from carrying out the activity;
(c) the nature and management of, including the use and availability of technology relating to,
the processes being, or to be, used in carrying out the activity;
(d) the impact of the release of contaminants or materials from carrying out the activity on the
receiving environment, including the cumulative impact of the release with other known
releases of contaminants, materials or wastes;
(e) the characteristics of the receiving environment and the potential impact on it from carrying
out the activity;
(f) for each affected person for the activity - the order of occupancy or use between the person
carrying out the activity and the affected person;
(g) the remaining capacity of the receiving environment to accept contaminants or wastes
released from future activities while protecting environmental values;
(h) the quantity and type of greenhouse gases released, and the measures proposed to
demonstrate the release is minimised using best practice methods that include strategies for
continuous improvement
(2) In this section affected person, for an activity, means a person affected, or who may be affected, by the release
of a contaminant or waste from carrying out the activity.
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Summary of Construction Noise Management Plan

Environmental Noise - Establishment, Development and Construction Phases
Objective/Target

Achievement of a satisfactory level of compliance with the relevant environmental
noise conditions of the Development Permit issued for the Establishment,
Development and Construction Phases of the new quarry, and more specifically to
ensure that noise emitted from the authorised activities to which the development
approval relates do not cause environmental nuisance at any nuisance sensitive
place or commercial place as required these conditions.

Management Strategy

Minimise noise by (i) ensuring that all mobile and stationary plant and equipment
are operated and maintained in a manner which minimises noise emissions, (ii) all
required barriers – both fixed and moveable – are constructed or positioned to
maximise the acoustical shielding provided and (iii) conducting assessments of the
level of noise emission at selected reference locations in the community, and/or
along the site boundary, if appropriate.

Responsible Person

The Responsible Person will be the Permit Holder or the delegated responsible
senior on-site employee of the Permit Holder.

Tasks and Actions

All reasonable steps to minimise noise including (i) ensuring plant and equipment is
operated and maintained to minimise noise emissions, (ii) optimising the location of
barriers and (iii) conducting appropriate assessments of the level of noise emission.

Performance Indicators

As stated in relevant environmental noise conditions of the Development Permit.

Specific Actions

Daily inspections of major noise sources and barriers plus detailed noise level
monitoring at selected reference locations in the community and/or along the site
boundary.

Remedial Actions

Undertaking of detailed noise assessments and repositioning of barriers as
necessary. Appropriate remedial works and follow-up noise level verification tests.

Complaint Response
System and Procedure

The elements of the Complaint Response System and Procedure for the
Establishment, Development and Construction Phases are (i) development of a
Noise Complaints Register, (ii) investigation of all complaints against the applicable
Performance Indicators and (iii) preparation of a Noise Complaint Report and
transmission of advice to the complainant.
All noise complaints are to be entered into a Noise Complaints Register. Each noise
complaint is to be investigated by the Responsible Person within reasonable time, ie
normally within five working days of receipt of the complaint.
If the complaint is found to be neither trivial nor vexatious, the Responsible Person
is to take action to rectify the situation.
Thereafter, the complainant is to be contacted again to verify that the issue has
been resolved.
A Noise Complaint Report is to be prepared by the Responsible Person. The report
is to include the complaint’s details and to detail (i) the nature of the complaint, (ii)
the action taken to investigate the complaint, (iii) the outcome of the investigation,
(iv) the remedial action taken to rectify situation and the (v) feedback given to the
complainant with regard to corrective action taken.
The Noise Complaints Register is to be maintained up-to-date and available at all
times for inspection by the authorised officer of the Regulatory Authority.
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Summary of Environmental Noise Management Plan

Environmental Noise - Establishment, Development and Construction Phases
Objective/Target

Achievement of a satisfactory level of compliance with the relevant environmental
noise conditions of the Development Permit issued for the Quarrying Phases of the
new quarry, and more specifically to ensure that noise emitted from the authorised
activities to which the development approval relates do not cause environmental
nuisance at any nuisance sensitive place or commercial place as required these
conditions.

Management Strategy

Minimise noise by (i) ensuring that all fixed crushing and screening plant is fully
enclosed, (ii) mobile and stationary plant and equipment are operated and
maintained in a manner which minimises noise emissions, (iii) all required barriers –
both fixed and moveable – are constructed or positioned to maximise the acoustical
shielding provided and (iv) conducting assessments of the level of noise emission at
selected reference locations in the community, and/or along the site boundary, if
appropriate.

Responsible Person

The Responsible Person will be the Permit Holder or the delegated responsible
senior on-site employee of the Permit Holder.

Tasks and Actions

All reasonable steps to minimise noise including (i) all enclosures over fixed crushing
and screening plant are maintained in good working order, (ii) ensuring plant and
equipment is operated and maintained to minimise noise emissions, (iii) optimising
the location of barriers and (iv) conducting appropriate assessments of the level of
noise emission.

Performance Indicators

As stated in relevant environmental noise conditions of the Development Permit.

Specific Actions

Daily inspections of major noise sources and barriers, monthly inspections of
enclosures and detailed noise level monitoring at selected reference locations in the
community and/or along the site boundary.

Remedial Actions

Undertaking of detailed noise assessments and repositioning of barriers as
necessary. Appropriate remedial works and follow-up noise level verification tests.

Complaint Response
System and Procedure

The elements of the Complaint Response System and Procedure for the Quarrying
Phases are (i) development of a Noise Complaints Register, (ii) investigation of all
complaints against the applicable Performance Indicators and (iii) preparation of a
Noise Complaint Report and transmission of advice to the complainant.
All noise complaints are to be entered into a Noise Complaints Register. Each noise
complaint is to be investigated by the Responsible Person within reasonable time, ie
normally within five working days of receipt of the complaint.
If the complaint is found to be neither trivial nor vexatious, the Responsible Person
is to take action to rectify the situation.
Thereafter, the complainant is to be contacted again to verify that the issue has
been resolved.
A Noise Complaint Report is to be prepared by the Responsible Person. The report
is to include the complaint’s details and to detail (i) the nature of the complaint, (ii)
the action taken to investigate the complaint, (iii) the outcome of the investigation,
(iv) the remedial action taken to rectify situation and the (v) feedback given to the
complainant with regard to corrective action taken.
The Noise Complaints Register is to be maintained up-to-date and available at all
times for inspection by the authorised officer of the Regulatory Authority.
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Attachment M – Glossary
CONCAWE

Conservation of Clean Air and Water in Europe. The CONCAWE methods were developed under
funding from European and North American groups to quantify noise prediction procedures for
emission from large industrial facilities such as oil refineries and petrochemical plants. The methods
were first published in 1981 in research paper CONCAWE Report No. 4/81 entitled The Propagation
of Noise from Petroleum and Petrochemical Complexes to Neighbouring Communities. In contrast
to the methods of ISO 9613-2:1996, the CONCAWE algorithms allow prediction of noise emission
under calm conditions and specified stability class conditions. The CONCAWE algorithms are
endorsed by DEHP, Gold Coast City Council and most State environmental authorities.

CRTN ’88

Calculation of Road Traffic, UK DoE, HMSO, 1988. This is the method endorsed by DTMR, Gold
Coast City Council and various local authorities.

dBA

A-weighted decibels. The decibel value adjusted by application of the A-weighting filtering
network. The filtering values for the weighting network have been determined at each one third
octave band over the frequency range 10Hz-20kHz and have been designed to approximate the
loudness level sensitivity of the human ear when listening to pure tones. The A-weighting filtering
network emphasises levels in the human speech range (1kHz - kHz) to which the human ear is most
sensitive, and attenuates levels in the lower frequency range, ie those to which the human ear is
less well attuned.

Decibel, dB

A measure of the level of one quantity relative to a reference quantity. When applied to sound, the
decibel is most commonly a unit of sound pressure (squared) level or a unit of sound power level.

EPP (Noise) 2008

Environmental Protection (Noise) Policy 2008

EPR2008

Environmental Protection Regulation 2008

Frequency

The objective measure of pitch measured in cycles per second, Hertz (Hz).

L10(18hour)

L10(18hour) is defined by DTMR in their Road Traffic Noise Management: Code of Practice and by UK
DoE in their Calculation of Road Traffic, as the arithmetic mean of each of the eighteen hourly L10,1hr
levels between 6:00am and 12:00 midnight on an average weekday where L 10,1hr is the noise level
measured in dBA that is exceeded for 10% of the specific one hour period.

LA01,15min

The A-weighted sound pressure level exceeded for 1% of the 15 minute monitoring time interval.

LA10,15min

The A-weighted sound pressure level exceeded for 10% of the 15 minute monitoring time interval.

LA90,15min

The A-weighted sound pressure level exceeded for 90% of the 15 minute monitoring time interval,
also termed the background noise level.

LAeq adj,T

Adjusted energy average A-weighted sound pressure level. LAeq adj,T is the adjusted energy average
A-weighted sound pressure level over the time period, T. It is the constant noise level whose
energy is equivalent to that of the noise level which varies over time plus, if applicable, an
adjustment for noise character.

LAeq,15min

The energy average A-weighted sound pressure level over the 15 minute monitoring time interval.

LAmax adj,T

Adjusted average maximum A-weighted sound pressure level. LAmax adj,T is the adjusted average
maximum A-weighted sound pressure level over the time period, T. When measured using a sound
level meter, it is determined as the average of the maximum noise levels plus, if applicable, an
adjustment for noise character.

Noise Character
Adjustment

For both LAmax adj,T and LAeq adj,T, the adjustment for noise character, if applicable, is usually 2dBA or
5dBA depending on the nature of the noise and the discernibility of the specific noise
characteristic/s within the overall noise level environment in which the noise is being experienced.

RBL

Rating Background Level. For the purposes of determining the limits for acceptable levels of noise
emission from facilities not yet established, the background noise level is determined as the longterm background noise level (minLA90) also termed the Rating Background Level, RBL. This value is
determined using the methods described in Appendix B of DEHP Planning for Noise Control.

Short Term LAbg,T

For noise assessment purposes, the background noise level is determined as the short term LAbg,T (ie
the average of the minimum noise levels measured over the time interval, T) or LA90,T (ie the noise
level exceeded for 90% of the measurement time interval, T), each measured at the time of the
assessment of the acceptability of the emitted noise, with the measurements of the background
noise level excluding the contributions from noise source under investigation.
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Sound power level, Lw

Sound power level is a measure of how powerful a source is acoustically. It is measured in decibels
(dB or dBA) and given by the equation, Lw = 10 log(w/w0), where w is the sound power of the source
-12
measured in Watts and w0 is set equal to 10 W (ie 1 picowatt). By contrast, the actual sound
pressure level that would be measured at any point will depend on the sound power level, the
distance between the source and the receiver and the nature of the space in which the
determination of sound pressure level is made. The significance of the difference between these
two parameters can be illustrated by drawing the analogy to a light bulb (electric lamp) in a room.
The difference between sound power level and sound pressure level can be compared to the
difference between the power of a light bulb (which is fixed and is measured in Watts), how bright
it appears (which depends on its power as well as the distance from the light bulb) and the amount
of reflection in the room (ie the nature of the space).

Sound pressure level, Lp

A level value measured in decibels (dB or dBA) and given by the equation, Lp = 10*log(p /p 0),
-5
where p0 equals 2x10 Pa (ie 20 micropascals).

SoundPLAN

SoundPLAN is an integrated software package for noise and air pollution evaluation developed in
Germany by Braunstein + Berndt GmbH. It has been configured to predict the extent of (i) road
traffic noise intrusion by application of the CRTN ‘88 algorithms and (ii) industrial noise emission
using the CONCAWE algorithms. It is in use in more than 48 countries and has had widespread
application throughout Australia. It is endorsed by DEHP, Gold Coast City Council and most other
State environmental authorities.
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Report to Boral Resources (Qld) Pty Ltd

Environmental Impact (Blasting) – Gold Coast Quarry

EXECUTIVE SUMMARY
Boral Resources (Qld) Pty Limited (Boral) is carrying out an Environmental Statement for its
proposal to develop a new quarry to the south west of the existing West Burleigh Quarry. It is
proposed that the extraction area lie within Lot 105 on SP144215.
It is proposed that the environmental impact conditions for the proposed quarry, in regard to
blasting impacts, will be in line with Ecoaccess 2006 Guidelines. These regulations
effectively limit ground vibration from blasting to 5 mm/s, and overpressure levels to 115
decibels (Linear) on at least 9 out of any 10 consecutive blasts. Further, no vibration levels
are to exceed 10 mm/s and no overpressure levels are to exceed 120 decibels (Linear) at any
affected residence. For the purposes of modelling, this report has used a 95 percentile
criterion in order to comply with the Ecoaccess Guidelines. Compliance with these levels of
vibration and overpressure effectively ensures a very low chance of damage to residential or
commercial structures. The new proposed conditions are more onerous than the existing West
Burleigh Quarry conditions.
Estimated impacts at locations surrounding the proposed quarry site have been derived from
consideration of both the Australian Standards (AS 2187.2: 2006), and the historical impacts
from the nearby Boral West Burleigh Quarry. The impact study consistently uses the higher
impact levels (i.e. the worst case scenario) from those two sources as an indication of
potential impacts on surrounding residences. Trial blasting will be conducted in the early
stages of development of the Processing Plant Pad, where small charges (20 – 35 kg) are
expected to be used, and the minimum distance to a sensitive receiver is approximately 450
metres.
Blasting practices and procedures for implementing the blasts at the proposed site are also
based on the most up-to-date procedures currently implemented at the Boral West Burleigh
Quarry. Impact statistics at the West Burleigh Quarry, since 2005, show 100% compliance
with the current West Burleigh Quarry Environmental Licence Condition 1651.
Blasting activities are not expected to be required for clearing of the top 10 metres of material
– this is expected to be completed by ripping using bulldozers. During the Development
Phase, blasting activities are not expected to occur closer than approximately 280 metres to
existing allotments in the Tallebudgera Creek Road area, and no closer than 420 metres to
residential structures in Old Burleigh Town (NW). Once the Development Phase is finalised,
blasting activities will move away from Old Burleigh Town and towards the Stockland
Observatory, at which stage blasting will not be conducted closer than 450 metres to any
existing allotment or residential structure.
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p. ii

The minimum separation distance between the quarry pit (all stages of development) and the
Approved Stage 20 at the Observatory Estate will be approximately 240 metres. Currently
there are no residential structures in this area. By applying the practices currently in place at
the nearby Boral West Burleigh Quarry, the operation is expected to fully comply with
Ecoaccess 2006 Guidelines even if, or when, residential development commences in Stage 20
at the Observatory. Once residential development commences in this area, some adjustments
to blasting practices may be required when blasting near the north-western pit wall. The
modified practices which may be required in this zone are not substantially different from the
standard operating practices at the existing Boral West Burleigh Quarry.
All blasts will be monitored for vibration and overpressure at a minimum of two locations,
with additional monitoring conducted to investigate complaints. All monitoring data will be
saved to a monitoring database and results will be reported to the administering authority as
required. In addition, if complaints are received, they will be saved to a complaints database
and managed as per Boral’s Complaint Management Procedures.
All blasting will be conducted by highly trained professionals with extensive experience in
blasting in an urban environment, and who have the necessary safety standards and operating
procedures to ensure very high standards of impact control. No explosives will be stored on
site.
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Report to Boral Resources (Qld) Pty Ltd

Environmental Impact (Blasting) – Gold Coast Quarry

1.

INTRODUCTION

Two types of impacts are generated by blasting activities, with the intensity of the impacts
controlled principally by the separation distance between the blasting activity and the
receptor, and the size of the explosive charges.
One of the impacts from blasting activities is air-borne vibrations which include both audible
and sub-audible (frequencies less than 20 Hz) components. While the audible component of
air-borne vibration from blasting operations may be easily identified, the sub-audible
component can manifest as shaking or rattling of windows or objects on shelves inside a
residential structure. While the sub-audible component of overpressure is generally
imperceptible outside a residence, it can be responsible for secondary noises inside a
residence. In the context of Australian regulations aimed at protecting personal amenity, the
air-borne disturbance from blasting is commonly referred to as overpressure, and represents
an impulsive pressure wave resulting from the release of high pressure gasses to the
atmosphere from the blast and/or the pressure front generated by the movement of air at the
face of the free rock surface. In accordance with Australian regulations and standards,
overpressure is measured as a peak linear sound pressure level in decibels (dBL), though the
levels should not be confused with A-weighted noise levels (dBA).
The second impact from blasting is ground-borne vibration which radiates in all directions
from the blast via the rock mass or soil, and is an inevitable consequence of the blasting
process. Due to attenuation and scattering, vibration levels reduce with increasing distance
from the source. In accordance with Australian regulations and standards, vibration is
measured as a peak particle velocity (mm/s).
Overpressure and vibration levels are each affected by the blasting parameters as well as local
geology or topography between the source and the receiver. In the absence of field data from
historical blasting activities at the proposed site, references can be made to two useful
sources:
 Australian Standard AS 2187.2: 2006, and;
 Historical data from the nearby Boral West Burleigh Quarry.
Of the two possible sources, the historical database from the Boral West Burleigh Quarry
provides the higher estimate of impacts and is therefore considered the most conservative
basis for estimating vibration and overpressure impacts. Blastechnology has used the
historical blast impact data from the Boral West Burleigh Quarry to provide estimates of the
likely impacts from blasting at the proposed Gold Coast Quarry. The historical data include
1131 measurements obtained from 296 blasts over the period January 2010 to November
2012. The use of such a large database of monitoring results, plus the close proximity with
which the historical data were collected, mean that a high level of confidence is associated
with the anticipated future predictions.
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THE EFFECTS OF BLASTING

The effects of blasting can be considered in two lights – the effect on the surrounding rock
mass, and the effect on nearby people and structures such as houses. The former represents
the zone within which the impacts are sufficiently high to cause damage to the rock mass and
fracturing of the rock matrix.

2.1 Effects on the Rock Mass
The action of rock breakage by blasting in quarries is, by nature, a high energy process,
designed to transform relatively massive and hard rock into a pile of relatively fine fragments
for crushing and subsequent use in concrete and asphalt. The ability of the explosive to break
rock, however, is limited in the case of typical Australian quarrying operations, to a small
radius around the explosive charges, typically of the order of a few metres. As an indication,
the photograph of Figure 1 shows the face of a quarry bench after normal production blasting,
in which the line of the explosive charges from each blasthole is still evident in the face,
approximately half a metre behind the original location of the holes. Beyond this distance
there is relatively little damage to the rock mass, and after approximately 10 to 20 metres,
there is no measurable damage to the rock mass.

Figure 1. A quarry bench face in which the line of each blasthole is still visible after a
normal production blast (120 mm diameter blastholes).
Blasting is the almost-universal means deployed for extracting hard rock for construction
aggregate material, both in Australia and around the world, and quarries are usually located in
quite close proximity to urban centres, to provide the essential construction materials at the
most affordable prices. This requires that all aspects of quarrying activities be tightly
controlled so as to minimise negative impacts on surrounding or nearby communities. The
negative impacts from blasting relate to ground-borne vibrations, air-borne vibrations, and
the potential for flyrock. In all cases, the effects are best mitigated by ensuring a minimum
separation distance between the blasting activities and nearby residential or commercial
structures. A summary of blasting-induced effects as a function of separation distance, for
normal quarrying operations with 10 to 15 metre bench faces, is:
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Within 0 to 5 metres of charges – ability to crush and fragment fresh rock
(vibration levels of the order of 5000 mm/s);
5 to 20 metres – ability to create occasional light cracking and block dislodgement
in the surrounding rock mass (vibration levels of the order of 1000 mm/s);
Up to 200 metres – ground and air-borne vibration levels uncomfortable and
disturbing (vibration levels up to 25 mm/s);
200 metres to 1000 metres – ground and air-borne vibration levels usually within
limits considered by Australian Standards to be appropriate for Human Comfort
(less than 10 mm/s);
Greater than 1000 metres – ground and air-borne vibration levels generally close
to human day-time perception levels (less than 1 mm/s).

Vibrations are an inevitable outcome of the use of explosives for rock breakage, and the
intensity of both ground and air-borne vibrations decreases rapidly with the distance of
propagation. While quarry operators sometimes receive complaints relating to ground and airborne vibrations from blasting operations, all developed countries have standards to ensure
that blast-induced vibrations cannot cause damage to residential or commercial structures.
The Australian Standard (AS 2187.2: 2006), and the Ecoaccess 2006 Guideline are the most
stringent of all known international standards as regards permissible levels of ground and airborne vibrations, and address personal amenity. Vibrations which comply with AS 2187.2:
2006 and the Ecoaccess Guidelines are well below the levels capable of causing damage to
residential structures. For example, the level of stress induced by vibration levels of 5 mm/s
in concrete (25 MPa grade) is less than 2% of the yield stress of the concrete, and therefore
incapable of causing cracking of slabs, walls, concrete driveways or swimming pools.
Vibrations are not expected to crack concrete, for example, until levels exceed 200 mm/s.

2.2 Effects on Personal Amenity
Vibrations are readily perceived by humans, with the threshold of perception commonly
considered to be in the range 0.2 to 0.5 mm/s for short duration impulsive vibrations such
those generated by blasting. Various standards exist around the world to identify levels of
impulsive, short-duration vibration considered acceptable by most people. Such standards
include the Australian Standard AS 2187.2: 2006, the Australian and New Zealand
Environment Council (ANZEC) 1990, the Queensland Environmental Protection (Noise)
Policy 2008, and the Queensland Government Environmental Protection Agency Ecoaccess
Guideline (noise and vibration from blasting) 2006. Australian standards are considerably
more stringent than all other known international standards for both ground-borne and airborne vibrations from blasting.
The Qld EPP(Noise) is directed specifically towards human amenity, and states:
The environmental values to be enhanced or protected under this policy are —
a) the qualities of the acoustic environment that are conducive to protecting the
health and biodiversity of ecosystems; and
b) the qualities of the acoustic environment that are conducive to human health and
wellbeing, including by ensuring a suitable acoustic environment for individuals
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to do any of the following – sleep, study or learn, be involved in recreation,
including relaxation and conversation; and
c) the qualities of the acoustic environment that are conducive to protecting the
amenity of the community.
With respect to disturbances from blasting activities, the Qld EPP (Noise), Section 6I states:
Noise from blasting is not unlawful environmental nuisance for an affected building if
(a) the airblast overpressure is no more than 115 dB (Lin) Peak for 4 out of any 5
consecutive blasts; and
(b) the ground vibration is (i) for vibrations of more than 35 Hz – no more than 25 mm a second ground
vibration, peak particle velocity; or
(ii) for vibrations of no more than 35 Hz – no more than 10 mm a second
ground vibration, peak particle velocity.

The Qld Ecoaccess Guideline 2006 goes beyond the Qld EPP (Noise) regulations and
specifies that ground-borne vibrations must be less than or equal to 5 mm/s, and that airborne vibrations must be less than or equal to 115 dBL, for at least 9 out of any 10
consecutive blasts.
It is therefore clear that vibration and overpressure levels generated by blasting activities
must be considerably higher than the levels of human perception before they are considered
unlawful or having a significant negative effect on human health and well-being. Experience
also shows that some people will find any level of perceptible vibration to be bothersome and
unacceptable. While that concern sometimes reflects a fear that vibration must be causing
damage to the structure inside which the vibration is perceived, a review of technical
literature shows that acceptable limits for vibration and overpressure in Australia are well
below levels capable of causing any level of damage to residential or commercial structures.

2.3 Blasting Related Complaints
The Boral West Burleigh Quarry maintains an incident log in which all complaints received
directly by the quarry or regulatory authorities are recorded. Some complaints come directly
from the community to the quarry, while others are directed to the Explosives Inspectorate or
other government departments.
Over the period November 2006 to November 2012, six complaints have been received
relating to vibration and/or overpressure impacts. Over the same period, it is estimated that
approximately 600 blasts have been fired in approximately 300 events (averaging two blasts
per event, or two blasts within approximately 10 minutes on the same day). The complaint
rate appears to be very low, suggesting that the vibration and overpressure impacts from
blasting operations at the West Burleigh Quarry are considered acceptable by almost all
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people in the surrounding communities. The impacts from blasting at the proposed Gold
Coast Quarry are expected to be less than those from the West Burleigh Quarry due to the
greater separation distances to the sensitive receptors.
Any complaints that may be received will be recorded to a complaints database and will be
reported to the Administering Authority as required, along with a record of follow-up actions
undertaken by the quarry.

2.4 Effects on Structures
It has been repeatedly demonstrated, by all studies conducted on the topic, that the levels of
vibration and overpressure required to cause even very light cosmetic damage (such as
cracking of paint on plaster-board joins) are greater than the levels of human perception.
Further, levels required to produce cosmetic damage such as cracking of paint are also higher
than the levels recommended in AS 2187.2: 2008 and the Ecoaccess 2006 Guidelines. Studies
conducted in US1, for example, showed that the probability of cosmetic damage could be
reduced to very low levels by complying with the RI 8507 Z curve, permitting vibration
levels in the range 12 to 50 mm/s for frequencies in the range 3 Hz to 100 Hz. Studies
conducted in Australia2 showed that no damage occurs due to vibration until levels around 70
mm/s are reached, and even these levels result in only minor damage such as crack
extensions, hairline cracking and cracks around nail-heads in plasterboard.
The studies conducted in the US also showed that repeated exposure to low levels of
vibration will not result in “cumulative damage” unless the structure is exposed to hundreds
of thousands of vibration cycles of levels around 12 mm/s.
If vibration levels induced by blasting activities comply with the levels of vibration permitted
in the Ecoaccess 2006 Guidelines, the probability of even light, cosmetic damage to
structures such as cracking of paint is very low.

3.

QUARRY BLASTING PRACTICES

Blasting is planned to be conducted on 12 metre benches using 89 mm diameter blastholes
with a pattern which depends on proximity to private properties. The explosive is pumped
into the blastholes and has an average density of approximately 1.2 g/cc, for a maximum
charge per blasthole of around 75 kg. A column of inert aggregate material (stemming) of
length 2.5 metres is loaded on top of the column of explosive, and acts to contain the high
pressure gases generated by the detonating explosive. Blasts will average around 140
blastholes, will generate an average of around 40,000 tonnes of broken rock, and will be fired
on average every 7 days. Vibration and overpressure impacts for each weekly event will have
a duration of around 2 seconds, amounting to approximately of 1.7 minutes of disturbance per
year, and 1 hour 40 minutes over the 40 year life of asset.

1

Siskind D.E., Stagg, M.S., Kop, J.W., and Dowding, C.H., 1985. “Structure response and damage produced by ground
vibration from surface blasting”, United States Bureau of Mines, Report of Investigations No 8507.
2

Moore, A, Richards, A, Lewandowski, T, Wilson, J, Page, A., Fityus, S., and Simundic, G., 2002. Structure response to blast
vibration, Australian Coal Association Research Program, C9040.
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Table 1. Recommended blast design parameters for zones of different sensitivity at proposed
Gold Coast Quarry.
Design Parameter
Distance > 450 m
Distance 300 – 450 m
Distance 240 – 300 m
Bench height
12 m
12 m
12 m
Blasthole diameter
89 mm
89 mm
89 mm
Spacing
3.3 m
3.1 m
3.0 m
Burden
2.7 m
2.5 m
2.2 m
Sub-drill
0.7 m
0.7 m
0.7 m
Top stemming
2.5 m
2.5 m
2.5 m
Explosive type
Emulsion
Emulsion
Emulsion
No. of Decks
1
2
3
Max. charge wt.
75 kg
35 kg
20 kg
3
3
Powder Factor
0.71 kg/m
0.72 kg/m
0.73 kg/m3
All blasts fired at the proposed Gold Coast Quarry will utilise state-of-the-art electronic
initiation, and single-hole firing. This means that no two holes in any blast will fire at the
same instant, and the weight of explosive contributing to the peak vibration levels will be the
maximum weight contained in any blasthole within a pattern. Table 1 presents a summary of
the expected blast design parameters for zones of different sensitivity, and includes different
designs for blasts conducted at greater than 450 metres from property boundaries, blasts fired
between 300 metres and 450 metres, and those fired between 240 metres and 300 metres.
Blasting at the quarry is conducted by highly trained and experienced shot-firers operating
according to well-defined Blast Management Procedures developed jointly by Boral
Resources and its explosives supplier (Orica, the world’s largest explosives manufacturer and
service provider and an Australian company).

4.

PIT DEVELOPMENT PLAN

Boral propose to develop the Gold Coast Quarry in 4 stages. The Establishment Stage, the
Development Stage, the Construction Stage, and ultimately the Quarrying Stage. The
processing plant pad will be constructed during the Development Stage and the crushing and
screening plant constructed in the Construction Stage. The quarry pit is planned to then be
developed in 5 phases, Q1 to Q5. Figure 2 presents the proposed development plan.
According to Boral’s development plan, the processing plant pad will not be completed until
mid-June 2020. The final pit profile for the proposed quarry requires excavation down to a
reduced level of -66 m, with the final pit plan and cross section shown in Figure 3.

Blastechnology A.B.N. 81 028 632 349
Blasting Impact - Boral Gold Coast Quarry.docx

April, 2013.
Boral Gold Coast Quarry EIS (Blasting)
#121307 Boral Gold Coast Quarry

Page 7 of 25

Development Phases
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Quarry Pit, Q1
Quarry Pit, Q2
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Quarry Pit, Q5
Disturbance Footprint

Figure 2. Development plan for proposed Boral Gold Coast Quarry.

Figure 3. Plan and section view of final pit profile for the proposed Boral Gold Coast
Quarry.
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BLASTING IMPACTS

The impacts of the blasting operations at the proposed Gold Coast Quarry, addressed in this
report, are those for ground vibration, air-borne vibration (overpressure). Since there is
currently no quarry at the proposed site, the anticipated future impacts must be estimated
based on assumed conditions such as those in AS 2187.2: 2006, or the conditions which are
known to apply at the Boral West Burleigh Quarry. Since the latter provides the most
conservative estimate (i.e. the vibration attenuation conditions at the West Burleigh Quarry
produce higher assumed impact levels than those predicted by the Australian Standard), they
will be used in this report.
Figure 4 presents a cadastral map of proposed Gold Coast Quarry, and identifies a number of
residential, rural and industrial areas surrounding the site. Table 2 presents a summary of the
range of separation distances between the nearest property boundary in each of seven
residential/rural communities to production-scale blasting operations in the proposed Boral
Gold Coast Quarry.

Figure 4. Cadastral map of the proposed Gold Coast Quarry, identifying nearby residential,
rural, and industrial areas.
Particular note is made of Stage 20 at the Observatory, being an approved area for future
development, but in which no development has yet occurred. The nearest property boundary
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in this estate will be approximately 240 from the closest part of the proposed quarry pit,
though all but one allotment is more than 250 metres from the pit edge.
Table 2. Range of separation distances for the nearest residential structure in each of seven
rural/residential areas surrounding the proposed Gold Coast Quarry.
Receptor Area
Name
Range of Separation Distances
Area A
Kingsmore Estate
690 – 1200 metres
Area B
Old Burleigh Town (NW)
420 – 1600 metres
Area C
Old Burleigh Town (SE)
620 – 1800 metres
Area D
Tallebudgera Creek Road
280 – 1300 metres
Area E
Tuesday Drive
1000 – 1500 metres
Area F
Stockland Observatory Estate
740 – 1200 metres
Area I
Stage 20 at the Observatory
240 – 1900 metres
In the case of Old Burleigh Town, the minimum separation distance increases to 800 metres
once the Development Stage is completed, and for the Tallebudgera Creek area, minimum
separation increases to 450 metres after completion of the Development Stage.
The following analysis of expected blasting impacts is based on Environmental Licence
Conditions generally consistent with those recommended in the Ecoaccess 2006 Guideline,
i.e. 95% of vibration levels less than 5 mm/s and 95% of overpressure levels less than 115
dBL. While the Ecoaccess Guideline conditions refer to “9 out of 10 consecutive blasts”,
such a condition is impossible to design for. Therefore, analysis has been conducted on the
basis that each blast will be designed at a 95% Level of Confidence to generate levels less
than 5 mm/s, and 115 dBL. This is considered to be generally consistent with the objectives
in the Ecoaccess Guidelines.

5.1 Controlling Ground Vibration
Blast-induced ground vibration levels are affected primarily by a combination of the weight
of explosive, and the distance between the nearest blasthole and the point of measurement.
For any particular blast, levels of induced vibration are expected to be highest at the nearest
residence. The equation commonly used to predict the 95 percentile level of vibration, PPV95,
is:
 Dist 
PPV95  K95  

 Wt 

n

where PPV95 is the vibration level which will not be exceeded on more than 5% of occasions,
Dist is the distance in metres between the blast and the sensitive receiver, Wt is the average
weight in kilograms of explosive contained in each blasthole, and K95 and n are site-specific
regression parameters used to determine the 95 percentile level of induced vibration.
The use of the 95 percentile values is consistent with best Australian practice, AS 2187.2:
2008, and the Ecoaccess 2006 Guidelines.
According to the above relationship, vibration levels can be adjusted as required at any fixed
receptor, by reducing the weight of explosive used in each blasthole. This is achieved by
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various means including the use of blastholes of reduced diameter, the use of multiple small
and independent charges within each hole, or a reduction in the length of blastholes (i.e. a
reduction in bench height). Each one of these adjustments has been made, as appropriate, at
the Boral West Burleigh Quarry, to enable full compliance with that quarry’s Environmental
Authority for residences as close as approximately 80 metres to blasting operations.
Boral West Burleigh
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Figure 5. All vibration data recorded from Boral West Burleigh Quarry from January 2010
to November 2012.
The data recorded from blasting at the Boral West Burleigh Quarry since January 2010 are
presented in Figure 5, and provide a good insight into anticipated blasting practices and
vibration/overpressure impacts at the proposed Gold Coast Quarry. Standard regression
analysis of the West Burleigh data yields the site specific parameter values of K95 = 4422,
and n =1.728.
Based on the above analysis, which includes all data collected since January 2010 by the
independent company which conducts the blast monitoring (Saros Group), the minimum
distance between blasting and sensitive receivers for charges of 75 kg is 440 metres.

5.2 Controlling Air-Borne Vibration (Overpressure)
Overpressure is any air-borne vibration produced by blasting, and includes both audible and
sub-audible frequencies. The sub-audible frequencies are not detectable by people outside
their houses, but may be detectable inside the house by a light rattling of loose windows, in
the same manner that a light gust of wind can cause window rattling and secondary noises
inside the house. Overpressure levels from blasting are affected primarily by a combination
of the weight of explosive, and the distance from the blastholes, but also by local topography.
For any particular blast, levels of induced overpressure are expected to be highest at the
nearest residence. The equation commonly used to predict the 95 percentile level of
overpressure, OP95, is:

 Dist 

OP95  C95  m  Log  3
 Wt 
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where Dist is the distance (metres) between the blast and the sensitive receiver, Wt is the
weight of explosive contained in each blasthole (kg), and C95 and m are site-specific
regression parameters used to determine the 5 percentile level of induced overpressure (i.e.
the level which will not be exceeded on more than 5% of occasions.
According to the above relationship, peak overpressure levels can be adjusted as required at
any fixed receptor, by reducing the weight of explosive used in each blasthole. This is
achieved by various means including the use of blastholes of reduced diameter, the use of
multiple small and independent charges within each hole, or a reduction in the length of
blastholes (i.e. a reduction in bench height). Additional reductions can be made by orienting
blasts away from the nearest sensitive receiver, and by creating topographical barriers
between the blasting operations and the sensitive receivers. Each one of these adjustments has
been made, as appropriate, at the Boral West Burleigh Quarry, to enable full compliance with
that quarry’s Environmental Authority for residences as close as approximately 80 metres to
blasting operations.
The data recorded from blasting at the Boral West Burleigh Quarry since January 2010 are
presented in Figure 6, for which the site specific parameter values are C95 = 163.1, m = 24.
Based on the above analysis, which includes all data collected since January 2010 by the
independent company which conducts the blast monitoring (Saros Group), the minimum
distance between blasting and sensitive receivers for charges of 75 kg is 430 metres.
Boral West Burleigh
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Figure 6. All overpressure data recorded from Boral West Burleigh Quarry from January
2010 to November 2012.

6.

CONTROLLING FLYROCK

Since flyrock has the potential to cause injury and death, it is considered the most important
factor over which total control is required – flyrock can be eliminated through strict charging
protocols. Flyrock can be considered as any rock fragment which is projected from the blast
area beyond the clearance zone. Such events are required by law to be reported, and are
considered extremely grave. To date there has never been a flyrock incident (projection of
rock beyond the quarry’s boundary) at the West Burleigh site, and the practices to be adopted
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at the proposed Gold Coast Quarry will be heavily based on the very safe practices deployed
at the West Burleigh operation for the past 20 years. Modelling suggests that with the charge
configuration of 10.5 metres of explosive and 2.5 metres of stemming, an 89 mm diameter
hole, and an explosive of density 1.2 g/cc, rock fragments will not be projected more than
approximately 50 metres from any blast.
Blasting operations which occur within 300 metres of occupied structures or private land
must deploy special procedures to ensure absolute public safety. Figure 7 presents areas of
the proposed quarry development which lie within 300 metres of the boundaries of privatelyowned properties.
In the case of the sensitive zone located in the southern section of the development pad, this
area lies within 300 metres of the northern boundaries of 3 property boundaries in the
Tallebudgera Creek Road area. The affected zone represents approximately 10% of the total
area of the development pad, requiring special procedures for only a small number of blasts.
Boral have demonstrated the ability to blast safely under even more stringent conditions
(within approximately 80 metres of housing) at the West Burleigh Quarry. Furthermore, the
sensitive receivers are located behind the affected area (i.e. the benches in this section of the
quarry will be oriented such that rock projections from the bench faces will be directed away
from the nearby properties) where flyrock risk is lessened.

Figure 7. Areas within the proposed quarry footprint at which blasting operations will be
conducted within 300 metres of residential properties.
In the case of the sensitive zone located in the north-western section of the proposed quarry
pit, this area lies within 300 metres of three allotments at the north eastern end of the
Approved Stage 20 at the Observatory Estate, within which no development has yet occurred.
The affected area of the quarry pit also represents a small fraction of the proposed pit (less
than 3%), and once again, benches in this section of the quarry will be oriented such that rock
projections from the bench faces will be directed away from the nearby properties. Boral has
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developed the procedures and demonstrated over the past 20 years at the West Burleigh
Quarry its ability to blast safely at these distances from residential structures.
The protocols required in order to control flyrock include:
1. Ensuring that every charged hole conforms to a minimum stemming length, such that
rocks cannot be projected more than approximately 100 metres;
2. Ensuring that every face hole is surveyed for hole deviation, and that all sections of
the charge column for face holes conform to a minimum burden such that rock
fragments cannot be projected more than approximately 100 metres;
3. Any uncharged holes in the pattern (e.g. blocked holes) are back-filled so that
fragment projections cannot occur.
The high degree of control over flyrock is seen in the photographs of Appendix B which
shows a series of frames taken from video records which are routinely taken of blasts at the
Boral West Burleigh quarry.

7.

IMPACT ASSESSMENT

The blasting impacts which have been modelled and predicted in this report relate to ground
vibration and air overpressure. Both are unavoidable side effects from blasting, though best
practices can minimise the two separate and largely-independent impacts.
When determining environmental blasting impacts, it must be remembered that the impacts
will vary over time, according to the location of blasting activities. Therefore, at any
particular time, the area affected by blasting is relatively small. To assist in understanding the
impacts and how they vary over time, the modelling has been conducted for the nearest
property in each of seven nearest communities which surround the proposed quarry site, for
each phase of the quarry development, as well as over the full life of the project. The results
are summarised in Table 3 (vibration) and Table 4 (overpressure), and detailed graphs are
presented in Appendix A. The results are presented in a form consistent with both AS 2187.2:
2006 and the Ecoaccess 2006 Guideline – i.e. the table reports the 95 percentile vibration and
overpressure levels. At no stage will peak vibration or peak overpressures levels exceed 10
mm/s and 120 dBL respectively at any private property boundary.
Table 3 shows that the proposed quarry can comply with the expected 95 percentile vibration
limit of 5 mm/s at all phases of development of the proposed pit. It also shows a significant
change in impacts at all receivers as the development works are terminated and the pit
extraction (Quarry Stage) commences. This is to be expected due to the separation of the
Processing Plant pad and the pit.
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Table 3. Vibration impacts from blasting in different stages of development of the proposed
Boral Gold Coast Quarry.
95 Percentile Vibration (mm/s)
Receiver
Development
Q1
Q2
Q3
Q4
Q5
Life
A
1.3
1.5
1.5
1.8
1.8
1.8
1.7
B
2.3
0.9
0.9
0.9
1.0
1.0
1.0
C
1.3
0.7
0.7
0.7
0.8
0.8
0.8
D1
2.9
1.5
1.5
1.6
1.7
1.7
1.6
D2
1.1
0.9
0.9
0.9
0.9
1.0
1.0
E
0.6
1.9
1.8
1.7
1.7
1.7
1.7
F
0.4
1.3
1.3
1.2
1.1
1.1
1.2
I
1.1
3.6
3.6
3.7
3.6
3.6
3.5
Receiver A = A385, Kingsmore Estate, B = B213, Old Burleigh Town (NW), C = C01, Old Burleigh
Town (SE), D1 = D01, Tallebudgera Creek Road, D2 = D13 (Maryville), Tallebudgera Creek Rd, E =
E01, Tuesday Drive, F = F05, Stockland Observatory Estate, I = I01, Stage 20 at the Observatory.

Table 4. Overpressure impacts from blasting in different stages of development of the
proposed Boral Gold Coast Quarry.
95 Percentile Overpressure (dBL)
Receiver
Development
Q1
Q2
Q3
Q4
Q5
Life
A
107
108
108
108
108
108
108
B
111
105
105
105
105
105
105
C
109
103
103
103
104
104
104
D1
113
108
108
108
108
108
108
D2
108
104
105
105
105
105
106
E
104
109
109
109
108
108
108
F
101
107
107
106
106
106
106
I
107
114
114
114
113
113
113
Receiver A = A385, Kingsmore Estate, B = B213, Old Burleigh Town (NW), C = C01, Old Burleigh
Town (SE), D1 = D01, Tallebudgera Creek Road, D2 = D13 (Maryville), Tallebudgera Creek Rd, E =
E01, Tuesday Drive, F = F05, Stockland Observatory Estate, I = I01, Stage 20 at the Observatory.

Table 4 shows that the proposed quarry can comply with the expected 95 percentile
overpressure limit of 115 dBL at all stages of development of the proposed pit. Special care
will be required to ensure that levels of overpressure induced in Area H (Stage 20 at the
Observatory) remain compliant, once housing development commences. A factor likely to
lead to lower levels of overpressure in the Stage 20 at the Observatory Estate than those
estimated using simple regression is that the houses in that estate will be constructed on the
north-western side of a rise, while the quarry pit extraction will occur approximately 30
metres lower on the south-eastern side. The topographical barrier is likely to assist in further
reducing the peak overpressure levels.
Table 4 also shows a significant change in impacts at most receivers as the development
works are terminated and the pit extraction commences. This is to be expected due to the
separation of the development pad and the pit.
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Figure 8 presents the impact contours for the proposed Gold Coast Quarry during the
Development Stage, i.e. the formation of the Processing Plant Pad. Figure 9 presents the same
contour for the Quarry Stage, including Phase Q1 through to the end of the pit life, Q5. The
contours represent the maximum impacts from all blasts fired over the life of the quarry, and
does not indicate the impact for any particular blast. The impacts from individual blasts will
be much smaller, and will be centred around the mid-point of each blast. Since vibration and
overpressure distances to achieve compliance are essentially the same, the displayed contours
can be considered to apply to both impacts.
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Properties modelled

Vibration & overpressure contour

Figure 8. Vibration and overpressure contour for the proposed Development Stage
(Processing Plant Pad).
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Figure 9. Vibration and overpressure contour for the proposed Quarry Stage (Phases Q1 to
Q5).
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MITIGATION MEASURES

Separate mitigation measures will be required for vibration and overpressure compliance,
since the two impacts are largely independent. The principal design strategies will be
developed early in the Development Stage of the project, where the initial blasts will be used
as trial blasts, and fully monitored for both ground vibration and overpressure at multiple
locations.

8.1 Vibration Mitigation
The principal factor affecting vibration levels induced by blasting is the maximum weight of
explosive loaded into any hole of a pattern. The maximum weight is controlled by the
diameter of the blasthole and the length of the charge within the blasthole. When blasting at
large distances from sensitive receivers, a single charge column weighing approximately 75
kg will be loaded into each hole. Where this charge produces levels approaching 5 mm/s, the
quarry will adopt one or more of the following mitigation actions:
1. Two separate charges, separated by an inert stemming deck with each charge
independently delayed, so that the maximum weight of explosive is approximately
halved;
2. The bench height can be reduced from 12 metres to 6 metres;
3. The blasthole diameter can be reduced from 89 mm to 76 mm;
4. Delay timing can be adjusted to produce destructive interference of vibration waves
from different charges.

Trial blasting will be conducted during the early stages of work on the Processing Plant Pad,
initially using small explosive charges monitored at different directions and distances. The
small trial blast charges will be at least 430 metres from the nearest property boundary. This
will provide an advance opportunity to establish vibration attenuation conditions and to
identify possible vibration anomalies. Since all blasts will be monitored at multiple locations,
and the data used to update vibration attenuation trends, the blasting contractor will be wellpositioned to make adjustments to charge weights on a continuous basis well before
production-scale blasting commences.

8.2 Overpressure Mitigation
The principal factors affecting peak overpressure levels induced by blasting are the maximum
weight of explosive loaded into any hole of a pattern, the amount of stemming loaded into
each hole, and the amount of burden on the holes drilled to the free face. Where the normal
charge of approximately 75 kg produces levels approaching 115 dBL, the quarry will adopt
one or more of the following mitigation actions:
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1. Two separate charges, separated by an inert stemming deck with each charge
independently delayed, so that the maximum weight of explosive is reduced from
around 75 kg to around 35 kg;
2. The bench height can be reduced from 12 metres to 6 metres;
3. The blasthole diameter can be reduced from 89 mm to 76 mm;
4. Stemming height and front row burdens can be increased to provide greater charge
confinement.

9.

BLASTING CONTROLS

In order to ensure that blasting operations are 100% compliant with the Ecoaccess Blasting
and Noise Guidelines (2006) limits, the following recommendations are made as regards
blasting and monitoring practices at the proposed Boral Gold Coast Quarry.
All blasts will be monitored at a minimum of 2 locations simultaneously. The closest
residence in the two closest residential areas (Figure 4) should be chosen for monitoring,
though monitors should be moved from time to time to ensure that no residences in the area
are exposed to impact levels outside Licence Conditions, and at least one roving monitors
should also be used to address complaints or other locations of interest. Monitoring at any
one location should involve an appropriate number of blasts to establish impact levels.
Monitoring will involve trained and experienced personnel, standard blasting seismographs
with a calibration certificate less than 12 months old. Monitoring procedures will be
according to Australian Standard AS 2187.2: 2006 – for permanent monitoring stations, the
triaxial geophone monitor will be firmly mounted onto a cubic concrete block of at least 30
kg mass which has been tamped into the ground with the exposed surface of the block level
with the surrounding ground surface. Roving monitors will be firmly mounted using soil
spikes.
Monitoring should be both proactive and reactive. In response to complaints, monitors
should be deployed to the complaint area and monitoring conducted a sufficient number of
times to establish impact levels. Otherwise, monitoring location should be chosen on the
basis of the locations with the highest potential impacts.
Where vibration or overpressure sensitivity requires it, Boral should use two smaller
explosive charges in each hole, instead of a single charge in order to ensure that impacts
remain 100% compliant with Ecoaccess 2006 Guidelines. Alternatively, bench height or hole
diameter can be adjusted as indicated in Section 8.
As much as possible, Boral will avoid the firing of multiple small blasts where a single larger
blast can be fired. Vibration and overpressure impacts are largely independent of size, and
the reduced frequency of blasting achieved by firing larger blasts is expected to reduce public
perception and complaint.
Boral will maintain the practice of requiring the Drill & Blast Contractor to adhere to strict
blasting protocols, including the practice of surveying bench faces, surveying front row
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blastholes, logging the precise charge configuration of every blasthole, and obtaining a video
record of every blast fired. Where vibration levels approach maximum permitted limits, the
Drill & Blast Contractor will be required to submit to the Quarry Manager a plan to ensure
that the induced vibration levels never exceed permitted limits.

10. PRE-CONSTRUCTION CONDITION SURVEYS
The Terms of Reference provided by the Coordinator General for the Gold Coast Quarry
Environmental Impact Study include Pre-Construction Condition Surveys to be undertaken
on selected residential structures in the vicinity of the proposed quarry.
the EIS should include an outline of the scope and methodology of preconstruction building surveys including a preliminary identification of the type
and location of properties that should be surveyed. The proponent should
undertake any required pre-construction building surveys in the vicinity of the
project prior to commencement of any quarrying operations.
The purpose of such studies is to identify changes in the condition of structures which may be
attributable to the new quarrying activities and blasting in particular. Blastechnology
considers such studies unnecessary for the following reasons.
1. The quarry will comply with the maximum vibration impact levels presented in
the Queensland Government Ecoaccess Guidelines for Noise and Vibration, 2006,
which state that vibration levels from blasting must not exceed a peak particle
velocity of 5 mm/s for 9 out of any 10 consecutive blasts initiated. The
Queensland Government Ecoaccess Guidelines for Noise and Vibration, 2006, are
stated to represent human comfort criteria, and further state “People are able to
detect vibration at levels much lower than those required to cause even superficial
damage to the most susceptible structures.”
2. All field studies conducted to investigate blast-induced damage have
demonstrated that normal environmental fluctuations (amount of rainfall,
temperature cycling, humidity variability) induce considerably higher stresses in
structures than occasional low-level vibrations from blasting. Such findings
signify that the contribution of blast-induced vibrations to structural deterioration
is very small and probably insignificant.
3. All structures deteriorate with time, commencing with cosmetic cracking and
proceeding ultimately to structural failure. Periodic surveys of the condition of
structures will therefore always identify some level of deterioration even in well
maintained structures.
4. Such surveys are most useful when the duration of the new activity is sufficiently
short that changes in condition can unambiguously be attributed to the introduced
activity, such as a new tunnel, road cutting or structural foundations. In the case of
the proposed Gold Coast Quarry, the duration of the activities is of the order of 40
years.
5. Compliance with the Queensland EcoAccess Guidelines is therefore considered to
ensure that blast-induced vibration levels at all surrounding structures will be
significantly lower than the levels capable of causing even cosmetic damage (such
as paint cracking).
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10.1 Vibration Levels and Damage to Structures
Various studies have been conducted into the effect of blasting vibrations on damage
(cosmetic through to structural) to residential structures, including in the US, Sweden, UK,
Germany and Australia. The studies have included the effects of repeated blasting – in the
case of the US study involving more than 500 closely-monitored blast events, and even
involving very large shakers to shake a test house for extended periods. The US study,
conducted by the government-based United States Bureau of Mines (USBM), was the most
detailed of all the studies, but the UK-based BS 7385 may be the most comprehensive in
terms of the size of the database reviewed. The following is a summary of the main findings
from these sources:













The UK Department of Environment, Transport and Regions study showed that
more than 30% of vibration-related complaints about blasting relate to a fear of
damage to the occupants’ structures. The study also concluded that complaints
from blasting are likely to commence as soon as the levels of induced vibration
become perceptible (typically in the range of 0.5 to 1.0 mm/s).
Cracking occurs naturally in structures, commencing even before the completion
of construction, with typical cracking frequencies of around 0.3 new hairline or
cosmetic cracks appearing per week in timber structures, and 12-13 cracks per
year in concrete structures. This cracking continues for the life of the structure.
If structures are exposed to vibration levels of around 1 in/s (25 mm/s), the
appearance rate of new cracks increases from 0.3 to around 1.0 hairline or
cosmetic cracks per week. Levels lower than 0.5 in/s (12 mm/s) appear to have an
insignificant (immeasurably low) effect on the natural rate of appearance of
hairline cracks;
Cosmetic damage such as hairline cracking in paint and plaster joins is not
expected to occur for vibration levels lower than 15 mm/s, even at very low
frequencies of vibration (e.g. 4 Hz);
Minor damage is not expected (has not been substantiated) at levels of vibration
less than 30 mm/s even for low frequency vibrations, and structural damage is not
expected (has not been substantiated) at levels less than 60 mm/s even at very low
vibration frequencies (e.g. 4 Hz);
The British Standard BS 7385-2 advises that the guide values contained in that
standard (minimum of 15 mm/s for cosmetic damage) “…… should not be
reduced from fatigue considerations since no substantiated cases are known to
have arisen from groundbourne vibration.”
The German Standard DIN 4150 states for cases where induced levels comply
with recommended guidelines (minimum level of 5 mm/s for residential
structures): “If, however, damage is found, it is to be assumed that other causes
are responsible for this damage.”

While there is sometimes a perception that vibration must cause damage, there are no
examples where damage from low-level vibrations has been substantiated. With human
perception levels for vibration being around 0.5 to 1.0 mm/s, it is clear that humans are very
vibration-sensitive, much more so than the residential structures in which they live.
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10.2 Recommendations – Condition Surveys
Notwithstanding the rationale of the previous section, the Terms of Reference from the
Coordinator General for the Environmental Impact Statement for the proposed Boral Gold
Coast Quarry Project stipulate “the EIS should include an outline of the scope and
methodology of pre-construction building surveys including a preliminary identification of
the type and location of properties that should be surveyed. The proponent should undertake
any required pre-construction building surveys in the vicinity of the project prior to
commencement of any quarrying operations.”
In accordance with the Coordinator General’s Terms of Reference, Boral therefore proposes
to offer building condition surveys to a limited number of houses in the surrounding
communities, prior to the commencement of construction activities currently scheduled for
2016. Blastechnology recommends that the condition surveys be offered at the developed
properties chosen in this report on the basis of proximity to the quarry’s proposed blasting
activities, being:








Old Burleigh Town NW, B213
Old Burleigh Town SE, C213
Tallebudgera Ck Rd, D01
Tallebudgera Ck Rd, D13
Tuesday Drive, E01
Stocklands Observatory Estate, F05
Kingsmore Estate, A385

The property I01 in Stage 20 at the Observatory has not been included since there are no
existing structures in this proposed development area. If residential structures are erected in
this site prior to the commencement of construction activities, the nearest structure to the
quarry would also be included in the survey offer.
The condition surveys will only be conducted if the property owners provide consent for
detailed internal and external surveys to be undertaken on all major structures. The surveys
will be undertaken by competent and experienced structural engineers with a focus on
identifying, photographing and classifying all obvious cracks and defects (cosmetic and
structural) in houses, concrete driveways, swimming pools, and any other important
structures which might be sensitive to the effects of vibrations from blasting. The structural
surveys will also include an assessment of the soil characteristics in which the structures have
been constructed, an assessment of drainage around the structures, and an assessment of
structural foundations where possible.
To give effect to this recommendation, the following condition is recommended for inclusion
in the Coordinator-General’s recommendation report:
Prior to commencement of blasting operations for the Development Stage of the
proposed works, Boral will circulate a letter offering Condition Surveys to
selected properties around the site. The same letter will be circulated to a selected
property in Stage 20 at the Observatory once houses in this area are constructed
and occupied. The Condition Surveys offered to property owners shall include all
major structures on the property, detailed internal and external examinations, and
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a review of ground conditions around house foundations. The purpose of the
Condition Surveys will be to establish the prior structural state of the properties
so that future deterioration of the properties can be compared with the normal
rates of deterioration, and to assist in identifying possible acceleration of
deterioration due to the impacts of quarrying operations.
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Area A: Kingsmore Estate
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Area A (Kingsmore Estate)
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Area A (Kingsmore Estate)
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Area B: Old Burleigh Town, NW
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Area B (Old Burleigh Town, NW)
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Area B (Old Burleigh Town, NW)
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Area B (Old Burleigh Town, NW)
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Area B (Old Burleigh Town, NW)
Old Burleigh Town NW, B213 (Quarry, Q4 & Q5)
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Area B: C01, Old Burleigh Town, SE

5 mm/s
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Area C (C01, Old Burleigh Town, SE)
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Area C (C01, Old Burleigh Town, SE)
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Area C (C01, Old Burleigh Town, SE)
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Area D: D01, Tallebudgera Creek Rd
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Area D (D01, Tallebudgera Creek Rd)
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Area D (D01, Tallebudgera Creek Rd)
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Area D (D01, Tallebudgera Creek Rd)
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Area D (D01, Tallebudgera Creek Rd)
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Area D (D01, Tallebudgera Creek Rd)
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Area E: E01, Tuesday Drive
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Area E (E01, Tuesday Drive)
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Area E (E01, Tuesday Drive)
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Area E (E01, Tuesday Drive)
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Area E (E01, Tuesday Drive)
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Area F: F05, Stocklands Observatory Estate
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Area F (F05, Stocklands Observatory)
Stocklands Observatory Estate, F05 (Development)
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Area I: I01, Stage 20 at the Observatory
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Area D: D13 (Maryville), Tallebudgera Creek Rd
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Appendix B
Photographic Blast Sequence Showing
Control over Flyrock Projections

Photograph compliments of Orica Quarry Services
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GLOSSARY OF TERMS
EHP

Department of Environment and Heritage Protection

EIS

Environmental Impact Statement

EMS

Environmental Management System
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Environmental Protection Act
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Gold Coast City Council
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Gold Coast Quarry
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EXECUTIVE SUMMARY
The Waste Management Plan forms part of the Environmental Impact Assessment (EIS) for a
new extractive industry operation (quarry), proposed by Boral Resources (Qld) Pty Limited, on a
greenfield site at Old Coach Road, Reedy Creek, Gold Coast.
The contents of this report have been prepared in response to the Terms of Reference for the EIS
related to ‘Waste management’ issued by the Queensland Government for the quarry project.
Boral is committed to minimising the impact of waste on the environment and the community
during the design, construction, operation and decommissioning of its proposed Gold Coast
Quarry Project. Pollution prevention and waste minimisation will be important components of the
overall waste management strategy for the quarry.
The proposed Gold Coast Quarry will utilise a waste management system which complies with all
relevant legislative requirements and which will be managed to minimise adverse impacts on
identified environmental values.
Boral’s strategic standards are to prioritise the prevention and minimisation of waste generation
and effectively manage wastes in a manner that minimises the impact to the environment. A step
by step strategic approach will be implemented in the following order of preference:


Prevention;



Reduction;



Re-use;



Recycle;



Treatment; and



Disposal.

The waste management strategies proposed for the quarry consider waste management from the
concept and planning stages through to the design, construction, operation and decommissioning
of the quarry.
Waste streams have been identified for the construction and operation stages of the GCQ.
Quantities of waste were estimated based on information from similar existing Boral sites in
south-east Queensland.
By monitoring waste management related activities for the quarry, Boral will be able to assess
actual waste management results, monitor potential environmental impacts and enable positive
actions to be taken in the event of incidents or accidents.
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All regulated waste movement from the site will be tracked in accordance with the legislative
requirements. This will include the completion of Waste Transport Certificates for the collection,
transport and management of regulated wastes from the quarry.
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1.0

INTRODUCTION

The Waste Management Plan forms part of the Environmental Impact Assessment (EIS) for a
new extractive industry operation (quarry), proposed by Boral Resources (Qld) Pty Limited, on a
greenfield site at Old Coach Road, Reedy Creek, Gold Coast.

1.1

TERMS OF REFERENCE

Lambert & Rehbein (SEQ) Pty Ltd has prepared this report in response to the Gold Coast Quarry
Project Terms of Reference (ToR) for the Waste Management component of the Environmental
Impact Statement. The ToR pertaining to this report is detailed below:
4.8.2 Waste Management:
Having regard for best practice waste management strategies and the Environmental Protection
(Waste) Policy 2000 and the Environmental Protection (Waste) Regulation 2000, assess the
potential impact of all wastes generated during construction and operation and provide details of
each waste, including:


Identification of Regulated Wastes listed in Schedule 7 of the Environmental Protection
Regulation 2008;



options available for avoidance/minimisation/recycling;



operational handling and fate of all wastes including storage;



on-site treatment methods proposed for any wastes;



methods of disposal proposed to be used for any trade wastes, liquid wastes and solid
wastes (including the need to transport wastes off site for disposal);



the potential level of impact on environmental values;



measures to ensure stability of waste storage areas and impoundments;



methods to prevent seepage and contamination of groundwater from stockpiles and/or
storage areas and impoundments;



measures to minimise attraction of vermin, insects and pests;



options available for using recycled materials;



management of waste at truck waiting areas external to the site;



market demand for recyclable waste (where appropriate); and



decommissioning of the construction site.

Ref: B12119ER004RevC-WMP
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1.2

OBJECTIVE

Throughout the life cycle of the Boral Gold Coast Quarry a variety of waste streams will be
generated. These streams will be produced during the different phases of the quarry site
development and operations which include preparation, construction, operation and
decommissioning.
Waste management strategies identified within this plan will be utilised to avoid or reduce
impacts, to humans and the environment, due to the inappropriate handling and/or disposal of
waste. The strategies examine alternatives to waste disposal which includes waste minimisation,
re-use and recycling.

The objective of this Waste Management Plan was to:


Identify, describe and quantify the various waste streams to be generated from the
development and operation of the Boral Gold Coast Quarry;



Assess potential impacts to the surrounding environment;



Identify options for waste minimisation and management, with specific reference to the
waste hierarchy, as well as other cleaner production techniques; and



Develop mitigation measures to minimise any waste impact.

The following waste management goals will be applied to the Boral Gold Coast Quarry:


Design to minimise production of waste from the Boral Gold Coast Quarry facilities;



Minimise the generation of regulated waste;



Apply the waste management hierarchy of “avoid, reduce, recycle, recover, treat and
dispose”;



Apply sustainable waste management and disposal methods;



Avoid contamination of land and water;



Minimise adverse effects to aquatic and terrestrial vegetation and wildlife; and



Minimise potential risks to workers and the public.

The Scope of this Waste Management Consultancy was:
i)

The identification and description of all sources and likely volumes of waste
associated with the construction, operation and decommissioning of the GCQ
including the waste generated by the delivery of materials to the site including
chemical and mechanical processes that produce waste on the site, solid and liquid
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ii)

iii)

1.3

wastes produced on the site and hazardous materials to be stored and/or used on
the site;
The identification and assessment of the potential impact of wastes generated during
construction and operation and details of each waste having regard to best practice
waste management strategies and the Environmental Protection (Waste) Policy 2000
and the Environmental Protection (Waste) Regulation 2000; and
A discussion of options and methods for disposing of wastes from the demolition of
project infrastructure.

BORAL’S STRATEGIC STANDARDS

Boral’s strategic standards are to prioritise the prevention and minimisation of waste generation
and effectively manage wastes in a manner that minimises the impact to the environment. A step
by step strategic approach will be implemented in the flowing order of preference:


Prevention;



Reduction;



Re-use;



Recycle;



Treatment; and



Disposal.

Ref: B12119ER004RevC-WMP
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2.0

PROJECT DESCRIPTION

Boral is proposing to establish a new extractive industry operation on a greenfield site, Lot 105 on
SP144215 at Old Coach Road, Reedy Creek as shown in Figure 1, below.
Figure 1 - Location Map
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The project is necessary to compensate for the scheduled winding down of Boral’s existing West
Burleigh Quarry (the location of this quarry is detailed in Figure 1), which has sufficient reserves
for only a further 6.5 to 9 years of production (depending on market conditions). Given the lead
times that are involved (in gaining development and environmental approvals; establishing the
operation and completing preliminary site works in order to enable full scale production), it has
been necessary for Boral to commence the relevant approval processes to ensure that an
adequate, uninterrupted and efficient supply of construction materials remains available for critical
infrastructure and construction projects in the Gold Coast region.
The Gold Coast Quarry will represent an investment of $140-$160million (2012[1] dollars) by Boral
into the economy of the Gold Coast region and is projected to provide continuity of employment
for approximately 100 staff across Boral’s integrated quarrying, asphalt, concrete and transport
operations. An estimated total of 246 full-time equivalent (FTE) person-years will be directly
required for the development and on-site construction of the project. The flow-on benefits of this
employment would generate further employment opportunities for the wider Gold Coast region
and Queensland, resulting in a total of approximately 480 and 490 full-time equivalent personyears, respectively. Once operational, the proposed Gold Coast Quarry would directly generate
24 FTE positions. The flow-on benefits of this employment would support about 65 FTE positions
in Queensland, with 62 positions generated in the Gold Coast. The proposed Gold Coast Quarry
would provide a net increase in employment opportunities and help continue quarrying industry
jobs within the area once the West Burleigh Quarry resources are exhausted.
The site of the proposed Gold Coast Quarry contains the last and largest known deposit of metagreywacke quarry rock resources on the southern Gold Coast. Meta-greywacke is of extremely
high strength and forms the excavated and processed quarry product. The meta-greywacke
resource is located within a deposit that is favourably surrounded by ridgelines (reducing amenity
impacts) and has the benefit of having substantial vegetated buffers on land owned by Boral. In
developing this proposal, Boral has attempted to balance the need to secure this hard rock
resource with the social and environmental factors associated with extractive industry
development. After taking into account a range of environmental constraints and providing
appropriate separation buffers during the detailed design process for the proposed quarry
footprint, it has been estimated that a total of 79 million tonnes of measured, indicated and
inferred quarry resources have been delineated on the site (within the optimised pit shell and
including the area to be developed for the plant and associated infrastructure). Boral has
voluntarily sterilised a significant proportion of the resource which is known to occur on the site in
order to achieve an appropriate balance between environmental, economic and community
interests.

[1]

Based on the value of the Australian dollar during 2012
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The proposed development will operate as a quarry for the extraction and processing of hard rock
primarily for use in concrete, asphalt, drainage materials, road base, bricks/blocks, pavers, pipes
and landscape supplies. Investigations indicate that the quality and consistency of the resource at
the site is of equal or better quality than the meta-greywacke deposit situated at Boral’s existing
West Burleigh Quarry, providing an opportunity to completely replace the current quarry
operations at Boral’s existing West Burleigh Quarry due to the diminishing supply of consented
resources at that site. The proposed Gold Coast Quarry has the potential to supply the Gold
Coast region with high grade construction materials for at least 40 years whilst maintaining
continuity of employment across Boral’s integrated quarrying, asphalt, concrete and transport
operations.
The greenfield site will be fully developed and operated in accordance with recognised industry
best practice. Initial development requires the removal of significant overburden over the first few
years of site development, including the introduction of mobile crushing plants to develop the site
and value the excavated material. Boral estimates that approximately 5 million tonnes of
materials (all types) will be removed from the site to allow the site infrastructure and fixed plant to
be built.
Overall, the proposed Gold Coast Quarry’s processing plants and supporting heavy mobile
equipment (HME) will comprise:


Mobile Crushing Plants
Proprietary modular trains from recognised (best practice) manufacturers such as
Sandvik or Metso. The 3-stage road base train consists of a Primary Jaw, Secondary and
Tertiary Cone Crushers complete with screens, conveyors and stockpiling conveyors.
The second train (for aggregates production) will be the same or similar to the first and
may include a vertical shaft impactor (VSI) to improve aggregate quality for use in higher
specification applications. Each train will be targeting to achieve a minimum of 300
tonnes per hour of aggregate or base course materials. The estimated capital cost of
each train is $6 million (2012 dollars).



Fixed Plant
The plant will be designed as a modern, ‘fit for purpose’ crushing plant which will target
the production of aggregates. It is estimated that the production rate will be between 750
- 900 tonnes per hour to achieve an annual production of 2 million tonnes. The estimated
cost of the plant is $75 million with a construction timeframe of 18-24 months.



Mobile Fleet
There will be two distinct fleets, firstly a development fleet which will service the site
development and stripping works, through to load and haul service for the mobile
crushing trains. The second fleet will be sized to service the 750-900 tonne per hour fixed
plant. Over the course of the establishment and operation of the project (refer to Table
Ref: B12119ER004RevC-WMP
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1), there will be a range of equipment on the site for various periods of time. This
equipment includes, amongst others, the following:
-

Excavators;

-

Graders;

-

Front-end Loaders;

-

Bulldozers;

-

Compactors;

-

Articulated Dump Trucks;

-

Water Trucks;

-

Haulage Trucks; and

-

Cranes.

The quarrying process commences with a survey of the rock face and bench to be developed (by
drilling and blasting). Laser survey equipment defines the rock mass, and an optimised blast hole
pattern is designed and drilled. As production requirements demand, the drilled “shot” is then
charged with bulk explosives (from Boral’s key supply partner, Orica), and fired, in accordance
with the site blasting model and procedures.
Once the rock has been blasted, fragmented rock will be loaded from the pit floor onto haul
trucks, whereas any larger rock fragments (“oversize”) will typically be broken by a rock breaker
before loading. The load and haul fleet will generally be operated continuously during the
operating hours of the quarry, in order to maintain continuity of supply for processing.
The primary stage of processing involves the use of a jaw crusher and vibratory screens, with
crushed product being held in an interim stockpile called a “surge pile”. From this stage, material
will be conveyed to several downstream stages of crushing and screening equipment. After
processing, the material will be conveyed to individual product stockpiles. The processing plant,
including primary and secondary crushers (and screening to separate dust and aggregates) will
be located within the plant and infrastructure area, near the individual product stockpiles.
The quarry materials are then either loaded directly by a front end loader (‘sales loader’) from the
stockpiles, or via overhead storage bins at the plant (under typical conditions), to road haulage
trucks. The road haulage trucks then proceed across the weighbridge and through the wheel
wash before exiting the site to deliver quarry materials to the market.
Section 2.0 of the EIS document provides a more detailed description of the various components
of the project.
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2.1

STAGES OF DEVELOPMENT

The site will be developed in a sequence of discrete stages, each of which will involve a series of
phases:


Site establishment (E), development (D), and construction (C) stages (featuring a number
of intermediate phases);



Quarry operation stage (Q) (featuring a number of phases) associated with the
development of the quarry pit itself; and



Rehabilitation and decommissioning of the site once the operations have concluded.

The timing and rate of progression through the stages associated with the pit development will be
defined by market conditions and demand. It is not appropriate to specify timeframes for the
development of each respective phase of the project at this early point, but the quarry will have
an operational life of at least 40 years.
During the establishment, development and construction stages, the proposed Gold Coast Quarry
will operate with mobile plant(s), and be replaced with a permanent fixed plant as soon as
practicable after the plant site infrastructure area and initial pit have been established (estimated
to occur between 5 to 6 years of the development approval).
The staging plans for the project, as prepared by Lambert & Rehbein, detail how the development
of the quarry is intended to progress. Table 1 below provides a general overview of the works
undertaken as part of each phase of the development stage.
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Table 1 Quarry Development Stages
SITE ESTABLISHMENT STAGE
PHASE

WORKS UNDERTAKEN

E1



The external access road and associated intersection (from Old Coach Road) will be constructed.

E2



A portion of the access road, as it enters the site from the intersection constructed as part of Phase
E1, will be constructed and sealed (with bitumen).



Earthworks (cut) associated with the development of the internal road network are undertaken,
specifically for the construction of:

E3

o

the internal road that will ultimately link to the plant facility and ROM pads; and

o

the access and maintenance road extending to the dam.



Temporary weighbridge and wheel wash area will be developed.



The water storage dam embankment wall (requiring 89,300 tonnes of fill) and associated spillway
will be constructed.



Overall, a total of approximately 230,000 tonnes of overburden will be removed from the site as a
result of the development of this phase.



The extent of the internal access road created in Phase E2 will be sealed with bitumen.



The temporary weighbridges and wheel wash areas will be removed and replaced by the
permanent facilities.



The construction of the facilities pad will be commenced, while the sedimentation pond will also be
developed.



The temporary buildings associated with the (construction) facilities pad will also be constructed.



Filling works will be completed in an existing gully so as to facilitate the future pad area for the plant
equipment.



Overall, a total of approximately 260,000 tonnes of overburden will be removed from the site as a
result of the development of this phase.



The extent of filling completed as part of this phase equates to 115,900 tonnes.
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DEVELOPMENT STAGE
PHASE
D1

D2

D3

D4

WORKS UNDERTAKEN


Earthworks associated with the construction of the plant pad will be continuing. These earthworks
will be performed in a ‘receding rim’ fashion in order to minimise impacts on nearby sensitive
receptors.



By this time the quarry dam and sedimentation pond will be operational.



Overall, a total of approximately 770,000 tonnes of overburden will be removed from the site as a
result of the development of this phase.



Furthermore, approximately 280,000 tonnes of quarry product extracted from the site will be
utilised and sold as marketable material.



Earthworks associated with the construction of the plant pad will be continuing.



Overall, a total of approximately 750,000 tonnes of overburden will be removed from the site as a
result of the development of this phase.



Furthermore, approximately 560,000 tonnes of quarry product extracted from the site will be
utilised and sold as marketable material.



Earthworks associated with the construction of the plant pad will be continuing.



The ROM pad and ROM ramp will be created, and a small amount of fill will be required to
develop this area (24,890 tonne).



Overall, a total of approximately 745,000 of overburden will be removed from the site as a result
of the development of this phase.



Furthermore, approximately 560,000 tonnes of quarry product extracted from the site will be
utilised and sold as marketable material.



Earthworks associated with the construction of the plant pad will be completed.



The final ‘floor level’ for the plant area equates to RL 34.0m AHD.



The final ‘floor level’ for the ROM pad equates to RL 50m AHD.



The stockpile area for the storing of materials will be cleared of its overburden.



The stockpile area rock (suitable for product) will be left in place for processing at a more
economic rate once the permanent plant has been established.



Overall, a total of approximately 215,000 tonnes of overburden will be removed from the site as a
result of the development of this phase.



Furthermore, approximately 540,000 tonnes of quarry product that can be utilised and sold is
extracted.
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CONSTRUCTION PHASE
PHASE
C1

C2

WORKS UNDERTAKEN


The construction / erection of the crushing plant will be commenced.



All permanent buildings (e.g. site office, employee facilities, workshop etc.) are constructed.



Earthworks associated with the removal of overburden are commenced with respect to extending
into the area that will ultimately become the quarry pit.



The construction / erection of the crushing plant will be completed.



Earthworks associated with the removal of overburden will be continuing with respect to extending
into the area that will ultimately become the quarry pit.
QUARRY OPERATION PHASE

PHASE
Q1

Q2

Q3

Q4

Q5

WORKS UNDERTAKEN


Earthworks associated with Pit Stage 1 will be undertaken.



The base levels for Pit Stage 1 will range between RL 78.0m AHD (western end of the pit area)
and RL 66.0m AHD (eastern end of the pit area, adjacent to the ROM pad).



Earthworks associated with Pit Stage 2 will be undertaken.



The base levels for Pit Stage 2 will be RL 54.0m AHD (eastern end of the pit area, adjacent to the
ROM pad).



Rehabilitation of the benches associated with the pit will commence as necessary.



Earthworks associated with Pit Stage 3 will be undertaken.



The base levels for Pit Stage 3 will be RL 30.0m AHD (western end of the pit area).



Rehabilitation of the benches associated with the pit will commence as necessary.



Earthworks associated with Pit Stage 4 will be undertaken.



The base levels for Pit Stage 4 will be RL 6.0m AHD (centrally located within the pit area).



Rehabilitation of the benches associated with the pit will commence as necessary.



Earthworks associated with Pit Stage 5 will be undertaken.



The base levels for Pit Stage 5 will be RL -66.0m AHD centrally located within the pit area).



Rehabilitation of the benches associated with the pit will commence as necessary.
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3.0

LEGISLATIVE AND POLICY FRAMEWORK

The regulatory requirements in Queensland for waste management are provided by the following
legislation:


Queensland’s Environmental Protection Act 1994;



The Environmental Protection Regulation 2008;



The Environmental Protection (Waste Management) Policy 2000; and



The Environmental Protection (Waste Management) Regulation 2000.

3.1

ENVIRONMENTAL PROTECTION ACT

The intention of the Environmental Protection Act 1994 is to protect Queensland’s environment
while allowing for ecologically sustainable development that improves the total quality of life. The
EPA creates a general duty for all people, companies and government bodies to take all
reasonable and practicable steps to avoid harm to the environment. The act defines waste as
anything that is left over, or an unwanted by-product from an industrial, commercial, domestic or
other activity, or surplus to the industrial, commercial, domestic or other activity generating
wastes.

3.2

ENVIRONMENTAL PROTECTION REGULATION

The Environmental Protection Act establishes a system of licences and approvals for conducting
particular activities. These activities are referred to as "Environmentally Relevant Activities" and
are listed in the Environmental Protection Regulation. The purpose of this system is to allow the
authorities to set conditions for conducting the activity which should prevent or minimise the risk
of harm to the environment.

3.3

ENVIRONMENTAL PROTECTION (WASTE MANAGEMENT) POLICY

This policy aims to achieve the objectives of the Environmental Protection Act in relation to waste
management by providing the framework for minimising waste generation, maximising the usage
of waste, efficient use of resources and maintaining ecologically sustainable principles.
The objective of the Environmental Protection (Waste Management) Policy 2000 is to achieve the
goals of the Environmental Protection Act 1994 in relation to waste management through:


Identifying the environmental values to be enhanced or protected;



Providing a framework for the administering authority to make consistent and fair
decisions that:
-

Ensure waste is managed in a way that is consistent with ecologically sustainable
development;
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-

Minimise the impact of waste on the environment including, in particular, the
impact of waste so far as it directly affects human health;

-

Minimise the amount of waste generated from all sources;

-

Promote efficiency in the use of resources;

-

Promote the maximum use of wastes as a resource; and

-

Otherwise achieve the continuous improvement in the standard of waste
management activities.

Provides for the preparation of waste management programs to:
-

Minimise the amount of waste generated; and

-

Promote efficiency in the use of resources.



Provides for the preparation of waste industry waste reduction programs; and



Provides for government planning for waste management.

3.4

ENVIRONMENTAL
REGULATION

PROTECTION

(WASTE

MANAGEMENT)

This regulation provides a mechanism to enforce the Environmental Protection Act and aims to
protect the environment by minimising the impact of waste.
The objective of the Environmental Protection (Waste Management) Regulation 2000 is to protect
the environment by:


Minimising the impact of waste to the environment including, in particular, the impact of
waste so far as it directly affects human health; and



Establishing an integrated framework for minimising and managing waste under the
principals of ecologically sustainable development.

The regulation also provides for the reporting and tracking requirements of regulated waste.
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4.0

DEFINITIONS

4.1

ENVIRONMENTAL VALUES

The Environmental Protection Act 1994 defines environmental values as:


A quality or physical characteristic of the environment that is conducive to ecological
health or public amenity or safety; or



Another quality of the environment identified and declared to be an environmental value
under an environmental protection policy or regulation.

Environmental values with the potential to be impacted upon by waste include:


Visual amenity
-



Features of the existing environment that are important for visual amenity.

Soils and land
-



Land use capability habitat for flora and fauna and quality of land to guarantee
environmental sustainability.

Air quality
-



Air quality that is suitable for sustaining human health and local amenity.

Ecology
-



The diversity of ecological processes and associated ecosystems and suitability of
flora and fauna habitats.

Water resources
-



Water quality that is suitable for sustaining human health, visual amenity and
suitable for aquatic ecosystems.

Health and safety
-

The life, health and wellbeing of people.

The environmental values to be protected during the life of this quarry are the:


Life, health and wellbeing of people; and



Diversity of ecological processes and associated ecosystems surrounding the quarry.

During the construction and operation of the quarry, waste will be managed to minimise adverse
impacts on these values.
The following waste streams from the quarry have the potential to impact on the above mentioned
environmental values:


Solid waste;
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Liquid waste and waste water; and



Air emissions including particulates from the quarry during construction and operation.

4.2

WASTE

The Environmental Protection Act 1994 defines waste as anything, that is:


Left over or an unwanted by-product from an industrial, commercial, domestic or other
activity; or



Surplus to the industrial, commercial, domestic or other activity generating the waste.

Waste can be gas, liquid, solid or energy or a combination of any of them.
The Environmental Protection (Waste Management) Regulation 2000 defines general waste as
waste other than regulated waste. Regulated waste is defined as waste that is:


Commercial, industrial, construction or demolition waste, whether or not it has been
immobilised or treated; and



Is of a type, or contains a constituent of a type, mentioned in Schedule 1 of the Waste
Reduction and Recycling Regulation 2011 and includes – for an element – any chemical
compound containing the element.
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5.0

WASTE MANAGEMENT

5.1

WASTE MANAGEMENT PRINCIPLES AND HIERARCHIES

A strategic framework for managing waste in Queensland is set out in the Environmental
Protection (Waste Management) Regulation 2000. It establishes a waste management hierarchy
(priorities) and principles for achieving good waste management.
The principles are:


Polluter pays principle - all costs associated with waste management should, where
possible, be borne by the waste generator;



User pays principle - all costs associated with the use of a resource should, where
possible, be included in the price of goods and services developed from the resource;
and



Product stewardship principle - the producer or importer of a product should take all
reasonable steps to minimise environmental harm from the production, use and disposal
of the product.

The above three principles provide a basis for waste management programs. Waste should be
managed by following the hierarchy below (in order of priority):


Waste avoidance



Waste reuse
REUSE



Waste recycling
RECYCLING



Energy recovery



Waste disposal
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6.0

WASTE MANAGEMENT STRATEGIES

Environmental harm caused by waste could occur if wastes are not managed properly, especially
where there is the potential for hydrocarbon wastes and waste waters to enter sensitive
receptors, thereby causing contamination or pollution.
The waste management strategies proposed for the quarry consider waste management from the
concept and planning stages through to the design, construction, operation and decommissioning
of the quarry. Boral will provide appropriate training in waste management practices to all
employees concerned.

6.1

GOLD COAST QUARRY WASTE STREAMS

A thorough walkover and site inspection was undertaken of two of Boral’s operational Quarries to
identify the likely waste streams that will be encountered during the construction and operation of
the GCQ. Interviews with key Boral personnel familiar with the operational sites confirmed these
observations. Accordingly, the following waste streams have been identified for the construction
and operation stages of the GCQ:




Construction Stage;
-

Cleared vegetation;

-

Excavated waste (soil and overburden);

-

Scrap metal;

-

Paints and resins;

-

Waste oil and containers;

-

General waste including food waste, packaging and materials;

-

Sewage treatment waste and sludge;

Operation Stage;
-

Pre-coat emulsions;

-

Pre-coated aggregates;

-

Oily sludge, absorbent, degreaser, grease, oily rags, oil filters;

-

Waste oil and containers;

-

Scrap metal;

-

General wastes - putrescible, organic and plastics;

-

Recyclable waste - paper, cardboard, plastics and glass;

-

Hydrocarbons, including diesel, & solvents;

-

Hazardous waste paints and resins;
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6.2

-

Tyres;

-

Vehicle batteries;

-

Regulated waste – sewage waste and sludge;

-

Crusher lubricants; and

-

Crusher wear liners.

WASTE AVOIDANCE

Waste avoidance is the first hierarchical step in reducing the amount of waste produced at the
quarry. The generation of waste can be avoided by:


substituting inputs for those that generate waste;



increasing efficiency in the use of raw materials, energy, water or land;



re-designing processes or products; and



improving the maintenance and operation of plant and equipment.

Careful quarry planning will ensure that the amount of material brought on-site for the
construction and operating of the quarry is minimised, resulting in a cost saving and reducing the
volume of waste generated. Any excess materials and used chemical containers will, where
practical, be returned to the supplier or other local users. Concrete trucks are not permitted to
wash-out or dump excess concrete on site.
Boral will also consider packaging issues when purchasing resources for the quarry and will
encourage bulk purchasing to reduce the amount of packaging waste.

6.3

WASTE REUSE/RECYCLING

The appropriate management and storage of wastes will prevent on-site and off-site pollution and
improve the opportunities for reuse. Waste will be sent for disposal to landfill only after all other
options have been exhausted. Waste streams will be evaluated for potential reuse, prior to
transport to an approved disposal facility.
The following are examples of how materials, identified as wastes, will be reused or recycled
where possible:


Vegetation wastes from site clearing will be used in on-site landscaping where possible;



Topsoil from disturbed areas will be stored for use in future restoration activities on-site;



Where possible, recyclable materials will be purchased for use throughout the quarry;



Recovery of pre-coat emulsions and pre-coated aggregates; and



Solvents, metals, oil, empty oil containers and empty truck wash chemical drums and reusing these.
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6.4

WASTE SEPARATION

Waste, where practicable and taking into account health and hygiene issues, will be segregated
and collected on-site and stored in suitable containers for removal to approved facilities as
agreed with the relevant local authorities prior to construction. It is anticipated that a portion of all
construction materials used at the quarry will be recycled.
Adequate separation of components of the waste stream at the point of generation will be
practiced at the quarry. For example, steel, glass, paper, cardboard and aluminium cans will be
segregated from general waste. Maintaining segregation of different types of waste during
generation, storage or transportation makes recovery possible.
Solid waste streams will be separated into various components at the point of their production.
Waste separation at the source will be achieved by providing bins for the storage of reusable or
recyclable materials. A number of locations will be allocated within the quarry site for the
collection of large quantities of waste to enable segregation and storage of wastes for recycling.
Some of these materials collected will have a market demand. There are likely to be opportunities
to reuse and recycle aluminium cans, some containers such as glass bottles, paper, cardboard,
pallets, drums, timber, oils, and scrap metal. The quarry will review the marketability of its waste
for recycling and reuse on a regular basis should sufficient amounts be produced as a result of
construction and operation.

6.5

WASTE DISPOSAL

Wastes generated by the quarry will be disposed of in a way that causes the least harm to the
environment. Operational and construction solid wastes that cannot be recycled or reused will be
disposed of by a commercial waste contractor at an appropriate facility, depending on the waste
type. Appropriate facilities in the vicinity of the quarry include the Reedy Creek (Commercial Only)
waste and recycling centre.
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7.0

WASTE MANAGEMENT PROCESS

7.1

WASTE MANAGEMENT PROCEDURES

The Environmental Management System (EMS) for the quarry will address waste management
with an aim to minimising the quantity of waste generated and improving on the waste disposal
and management techniques adopted.
The principles for waste minimisation and management for the quarry are as follows:


The overarching principle for waste management for the quarry is:
-



Programs are in place to ensure that wastes are eliminated (or where possible
avoided), reduced, reused, recycled, treated, or disposed of properly. Records are
kept to ensure that regulated wastes can be tracked from source to disposal, and
waste receiving facilities are audited to ensure conformance to appropriate waste
standards.

The sub-principles for waste minimisation and management for the quarry are:



-

Initiatives are identified and implemented to use raw materials and natural
resources efficiently;

-

Advice is made available to employees, contractors, distributors and customers
regarding the possible HSEC impacts associated with the production, transport,
storage, use, recycling and disposal of Boral products; and

-

Systems are in place to identify, evaluate and respond to HSEC related external
influences (e.g. customer needs and expectations, regulations, voluntary
standards and competitor initiatives) that could impact on Boral products and
business activities.

All waste generated on-site during the construction and operation phase will be disposed
of in accordance with the contractor’s construction environmental management plan or
the site’s environmental management plan, which will provide for:

7.2

-

Waste stream characterisation and separation;

-

Assessment of waste reduction opportunities for identified waste; and

-

Management of waste in accordance with the waste management hierarchy as
identified in the overarching principle for waste management.

WASTE MONITORING

By monitoring waste management related activities for the quarry, Boral will be able to:


Monitor and, if required, initiate actions to fulfil waste objectives and targets;
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Assess actual waste management results and comparing with predicted impacts and
mitigation measures;



Monitor potential environmental impacts; and



Enable positive actions to be taken in the event of incidents or accidents.

7.3

WASTE TRACKING

Under the Environmental Protection (Waste Management) Regulation 2000, it is a requirement
that the administering authority is provided with the relevant information required to manage the
environmental risks associated with trackable wastes.
All regulated waste movement from the site will be tracked in accordance with the requirements
of Schedule 2 of the Environmental Protection (Waste Management) Regulation 2000. This will
include the completion of Waste Transport Certificates for the collection, transport and
management of regulated wastes from the quarry. Specifically this will include recording the
following information:


Name, address, local government area and contact details of the generator;



Name, address, contact details and environmental authority number of the receiver;



Name, address, contact details and environmental authority number of the transporter;



The day and time the waste is given to the transporter;



The load number;



Registration number of the vehicle transporting the load;



If the waste is a dangerous good:



-

The type and number of containers in which the waste is contained;

-

Its UN number;

-

Its packing group designator; and

-

Its dangerous goods class and any subsidiary risk.



The following details of the waste:
-

The type of waste and it’s physical nature (solid, liquid, paste or gas);

-

Amount of waste expressed in kilograms or litres; and

-

The waste code.

The waste origin code for the activity that generated the waste.
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7.4

WASTE TRACKING OVERVIEW
Waste generator to contact
licensed waste transporter to
organise waste transport
Generator keeps
“Green” copy of WTC

Waste handler purchases
Waste Transport Certificates
(WTC) from EHP

Waste is collected from the
generator by the transporter
Generator sends “Pink”
copy of WTC to EHP

EHP receives “Pink”
copy of WTC

Waste transported by
licensed regulated waste
transporter
Transporter keeps
“Blue” copy of WTC
Waste received by receiver
licensed to accept the waste
Receiver keeps “Yellow”
copy of WTC
Receiver sends “White” WTC
to EHP

EHP receives “White”
copy of WTC

Receiver manages the waste as per Environmental
Authority requirements
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8.0

POTENTIAL IMPACTS AND MITIGATION MEASURES

8.1

WASTE SOURCES

The quarry will generate waste during both the construction phase and the operational phase.
These sources include:


Regulated waste including paints, resins, oil, pre-coat emulsions, pre-coated aggregates,
diesel, solvents, tyres for light vehicles & quarry earthmovers, vehicle batteries,
lubricants, screen cloths and crusher wear liners;



General waste including food waste, packaging and food containers;



Recyclable waste including paper, cardboard, plastics, glass, scrap metal and aluminium
cans;



Sewage sludge; and



Quarrying wastes (cleared vegetation, soil and overburden).

8.2

SEWAGE WASTE

Sewage will be generated throughout all stages of the project from construction to operations with
package treatment plant to be utilised to provide efficient effluent management. The packaged
sewage treatment plant will be located on-site to treat the generated waste. Licensed contractors
will be responsible for containment and maintenance of the packaged plant. Wastes will be
treated in the package treatment plant with the produced waste sludge transported off-site by a
regulated waste contractor to a regulated landfill facility. Effluent will be dispersed through subsurface dripper or sprayers into a landscaped area in accordance with the manufacturer’s
recommendations – reference is made to the Site Infrastructure Report – Civil Engineering
Infrastructure, which details this aspect. The use of portable toilets is proposed prior to the
installation of the package treatment plant with waste to be removed from site by a licensed
contractor.

8.3

CONSTRUCTION WASTE

The wastes generated by the construction of the quarry infrastructure and their proposed
management are shown in Table 2. Quantities of waste were estimated based on information
from other Boral sites in south-east Queensland.
The contractor will be required to report waste management performance on a regular basis.
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8.4

OPERATIONAL WASTE

The estimated volumes of each waste type (apart from waste rock and tailings) that is likely to be
generated during the operational phase of the quarry and their management method are shown in
Table 3. Quantities of waste were estimated based on information from other Boral sites in southeast Queensland.

8.5

PUTRESCIBLE WASTE

The expected waste streams generated during the phases of the quarry will comprise
unrecoverable waste streams associated with putrescibles. Putrescible waste will be generated
through the day to day activities of the site office facilities and kitchen waste and amenities. As
the quarry is within 15 kilometres of the Gold Coast Airport, the putrescible waste will be stored in
a sealed and covered bin to avoid attracting vermin and pests. The putrescible waste will then be
disposed of off-site on a weekly basis.

8.6

DECOMMISSIONING

Decommissioning of quarry components and infrastructure has not been planned at this early
stage of the quarry development. However, decommissioning will be undertaken as and when
required and will be done so in accordance with accepted industry practices, stakeholder and
regulatory requirements.
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Table 2 Waste Types, Management & Quantities – Construction Stage

WASTE TYPE

SOURCE(S)

MANAGEMENT METHOD

ESTIMATED QUANTITY

Cleared vegetation

Clearing necessary for quarry, roads and site
infrastructure

Reuse vegetation waste on site for rehabilitation, landscaping
and erosion control where possible.

Vegetation generated from all
cleared and designated areas

Excavated waste (soil and
overburden)

Excavation necessary for quarry, roads and site
infrastructure

Spread any excess soil over the nearby area and revegetate.

Expected to be on average 6 to
10 metres deep across the site

Overburden used as fill on site or transported to another
Boral site for use as fill.
Concrete

Site infrastructure area

Minimise waste by producing or procuring only the amount
required. All excess concrete will be returned to the point of
supply.

Less than 5 m3

Scrap metal

Site infrastructure area

Segregation and collection on site. Transportation off site by
a waste contractor for off-site recycling.

Variable.

Paints and resins

Site infrastructure area and workshop

Minimise waste by procuring only the amount required. Paint
off site where possible. Collect on site and store in a
segregated covered area. Transport from site by a licensed
regulated waste transporter for disposal at a licensed facility.

Variable

Workshop

Collected, labelled and stored separately on site in a bunded
tank. Transported from site by a licensed waste transporter to
a licensed facility for recycling.

Variable

(Regulated Waste)

Waste oil and containers
(Regulated Waste)
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WASTE TYPE

SOURCE(S)

MANAGEMENT METHOD

ESTIMATED QUANTITY

General wastes – putrescible
and organic

Workshop and offices

To minimise the attraction of vermin and pests, putrescible
waste will be stored in a sealed and covered bin and
disposed of off-site on a weekly basis.

General waste including
plastics, packaging and
materials

All site operations

General waste will be taken off site for disposal at a GCCC
waste facility. Collection and segregation of recyclable waste
on site. Transportation from site by a licensed waste
transporter to a licensed facility for recycling.

Approx. one 3m3 bin per week

Sewage treatment sludge

All site operations

Wastes will be treated in an on-site Package Treatment Plant
with the produced waste sludge transported and disposed of
at a landfill facility. Portable toilets are proposed prior to
construction of the Package Treatment Plant. – waste
removed from site by licensed contractor.

Variable depending on work force

(Regulated Waste)
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Table 3 Waste Types, Management & Quantities – Operational Stage

WASTE TYPE
Pre-coat emulsions

SOURCE(S)

ESTIMATED QUANTITY

Stockpile areas

Blend material into a useable product. If re-use is not
possible the material must be disposed of as regulated
waste. Oil Water separators on site to control run-off from
stockpiles.

Variable

Stockpile areas

Blend material into a useable product. Pre-coated
aggregates may be bio-remediated. Significant quantities
must be disposed of as regulated waste. Oil / water
separators on site to control run-off from stockpiles.

Variable

(Regulated Waste)

Pre-coated aggregates

MANAGEMENT METHOD

(Regulated Waste)

Note: If only bitumen is left on the aggregates then it is not a
regulated waste
Oily sludge, absorbent,
degreaser, grease, oily rags
and oil filters

Workshop

Collected on site then transported off site by a licensed
regulated waste transporter to a licensed facility for recycling
or treatment and disposal.

Variable

Waste oil and containers

Workshop

Drained on site with collection drums transported off site by
waste contractor for off-site re-use, recycling or disposal.

Approx. 20,000 litres per year

Scrap metal

Site infrastructure areas

Segregation and storage on site in open storage bins.
Transportation off site by a waste contractor for off-site
recycling

(Regulated Waste)
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WASTE TYPE

SOURCE(S)

MANAGEMENT METHOD

ESTIMATED QUANTITY

General wastes – putrescible
and organic

Workshop and offices

To minimise the attraction of vermin and pests, putrescible
waste will be stored in a sealed and covered bin and
disposed of off-site on a weekly basis.

General wastes - plastics

Workshop and offices

Collection on site and stored in a segregated area.
Transportation from site to a GCCC waste facility.

Explosives

Quarry Pit

No waste explosive produced on site.

Recyclable waste - paper,
cardboard, plastics, glass and
aluminium cans

Workshop and offices

Collect recyclable products segregated according to Gold
Coast City Council recyclable material collection
arrangements in appropriate containers.

Variable

Diesel & solvents

Workshop

Recycle through an approved licensed waste collection
agency.

Variable

Workshop

Collection on site and stored in a segregated area.
Transported off site by a licensed regulated waste transporter
to a licensed facility for treatment and disposal

Variable

Workshop

Generally, but not always, truck tyres can be re-treaded.
Earthmover tyres can be re-used as bunding around the site.
Light vehicle tyres will be stored on site and transported from
site by the original supplier or a licensed regulated waste
transporter to a licensed facility for recycling or disposal.

Variable

(Regulated Waste)
Hazardous waste paints and
resins
(Regulated Waste)
Tyres
(Regulated Waste)

Ref: B12119ER004RevC-WMP

- 28 -

Approx. one 3 m3 bin per week

Less than 1 m3 per week

Nil (all used on site)

Boral Gold Coast Quarry
Waste Management Plan

WASTE TYPE
Vehicle batteries

SOURCE(S)

MANAGEMENT METHOD

ESTIMATED QUANTITY

Workshop

Dead batteries shall be removed from site by the battery
supplier. Batteries not removed by the supplier shall be
stored on site for collection and disposed of as regulated
waste by a certified regulated waste contractor.

Workshop and offices

Wastes will be treated in an on-site Package Treatment Plant
with the produced waste sludge transported and disposed of
at a landfill facility.

Approx. 3,200 litres per day

Crusher lubricants

METSO C160 Jaw Crusher

Approx. 2,750 litres per year

(Regulated Waste)

METSO GP500S (EC)

Collected on site then transported off site by a licensed
regulated waste transporter to a licensed facility for recycling
or treatment and disposal.

Collected on site then transported off site by a licensed
regulated waste transporter to a licensed facility for recycling
or treatment and disposal.

Approx. 18,000 litres per year

Collected on site then transported off site by a licensed
regulated waste transporter to a licensed facility for recycling
or treatment and disposal.

Approx. 36 tonnes per year

(Regulated Waste)

Sewage waste and sludge
(Regulated Waste)

Approx. 20 per year

METSO GP550 (MF)
METSO B9100 VSI (Barmac)
Heavy Mobile Equipment
(HME) Lubricants
(Regulated Waste)

Atlas Copco F9
CAT D10T
CAT 992, 990, 988, 980, 777, 775, 773, 390 &
374
CAT740 (ADT)

Crusher wear liners

METSO C160 Jaw Crusher

(cast manganese steel)

METSO GP500S (EC)

(Regulated Waste)

METSO GP550 (MF)
METSO B9100 VSI (Barmac)
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9.0

WASTE MANAGEMENT PLAN

9.1

INTRODUCTION

The potential environmental impacts that may result from generation and disposal of waste will be
effectively managed and reduced by the implementation of specific waste management
procedures. These procedures will form an integral part of the Boral Gold Coast Quarry’s Waste
Management Plan and EMS. The intent of the Waste Management Plan is to:


Maintain due diligence to ensure compliance with legislation;



Support waste minimisation through the avoid, reduce, reuse and recycle approach;



Promote good housekeeping practices that remove potential health and safety hazards;



Ensure appropriate removal, transport & disposal of regulated wastes;



Ensure that employees, contractors and clients understand their obligations under the
Waste Management Plan;



Provide for continual improvement in waste management practices and processes; and



Minimise any impact to future rehabilitation of the quarry site.

Wastes will be managed to avoid adverse impacts on environmental values including the life,
health and well-being of people and the diversity of ecological processes and associated
ecosystems surrounding the quarry.

9.2

EMPLOYEE AND CONTRACTOR TRAINING AND AWARENESS

All waste management contractors will have the necessary qualifications to remove waste from
site.
All site personnel and contractors must implement and follow the site waste management
standards and procedures.

9.3

ON-SITE WASTE TRACKING AND REPORTING

The movement of regulated waste in Queensland is subject to a waste tracking system. The
Waste Management Plan for the quarry will incorporate an approved waste tracking system for
regulated waste.
In addition, the treatment, storage and transport of regulated waste requires an Environmental
Authority under Queensland’s Environmental Protection Act. All site personnel and contractors
who carry out these activities, will hold the appropriate approvals.
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9.3.1

WASTE TRANSPORT CERTIFICATE

Wastes potentially generated by the quarry are listed in Section 8. If the waste is regulated and is
listed as trackable under the Environmental Protection (Waste Management) Regulation, all
waste handlers (generators, transporters, and receivers) need to complete their relevant part of a
Waste Transport Certificate (WTC). The purpose of the document is for reference information for
the Department of Environment and Heritage Protection (EHP). With this document the EHP can
follow the waste from the point of origin and along the transportation route to the final destination.
The waste properties and characteristics will be known to make sure the waste has been
handled, treated, stored, transported and disposed of correctly by licensed personnel at licensed
facilities.
The Waste Transport Certificate is available from EHP offices. A copy of the certificate will travel
with the waste from the loading point to delivery at the final disposal facility. Each document is
numbered. The document number then becomes the waste load reference number. Two versions
of the Waste Transport Certificate are available, one for intrastate waste transport and one for
interstate waste transport. These documents are required to be kept for a minimum 5 years. If the
waste contains asbestos, the documents will be kept for 40 years. Waste tracking documents will
remain on-site for six months after the waste has been transported off-site.
If the waste is regulated but not trackable then only the following needs to be documented:


Date of transport;



Type and quantity of waste;



Waste Transport Certificate Number (if required);



Transporters company name;



Selected route of transport;



Final destination/facility;



Accepted by (transporters signature); and



Records of any incidents that may have occurred en route.
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Abbreviations
Acronym

Word

AADT

Annual Average Daily Traffic

ADT

Average Daily Traffic

AUL

Auxiliary Left Turn

AUL(S)

Auxiliary Left Turn (Short)

BAL

Basic Left Turn

BAR

Basic Right Turn

CHL

Channelised Left Turn

CHR

Channelised Right Turn

CHR(S)

Channelised Right Turn (Short)

DOS

Degree of Saturation

EIS

Environmental Impact Statement

ESA

Equivalent Standard Axle

FTE

full time equivalent

GCCC

Gold Coast City Council

GCQ

Gold Coast Quarry

GEH

Geoffrey E. Havers

KRA

Key Resource Area

LOS

Level of Service

p.a.

per annum

PIP

Priority Infrastructure Plan

QTRIP

Queensland Transport Roads Investment Program 2013-14 to 2015-16

RIA

Road Impact Assessment

RMP

Road-use Management Plan

RMS

Roads and Maritime Services (New South Wales State Government)

RTA

see Roads and Maritime Services (RMS)

t

tonnes

TOR

Terms of Reference

TMP

Transport Management Plan

TMR

Department of Transport and Main Roads (Queensland State Government)

veh

vehicles

vpd

vehicles per day

vph

vehicles per hour

WBQ

West Burleigh Quarry
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Glossary
Word

Definition

95%ile Queue

The length of vehicles in a queue that is exceeded only 5% of the time. A typical
design parameter for intersections to estimate turning bay lengths.

Against Gazettal

Direction of travel on a State-controlled road as designated by TMR to identify
traffic flows in either direction.

Annual Average Daily Traffic

The traffic volume equivalent to the total volume of traffic passing a particular point
over the period of one year, divided by the number of days in the year.

Average Delay

The average traffic delay experienced by any traffic movement at an intersection.

Baseline Traffic Volumes

The expected volume of traffic at a particular point without the addition of the traffic
associated with the project under consideration.

Crash Data

Recorded road crashes along a particular section of public road.

Critical Delay

The highest average traffic delay experienced by any traffic movement at an
intersection.

Critical Movement

In the context of critical traffic delays at intersections, it is the traffic movement
which experiences the highest average delay of any of the movements at that
intersection.

Degree of Saturation (DOS)

The ratio of the number of vehicles requiring entry to an intersection in a specified
period to the number which could enter if an approach was fully saturated (i.e. at
capacity) during that period.

Equivalent Standard Axles (ESAs)

The number of standard axle loads that are equivalent in damaging effect on a
pavement to a given vehicle or axle loading.

External Road Network

The road network outside the direct control and ownership of a development
project. The external road network is usually controlled by either the Department of
Transport and Main Roads or a local council.

Gazettal

Direction of travel on a State-controlled road as designated by TMR to identify
traffic flows in either direction.

GEH Statistic

A formula which compares two sets of traffic volumes (i.e. modelled and surveyed
volumes).

Growth Rate

The annual per cent change in the number of vehicles passing a given point on a
road.

Heavy Vehicles

A heavy vehicle is defined as any vehicle with three or more axles or with dual
tyres on the rear axle.

Intersection Capacity

The maximum sustainable traffic flow rate at which vehicles can reasonably be
expected to traverse a point or uniform segment of a lane or roadway under given
roadway, geometric, traffic, environmental and control conditions.

Level of Service (LOS)

A qualitative measure describing traffic operational conditions within a traffic
stream, and their perception by motorists and/or passengers. These conditions are
generally described in terms of speed and travel time, freedom to manoeuvre,
traffic interruptions, comfort, convenience and safety.

Light Vehicles

A light vehicle is defined as any vehicle with two axles and without dual tyres on
the rear axle.

Pavement Impact Assessment

A study of the potential pavement impacts that project generated traffic may have
on the surrounding road network.

Priority-Controlled Intersection

An intersection where the movement of vehicles is controlled by road rules and
traffic control devices as opposed to traffic signals or a roundabout.

Project

The proposed Gold Coast Quarry Project

Project Traffic Volumes

The expected volume of project generated traffic at a particular.

Road Impact Assessment

A study of the potential operational impacts that project generated traffic may have
on the surrounding road network.
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Word

Definition

Road Network Peak

A one hour period during which background traffic volumes on the road network
are at the highest level.

Roundabout

A channelised intersection at which all traffic moves clockwise around a central
traffic island.

Seal Width

The width of the carriageway sealed to protect and waterproof the underlying
pavement inclusive of sealed shoulders.

SIDRA

Traffic analysis software which provides estimates of capacity and performance
statistics for isolated intersections.

Signalised Intersection

An intersection at which the movement of vehicles and pedestrians is generally
controlled by traffic signals.

Site Access

The location where vehicles move between private property and the public road
network.

State-Controlled Road

A road declared to be controlled by the Department of Transport and Main Roads,
including all AusLink National Roads in Queensland.

Quarry Staff Peak

A one hour period during which development generated traffic volumes on the
road network are at the highest level.
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1

Introduction

1.1

Context

Cardno (Qld) Pty Ltd (Cardno) has been commissioned by Boral Resources (QLD) Pty Limited (Boral) to
complete a Road Impact Assessment (RIA) as part of the Environmental Impact Statement (EIS) for the Gold
Coast Quarry Project (the „project‟).
The project involves the construction and operation of a hard rock quarry on a greenfield site on the Gold
Coast. The project site is located within the Gold Coast City Council (GCCC) Local Government Area and
within the jurisdiction of the South Coast Region of the Department of Transport and Main Roads (TMR).

1.2

Government Guidelines

The RIA has been carried out in accordance with TMR‟s Guidelines for Assessment of Road Impacts of
Development, which provides the methodology for assessing the potential road impacts of a project.
The objective of the RIA is to identify the potential impacts of the project on the State-controlled and Councilcontrolled road networks including any potential intersection performance, link performance, pavement
condition or road safety impacts and, where appropriate, identify mitigation strategies.
In accordance with TMR‟s development assessment guideline, potential road performance and safety
impacts have been assessed up to the ten-year design horizon following commencement of the project‟s
operations phase. Potential pavement impacts associated with project traffic have been assessed over the
entire life of the project.

1.3

Assessment Methodology

To identify the road impacts of the project and associated mitigation measures, the following tasks were
undertaken:
>
>
>
>
>
>
>
>
>
>
>
>
>

Inspection of the road network surrounding the proposed site
Survey of existing peak hour traffic volumes at key study intersections
Collation of data from road authorities describing the existing road conditions
Review of road network planning undertaken for the surrounding road network
Interrogation of strategic traffic modelling undertaken for TMR‟s future Bermuda Street
connection
Interrogation of Old Coach Road‟s crash history
Review of historical traffic growth patterns to inform estimation of the likely traffic volume growth
across the road network, excluding traffic generated by the project
Estimation of the traffic demands likely to be generated by the activities associated with the
project‟s pre-operations and operations phases
Estimation of the future design traffic volumes, both including and excluding the project and with
and without TMR‟s future Bermuda Street connection
Identification of the spatial extents over which traffic associated with the project has the potential
to „significantly‟ increase traffic volumes
Assessment of the future operation of intersections and links identified as potentially being
significantly impacted by traffic associated with the project
Identification of the project‟s potential impact on State-controlled road pavements
Development of strategies to minimise and mitigate any significant road network performance
impacts associated with traffic generated by the project.
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1.4

Terms of Reference

The RIA has been completed in response to the Terms of Reference (TOR) for the Gold Coast Project
Environmental Impact Statement (EIS): July 2011. The RIA addresses in detail all traffic related aspects
outlined in the TOR except the following:
> Risks of spills of products or hazardous materials during transport, prevention measures to be
used, and the requirement for dealing with any spills
> Likely heavy and oversize/indivisible loads (volume, composition, timing and routes) highlighting
any vulnerable bridges and structures along proposed routes
> Preparation of a Traffic Management Plan (TMP).
The above items are best addressed in either a Road-use Management Plan (RMP) following approval of the
EIS when specific details of the project are finalised, including for example the construction contractor.
The proponent will prepare both a RMP and TMP addressing these items at the detailed design stage. This
approach is consistent with standard industry practice.

1.5

Report Structure

This RIA report has been structured as detailed in Table 1-1.
Table 1-1
Section

Report Structure
Description

1

Identifies relevant guidelines and assessment methodology.

2

Describes the project including locality, activities, access, timing, workforce and haulage arrangements.

3

Describes the existing conditions including traffic volumes, crash history, public transport provisions and
educational facilities.

4

Outlines road network planning undertaken by road authorities as well as previous transport modelling
completed for the local area.

5

Describes the traffic assessment scenarios including design horizons, peak periods and road network
configurations.

6

Presents the baseline traffic volumes utilised for both the „without‟ and „with Bermuda Street network
configurations‟.

7

Summarises the assessed project traffic demands for both the „without‟ and „with Bermuda Street network
configurations‟.

8

Outlines the adopted project traffic distribution for the two possible road network configurations.

9

Sets out the performance thresholds that have been adopted for the assessment.

10

Identifies the potential scope for significant increase in traffic volumes on the road network.

11

Summarises the assessment of study intersections for the „without Bermuda Street network configuration‟.

12

Summarises the assessment of study intersections for the „with Bermuda Street network configuration‟.

13

Summarises the assessment of study ramps for the „without Bermuda Street network configuration‟.

14

Summarises the assessment of study ramps for the „with Bermuda Street network configuration‟.

15

Summarises the pavement assessment for the State-controlled Road Network

16

Summarises the pavement assessment for the Council-controlled Road Network

17

Reviews potential impacts on sustainable transport options including public transport, cycling and walking.

18

Reviews the parking requirements for the project.

19

Documents report conclusions in relation to the potential impacts of the project.
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1.6

Limitations

Cardno has undertaken the RIA in accordance with the usual care and thoroughness of the consulting
profession. The assessment is based on the generally accepted traffic engineering practices and standards
applicable at the time of undertaking the assessment and has been undertaken in accordance with the scope
of work agreed with Boral dated May 2012.
The adopted assessment methodology and sources of information utilised by Cardno are outlined in the RIA.
Cardno has made no independent verification of the supplied project planning information or road condition
data beyond the agreed scope of works. Within the extent of the assessment scope there were no
indications that the supplied project planning information or existing road condition data relied upon in
undertaking the assessment was inaccurate.
The assessment was undertaken between May 2012 and February 2013 and is based upon the road
conditions encountered and project information available at this time. Cardno disclaims responsibility for any
changes to project planning or road conditions that may occur after completion of the assessment.
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Project Description

2

The project details described herein are based on the most reliable forecasts made by Boral at the time of
preparing this report.

2.1

Overview

The project involves the establishment, operation and decommissioning of an extractive industry operation to
be located south of Old Coach Road near Reedy Creek on the Gold Coast. The project site in relation the
surrounding road network is shown on Figure 2-1.
Figure 2-1 Project Locality

Gold Coast Quarry

500m

Indicative Only

Source: Google Maps

The project involves the extraction and processing of hard rock for use in a variety of high grade construction
products including concrete, asphalt, drainage material, road base and landscape supplies. Following the
ramp up of operations the project is anticipated to achieve a maximum production rate of two million tonnes
per annum of quarry product over a 40 year plus quarry life.
Boral estimates that to enable fixed plant to be built on the site, approximately three million tonnes of
overburden will need to be removed from the site during the first four years of the project. During this time
approximately two million tonnes of quarry product will be sold to clients. At the completion of each phase,
rehabilitation activities will occur.
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2.2

Site Access

Access to the project site will be via an upgraded existing access intersection on Old Coach Road. Boral
intends to control public vehicular access to the project site via a gate which will be located in close proximity
to the access intersection.
A copy of the concept layouts for the upgraded access intersection, which were prepared by Lambert and
Rehbein, are included at Appendix A. Details in relation to the future operation and safety of the access
intersection are provided in Section 11 and Section 12 respectively.

2.3

Site Activity

For the purposes of the RIA the project has been divided into two phases (i.e. pre-operations phase and
operations phase). It is noted that all other consultants contributing to the EIS have termed these phases as
the Establishment stage, Development and Construction stage; and Quarrying stage respectively. The preoperations phase includes activities which typically occur prior to the full operation of the quarry and from a
traffic engineering development assessment perspective, is often referred to as the „construction phase‟ of
the project. For the purpose of this RIA, the pre-operations phase (Establishment, Development and
Construction) has been assessed as including activities associated with:
>
>
>
>

Site establishment (i.e. construction of buildings and permanent quarry plant on site)
Removal of overburden material (i.e. development of the site)
Construction of the permanent facilities
Preliminary operation of the permanent quarry plant and initial sales of quarry product

The operations phase (Quarrying) activities consist of:
> Ongoing operation of the permanent quarry plant and ongoing sales of quarry product
It is noted that very limited activities may occur on site, prior to the pre-operations phase. These have not
been considered further however as traffic volumes generated by these activities are expected to be very
low.

2.4

Project Timing

Table 2-1 provides a summary of the proposed timeframe for both the pre-operations and operations phases.
Table 2-1

Project Timing

Phase
Pre-operations
Operations

Commencement Date

Completion Year

January 2016

June 2020

July 2020

≈July 2060*

* Final completion date will vary depending on market demand for product.

2.5

Hours of Activity

The project is expected to operate 52 weeks a year, 6 days a week (i.e. Monday to Saturday), from 6:00am
to 6:00pm, except for public holidays. Other key assumptions in relation to hours of activity on site are
summarised below:
> Operational and production staff will work a single shift (i.e. 6:00am to 6:00pm - maximum)
> Staff arrive in first hour of operations (i.e. 6:00am to 7:00am)
> Only light vehicles (i.e. staff) and incoming (i.e. unloaded) heavy vehicles arrive in first half hour
of operations (i.e. 6:00am to 6:30am)
> Haulage movements from the project site to West Burleigh Quarry (i.e. during the pre-operations
phase) and the Asphalt and Batching Plant (i.e. during the operations phase) occur constantly
throughout the day (i.e. 6:30am to 6:00pm)
> Haulage movements from the project site to clients (i.e. sales) occurs periodically throughout the
day (i.e. 6:30am to 6:00pm)
> Staff depart in the final hour of operation (i.e. 5:00pm to 6:00pm)
> Some maintenance activities may occur during the night (i.e. 24 hour maintenance)
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2.6

Project Workforce

Information related to the pre-operations and operations phase workforce has been sourced from Boral.
2.6.1

Pre-operations Phase

Boral has advised that during the pre-operations phase, the workforce will peak at 81 full-time equivalent
(FTE) staff during quarter 3 of 2019 (2019 Q3), as outlined on Figure 2-2.
Figure 2-2 Project Workforce – Pre-operations Phase
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Quarter
Source: Lambert & Rehbein (29 November 2012)

2.6.2

Operations Phase

Boral has advised that the project‟s operations phase workforce will consist of 24 FTE staff.

2.7

Project Haulage

2.7.1

Pre-operations Phase

Table 2-2 summarises the total amount of overburden and product forecast to be transported during the
project‟s pre-operations phase.
Table 2-2

Haulage Material – Pre-operations Phase

Haulage Material

Total Haulage (T)

Peak Annual Haulage (T)

Overburden

3,032,950

1,309,362

Product

1,937,610

968,806

Total

4,970,560

2,278,168

Figure 2-3 illustrates the quantity of overburden and product hauled during the pre-operations phase.
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Figure 2-3 Haulage Material – Pre-operations Phase
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It is important to note that Figure 2-3 represents a rolling annual quantity of haulage material (i.e. „2018 Q4‟
represents the quantity of haulage material between 2018 Q1 and 2018 Q4, indicating that during that
quarter, the amount of haulage is equivalent to approximately 2.2 million tonnes per annum).
2.7.2

Operations Phase

The project is anticipated to produce up to 2,000,000 tonnes per annum of product material requiring
haulage, dependant on market conditions, over the 40 year plus quarry life.
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3

Existing Conditions

3.1

Road Network

3.1.1

Key Characteristics

Key characteristics of the road network in proximity to the project site are summarised in Table 3-1. The
location of each of the key roads in relation to the project site is illustrated on Figure 3-1.
Table 3-1

Key Roads
Authority

KRA
Route

Hierarchy

Speed
Limit (km/h)

Typical Form

Pacific Motorway

TMR

No

State Strategic Road

100

Four lane median divided

B

Reedy Creek Road

TMR

No

District Road

60

Four lane median divided

C

Bermuda Street

TMR

Yes

District Road

80

Four lane median divided

D

Old Coach Road

GCCC

Yes

Non Trunk Road

60 - 70

Two lane undivided

E

Stapley Drive

GCCC

No

Non Trunk Road

60

Three lane undivided

F

Scottsdale Drive

GCCC

No

Non Trunk Road

60

Two lane undivided

G

Oyster Creek Drive

GCCC

No

Non Truck Road

50

Two lane undivided

ID

Road

A

Figure 3-1 Key Roads
E
F

B

C

D

A

G

Gold Coast Quarry
500m

Indicative Only

Source: Google Maps

3.1.2

Key Resource Area Transport Routes

The project site is classified as a Key Resource Area (KRA), by the Queensland Government. This
designation aims to protect the resource from development which constrains extraction. Old Coach Road,
TMR‟s future Bermuda Street connection project and Bermuda Street have been designated as KRA
Transport Routes. Use of these routes by project traffic is therefore consistent with State planning. The KRA
Transport Routes are illustrated on Figure B1 in Appendix B.
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3.1.3

Existing Daily Link Volumes

Table 3-2 provides a summary of the annual average daily traffic (AADT)/average daily traffic (ADT) volumes
on key roads in proximity to the project site. These are based on latest publically available traffic surveys.
Table 3-2

Existing Daily Link Volumes

Road

Pacific Motorway

Reedy Creek Road

Bermuda Street
Old Coach Road
Stapley Drive

Scottsdale Drive
Oyster Creek Drive

Location

Year

AADT
(vpd)

Source

Between Neilsens and Elysium Roads

2010

94,000

TMR

North of Robina Parkway Overpass

2010

68,300

TMR

Between Palm Beach Avenue and Sarawak Avenue

2010

71,800

TMR

Between Sunlight Drive and Billabong Place

2010

24,600

TMR

630m west of Mattocks Road

2010

25,500

TMR

700m north of Burleigh Connection Road

2010

31,700

TMR

740m south of Burleigh Connection Road

2010

17,500

TMR

2012

*

Between Kingsmore Boulevard and Bengal Drive
Between Gemvale Road and M1 Off-Ramp
Between M1 Off-Ramp and Scottsdale Drive
North of Bayswater Avenue/Stapley Drive
South of Bayswater Avenue/Stapley Drive
South of Bermuda Street Interchange

2012
2012
2012

4,500

Austraffic

#

Austraffic

#

Austraffic

#

Austraffic

#

Austraffic

19,900
17,900
13,500

2012

15,400

2011

#

3,300

Bitzios

* Average daily traffic observed from tube count conducted during June 2012
# Based on factored peak hour volumes

3.2

Study Intersections

3.2.1

Key Characteristics

Key characteristics of the intersections in proximity to the project site are summarised in Table 3-3. The
location of each of the key intersections in relation to the project site is illustrated on Figure 3-2.
Table 3-3

Study Intersections

ID

Intersection

Authority

Existing Form

1

Old Coach Road/Kingsmore Boulevard/Pacific Motorway Off-Ramp

TMR

Roundabout

2

Old Coach Road/Bridgeman Drive/Pacific Motorway On-Ramp

TMR

Traffic Signals

3

Old Coach Road/Gemvale Road/Stapley Drive

TMR

Traffic Signals

4

Stapley Drive/Pacific Motorway Off-Ramp

TMR

Traffic Signals

5

Stapley Drive/Scottsdale Drive/Bayswater Avenue

GCCC

Traffic Signals

6

Reedy Creek Road/Scottsdale Drive/Pacific Motorway On-Ramp

TMR

Traffic Signals

7

Hutchinson Street/Access Road/Bermuda Street

GCCC/TMR

Roundabout

8

Hutchinson Street/Endeavor Drive/Junction Road

GCCC

Roundabout

9

Junction Road/Bermuda Street On and Off-Ramps

TMR

Roundabout

10

Oyster Creek Drive/Pacific Motorway On and Off Ramps/Bermuda Street

TMR

Roundabout

11

Reedy Creek Road/Southport-Burleigh Road/Bermuda Street

TMR

Traffic Signals

12

TMR Future Intersection – Old Coach Road/ Oyster Creek Drive

n/a

n/a

13

Old Coach Road/Gold Coast Quarry

GCCC

Priority
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Figure 3-2 Study Intersections
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Source: Google Maps

3.2.2

Existing Peak Hour Intersection Volumes

Table 3-4 provides a summary of the peak hour volumes at each of the key intersections. The peak hour
intersection surveys were typically undertaken between 6:00am to 9:00am in the morning and 3:00pm to
6:00pm in the afternoon to ensure that the road peaks were accurately captured.
Table 3-4

Existing Peak Hour Intersection Volumes

Intersection

Date

Morning Peak

Afternoon Peak

Peak Hour
Volume (vph)

Source

1

14 June 2012

7:30 – 8:30am

3:00 – 4:00pm

1,812

Austraffic

2

14 June 2012

7:45 – 8:45am

3:00 – 4:00pm

2,470

Austraffic

3

14 June 2012

7:45 – 8:45am

3:00 – 4:00pm

2,631

Austraffic

4

14 June 2012

7:45 – 8:45am

3:00 – 4:00pm

2,202

Austraffic

5

14 June 2012

7:45 – 8:45am

3:00 – 4:00pm

2,500

Austraffic

6

14 June 2012

7:45 – 8:45am

3:00 – 4:00pm

3,380

Austraffic

7

8 November 2012

7:45 – 8:45am

3:00 – 4:00pm

677

Austraffic

8

8 November 2012

7:45 – 8:45am

3:00 – 4:00pm

553

Austraffic

9

8 November 2012

7:45 – 8:45am

3:15 – 4:15pm

797

Austraffic

10

11 May 2011

7:45 – 8:45am

3:00 – 4:00pm

2,797

Bitzios

11

16 June 2011

8:00 – 9:00am

3:00 – 4:00pm

4,463

DTMR

12

n/a

n/a

n/a

n/a

n/a

13

n/a

n/a

n/a

n/a

n/a

Table 3-4 indicates that the road network peaks generally occur from 7:45am to 8:45am in the morning and
3:00pm to 4:00pm in the afternoon.
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3.3

Public Transport

3.3.1

Train Network

The Varsity Lakes Train Station is located approximately 3km north-west of the project site. Trains currently
run between Varsity Lakes and Brisbane City/Brisbane Airport every 30mins.
3.3.2

Bus Network

Three bus routes currently service the area in proximity to the project site. Each route is illustrated on Figure
3-3 with key characteristics summarised in Table 3-5.
Table 3-5

Local Bus Services

ID

Service Area

Frequency

759

Robina, Glenwood Park, Reedy Creek, Varsity Lakes

Every 30mins, 7 days

761

Tweed Heads, Coolangatta, Gold Coast Airport, Currumbin, Varsity Lakes, Robina

Every 30mins, 7 days

769

Elanora, Burleigh Heads, Burleigh Waters, Varsity Lakes Station, Reedy Creek

Every 60mins, 7 days

Figure 3-3 Local Bus Services
To Varsity Lakes
Station (500m)

Legend:

Gold Coast Quarry

Route 759
Route 761
Route 769

500m

Indicative Only

Source: Google Maps

3.4

Schools

There are four schools located within proximity to the project site as outlined in Table 3-6. The location of
each school in relation to the Gold Coast Quarry is illustrated on Figure 3-4. Based on the haulage routes
identified by Boral, it is not proposed that traffic will travel along the frontage of the identified schools, except
for minor local deliveries.
Table 3-6

Location of Schools

ID

School Name

Address

Year Levels

1

Hillcrest Christian College

21 Bridgman Drive, Reedy Creek

Prep to 12

2

Gold Coast Christian College

7-9 Bridgman Drive, Reedy Creek

Prep to 9

3

Marymount College/Marymount Primary

261-283 Burleigh Connection Road, Burleigh Waters

Prep to 12

4

St Andrews Lutheran College

175 Tallebudgera Creek Road, Tallebudgera

Prep to 12
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Figure 3-4 Location of Schools

Source: Google Maps

Peak project traffic generation is anticipated to occur outside school operating hours. In addition no
significant heavy vehicle haulage is proposed to occur on those roads fronting schools. Therefore no further
consideration of these impacts has been undertaken.

3.5

Crash History

Crash data has been sourced for the full length of Old Coach Road which is planned to provide vehicle
access to the project. The crash data supplied by TMR covers the following time periods dependant on crash
severity:
> Fatal crashes from 1 January 2005 to 31 July 2012
> Hospitalisation crashes from 1 January 2005 to 31 December 2011
> Medical Treatment, Minor Injury and Property Damage Only crashes from 1 January 2005 to 31
December 2009.
The supplied data indicates a total of 26 crashes occurred along the full length of Old Coach Road during the
abovementioned time periods. The characteristics of the reported crashes are summarised in Figure 3-5.
The location and severity of the reported crashes is mapped on Figure C1 in Appendix C.
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Figure 3-5 Crash Data Summary
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The crash data summarised on Figure 3-5 was compared to a representative data set that encompasses the
entire South Coast region for a similar time period as the observed crash data. This comparison indicated
that the proportion of serious crashes (fatal and hospitalisation) was higher on Old Coach Road than that
experienced across the entire South Coast region. A higher proportion of crashes on Old Coach Road was
observed to occur on Saturdays and Sundays, with a slightly higher over-representation of crashes occurring
during the day when compared to the whole region. The proportion of crashes in clear and raining conditions
was also similar to the rest of region.
As the proportion of serious crashes was observed to be higher than what had typically been observed over
the entire South Coast Region, the crash types were investigated further to determine if a certain type of
crash was over represented. Based on the crash descriptions, a significantly higher proportion of crashes on
Old Coach Road was attributable to off path crashes and especially off path on curve crashes when
compared to the region. This is not unexpected as the existing built form of Old Coach Road is characterised
by varying vertical and horizontal alignments along its length.
The proposed construction of an upgraded intersection at the quarry access is expected to improve road
conditions in proximity to the access. Details in relation to the future operation and safety of the access
intersection are provided in Section 11 and Section 12 respectively. Boral also enforces its „Road Transport
Code of Conduct‟ and will have safe work procedures in place to ensure that drivers follow all road rules and
drive to road conditions.
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4

Road Network Planning

4.1

Queensland Transport and Road Investment Program

TMR‟s (Queensland Transport and Road Investment Program) (QTRIP) details road projects which are
proposed to be delivered by TMR within the next five years. Table 4-1 provides a summary of the road
projects scheduled in the broader area surrounding the project. The scheduled road projects do not however
add additional capacity to key intersections likely to be utilised by project traffic and hence these works have
not been considered further in this RIA.
Table 4-1

Scheduled Road Improvements – State-Controlled Road Network

Project Name/Location

Location Description

Period

Work Description

Southport - Burleigh Road

Bermuda Street / Christine Avenue

2012-2013

Improve intersection/s

Burleigh Connection Road

Ambassador Drive - Kortum Drive

2012-2013

Improve intersection/s

4.2

Priority Infrastructure Plan

GCCC‟s Priority Infrastructure Plan (PIP) details infrastructure projects which are planned to be delivered by
GCCC through to 2021. Table 4-2 provides a summary of the road projects scheduled in the broader area
surrounding the project. The scheduled road projects do not however add additional capacity to key
intersections likely to be utilised by project traffic and hence these works have not been considered further in
this RIA.
Table 4-2

Scheduled Road Improvements – Council-Controlled Road Network

Project Name/Location

Location Description

Reedy Creek Road

Rothcote Court to Ambassador Dr

4.3

Period

Work Description

2012-2016

Additional Lanes

Pacific Motorway/Bermuda Street Intersection

TMR and GCCC are currently considering a connection linking the Pacific Motorway and Old Coach Road at
the Bermuda Street Interchange (referred to herein as „TMR‟s future Bermuda Street Connection‟). These
works have been included in GCCC‟s „Draft Gold Coast City Transport Strategy 2031’. It is expected that the
interchange will ultimately be upgraded to include the following:
> A new connection between the Pacific Motorway, Old Coach Road and Oyster Creek Drive (this
will link Tallebudgera Creek Road and Tallebudgera Connection Road with the Pacific Motorway
at the Bermuda Street interschange)
> The realignment of Old Coach Road and Oyster Creek Drive
> A new signalised intersection at Bermuda Street Extension/Old Coach Road/Oyster Creek Drive
> A „fast diamond‟ interchange configuration.
TMR has indicated that the connection is currently unfunded and therefore project timing is uncertain. It is
important to note that TMR‟s future Bermuda Street connection is not linked to the Gold Coast Quarry project
and is a totally separate road improvement being investigated by road authorities.
Bitzios Consulting (Bitzios) has undertaken detailed microsimulation modelling on behalf of TMR to inform
road network planning. The model extents are illustrated on Figure 4-1.
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Figure 4-1 Microsimulation Model Extents – Existing Road Network

Source: Paramics Model P0808 Prepared by Bitzios Consulting (2011)

As part of the modelling, Bitzios investigated the following:
>
>
>
>

The existing operational performance and spare capacity at the Bermuda Street interchange
Potential impacts at the interchange as a result of providing a connection to Old Coach Road
Potential interim configurations to delay the need for a „fast diamond‟ interchange
Ultimate operational performance with a „fast diamond‟ interchange.

The methodology adopted by Bitzios to undertake the microsimulation modelling is summarised below:
> Calibrate base model with 2011 traffic surveys at the Bermuda Street interchange
> Factor up base year traffic demands by 2%p.a. to forecast future traffic demands
> Utilise strategic transport model to estimate redistribution of traffic as a result of the connection to
Old Coast Road.
A detailed review of the model inputs and assumptions was undertaken by Cardno to ensure that the traffic
volume forecasts provided by the microsimulation models were appropriate to inform the RIA. Key outcomes
from the detailed review are discussed in Section 6 of this report.
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5

Assessment Scenarios

5.1

Road Network Configurations

Potential impacts of the project generated traffic on the surrounding road network were considered both with
and without TMR‟s future Bermuda Street connection. The assessed intersection forms for TMR‟s future
Bermuda Street connection are based on concept layouts reproduced at Appendix D.

5.2

Design Horizons

The performance of the road network was considered for the following design horizons consistent with
standard industry practice:
>
>
>
>

2012 – which represents the „existing‟ situation
2020 – final year of the project‟s pre-operations phase
2020 – first year of the project‟s operations phase
2030 – ten year design horizon following commencement of the project‟s operations phase.

In order to provide a worst case assessment, it has been assumed that the peak project generated traffic
demands during the pre-operations phase (i.e. anticipated at 2018 and 2019) will occur during the final year
of the pre-operations phase (i.e. the 2020 design horizon). Similarly, it has been assumed that the peak
project generated traffic demands during the operations phase will be consistent throughout the life of the
operations phase (i.e. 2020 and 2030 design horizons). This results in the impact of the peak project
generated traffic demands being assessed when baseline traffic demands are highest.

5.3

Design Periods

Key assumptions in relation to the hours of activity on site are summarised in Section 2.5 and reproduced
below for ease of reference:
> Staff arrive in first hour of operations (i.e. 6:00am to 7:00am)
> Only light vehicles (i.e. staff) and incoming (i.e. unloaded) heavy vehicles arrive in first half hour
of operations (i.e. 6:00am to 6:30am)
> Haulage movements from the project site to West Burleigh Quarry (i.e. during the pre-operations
phase) and the Asphalt and Batching Plant (i.e. during the operations phase) occur constantly
throughout the day (i.e. 6:30am to 6:00pm)
> Haulage movements from the project site to clients (i.e. sales) occurs periodically throughout the
day (i.e. 6:30am to 6:00pm)
> Staff depart in the final hour of operation (i.e. 5:00pm to 6:00pm)
Based on the above, the peak project generated traffic demands are likely to occur when staff arrive in the
morning and depart in the afternoon. Therefore the performance of the road network was considered during
both the „road network‟ peaks and the „quarry staff‟ peaks.
The adopted road network periods are based on the intersection survey data obtained at each of the study
intersections (i.e. typically 7:45am to 8:45am and 3:00pm to 4:00pm). The quarry staff peak periods have
been taken to be the first hour and the final hour of daily operations (i.e. 6:00am to 7:00am and 5:00pm to
6:00pm). The adopted design periods are summarised in Table 5-1.
Table 5-1

Design Periods

Peak Periods

Time Period

AM Quarry Staff Peak

6:00am to 7:00am

AM Road Network Peak

7:45am to 8:45am

PM Road Network Peak

3:00pm to 4:00pm

PM Quarry Staff Peak

5:00pm to 6:00pm
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6

Baseline Traffic Volumes

6.1

Without TMR’s Future Bermuda Connection Scenario

6.1.1

Overview

For the „without TMR‟s future Bermuda Street connection scenario‟ (i.e. existing road network scenario),
surveyed traffic volumes at each of the study intersections were utilised as the basis to forecast future design
demands, rather than traffic volumes obtained from the microsimulation models. This approach is
appropriate as the microsimulation models were built specifically to test various configurations and to identify
potential timing for upgrades at the Bermuda Street interchange. Therefore, the models are only considered
to provide representative volume forecasts in proximity to the Bermuda Street interchange.
6.1.2

Baseline Traffic Growth

Historical traffic survey data on key roads within the study network has been assessed to identify a
reasonable traffic growth rate to estimate future traffic demands. Key characteristics of the survey data are
summarised in Table 6-1.
Table 6-1

Historical Traffic Survey Data Summary

Road
Pacific Motorway

Location

Timespan

Source

North of Robina Parkway Overpass

21 years

TMR (2011)

630m west of Mattocks Road

9 years

TMR (2011)

700m north of Reedy Creek Road

9 years

TMR (2011)

Reedy Creek Road
Bermuda Street

Figure 6-1, Figure 6-2 and Figure 6-3 below illustrate the observed traffic volumes on each of the
abovementioned roads as well as the forecast volumes utilising a linear growth rate of 3.0%p.a.
Figure 6-1 Pacific Motorway (North of Robina Parkway Overpass)
110,000

Observed
Forecast

Annual Average Daily Traffic (AADT)

100,000
90,000
80,000
70,000
60,000
50,000
40,000
30,000
20,000
10,000

CEB06354
Prepared for Boral Resources (QLD) Pty Limited

Cardno

2030

2029

2028

2027

2026

2025

2024

2023

2022

2021

2020

2019

2018

2017

2016

2015

2014

2013

2012

2011

2010

2009

2008

2007

2006

2005

2004

2003

2002

2001

2000

1999

1998

1997

1996

1995

1994

1993

1992

1991

0

April 2013
17

Road Impact Assessment
Gold Coast Quarry Project

Figure 6-2 Reedy Creek Road (West of Mattocks Road)
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Figure 6-3 Bermuda Street (North of Reedy Creek Road)
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The results presented above suggest that each of the assessed roads have experienced traffic growth in the
order of 3% p.a. over the past ten years, except for Reedy Creek Road which experienced a negative
growth. After considering the potential for additional growth in the catchments surrounding the project (i.e.
both in population and traffic volumes), a growth rate of 3%p.a. over the next 20 years is considered to be
high, as it would result in traffic demands on the Pacific Highway in excess of 100,000 vpd. Nevertheless, to
represent a conservative assessment, a growth rate of 3%p.a. has been adopted for all suburban roads
within the study catchment as well as the Pacific Motorway. The only exception to this growth assumption is
for roads within a fully developed catchment (i.e. a „closed catchment‟) where there is limited opportunity for
growth. Consequently, it has been assumed that no growth would occur on Baywater Avenue or the existing
WBQ access road. The adopted traffic growth rates for each road type surrounding the development are
shown in Table 6-2.
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Table 6-2

Adopted Traffic Growth Rates

Road Type

Adopted Linear Growth Rate

Closed Catchment Roads

0% p.a.

Suburban Roads

3% p.a.

Motorway

3% p.a.

6.1.3

Adopted Traffic Volumes

The surveyed traffic demands were factored up based on the adopted growth rates summarised in Table 6-2.
The resultant baseline traffic volumes, which were utilised in the „without TMR‟s future Bermuda Street
connection‟ scenario, are graphically illustrated on Figure E1 to E6 at Appendix E.

6.2

With TMR’s Future Bermuda Connection Scenario

6.2.1

Overview

For the „with TMR‟s future Bermuda Street connection scenario‟, traffic volumes obtained from the
microsimulation models were utilised as they take into consideration the redistribution of trips as a result of
additional motorway connectivity provided by the connection. However, to ensure that the traffic volumes
extracted from the microsimulation models were appropriate to inform the RIA, a detailed review of the model
inputs and assumptions was undertaken by Cardno prior to the use of these volumes.
6.2.2

Model Calibration Results

A standard method of model calibration is to compare modelled traffic demands with surveyed traffic
demands at various intersections. A common parameter utilised to compare traffic volumes is a Geoffrey E.
Havers (GEH) Statistic. The GEH statistic compares the absolute and relative differences between the
modelled and surveyed volumes at a particular intersection. The following GEH thresholds are typically
adopted to identify if the model is calibrated:
GEH less than 5 – flows can be considered a good fit
GEH between 5 and 10 – flows may require further investigation
GEH greater than 10 – flows cannot be considered a good fit.

>
>
>

Table 6-3 and Table 6-4 below provide a summary of the calibration results for the 2011 base year
microsimulation models at Bermuda Street/Pacific Motorway interchange.
Table 6-3

Microsimulation Model Calibration Results – 2011AM

Approach
Pacific
Motorway
Southbound
Off-Ramp
Oyster Creek
Drive
Pacific
Motorway
Northbound OffRamp

Bermuda Street

TOTAL

Movement

Target Volume

Model Volume

Difference

GEH

Left

335

337

+2

0.11

Through

1

0

-1

1.41

Right

22

23

+1

0.21

Left

146

97

-49

4.45

Through

41

112

+71

8.12

Right

56

83

+27

3.24

Left

46

23

-22

3.77

Through

1

0

-1

1.41

Right

1,127

1,130

+3

0.09

Left

751

696

-55

2.04

Through

12

61

+49

8.11

Right

205

264

+59

3.85

-

2,742

2,826

+84

1.59
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Table 6-4

Microsimulation Model Calibration Results – 2011PM

Approach

Movement

Target Volume

Model Volume

Difference

GEH

Left

133

123

-10

0.88

Through

1

0

-1

1.41

Right

66

69

+3

0.37

Left

60

85

+25

2.94

Through

20

51

+31

5.20

Right

47

29

-18

2.92

Left

59

76

+17

2.07

Through

1

0

-1

1.41

Right

794

835

+41

1.44

Left

1,007

987

-20

0.63

Through

59

84

+25

2.96

Right

443

519

+76

3.47

-

2,690

2,858

+168

3.19

Southbound
Off-Ramp

Oyster Creek
Drive

Northbound OffRamp

Bermuda Street

TOTAL

The results presented above highlight that the total volume of traffic through the intersection in both the AM
and PM peak base year model are within 3% of the surveyed volumes. In addition, the vast majority of
individual turn movements at the Pacific Motorway/Bermuda Street intersection have a GEH less than 5 (i.e.
considered to be a good fit). Consequently, the model is considered to be calibrated.
6.2.3

Model Stability Results

The NSW Roads and Maritime Services (RMS) Paramics Micro-simulation Modelling Manual for Modellers
states that a minimum of five randomly generated numbers (i.e. seeds) must be used to ensure that a microsimulation model is stable. A model is generally considered to be stable when the variation between each
seed is within one standard deviation from the mean of all five seeds. The five seeds specified in the RMS
manual include 28, 560, 2,849, 7,771 and 86,524.
Table 6-5 and Table 6-6 provide a summary of the results obtained for the 2011 base year model utilising the
five RMS seeds as well as the seed adopted by Bitzios (i.e. Seed 10). The results are further illustrated on
Figure 6-4 and Figure 6-5.
Table 6-5

Microsimulation Model Stability Summary – 2011AM
Average

Total

Vehicle
Hours
Travelled

Vehicle km
Travelled

6,577,299

1,827

69,659

15,995

6,228,301

1,730

69,580

392

16,365

6,713,611

1,865

70,467

44.3

388

16,192

6,559,182

1,822

70,376

1,744

43.3

383

16,139

6,457,886

1,794

70,187

10

1,786

43.8

394

16,023

6,612,428

1,837

69,173

Mean

1,747

44.4

387

16,151

6,524,785

1,812

69,907

10 - Mean

39

-0.5

8

128

87,644

24

734

10 / Mean

+2.2%

-1.2%

+2.0%

-0.8%

+1.3%

+1.3%

-1.1%

Seed

Vehicles
on Network
(vehs)

Speed
(kph)

Travel
Time
(secs)

Vehicles
on Network
(vehs)

Travel
Time
(secs)

28

1,762

44.2

389

16,194

560

1,623

48.5

374

2,849

1,821

42.1

7,771

1,744

86,524
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Table 6-6

Microsimulation Model Stability Summary – 2011PM
Average

Total

Vehicle
Hours
Travelled

Vehicle km
Travelled

7,097,135

1,971

74,752

17,812

6,637,674

1,844

73,898

357

18,131

6,690,260

1,858

74,720

42.0

347

18,187

6,519,968

1,811

75,387

1,888

43.3

352

17,862

6,502,764

1,806

74,195

10

1,949

41.5

360

17,962

6,689,765

1,858

74,463

Mean

1,973

41.2

359

18,003

6,689,594

1,858

74,569

10 - Mean

-24

+0.3

+1

-41

+171

+0

-106

10 / Mean

-1.2%

+0.8%

+0.3%

-0.2%

+0.0%

+0.0%

-0.1%

Seed

Vehicles
on Network
(vehs)

Speed
(kph)

Travel
Time
(secs)

Vehicles
on Network
(vehs)

Travel
Time
(secs)

28

2,115

39.5

379

18,065

560

1,990

39.7

360

2,849

1,962

41.0

7,771

1,934

86,524

Figure 6-4 Microsimulation Model Seed Comparison: Number of Vehicles on Network (2011AM)
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Figure 6-5 Microsimulation Model Seed Comparison: Average Travel Time (2011AM)
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The results presented above highlight that the models produce similar results with all six seed runs.
Furthermore, the results produced by the adopted seed (i.e. seed 10) is generally within 2% of the mean of
all six seed runs. Consequently, the model is considered to be stable.
6.2.4

Adopted Traffic Volumes

A detailed review of the microsimulation models confirmed that the models are both calibrated and stable.
Therefore the traffic volumes extracted from the models are considered to be fit to inform the „with Bermuda
Street connection‟ scenario assessment. However, given that the design horizons and peak periods from the
microsimulation models do not align with the RIA assessment, assessment traffic volumes had to be derived.
The microsimulation models were prepared utilising the following scenarios:
> Modelled design horizons: 2011, 2016, 2021 and 2026
> Modelled AM peak period: 7:30am to 9:30am (2 hour period)
> Modelled PM peak period: 3:00pm to 5:00pm (2 hour period).
The RIA assessment adopted the following scenarios:
>
>
>
>
>

Assessment design horizons: 2012, 2020 and 2030
Assessment AM quarry staff peak period: 6:00am to 7:00am
Assessment AM road network peak period: 7:45am to 8:45am
Assessment PM road network peak period: 3:00pm to 4:00pm
Assessment PM quarry staff peak period: 5:00pm to 6:00pm.

The steps undertaken to derive traffic volumes from the model are summarised below:
> Interpolate between modelled design horizons to align with assessment design horizons
> Factor modelled volumes from road network peak to obtain quarry staff peak volumes based on
relative difference recorded by 2012 traffic surveys.
The resultant baseline traffic volumes utilised for the „with TMR‟s future Bermuda Street connection‟
scenario, are graphically illustrated on Figure E7 to E10 at Appendix E.

CEB06354
Prepared for Boral Resources (QLD) Pty Limited

Cardno

April 2013
22

Road Impact Assessment
Gold Coast Quarry Project

7

Project Traffic Volumes

7.1

Trip Purpose

Traffic demands generated by the project have been summarised into four categories based on „trip
purpose‟, including:
>
>
>
>

7.2

Haulage movements to WBQ
Haulage movements to clients (i.e. sales)
Staff movements to and from the project site
Auxiliary movements to and from the project site (i.e. miscellaneous deliveries).

Peak Annual Haulage Quantities

Table 7-1 provides a summary of the peak annual quantities of material forecast to be hauled during the
project‟s pre-operations and operations phase. The peak project haulage traffic demands have been based
on the peak annual quantities of material summarised below.
Table 7-1

Peak Annual Haulage Quantities

Phase
Pre-operations

Overburden (tonnes)

Product (tonnes)

Total (tonnes)

1,309,362

968,806

2,278,168

-

2,000,000

2,000,000

Operations

In order to provide a worst case scenario assessment the peak annual haulage of both overburden and
product during the pre-operations phase has been assessed at the final year of the pre-operations phase
(i.e. 2020). This results in the impact of peak material haulage during the pre-operations phase being
assessed when baseline traffic demands are highest and spare road network capacity is least.

7.3

Haulage Fleet

Boral has provided information in relation to the anticipated haulage fleet for the project. The assessed
haulage vehicles are illustrated on Figure 7-1.
Figure 7-1 Austroads Vehicle Types
Tandem Rear Axle Truck

Tri Rear Axle Semi

Tandem Rear Axle Truck and Quad Dog

7.3.2

Haulage Movements to West Burleigh Quarry

Table 7-2 provides a summary of the weighted average payload for each truck hauling:
> Overburden to WBQ during the pre-operations phase
> Product to clients (i.e. sales) during both the pre-operations and operations phase.
It is acknowledged that the distribution of overburden material will ultimately be based on market demands.
However for the purpose of this RIA, a representative scenario has been adopted (i.e. 100% of overburden
hauled to WBQ during the pre-operations phase).
In addition, an „efficiency factor‟ of 95% has been utilised to provide a level of conservatism in the vehicle
forecasts to account for the fact that trucks may not always be 100% loaded.
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Table 7-2

Haulage Movements to West Burleigh Quarry
Fleet
Proportion (%)

Vehicle Type

Theoretical
Capacity (t)

Average Truck
Efficiency (%)

Assessed
Payload (T)

Pre-operations Phase (Overburden)
Tandem Rear Axle Truck and Quad Dog
Weighted Average Payload

100%

32.00

95%

30.40

-

32.00

-

30.40

Operations Phase (Product)
Tri Rear Axle Semi

75%

25.00

95%

23.75

Tandem Rear Axle Truck and Quad Dog

25%

32.00

95%

30.40

-

26.75

-

25.41

Weighted Average Payload

7.3.3

Haulage Movements to Clients

Table 7-3 provides a summary of the weighted average payload for each truck hauling material (i.e. product)
to clients (i.e. sales) during both the pre-operations and operations phase.
A reduced „efficiency factor‟ of 75% has been utilised to account for the fact that the truck loads are
dependent on sales quantities and may not always be 100% loaded. This approach is considered
conservative and effectively provides a „factor of safety‟ of 25% (i.e. peak haulage demand overestimated by
25%).
Table 7-3

Haulage Movements to Clients
Fleet
Proportion (%)

Vehicle Type

Theoretical
Capacity (T)

Average Truck
Efficiency (%)

Assessed
Payload (T)

Pre-operations and Operations Phase (Product)
Tandem Rear Axle Truck

10%

13.00

75%

9.75

Tri Rear Axle Semi

5%

25.00

75%

18.75

Tandem Rear Axle Truck and Quad Dog

85%

32.00

75%

24.00

-

29.75

-

22.31

Weighted Average Payload

7.4

Adopted Haulage Profile

Figure 7-2 illustrates the average weekday haulage profile to clients (i.e. sales) recorded at WBQ over a two
year period between the start of 2011 and the end of 2012. Whilst the WBQ is a separate facility, it provides
a good indication of typical haulage profiles.
The haulage profile recorded at WBQ has been adopted for the project for haulage movements to clients (i.e.
sales). However, for haulage movements to WBQ it has been assumed that the haulage movements will be
evenly distributed throughout that day. The adopted haulage profile by design period is summarised in Table
7-4.
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Figure 7-2 West Burleigh Quarry – Average Weekday Haulage Profile (Sales)
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Table 7-4

Adopted Haulage Profile

Period

Percentage of Daily Haulage

Time

To WBQ

To Clients

AM Quarry Staff Peak

6:00am to 7:00am

8.7%

4.7%

AM Road Network Peak

7:45am to 8:45am

8.7%

10.9%

PM Road Network Peak

3:00pm to 4:00pm

8.7%

5.7%

PM Quarry Staff Peak

5:00pm to 6:00pm

8.7%

0.3%*

* Note: Percentage of daily haulage during PM quarry staff peak (5:00pm to 6:00pm) is based on WBQ data from 4:00pm to 5:00pm

The haulage date recorded at WBQ suggests that no haulage movements would occur during the afternoon
quarry staff peak (i.e. 5:00pm to 6:00pm). However, to represent a conservative assessment, the haulage
profile from the final hour of operations at the WBQ (i.e. 4:00pm to 5:00pm) has been utilised.

7.5

Pre-operations Phase Traffic Demands

7.5.1

Haulage Movements

Table 7-5 and Table 7-6 provide a summary of the peak haulage movements predicted to occur during the
pre-operations phase in each of the design periods. The peak haulage movements have been estimated
based on the following parameters:
> The peak annual haulage quantities (refer Section 7.2)
> The weighted average payload of the haulage fleet (refer Section 7.3)
> The adopted haulage profiles (refer Section 7.4).
Table 7-5

Peak Haulage Movements to West Burleigh Quarry – Pre-operations Phase

Period

Arriving (trips)

Departing (trips)

Total (trips)

AM Quarry Peak

12

12

24

AM Road Peak

12

12

24

PM Road Peak

12

12

24

PM Quarry Peak

12

12

24

Note: trips have been rounded to the nearest whole numeral
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Table 7-6

Peak Haulage Movements to Clients – Pre-operations Phase

Period

Arriving (trips)

Departing (trips)

Total (trips)

AM Quarry Peak

7

7

13

AM Road Peak

15

15

30

PM Road Peak

8

8

16

PM Quarry Peak

0

0

1

Note: trips have been rounded to the nearest whole numeral

7.5.2

Staff Movements

Table 7-7 provides a summary of the peak staff movements predicted to occur during the pre-operations
phase in each of the design periods. The peak staff movements have been estimated based on the following
parameters/assumptions:
>
>
>
>
Table 7-7

The peak annual workforce (refer Section 2.5)
All staff arrive in the first hour of operation and depart in the final hour of operation
All staff movements occur by private vehicles
A vehicle occupancy of 1.3 FTE staff/vehicle.
Peak Staff Movements – Pre-operations Phase

Period

Arriving (trips)

Departing (trips)

Total (trips)

AM Quarry Peak

62

0

62

AM Road Peak

0

0

0

PM Road Peak

0

0

0

PM Quarry Peak

0

62

62

Note: trips have been rounded to the nearest whole numeral

7.5.3

Auxiliary Movements

Table 7-8 provides a summary of the peak auxiliary movements predicted to occur during the pre-operations
phase in each of the design periods. For the purpose of this assessment, it has been assumed that up to five
deliveries (i.e. 10 trips) would occur during each design period. However, this allowance significantly
overstates the likely number of deliveries likely to occur.
Table 7-8

Peak Auxiliary Movements - Pre-operations Phase

Period

Arriving (trips)

Departing (trips)

Total (trips)

AM Quarry Peak

5

5

10

AM Road Peak

5

5

10

PM Road Peak

5

5

10

PM Quarry Peak

5

5

10

Note: trips have been rounded to the nearest whole numeral

7.5.4

Total Generation

Table 7-9 provides a summary of the total peak vehicular movements during the pre-operations phase.
Table 7-9

Peak Vehicular Movements – Pre-operations Phase
Period

Arriving (trips)

Departing (trips)

Total (trips)

AM Quarry Peak

86

24

109

AM Road Peak

32

32

64

PM Road Peak

25

25

50

PM Quarry Peak

17

80

97

Note: trips have been rounded to the nearest whole numeral
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