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EXECUTIVE SUMMARY
This report considers environmental noise and vibration levels associated with the proposed Fingerboards 
Mineral Sands project in southeast Victoria. Kalbar Operations Pty Ltd has commissioned Marshall Day 
Acoustics Pty Ltd (MDA) to undertake a technical noise and vibration study to be included in the Fingerboards 
Mineral Sands Project Environmental Effects Statement (EES).

The noise assessment accounts for the following:

 Applicable noise policies and guidelines

 Existing noise-sensitive receiver locations

 Noise data to represent activities undertaken as part of the Project, obtained from measurements, 
manufacturer data and current Australian and British standards

 Noise measurements of existing ambient and traffic noise levels

 Terrain profiles for construction and operation scenarios for the subject site and surrounds

 Representative worst-case operational scenarios for the phases when the project is expected to 
produce the highest noise levels 

 Representative worst-case construction scenarios to inform the upper range of noise levels during the 
construction phase

 Predicted noise levels at sensitive receivers in the vicinity of the project for the nominated operational 
and construction scenarios

 Noise mitigation strategies developed in consultation with industry experts (Hushpak, Minetek) and 
Kalbar.

The vibration assessment accounts for the following:

 Applicable vibration criteria and guidelines

 Measurements of existing vibration levels at key sensitive receiver locations and along potential 
transport routes

 Predicted vibration levels at sensitive receivers in the vicinity of the project and along the proposed 
transport route.

Operational noise of site activities

Operation of the site is generally proposed to occur 24 hours a day, 7 days a week. However, some 
equipment items are proposed to not operate at night for noise mitigation reasons.

Preliminary noise modelling of the site identified environmental noise as an important design parameter for 
the project. An iterative design and modelling process was therefore required to identify conceptual 
operation and design measures to manage noise emissions from the site. These measures include restriction 
of night activities when operations are located closest to dwellings, construction of earth bunding to provide 
screening of mobile plant, and inclusion of specialist noise-reduction packages for mobile plant items.

The proposed design and operating measures have been modelled for a range of future stages, accounting 
for day, evening and night operations. The predicted levels have generally demonstrated that with the 
recommended noise mitigation, noise levels at all relevant assessment locations around the subject site will 
be within the EPA Noise from Industry in Regional Victoria (NIRV) recommended levels for the day, evening 
and night periods. 
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During the detailed design stage of the project, all noise mitigation measures required to achieve compliance 
with NIRV would be refined and specified in detail. It is recommended that noise levels are managed through 
a dedicated noise management plan, which formally documents all of the managerial and engineering (i.e. 
design based) measures to be implemented to control noise from the site. It also recommended that the 
noise management plan is developed in consultation with the community to both communicate the 
proposed measures to nearby affected residents, and account for resident feedback. 

In addition to the average noise level predictions presented in this report (specifically, ‘effective noise levels’ 
in accordance with NIRV), consideration has been given to short term maximum noise levels. Predicted short-
term maximum noise levels from plant on site are well below the sleep disturbance criteria. 

Material transportation

The preferred material transport option for the site involves the development of a dedicated rail siding which 
would avoid the introduction of truck movements on local roads for material transport from the site. All truck 
movement associated with this preferred option would occur during the day and evening along an on-site 
haul route via the infrastructure options area. Accordingly, all truck movements associated with the 
preferred option fall within the scope of the assessment of on-site operations considered in this report. 
Predicted noise levels from this arrangement comply with NIRV criteria, lending support to the preferred 
materials transportation route. 

However, for completeness, the assessment has also considered the potential noise associated with the 
introduction of trucks onto local roads if the preferred option did not proceed. This alternative option would 
involve the introduction of trucks on local roads for the transport of material from the site. Truck movements 
associated with this alternative option could occur during the day, evening and night. 

In the absence of Victorian legislation or guidelines relating to noise from vehicles associated with a new 
project travelling on local roads, reference has been made to the NSW Road Noise Policy. The NSW Road 
Noise Policy does not apply in Victoria, but is often referenced for guidance purposes. The predicted change 
in traffic noise levels from project-related truck traffic has been compared to criteria outlined in the NSW 
Road Noise Policy. The assessment demonstrated that the change in traffic noise level due to the project was 
below the threshold for dedicated noise mitigation defined by the NSW Road Noise Policy.

Additional contextual information has been provided in relation to short term maximum noise levels of off-
site traffic movements and considerations relating to sleep disturbance. The assessment demonstrates that, 
while the change in traffic noise level due to the project was found to be below the threshold for dedicated 
noise mitigation under the NSW Road Noise Policy, the project has the potential to result in increased sleep 
disturbance relative to that of existing heavy goods movements in the area; primarily related to the change in 
the number of trucks on the surrounding routes. 

Accordingly, measures for the management of off-site truck noise, including instructions for driving practices 
that minimise noise impacts and regular maintenance of the trucks have been documented for the 
alternative transport option. However, consistent with the advice provided by the NSW guidelines, the 
options available to control the noise associated with increased traffic on existing roads is limited. These 
results therefore lend support to the preferred materials transport route. 

 Construction noise

The construction phase of the project relates to site activities undertaken prior to commencement of 
concentrate production at the site. 

Construction activities are proposed to occur over a six-day week between 0700 hrs and 1900 hrs. Outside 
these times, overburden removal, sub soil removal and reduced-intensity construction activities such as 
construction of the freshwater storage areas are proposed to occur on a 24-hour basis. 

http://www.marshallday.com/
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Construction noise has been assessed using EPA Publication 1254 Noise Control Guidelines (EPA Publication 
1254), which refers to managerial controls for normal working hours, and provides guideline criteria for 
construction activity during the evening and night period.

Construction noise levels at neighbouring receiver locations are predicted to be relatively low (within the day, 
evening and night recommended levels that are normally applied to operational noise). This is a relevant 
point of context in this instance given the similarity of key noise generating activities associated with the 
construction and operation phases of the project. Furthermore, common noise assessment practices usually 
apply more stringent criteria for operational periods, as opposed to construction (for example, former 
Victorian guidelines for construction activity in rural areas, as detailed in EPA Publication N3/89, 
recommended the day time noise criterion for construction should be 10 dB higher than the limit which 
applied to operational noise, and the evening and night criteria for construction should be equal to the 
criteria for operational noise). However, in this case, as a result of low background noise levels in the area, 
the EPA 1254 guidance for evening and night periods equate to lower (more stringent) noise criteria than for 
operational periods, and would also be more stringent than for construction in built-up areas.

Predicted noise levels from construction activities at night are broadly similar to the range of background 
noise levels measured for the project, however, it is possible that noise from construction activities may be 
above the background noise level at some dwellings. 

As a result, comparison of predicted construction noise levels during the evening period with EPA Publication 
1254 criteria indicates 4 of the 13 noise-sensitive receivers are likely to receive noise levels below the 
criterion. At 9 locations, there is a risk that noise could be higher than the criterion when background noise is 
at the low end of the measured range.  

Comparison of predicted construction noise levels during the night period with EPA Publication 1254 criteria 
for general construction activity indicates that noise is likely to be inaudible at 7 of the 13 noise-sensitive 
receivers. At 6 locations, there is a risk that noise could be higher than the night criteria of inaudibility inside 
dwellings, however this risk depends on a number of conservative assumptions. 

The study has therefore demonstrated a requirement to implement mitigation measures for construction 
during the evening and night periods. In accordance with EPA Publication 1254, noise reduction measures 
and recommendations for a noise management plan for the construction phase have been outlined. If the 
EPA 1254 guideline criteria for evening and night operations are required to be adhered to, it is likely that 
significant managerial restrictions would apply, despite comparable activities associated with long term 
operation being permissible under less stringent evening and night NIRV criteria. All managerial and 
engineering noise control measures would need to be fully documented in the noise management plan 
prepared prior to commencement of construction. 

Vibration

The vibration assessment presents predicted ground vibration levels from typical heavy machinery items that 
would be operating at site during the construction and operational phases. The predictions demonstrate that 
compliance with the most stringent ground vibration criteria is expected to be achieved at distances 
exceeding 100 m. As the nearest sensitive receiver is located 145 m from the Project boundary, vibration 
from the Project is expected to be well within guideline and standard criteria ranges. 

Summary

The noise assessment addresses relevant noise and vibration considerations associated with construction 
and operation of the proposed Fingerboards Mineral Sands project. 

The assessment has identified that noise is an important environmental consideration that will need to be 
carefully managed during the design, construction and operation states of the project and will require 
ongoing design and management measures throughout the project.  
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The findings demonstrate that noise levels can be managed in accordance with relevant guidelines and 
assessment criteria. However, significant restrictions may apply to construction during the evening and night, 
depending on the nature of any approval requirements for this aspect of the project. 

Based on the above, the assessment demonstrates that the proposed mineral sands operation can be 
accommodated at the site and address all relevant noise and vibration considerations.  

http://www.marshallday.com/
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1.0 INTRODUCTION

Kalbar Operations Pty Ltd proposes to construct, operate, rehabilitate and (ultimately) close the 
Fingerboard Mineral Sands Project (“the project”) in southeast Victoria. The project mining of 
mineral sands from the Fingerboards resource, which lies within the more extensive Glenaladale 
deposit. 

Coffey Services Australia Pty Ltd (Coffey) is preparing the environment effects statement (EES) for the 
project. The EES will be based on findings of specialist technical studies related to environmental and 
social aspects of the project, including environmental noise.

This document presents Marshall Day Acoustics’ technical noise and vibration study as part of 
the EES. 

This study presents baseline noise and vibration measurement data, derives applicable 
environmental criteria, and predicts noise and vibration levels from proposed operations at nearby 
sensitive receivers. Predicted noise and vibration levels have been compared to the environmental 
criteria to determine compliance. 

Recommendations have been made to reduce noise and vibration levels at sensitive receivers. 

A glossary of acoustic terms used throughout this report is provided in Appendix A.  
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2.0 LEGISLATIVE CONTEXT AND STANDARDS

2.1 Noise legislation and guidelines

The following section outlines a review of:

 Victorian legislation and guidelines applicable to this project

 Other guidelines typically referenced in Victorian noise assessments. 

A range of guidelines and legislation are used in Victoria to assess and control environmental noise.  
A summary of the relevant legislation and guidelines is provided in Table 1. A planning map is 
presented in Appendix B and can be used in conjunction with the guidelines.

Table 1: Key noise legislation/guidelines

Document Status Overview

Environment Protection 
Act 1970

Legislation Establishes obligations for the control of environmental noise 
and applies to all types of noise sources except rail operations. 
The legislation does not specify noise limit values but sets out 
legal requirements to comply with State Environment Protection 
Policies and prescribed standards.

EPA Publication 1411 
Noise from Industry in 
Regional Victoria (NIRV)

Guideline Prescribes recommended maximum noise levels (recommended 
levels) for commercial, industrial or trade premises in regional 
Victoria. 

The NIRV document is a non-statutory guideline. Accordingly, 
the recommended levels are only legally binding when applied 
through statutory instruments, such as a planning permit or 
notice. 

Refer to Appendix D1 for further detail.

EPA Publication 1254 
Noise Control Guidelines

(EPA Publication 1254)

Guideline Contains relevant guidelines for construction noise that is not 
covered by NIRV or SEPP N-1.

Refer to Appendix D2 for further details.

In addition to the key publications noted above, reference is made to guidance used for the 
assessment of workplace environments in order to provide contextual information about the level of 
protection afforded by environmental noise policies. 
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2.2 Supplementary noise guideline documents

The following guidelines in Table 2 are not compulsory for noise from the project but contain useful 
guidance and are referred to in this assessment. 

Table 2: Supplementary noise guideline documents

Guideline or Standard Status Type of noise covered by document

Sleep disturbance criteria sourced 
from NSW Road Noise Policy - 
Department of Environment, 
Climate Change and Water NSW 
[2011]

NSW 
Policy

The provisions of this document are often typically 
referred to in Victoria for general guidance on potential 
sleep disturbance.

Based on a review of research into sleep disturbance, the 
NSW policy nominates maximum external night-time 
noise levels at noise sensitive locations which are unlikely 
to disturb sleep.

Refer to Appendix D3 for further details.

Off-site road traffic movements 
guidance sourced from NSW Road 
Noise Policy - Department of 
Environment, Climate Change and 
Water NSW [2011]

NSW 
Policy

Strictly only applies in NSW. However, the provisions of 
the document are often referred to in Victoria for general 
guidance on potential sleep disturbance.

Noise from truck traffic while off-site is not covered by 
NIRV. There are no regulations, legislation or guidelines in 
Victoria that address this type of noise impact during the 
day. Thus, we recommend criteria based on current 
practice in New South Wales.

The NSW Road Noise Policy provides criteria for existing 
residences affected by additional traffic on existing roads 
generated by land use developments. The criteria in the 
policy are not mandatory design criteria. They are 
thresholds above which mitigation measures must be 
considered with the aim to select the most feasible and 
reasonable measures.

Refer to Appendix D4 for further details.
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2.3 Vibration criteria

The following standards in Table 3 contain vibration guidance relevant to the Project.

Table 3: Vibration standards/guidelines

Guideline or Standard Status Type of vibration covered by document

ISO 2631-2:2003 Mechanical vibration 
and shock - Evaluation of human 
exposure to whole-body vibration - 
Part 2: Vibration in buildings (1 Hz to 80 
Hz)

Current Provides guidelines for structural vibration for 
different building usage ranging from critical 
working areas such as laboratories and operating 
theatres to residences and workshops

ISO 10137 Annex C Second edition 2007 
Bases for design of structures – 
Serviceability of buildings and walkways 
against vibrations

Current Provides structural vibration criteria for different 
building usage based on guidelines consistent 
with ISO 2631-2

ASHRAE Fundamentals Handbook 2015 Guideline The ASHRAE Handbook provides structural 
vibration criteria for different building usage, and 
is derived from ISO 2631-21 with additional scope 
for assessing highly vibration sensitive facilities, 
e.g. medical research centres, operating theatres 
and hospitals.

German Standard DIN 4150-3 German 
Standard

Assessment of vibration on structures with 
respect to the probability of building damage

In general, empirical limits relating to vibration from commerce or industry generally distinguish 
between the effects on humans and the effects on buildings.  For example, effects on humans 
depend on whether the vibration is continuous or intermittent. For buildings, the effect depends on 
whether the vibration is short term or long term.  Also, human perception of vibration is evident at a 
level well below that which would be considered significant for establishing structural effects on a 
building and thus the assessment parameters commonly differ. The criteria in Section 2.3.1 and 
Section 2.3.2 present recognised vibration limits to assess vibration impact.  

2.3.1 Human response to vibration

Continuous operational vibration

There are a number of reference documents available that provide criteria on the effects of vibration 
with respect to human comfort, summarised as follows:

 ISO 2631-2 provides guidelines for structural vibration for different building usage ranging from 
critical working areas such as laboratories and operating theatres to workshops

 ISO 10137 provides structural vibration criteria for different building usage based on guidelines 
consistent with ISO 2631-2

 Additional guidance is also often provided by the ASHRAE 2015 Fundamentals Handbook. The 
ASHRAE Handbook provides structural vibration criteria for different building usage and is 
derived from ISO 2631-2 with additional scope for assessing highly vibration sensitive facilities, 
e.g. theatres and hospitals.

1 ISO 2631-2:2003, op cit.
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The above standards and reference document share a common set of vibration curves which are 
defined as “Vibration Criteria” (VCs) commonly applied for assessing human comfort. The VCs are 
expressed as multiples of a base curve for various building usage, where the base curve VC-1 
(0.1 mm/s RMS for Operating Theatres) approximates the threshold of human perception of 
vibration. The VC’s are specified in “Root Mean Square” (RMS) vibration in 1/3 Octave frequencies up 
to 80 Hz.

Although not strictly applicable to ground vibration, the VC curves are considered suitable for 
reference and comment with respect to the baseline ground vibration results at residential receiver 
locations. The VC Curves, including the Residential Day VC criterion, are presented graphically 
together with the results for reference in Section 6.1. 

2.3.2 Vibration damage to buildings and structures

DIN 4150-3 

Apart from the now superseded standard AS 2187.2 1983, there are no current Australian Standards 
that present vibration criteria for building damage.  A major and accepted international standard for 
the assessment of building vibration is the German Standard DIN 4150-3. The structural damage 
criteria specified by DIN 4150-3 over the range 1–100 Hz are presented in Table 4.  DIN 4150 specifies 
Peak Particle Velocity (PPV) as the assessable vibration parameter.
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Table 4: Vibration limits according to DIN 4150-3

Guideline values for velocity, vi, in mm/s (peak)

Short term vibration at the 
foundation at a frequency of

Vibration at horizontal 
plane of highest floor at 

all frequencies

Type of building

1-10 Hz 10-50 Hz 50-100 Hz* Short term Long term

1. Buildings used for commercial 
purposes, industrial buildings and 
buildings of similar design 

20 20-40 40-50 40 10 

2. Dwellings and buildings of similar 
design and/or occupancy

5 5-15 15-20 15 5

3. Structures that because of their 
particular sensitivity to vibration, 
cannot be classified under lines 1 & 2 
and are of great intrinsic value
(e.g. listed buildings under a 
preservation order)

3 3-8 8-10 8 2.5

*At frequencies above 100 Hz, the values given in this column may be used as minima

The superseded Australian Standard AS 2187.2-1983 set blasting limits of 10 mm/s PPV as absolute 
limits at the nearest affected residence and levels of 5 mm/s PPV as criteria for 95 % of all blasts this 
Standard.  However, guidelines prepared by the Australian and New Zealand Environment Council 
(ANZEC 1990) recommend 2 mm/s PPV as the long-term regulatory goal for control of ground 
vibration. 

The Proceedings of the Institute of Acoustics: Environmental Vibration (1993) report on an extensive 
study by the US Bureau of Mines which related vibration levels to the probability that damage may 
occur to buildings. The data contained in Table 5 is based on this work.

Table 5: Probability of building damage, based on vibration level

Peak particle velocity (PPV) Damage probability

10 mm/s Less than 5%

20 mm/s 20%

50 mm/s 40%

100 mm/s 70%

150 mm/s 80%

200 mm/s 90%

Although the vibration guidelines in Table 4 and Table 5 would commonly be applied to buildings, the 
vibration requirements are considered suitable for reference and comment with respect to the 
baseline ground vibration results at the transport routes.
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2.4 Noise from Industry in Regional Victoria (NIRV)

The relevant guidelines for noise from industrial operations such as quarries and mines in regional 
Victoria are contained in the EPA Publication 1411 Noise from Industry in Regional Victoria (NIRV).  

NIRV provides recommended maximum noise levels (recommended levels) for existing and proposed 
industry.  NIRV is a non-statutory guideline.  

The recommended levels are based on the NIRV guidance for earth resources, and the zoning of the 
receivers.  The time periods for NIRV are contained in Table 6.

Table 6: NIRV time periods

Description Day Evening Night

Monday - Friday 0700-1800 hrs 1800-2200 hrs 2200-0700 hrs

Saturday 0700-1300 hrs 1300-2200 hrs 2200-0700 hrs

Sunday N/A 0700-2200 hrs 2200-0700 hrs

The recommended levels are presented in Table 7. Derivation of the recommended levels is 
explained in Appendix D1.3.

Table 7: Derived recommended levels dB Leff for earth resources

Applicable locations Day Evening Night

All nearby residential locations 46 41 36

The NIRV recommended levels for Earth Resources sites presented in Table 7 apply to general mining 
and quarry operations, including overburden removal and depositing, extraction of material, 
processing, and the handling or disposal of waste material. 

NIRV specifies potential variations to the recommended levels for particular open-air activities, as 
described in Section 2.4.2 and Appendix D1.4.

NIRV applies to noise that is generated within the project boundary, and does not cover noise 
generated off-site, such as from haulage of ore via trucks on public roads or trains.

2.4.1 Noise from multiple sites

NIRV Publication 1413 Applying NIRV to Proposed and Existing Industries states the following in 
relation to noise from multiple sites:

In NIRV rural areas, industry should design plant or operations so that their emissions are 
less than the recommended levels where there are:

 Industrial premises in an Industrial 1 or Industrial 2 zone with at least two other 
allotments in the same zoned piece of land

Or;

 Industrial premises on an allotment greater than 10 ha in any zone where expansion is 
likely.

Neither of the two cases above are relevant to this study, therefore operations from the site have 
been designed to meet the NIRV recommended levels without adjustment due to other industry 
sites.
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2.4.2 Variations for mine operations

Construction and operation of a mine involves similar types of noise generating activities, however 
each stage is assessed using different policies and guidelines. For assessment purposes, the 
construction phase is defined as all site works prior to commencement of production at the site.

NIRV does not cover noise from construction works associated with buildings or on-site structures 
such as site offices or workshops. Noise associated with these activities, as well as broader 
construction noise, is covered by EPA Publication 1254, which is discussed in Section 2.5 and 
Appendix D2.

Once the site is operational, the applicable assessment criterion is NIRV. However, NIRV provides 
variations to the recommended levels for certain types of activities, including certain types of 
construction activities which occur during the operational stage of the project.  These variations are 
described below in Table 8. 

Table 8: Mine and quarry variations for construction activities - NIRV

Process Variations to recommended 
levels

Installation of constructed noise-control works

Works specifically targeted to a noise-control purpose. They can include 
walls, fences or earth bunds constructed in particular circumstances.

They are not mining or quarrying works carried out during the project 
that have a coincidental, secondary noise-control benefit. 

Constructed noise control works does not refer to building construction 
or demolition. EPA Publication 1254 applies to noise associated with 
construction of ore-processing structures and buildings. 

During installation of constructed 
noise-control works, the noise 
from the activity may be 
exempted from recommended 
levels during the Day period.

Site clearing and preparation

Vegetation removal, topsoil removal, subsoil removal, road 
construction and civil works such as site drainage.

During site clearing and 
preparation, the noise from the 
activity may be exempted from 
recommended levels during the 
Day period

Final site rehabilitation, short projects and necessary unshielded work

Activities relating to site closure occurring at the final surface level after 
normal operations have ceased. It does not include backfilling of a pit. 

Short duration projects are sites where the time between the first and 
last earthmoving works of the entire operation is three months or less.

Necessary unshielded work includes waste dump extensions, tailings 
dam constructions or final landform construction. It includes work that 
is necessary but cannot practicably be shielded by barriers, landforms 
or natural topography. 

In these situations, the approval 
body may allow works during the 
Day period to be up to 10 dB 
greater than the recommended 
level. This allowance should be 
based on the details provided 
during project work planning and 
be documented in the approval. 
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2.5 EPA Publication 1254

EPA Publication 1254 describes recommended measures for managing noise which are applicable to 
the construction of a mineral sands project. It also defines noise restrictions for construction activity 
during evening and night periods, based on a combination of objective limits and audibility-based 
targets. 

This guidance is relevant to the following activities:

 Construction of infrastructure to support the initial extraction and processing facilities at the site, 
undertaken prior to commencement of production at the site

 Construction of transportation-related infrastructure on the site.

The guidance relating to construction noise is summarised in Table 9.

Table 9: EPA Publication 1254 – construction noise guidance summary

Period Day of the week Time Period Construction 
activity up to 18 

months

Construction 
activity after 18 

months

Normal working 
hours

Monday-Friday 0700-1800 hrs

Saturday 0700-1300 hrs

Receiver limits do not apply – noise 
requirements are defined in terms of 

emission and managerial controls

Weekend/evening 
work hours

Monday-Friday 1800-2200 hrs

Saturday 1300-2200 hrs

Sunday, Public Holidays 0700-2200 hrs

Noise to be less 
than 10 dB above 
background (LA90), 
outside residential 

dwelling

Noise to be less 
than 5 dB above 

background (LA90), 
outside residential 

dwelling

Night period Monday-Sunday 2200-0700 hrs Noise from construction activities must be 
inaudible inside a habitable room with 

windows open

The criteria summarised in Table 9 provide a basis for setting objective noise criteria if construction 
work was to occur during the evening. In relation to the night period, the EPA Publication 1254 does 
not specify an objective criterion for inaudibility. 

In accordance with EPA Publication 1254, exceptions to the general evening and night requirements 
detailed above apply to the following types of work:

 Unavoidable works that cannot practicably be restricted to normal working hours because the 
activity involves continuous work or would otherwise pose an unacceptable risk to life or 
property, or risk a major traffic hazard. In relation to the construction of a quarry or mine, 
examples of these types of works may include the delivery of oversized plant and building 
components outside of normal working hours to avoid traffic disruptions and hazards.

 Low-noise or managed-impact works are activities that are approved by the local authority: 

 that are inherently quiet or unobtrusive (for example, manual painting, internal fit-outs, 
cabling); or 

 where the noise impacts are mitigated through actions specified in a noise management plan 
supported by expert acoustic assessment. 
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Low-noise or managed-impact works must not feature intrusive characteristics such as impulsive 
noise or tonal movement alarms, and average noise levels over any half hour must not exceed the 
background sound pressure level.

During the night period, EPA Publication 1254 recommends that noise from construction is inaudible 
inside a habitable room with windows open. Inaudibility is particularly difficult to quantify given its 
dependence on numerous factors outside the control of the project, such as individual response to 
noise and the presence of other noise sources which can mask noise from the project (e.g. ceiling 
fans, appliances, local traffic etc).

The level that construction noise would need to be restricted to in order to achieve inaudibility would 
ultimately be dependent on a range of variables such as the level and character of construction noise, 
the level and character of the background sound and the hearing threshold of the individual 
observing the noise. To address these variables, a limit between 5 and 10 dB below the background 
sound level is usually specified for the purpose of achieving inaudibility. In quiet environments, this 
represents a very stringent criterion. Further, in quiet environments, it may not always be necessary 
to maintain the same margin below the background sound in order to achieve inaudibility. For 
example, if the resulting level inside a residential dwelling is comparable to the average hearing 
threshold, the construction noise may be inaudible, irrespective of the margin between the 
construction noise and the background sound. For context, it is also noted that additional EPA 
guidance that is specific to construction is detailed in EPA Publication 480 Environmental Guidelines 
for Major Construction Sites dated 1996. EPA Publication 480 specifies that night-time construction 
noise should not be above the background sound inside any adjacent residence.

A relevant point of context in this instance, given the similarity of key noise generating activities 
associated with the construction and operation phases of the project is that common noise 
assessment practices usually apply more stringent criteria for operational periods, as opposed to 
construction (for example, former Victorian guidelines for construction activity in rural areas, as 
detailed in EPA Publication N3/89, recommended the day time noise criterion for construction 
should be 10 dB higher than the limit which applied to operational noise, and the evening and night 
criteria for construction should be equal to the criteria for operational noise). However, in this case, 
as a result of low background noise levels in the area, the EPA 1254 guidance for evening and night 
periods equate to lower (more stringent) noise criteria than for operational periods, and would also 
be more stringent than for construction in built-up areas

2.6 Guidelines for noise from off-site vehicle movements 

Criteria for noise from truck traffic while off-site are not provided by NIRV or by any other 
regulations, legislation or guidelines in Victoria. In lieu of Victorian policy, reference is often made to 
relevant NSW publications for guidance. For the assessment of noise from off-site truck movements, 
relevant example guidance is provided in the NSW Road Noise Policy. While the NSW Road Noise 
Policy is not strictly applicable in Victoria, the criteria are referenced herein for informative purposes.

As such, the assessment of noise from off-site truck movements has been based on the approach 
outlined in the NSW Road Noise Policy.

The NSW Road Noise Policy is often referred to in Victoria as guidelines for existing residences 
affected by additional traffic on existing roads generated by land use developments. However, the 
criteria in the policy are not mandatory design criteria. They are thresholds above which mitigation 
measures must be considered with the aim to select the most feasible and reasonable measures. 

The noise level criteria relevant to this project specified in the NSW Road Noise Policy are: 

 60 dB LAeq,15h, during the day

 55 dB LAeq,9hr, during the night.
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The noise level criteria are applicable at the facade of the dwelling. As such, an appropriate 
correction, generally 2.5 dB, should be added to the measured value when the measurement is taken 
in the free-field. 

In addition to the assessment criteria outlined above, any increase in the total traffic noise level at a 
location due to a proposed project or traffic-generating development must be considered. 

The NSW Road Noise Policy specifies Relative Increase criteria to judge the requirement for dedicated 
noise mitigation. The Relative Increase criteria are primarily intended to protect existing quiet areas 
from excessive changes in amenity due to noise from a road project. The Relative Increase criteria are 
contained in Table 10.

Table 10: NSW Road Noise Policy relative increase criteria 

Total Traffic noise level increase, dBRoad Category Type of 
Project/Development

Day (0700 hrs – 2200 hrs) Night (2200 hrs – 0700 hrs)

Arterial Land use 
development with the 
potential to generate 
additional traffic on 
existing road

Existing traffic LAeq15hr + 12 dB

(external)

Existing traffic LAeq9hr + 12 dB 

(external) 

2.7 Effects of noise on health

2.7.1 Environmental noise policies

Sound is an important feature of the environment in which we live; it provides information about our 
surroundings and is a key influence on our overall perception of amenity and environmental quality. 
Sound is therefore an environmental quality that must be considered as part of any proposal to 
develop new infrastructure that could influence the sound environment of neighbouring 
communities.

Excessive or unwanted sound is commonly referred to as noise and can have a range of effects on 
people, depending on a range of physical and contextual factors. The Guidelines for Community 
Noise 1999 prepared by the World Health Organisation (WHO) provides a health-based framework of 
guideline limits and values to address the broad definition of health given as:

A state of complete physical, mental and social well-being, and not merely the absence of disease 
or infirmity

This broad definition means that effects ranging from community annoyance, sleep disturbance and 
speech interference, through to direct physiological impacts such as hearing damage, are all 
identified as potential health considerations. An important aspect of this range of considerations is 
that some effects will be highly dependent on the listener’s perception and attitude to the noise in 
question, such as annoyance, while other effects are primarily related to the level of sound and the 
direct physiological risks these may represent, such as hearing damage.

Environmental noise policies, including those applied to mines and quarries, establish objective noise 
criteria to address these health considerations. In particular, environmental noise policies define 
criteria which are chosen to prevent direct physiological risks of sound, and minimise as far as 
practically possible adverse health considerations such as annoyance and sleep disturbance.
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Practically minimising the risks of noise effects related to annoyance and sleep disturbance requires 
the potential range of responses to sound to be considered. In this respect, it is important to note 
that individual attitudes and reactions to sound are highly variable, and will depend on a complex set 
of acoustic and non-acoustic factors.  These include the level and character of the sound in question, 
the time of day the sound occurs, the regularity of the sound, the environment in which the sound is 
heard, the individual’s hearing acuity, and an individual’s personal opinion and perception of the 
sound source or development in question.  The latter will in turn depend on other complicating 
factors such as visual impressions of the source in question and the perceived community benefit, or 
otherwise, of the source in question.

Due to the complexity and range of potential responses to sound, it is not possible to define limits 
that will guarantee an audible sound will be acceptable to all individuals; this will always be a matter 
of personal judgement for each individual. Further, it is usually not feasible or practical to design new 
development or infrastructure to inaudible noise levels. As a result, minimising the risks of noise 
effects involves setting criteria which prevents the majority of people from being disturbed. This 
requires regulatory authorities to strike a balance between amenity and development, setting noise 
limits which are as stringent as can be practically achieved without preventing new development.

This type of approach to noise policy was outlined by the Victorian Department of Health in their 
2013 publication on wind farm sound and health which states: 

Noise standards are used not only for environmental noise (such as wind farms and traffic noise) 
but also for industry and even household appliances.

Noise standards are set to protect the majority of people from annoyance. The wide individual 
variation in response to noise makes it unrealistic to set standards that will protect everyone from 
annoyance. A minority of people may still experience annoyance even at sound levels that meet 
the standard. This is the case not only for wind farms, but for all sources of noise.

This approach is consistent with the guidance provided in NIRV which states:

These guidelines provide the methods to set noise levels for industry in regional Victoria. 
They provide a balance between protecting community wellbeing and amenity near 
industrial premises and supporting the social and economic value of industry in regional 
Victoria. 

The guidelines set out recommended maximum noise levels (‘recommended levels’), which 
can be applied to manage the impacts of noise on the community. The recommended levels 
provide different degrees of amenity protection in different land-use zones. 

Overall, they balance the need for operation of industry with the protection of sensitive 
uses. The recommended levels promote normal domestic use of the home and sleep at 
night.

2.7.2 Additional guidance

Environmental noise policies are designed to minimise as far as practically possible adverse health 
considerations such as annoyance and sleep disturbance. This means that environmental noise 
criteria are set at much lower levels than would be needed to result in direct physiological effects 
such as hearing damage. As an indication of this, reference is made to criteria that are used to assess 
the risks or hearing damage in the workplace.

The Victorian Government Occupational Health and Safety Regulations 2017 set out requirements 
for limiting exposure to noise for employees. The requirements are consistent with the model 
requirements set out in the Workplace Health and Safety Act in Australia. 
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The noise requirements are not applicable to controlling noise from the site at off-site residential 
locations, however they provide a reference to levels of noise associated with protecting against 
hearing loss. 

In the Victorian Occupational Health and Safety Standards, the exposure standard for noise involves 
two measures:

 85 dB LAeq(8 hour)

 140 dB LCPeak.

85 dB LAeq(8 hour) means that over an eight-hour shift a worker can’t be exposed to more than 85 
decibels. Whether this is exceeded depends on the level of noise involved and how long a worker is 
exposed to it.

140 dB LCPeak means a worker can’t be exposed to an instantaneous noise level above 140 decibels. 
Peak noise levels greater than this usually occur with impact or explosive noise such as sledge-
hammering or a gun shot. Any exposure above this peak can create almost instant damage to 
hearing. The Regulations state that these limits should protect most but not all people from hearing 
damage.

Collectively, the range of criteria related to hearing damage are much higher (i.e. less stringent) than 
the recommended levels set out in NIRV. Therefore, achieving the NIRV recommended levels will 
mean that the noise will be significantly lower than the most stringent criteria that are used for the 
assessment of hearing-related risks. 
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3.0 PROJECT DESCRIPTION

3.1 Project site

The site is located in East Gippsland, Victoria. The proposed project involves mining of mineral sands 
from the Fingerboards resource, which lies within the more extensive Glenaladale deposit. 

The subject site and surrounding residential areas are zoned Farming Zone 1 (FZ1) (zoning map 
presented in Appendix B). Nearby major roads are zoned as Road Zone 1 (RDZ1) and areas such as 
creeks or key environmental areas are zoned as Public Conservation and Resource Zone (PCRZ). 
Figure 1 shows the wider transport route network in relation to the site location.  Details regarding 
the closest noise sensitive receivers to the subject site are provided in following sections of this 
report. 

Figure 1: Project site within wider context 

Project site
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3.2 Operating hours

Operations would occur 24 hours a day, 7 days a week. Some equipment items would not operate at 
night for noise mitigation reasons. Details are provided in Section 10.2.1.

Construction would occur over a six-day week with construction occurring between 0700 hrs and 
1900 hrs. Outside these times, overburden removal and reduced-intensity construction activities 
such as construction of the freshwater dam construction would occur on a 24-hour basis. 

3.3 Proposed site operations

Mining is proposed to be conducted using conventional earthmoving machinery, conveying systems, 
and a dry, strip mining method. 

The ore will be sent to two mining unit plants (MUPs), mixed with water to form a slurry, and 
pumped to a wet concentrator plant (WCP). At the WCP, the slurry will undergo initial processing to 
separate heavy mineral concentrate (HMC) from non-economic mineral sands tailings. The HMC will 
then be separated using wet high intensity magnets to produce magnetic and non-magnetic 
concentrates. The concentrates will be exported for further processing in mineral separation plants in 
Asia into commercial products such as zircon and rutile. The concentrates will be stockpiled at a 
loading facility adjacent to the WCP before being transported via road, rail or a combination of both 
to Port Anthony, Barry Beach Marine Terminal or the Port of Melbourne. 

Overburden and tailings (non-economic sand, silts and clay) from mining and primary processing will 
be returned progressively to the mine void as the working face advances. Coarse sand tailings will 
initially be deposited in an area off the mine path (Perry Gully) for storage. After approximately four 
months, when the mine void has enough capacity, coarse sand tailings will be deposited into the 
mine void.

Fines tailings (less than 38 µm) will initially (for approximately four and a half years) be deposited into 
a constructed temporary tailings storage facility (TSF) on the future mine path. As mined out areas of 
the void become available, the fines tailings will be placed in contained cells within the mine void. 
The fines tailings stored in the temporary TSF will be placed within the mine void prior to the mining 
of the ore under the facility.

Mined cells will be progressively backfilled with tailings and covered with overburden (including 
manufactured subsoil) and topsoil. The land will then be returned to pre-mining land use and 
capability, native vegetation, or other agreed post-mining land use. 

Noise associated with site operations at key times has been assessed in this study.

A general arrangement diagram showing activity in the scenario representing the first year of 
operation is contained in Figure 2. Figures showing the location of activity for other scenarios 
representing other years of operation are contained in Appendix C. 

A detailed schedule of key noise-producing site operations is provided in Appendix E.
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Figure 2: General arrangement diagram – Indicative mining locations and infrastructure Year 1

MUP 2 initial mining area

MUP 1 Initial mining void
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3.4 Transportation of material off-site

The new rail bridge over the Avon River at Stratford is due to be completed in 2021, prior to 
commencing transport of HMC from the project. Kalbar’s preferred transport option is to build a 
purpose-built rail siding close to the project area at Fernbank East and to use a private haulage road 
within the infrastructure corridor (as shown in Figure 2) to access this siding from the project area. 

Noise from the new rail siding located south of the project area has been predicted at nearby noise-
sensitive receivers. The predicted results, and further details regarding the transport option, are 
provided in Section 11.1.

The alternative to a nearby purpose-built rail siding would be to upgrade the existing rail siding in 
Bairnsdale. 

For both options (i.e. the purpose-built rail siding and upgrade of the existing rail siding in Bairnsdale), 
concentrate will be transported by rail from the rail siding to the Port of Melbourne.

In the event that the Avon River rail bridge upgrade is delayed, transportation options would involve 
trucks travelling on local roads. 

For the option of the new rail siding in Bairnsdale, this would involve haulage of HMC via Bairnsdale-
Dargo Road and Lindenow-Glenaladale Road to the Princes Highway and then to Bairnsdale.  

In the event that neither the preferred purpose built rail siding, or the alternative siding upgrade at 
Bairnsdale proceeded, then approximately half of the concentrate will be transported in bulk by road 
from the mine site to Port Anthony or the adjacent Barry Beach Marine Terminal. The remaining 
concentrates will be transported in containers from the project area to the existing rail siding in 
Maryvale, and then transported by rail from the Maryvale rail siding to the Port of Melbourne. No 
more than 40 trucks containing concentrate, either for bulk or container shipments, are expected to 
leave the project area every 24 hours.

The proposed truck haulage routes and number of truck movements to existing infrastructure points 
(i.e. Port Anthony or the Barry Beach Maine Terminal and the rail siding at Maryvale) are outlined in 
Sections 11.2.1 and 11.2.2. The number of existing dwellings along the proposed haul routes to these 
existing infrastructure points are outlined in Section 11.2.4. 

3.5 Proposed construction activities

The construction phase of the project relates to site activities undertaken prior to commencement of 
concentrate production at the site. 

It is proposed that buildings such as offices, laboratories and the WCP structure would be largely pre-
fabricated in modular form offsite, minimising construction time and noise impacts on site. 

Other construction activities will include construction of water management dams, site preparation 
and road construction. This will involve similar earth-moving equipment to that proposed for mining. 
It is proposed that the supply of site power would be scheduled early in the construction process. 
Prior to this, diesel generator sets would be the primary source of power on site.  

Construction of the purpose-built rail siding at Fernbank East for the preferred transport option 
would be undertaken over a period of approximately 20 weeks and would be undertaken between 
0700 hrs – 1800 hrs Monday to Friday, and 0700 hrs – 1300 hrs on Saturdays. Construction activities 
specific to the rail siding will include slab pouring, compaction, laying railway tracks, and installation 
of pre-fabricated buildings and services. This will involve civil construction (e.g. trucks, compactors 
and graders), and include concreting equipment, sealing equipment, cranes and general installation 
vehicles.
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3.6 Proposed construction and operational equipment requirements

Equipment requirements for both operational and construction scenarios modelled in this 
assessment are detailed in Appendix G3 in relation to plant items that have been considered in the 
noise assessment scenarios. 

3.7 Noise sensitive receivers

Noise-sensitive receivers in the vicinity of the project site have been identified by Kalbar and their 
locations provided to MDA. The noise sensitive receivers within approximately 1 km to the project 
boundary are listed in Table 11. These receivers are closest to the site operations, and would be most 
exposed to noise from the project.

Table 11: Closest noise sensitive receivers to the project boundary 

Reference Distance from the project boundary

R1 145 m from the south boundary 

R5 230 m from north boundary

R6 560 m from north boundary

R7 230 m from north-east boundary

R15 220 m from east boundary

R16 920 m from east boundary

R21 920 m from north-western boundary

R29 1,140 m from east boundary

R30 230 m from south-east boundary

R31 610 m from the south-east boundary

R43 1,390 m from the north-west boundary

R44 1,670 m from south boundary

R47 360 m from the south-east boundary

There are three existing residential dwelling structures in the area which are not considered sensitive 
receivers for the purpose of this assessment; R2, R3 and R4. 

The R3 property is owned by Kalbar and is currently used as a dwelling by Kalbar staff, however the 
dwelling would be re-assigned as a mine site amenity (e.g. office or crib room) at the commencement 
of the project, therefore removing it as a potential noise-sensitive receiver. R2 and R4 properties 
have been purchased by Kalbar and will not be habited during construction and mining activities 
therefore also removing them both as potential noise-sensitive receivers. 

All other dwellings in the area are located further from the project boundary than those listed above. 
Generally, the closest noise-sensitive receivers to the project boundary will be most-affected by noise 
from the project, as noise decreases with distance from the source. The noise assessment focusses 
on the closest noise-sensitive receivers for this reason, and for brevity of reporting, however some 
dwellings located farther than 1 km from project boundary are shown on the noise contour maps 
presented in Appendix H, giving an indication of the predicted noise level at these farther-field 
locations. 
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Noise receivers located close to the proposed rail siding are specifically identified later in the report 
when discussing noise from the new rail siding (Ref Section 11.1). 

The locations of the noise sensitive receivers shown in Table 11 are depicted in Figure 3, along with 
other more distant receivers.
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Figure 3: Location of nearby residential receivers
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4.0 STUDY METHOD

The EES Scoping requirements evaluation objectives are to minimise effects of noise for residents 
and local communities, having regard for relevant limits, targets or standards. 

The EES Noise Study comprises the following sections:

 Identification of noise-sensitive receiver locations

 Measurement of the existing noise environment, to quantify local ambient noise and current 
traffic conditions

 A noise assessment to quantify noise levels at nearby residential locations from proposed 
operations and construction phases of the project, incorporating the following:

 Avoidance, mitigation and management measures to reduce potential noise impacts at 
nearby residential locations

 Residual impacts following implementation of the above measures

 Inspection and monitoring programs to observe and report on the performance of the proposed 
mitigation and management measures.
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5.0 EXISTING NOISE ENVIRONMENT

The EES is required to describe the existing, pre-mine environment local to the subject site. The 
following sections provide a description of existing ambient and background noise levels at key 
locations spread across and close to the subject site. 

Noise monitoring locations were selected on the basis of identifying the closest available locations to 
key receivers, while aiming to cover a reasonably wide portion of the project area.

Furthermore, existing traffic noise levels were monitored along key offsite haul routes to quantify 
baseline traffic conditions. 

In general, the noise environment near to the subject site is characterised by a number of ambient 
noise sources including; local traffic, farming machinery, aircraft, wind, livestock and wildlife.  

5.1 Ambient noise monitoring 

5.1.1 Unattended noise logging

Automated noise logging was undertaken at three (3) locations over two (2) noise logging surveys. 
Logging locations are denoted as L1 - L3 and are shown in Figure 4. 

Figure 4: Ambient noise monitoring locations

Project site
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The range of ambient and background noise levels captured during the first measurement survey is 
summarised in Table 12.

Table 12: Ambient noise logging results summary, 11 – 23 May 2017

Location Day Evening Night

Range of daily average noise levels LAeq(1hr)
2 dB

L1 29 - 59 21 - 46 17 - 56

L2 29 - 58 21 - 53 16 - 48

L3 22 - 56 20 - 39 17 - 48

Range of daily background noise level LA90(1hr)
3 dB

L1 19 - 43 17 - 40 16 - 32

L2 17 - 48 16 - 46 15 - 32

L3 19 - 42 16 - 38 16 - 35

A summary of the range of ambient and background noise levels captured during the second 
measurement survey is provided in Table 13.

Table 13: Ambient noise logging results summary, 8 – 22 August 2017

Location Day Evening Night

Range of daily average noise levels LAeq(1hr) dB

L1 35 - 67 21 - 60 26 - 67

L2 28 - 61 32 - 65 23 - 60

L3 31 - 62 28 - 57 21 - 58

Range of daily background noise levels LA90(1hr) dB

L1 21 - 57 21 - 47 21 - 45

L2 18 - 51 21 - 62 17 - 54

L3 21 - 56 23 - 51 19 - 48

Further details on weather conditions and measurement methodology are provided in Appendix F1.

2 LAeq refers to the A-weighted average noise level. Refer to Glossary for definition of acoustic terms

3 LA90 refers to the A-weighted background noise level. Refer to Glossary for definition of acoustic terms
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The measured noise levels have been analysed to establish existing ambient noise levels and 
investigate the presence of any trends or patterns as indicated in Table 14.

Table 14: General trends noted from the noise logging results - Context

Monitoring period Trends

11 – 23 May 2017 Quietest period ~ 0300 hrs, typically in the order of 20 – 30 dB LAeq or 16 – 25 dB LA90 

> 30 dB LAeq between 0500 hrs – 1900 hrs, and between 20 – 45 dB LA90

Typical values 30 – 45 dB LAeq between 0600 hrs – 1800 hrs (or 2100 hrs at L1)

Some days feature later drop off in noise levels, around 0000 - 0200 hrs, but appears 
to be no pattern to this.

8 – 22 August 2017 Quietest period ~ 0000 hrs – 0300 hrs, typically around 30 dB LAeq or 20 dB LA90 

Levels above 30 dB LAeq in general – higher than in Round 1 (possibly due to weather 
or extraneous sources). Background noise levels range from approximately 20 – 55 
dB LA90 throughout the day between 0600 hrs – 1800 hrs 

Typical values 30 – 60 dB LAeq between 0600 hrs – 1800 hrs 

Some days feature later drop off in noise levels, around 0000 - 0200 hrs, but appears 
to be no pattern to this.

At each of the measurement locations, typical ambient noise levels are higher than 30 dB LAeq 

between 0500 hrs – 1900 hrs, with upper levels of around 40 - 50 dB LAeq. The quietest period at each 
of the measurement locations is generally between midnight and 0300 hrs, where measured 
ambient levels are around 20 dB or below.  

During the day, ambient noise levels vary with no repetitive pattern, as is typical for rural and farming 
areas. Noise levels vary between approximately 30 - 50 dB LAeq with some infrequent periods below 
30 dB LAeq or above 50 dB LAeq. In general, the background noise level tends to be approximately 5 – 
10 dB below the average level, indicating that most ambient noise sources are transient in nature, 
but occur frequently.  
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5.1.2 Attended ambient noise measurements 

Short-term attended measurements were conducted during the day at each of the noise logging 
positions during the noise monitor placement. Short-term ambient noise levels are contained in 
Table 15 for the first and second measurement surveys, respectively.

Table 15: Ambient short-term noise measurement results summary, 10 May 2017

Measured noise level Location Time

Ambient noise 
level LAeq dB

Background 
noise level LA90 

dB

Noise sources contributing to local 
environment

10 May 2017

L1 0850 – 0900 hrs 31 25 Birds, distant helicopter

L2 0922 – 0932 hrs 40 24 Birds, occasional passing traffic, 
insects

L3 0956 – 1006 hrs 50 32 Crows (noisy), distant traffic, 
aircraft, insects

8 August 2017

L1 0834 – 0844 hrs 41 35 Dozer in distance, occasional 
passing traffic, birds

L2 0859 – 0909 hrs 41 27 Infrequent passing traffic, birds, 
occasional dog barks in distance

L3 0936 – 0946 hrs 46 32 Birds, infrequent passing traffic, 
crows, infrequent aircraft

Further details on weather conditions and measurement methodology are provided in Appendix F3. 
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5.2 Existing traffic noise monitoring

Automated noise logging was undertaken at three (3) locations along the proposed haul route. 
Logging locations are denoted as L4 – L6 and are shown in Figure 5. While location L5 is located 
further to the east than the proposed truck route, the location was selected to provide additional 
data, should the haul route be changed in the future. 

Figure 5: Existing traffic noise monitoring locations

A summary of the ambient noise levels captured during the measurement survey is provided in 
Table 16. 

Table 16: Ambient noise logging results summary, 8 – 22 August 2017

Range of daily period noise level Location

Day
(0700 hrs – 2200 hrs)

Night
(2200 hrs – 0700 hrs)

LAeq15hr, dB LAeq9hr, dB

L4 51 - 55 40 - 49

L5 55 - 60 47 - 54

L6 58 - 61 52 - 57

LAmax  dB LAmax, dB

L4 39 – 91 34 - 82

L5 66 – 97 36 – 98

L6 53 - 96 36 - 92

Bairnsdale-Dargo Road

Lindenow-Glenaladale Road

Project site
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6.0 EXISTING GROUND VIBRATION

Automated vibration logging was undertaken at four (4) locations over approximately one (1) week 
between Tuesday 9 October and Wednesday 17 October 2018. Logging locations are denoted as V1 – 
V4 and are shown in Figure 6. 

Two monitoring locations, noted as V1 and V2 on Figure 6, were close to, or within, the Project 
boundary representing dwelling locations. Two monitoring locations, noted as V3 and V4, were 
positioned adjacent to proposed haul routes; one alongside the existing rail line (V3) south of the 
project site and one alongside Lindenow-Glenaladale Road (V4). 

Further information regarding the equipment used, location and measurement methodology is 
provided in Appendix F.

Figure 6: Ambient vibration monitoring locations

Project site
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6.1 Ambient vibration monitoring - dwellings

Time history charts for the full 7 day monitoring period at both residential positions (V1 & V2) are 
presented in Appendix F and charts showing the results with respect to the ASHRAE VC curves are 
provided in Figure 7 and Figure 8 for a typical day period (Sunday 14 October 2018). 

We note that for the charts in Figure 7 and Figure 8, the Maximum Vibration refers to the 99th  
percentile maximum to reduce the influence of extraneous momentary events occurring close to the 
sensors.

Figure 7: Baseline vertical ground vibration – Location V1
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Figure 8: Baseline vertical ground vibration – Location V2

The results in Figures 7 and 8 show that the average ambient ground vibration at both residential 
locations is well below the Residential Day VC Curve of 0.2 mm/s rms and below VC-D (0.0625 mm/s) 
for 90 % of the time over a typical day. We note that VC-D is significantly below the threshold of 
human perception which is generally considered to be VC 0.1.  The maximum vibration of 1.0 mm/s 
recorded at Position V2 is likely due to passing vehicles as the monitor was located within 10 m of the 
nearby property’s access driveway.
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6.2 Ambient vibration monitoring - haul routes

Time history results charts for the full 7 day monitoring period at both haul route positions (V3 & V4) 
are presented in Appendix F4 and a summary of the daily Peak Particle Velocity (PPV) results is 
provided in Table 17.

Table 17: Baseline ground vibration alongside proposed haul routes, PPV mm/s

Maximum PPV (X, Y, Z vector sum)Date

Location V3
 (@ 5m from rail tracks)

Location V4
(@ 5m from road shoulder)

Tuesday 9 Oct 2018* 6.2 2.4

Wednesday 10 Oct 2018 6.8 1.9

Thursday 11 Oct 2018 6.4 1.8

Friday 12 Oct 2018 5.8 3.3

Saturday 13 Oct 2018 6.7 2.8

Sunday 14 Oct 2018 0.7** 1.6

Monday 15 Oct 2018 6.3 1.6

Tuesday 16 Oct 2018 6.9 1.6

Wednesday 17 Oct 2018 6.8 2.1

Thursday 18 Oct 2018* 7.0 1.8

Range of results 5.8 - 7.0 1.6 – 3.3

*Note: Surveys from these days do not represent a 24-hour period
**No train passes on Sunday 

The results of Table 17 show that for the same/similar 5 m reference distance from source, passing 
trains generated higher ground vibration of between 5.8 to 7 mm/s PPV compared to traffic on 
Lindenow-Glenaladale Road (cars, trucks and other vehicles etc 1.6 to 3.3 mm/s PPV)

We note that for the same reference distance, higher levels of ground vibration would normally be 
expected from passing trains (heavier vehicle, steel wheels/track) compared to passing road traffic 
(typically lighter vehicles with rubber tyres).

With reference to the criteria normally applied for the assessment of building damage, for example 3 
mm/s PPV at foundation of a building of intrinsic value, the results of Table 17 are deemed as typical 
for the ground vibration expected for these transport sources at the 5 m reference distance.
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6.3 Discussion of vibration measurement results

The measured vibration levels at dwelling locations are substantially below the threshold of 
perception for the vast majority of the survey period. This is typical for rural locations with very few 
sources of ground vibration generated close to the dwelling. 

The measured vibration levels close to the rail line and proposed haul route are likewise similar to 
other ambient vibration measurements conducted at similar reference distances to railway lines or at 
the roadside. 

Further information regarding historical vibration measurement data performed by MDA at other 
locations within Victoria is available upon request.
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7.0 NOISE ASSESSMENT DETAILS

7.1 Noise prediction method

To predict noise levels at nearby noise-sensitive receivers, the following factors have been 
considered:

 Operational scenarios associated with peak operational periods

 Noise emission data for on-site equipment

 The distance between the sources and receivers

 The presence of obstacles such as pit walls or terrain features that obstruct the noise path

 The hardness of ground between the source and receiver

 The presence of hard reflective surfaces that may enable additional noise paths.

Conceptually, the noise model represents a worst-case 30-minute snapshot for each scenario. The 
noise model calculates a noise level between every source-receiver pair under ‘typical worst-case’ 
meteorological conditions, consisting of wind in the direction from the source to the receiver, or a 
moderate thermal inversion. In most cases, it would not be possible for all receivers to 
simultaneously experience downwind conditions. In other weather conditions, noise levels will be 
lower than predicted.  It is also likely that in practice, not all items of equipment would be working at 
full capacity for the full duration of any 30-minute assessment period.

The noise prediction does not take into account any noise from the existing environment. The reason 
for this is two-fold: 

 The assessment criteria for industry in regional Victoria only applies to the noise level generated 
by the activity under consideration, and specifically excludes noise from the existing noise 
environment (except in situations where cumulative industry considerations apply).  

 The nature of ambient noise in the vicinity of the project site is that it is variable, random and 
unpredictable. This means that it is very difficult to define a ‘typical’ representative ambient 
noise scenario. Noise sources in this case include birds, insects, local traffic, farming activities etc 
which would vary in location, intensity, and a range of other characteristics continually.

The noise model has been prepared using SoundPlan v7.4 proprietary noise mapping software which 
enables the calculation of noise levels over a wide area, and accounts for key considerations 
including reflected noise, terrain conditions at the site and location of sources. The model calculates 
noise levels at surrounding receiver locations in accordance with the standard ISO 9613-2:1996 
Attenuation of sound during propagation outdoors – Part 2: General method of calculation 
(ISO 9613-2).  The ISO 9613-2 propagation model is a general-purpose noise propagation method 
that has become established as the primary international standard for calculation of industrial noise 
into the environment. 

The following sections describe the data used to quantify the noise generated from the proposed 
operations and the modelling used to extrapolate that data to surrounding receiver locations, 
accounting for the above factors.

The model inputs are summarised in Appendix G1. 
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7.2 Noise model scenarios – Operational phase

Four key worst-case operational periods were identified to form the basis of the noise assessment; 
corresponding to a day/evening (0700 hrs – 2200 hrs daily) scenario and night (2200 hrs – 0700 hrs 
daily) scenario for each of the following:

 Year 1 (composite start-up phase; equipment working closest to multiple receiver locations north 
of the project site. See Table 18 and subsequent discussion for further details)

 Year 5 (second highest volume of earth movement)

 Year 8 (presents option with mining at the south of the project site)

 Year 12 (highest volume of earth movement). 

Table 18 provides further details of the initial start-up schedule during Year 1. 

Table 18: Description of start-up phase operations

Phase Description of activities Location Schedule

Mobile plant operations Full fleet MUP 1 Year 1

Full fleet MUP 2 Late Year 1

Fixed plant operations Installed and operational at 
full capacity

WCP From early Year 1

Mining Contractors 
workshop

From late Year 0

Pumps and 
associated booster 
equipment

From early Year 1

Haulage of ore off-site Occurring at full capacity Haul routes From early Year 1

Specifically, the start-up phase for MUP 1 and MUP 2 would likely occur during early and late 2020 
(Year 1) respectively. However, in order to capture a conservative assessment, the two MUP 
operations have been considered in combination. As such, the start-up scenario detailed in Table 18 
constitutes a ‘Composite Start-up Scenario’ and is referred to in this report as ‘Year 1’.

7.2.1 Context for selection of worst-case scenarios

The mobile equipment requirements will not vary significantly for the first 4.5 years of operations. 
Following that period, modest increases in fleet size correspond to deeper pit depth and greater 
distances from receivers, which will result in lower noise levels due to the additional screening 
afforded by the pit walls, and additional attenuation of sound due to distance. The location of plant 
will vary significantly as the mine progresses. Mobile plant will move laterally around the site and will 
also move vertically with varying terrain depths in active mining areas.  In addition, the topography of 
the site changes with extraction and stockpiling, affecting screening to surrounding receiver 
locations.  Due to these effects, periods of higher noise levels will affect different areas at different 
times.  
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7.2.2 Justification of selection of worst-case scenarios

The Year 1 and 5 scenarios selected represent the operations that correlate to the times when the 
distances between the sources and receivers are minimal. The Year 8 and 12 scenarios represent 
stages of peak operations thereby exhibiting times when equipment requirements are at a 
maximum. 

The noise model results represent a snapshot in time of operational noise levels. As such, the noise 
assessment addresses representative worst-case scenarios (i.e. operations that would result in the 
highest noise levels at receiver locations). 

A schedule of key noise-producing plant that will operate during these two key stages (i.e. stages of 
minimal distance, and stages of peak operations) is provided in Appendix G3 along with an image 
depicting the modelled location of plant items. 

7.3 Noise model scenarios - Construction phase

A number of construction scenarios have ben modelled to assess these activities using EPA 
Publication 1254 guidance. As stated in 2.5, the guidance is generally relevant to: 

 Construction of infrastructure to support the initial extraction and processing facilities at the site, 
undertaken prior to commencement of production at the site

 Construction of transportation-related infrastructure on the site.

Accordingly, the scenarios generally relate to activities that occur prior to commencement of 
production at the site. However, the exception to this relates to stripping of overburden and 
earthmoving to access the ore; both of these will occur prior to commencement of production, but 
ultimately form part of the operation of the site. Stripping of overburden and earthmoving to access 
the ore have therefore been included in the operation noise modelling scenarios (instead of the 
construction scenarios).

Construction activities were identified to form the basis of the construction noise assessment, 
corresponding to the day/evening and night scenarios. 

Construction phase activities will vary as different tasks are carried out. In order to capture a worst-
case scenario, phases of peak activity that may occur concurrently, and at positions close to receivers 
were selected for consideration. The construction activities are summarised in Table 19.

Table 19: Activities captured in Construction scenario noise model

Scenario Description

Day period Construction of fines tailings cells

Construction of dam wall

Night period Construction of freshwater dam construction with 
haulage to adjacent fines tailing area

It is understood that a permanent power supply will be secured as a matter of priority for the 
construction period, however the noise assessment includes the use of diesel generators that would 
supply power before a permanent power supply is established. This is considered a precautionary 
approach, resulting in a ‘worst-case’ model scenario.

Schedules of noise-producing plant that will operate during the construction stage are described in 
Appendix G3, along with an image depicting the modelled location of plant items.
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Construction of the rail siding at Fernbank has not been modelled at this point in time. However, 
during the normal working hours (0700 hrs – 1800 hrs Monday – Friday and 0700 hrs – 1300 hrs 
Saturdays) when construction of the rail siding would occur, EPA Publication 1254 does not define 
noise limits. While there is no limit specified for activities that occur within the normal working hours, 
the general noise management recommendations of EPA 1254 still apply. EPA Publication 1254 
outlines noise control works that would be expected, which are detailed in Section 10.3. 

7.4 Noise model inputs 

The noise model scenarios consider the following key inputs: 

 Topographical data to represent the subject site and surrounding footprint  

 Noise data to represent all significant sources of noise associated with each model scenario

 Location of all fixed and mobile plant operating simultaneously over a typical 30-minute 
assessment period 

 Meteorological conditions such as temperature and humidity.

7.5 Noise data

The following standards were referenced to review the validity of derived sound power levels for 
each equipment item:

 Australian Standard AS 2436:2010 Guide to noise and vibration control on construction, 
demolition and maintenance sites (AS 2436:2010)

 British Standard BS 5228–1:2009 Code of practice for noise and vibration control on construction 
and open sites – Part 1: Noise (BS 5228-1:2009)

Further, MDA’s in-house database of measurements for similar plant items was referenced during 
the selection process for plant noise data. Sound data for the MUP and WCP was developed with 
reference to other acoustic consultants’ reported noise levels from similar equipment located at 
other consented mineral sands quarries. The data sourced from these references are consistent with 
general expectations for the range of emissions associated with heavy industrial plant and are 
therefore considered a reasonable indication for the purposes of this assessment.  Reports 
referenced included:

 Balranald Mineral Sands Project, prepared by EMGA Mitchell McLennan (EMM), reference 
1305945 and dated 1 May 2015

 Environmental Noise Impact Assessment – Thunderbird Mineral Sands Project, prepared by WSP 
Parsons Brinckerhoff and dated 3 November 2016.

A list of octave band sound power level data used in the model is contained in Appendix G2.

7.6 Adjustments for duration and character of noise 

For major premises (as relevant in this case), NIRV requires adjustments to the measured level for 
the duration, intermittency and tonality of noise sources (adjustments for impulsiveness are not 
required for major premises but dedicated measurement procedures apply). 

Detailed information regarding the adjustments for duration and character of noise for sources in 
this assessment is provided in Appendix G4.
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7.7 Noise mitigation

Initial noise modelling indicated that without any mitigation, noise levels from operations would be 
likely to exceed the recommended levels for all time periods, for each operational scenario. As such, 
multiple noise mitigation strategies have been developed in consultation with Kalbar, and these have 
been incorporated into the noise model.

Mitigation measures that have been recommended are discussed in detail in Section 10.0.

See Appendix K for further details of un-mitigated noise levels.

7.8 Limitations to the accuracy of noise prediction and inherent conservatism

Uncertainty in the noise predictions comes from real-world variables such as weather conditions, 
sound power levels for noise sources, the ground surface model and the degree of attenuation due 
to obstacles between the source and receiver. In response to the inherent uncertainties associated 
with the noise prediction, a conservative approach has been taken to enable a cautious assessment.  

As noted above, ISO 9613-2 predictions assume that receivers are generally downwind from each 
source (that is, for each source-receiver pair, the noise model assumes that wind blows from the 
source to the receiver).  In the context of this assessment, this implies that each source - receiver pair 
is exposed to downwind conditions at the same time.  In practical terms, such assumptions are 
pragmatic and appropriate for the purposes of an engineering assessment intended to provide a 
reliable representation of the upper noise levels expected in practice.

In practice, alternative weather conditions, such as wind blowing from the receiver to the source, or 
warmer temperatures, would likely result in lower noise levels than those reported.

Sound power data for equipment in the model has been selected from current standards to 
represent the upper (higher) range of quoted operating noise levels, when manufacturer data has 
not been available.

Further information with respect to limitations to the accuracy of noise prediction is contained in 
Appendix G5. 

7.9 Meteorological conditions

As noted above, ISO 9613-2 predictions assume meteorological conditions that are favourable to 
noise propagation.  In the context of this assessment, this implies that each receiver location is 
exposed to downwind conditions at the same time.  This is a pragmatic choice for an engineering 
assessment intended to provide a reliable representation of upper noise levels.

In practice, alternative weather conditions, such as wind blowing from the receiver to the source, or 
warmer temperatures, would likely result in lower noise levels than those reported. Indeed, the 
model scenarios feature noise sources located over such a wide area that a downwind condition 
between each source and receiver pair would not be possible in practice. 

The atmospheric absorption of sound is calculated for temperature and humidity conditions which 
result in relatively low attenuation values (i.e. result in higher noise levels at the receivers). 

The noise model accounts for the following meteorological conditions:

 70 % relative humidity

 Temperature of 10° Celsius

 Air pressure of 1013.3 Millibars.

ISO 9613-2 is a widely accepted international standard for environmental noise propagation. Further 
discussion in regard to the relationship between the noise model conditions and the prevailing 
meteorological conditions near the project site is contained in Section 8.5.  
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8.0 PREDICTED NOISE LEVELS

Without any noise controls detailed in Section 10.0, preliminary noise modelling suggested that noise 
from the subject site operations may result in noise levels up to 3 dB in excess of the NIRV day 
recommended levels, and correspondingly up to 13 dB in excess of the NIRV night recommended 
level. The noise model scenarios described in the following sections take into account the noise 
control measures, detailed in Section 10.0, which include scheduling of noisier activities during the 
day period. 

Based on the typical operations as described in Section 7.2, noise levels were predicted at each of the 
nearest residences to assess the likely noise impacts under worst-case meteorological and 
operational conditions. 

Noise levels have been predicted at the noise-sensitive locations within a 1 km radius of the Project 
boundary. Noise levels will be lower at locations further afield due to the additional attenuation due 
to distance from the Project operations. 

With noise mitigation, noise levels are predicted to comply with the NIRV criteria at all noise-sensitive 
locations.   

8.1 Day/evening noise levels

Predicted noise levels with modelled mitigation are shown in Table 20 for the day/evening period of 
the different peak operation years. 

Table 20: Predicted noise levels – Day/evening period, Leff dB

Ref Yr 01 Yr 05 Yr 08 Yr 12 

R1 36 36 36 37

R5 38 36 36 30

R6 35 33 33 30

R7 32 34 36 31

R15 30 33 36 32

R16 27 30 33 30

R21 39 34 28 29

R29 23 25 29 26

R30 24 26 30 30

R31 24 27 31 30

R43 35 34 26 31

R44 30 30 29 33

R47 25 28 32 32

NIRV 
day/evening 
criteria

46/41 46/41 46/41 46/41
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The predicted noise levels comply with the NIRV recommended levels for the day and evening period 
(46 dB Leff and 41 dB Leff, respectively) at all noise-sensitive locations, during peak periods and 
weather conditions which favour sound propagation. At times when operations are not at peak, and 
during times when weather conditions do not favour sound propagation, noise levels will be lower 
than shown. 

Noise contour maps demonstrating the spread of noise around the site and surrounds for all 
modelled scenarios are provided in Appendix H. An example noise contour for the Year 1 
day/evening model scenario is provided in Figure 9. The primary purpose of the noise maps is to 
provide a general indication of the spread of noise levels in the area around the site. For predicted 
noise levels at specific receiver locations, reference should be made to the predicted noise level 
tables.
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Figure 9: Example noise contour map – Year 1 day/evening period
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8.2 Night noise levels

Predicted noise levels with mitigation are shown in Table 21 for the night period of different peak 
operation years. 

Table 21: Predicted noise levels – Night period, Leff dB

Ref Year 1 Year 5 Year 8 Year 12 

R1 33 35 33 36

R5 33 29 31 28

R6 30 30 29 28

R7 26 31 31 28

R15 26 32 33 28

R16 23 28 33 27

R21 36 31 25 27

R29 20 24 28 25

R30 20 24 29 27

R31 21 25 29 28

R43 31 33 23 30

R44 27 30 27 32

R47 21 26 31 28

NIRV 
night 
criteria

36 36 36 36

The predicted noise levels indicate that mitigated operations comply with NIRV recommended levels 
for the night period (36 dB Leff) at all noise-sensitive locations, during peak periods and weather 
conditions which favour sound propagation. 

The noise model is inherently conservative, and the predicted levels would be lower in practice 
during non-peak periods and under meteorological conditions which do not favour sound 
propagation. Noise levels would be confirmed prior to construction and operations commencing.   

Noise contour maps demonstrating the spread of noise around the site and surrounds for all 
modelled scenarios are provided in Appendix H. An example noise contour map illustrating the 
spread of noise from the site for the Year 1 night model scenario is provided in Figure 10. The primary 
purpose of the noise maps is to provide a general indication of the spread of noise levels in the area 
around the site. For predicted noise levels at specific receiver locations, reference should be made to 
the predicted noise level tables.

Individual source contributions at each noise-sensitive receiver are provided in Appendix J. 
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Figure 10: Example noise contour map – Year 1 night period
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8.3 Operational noise outside the worst-case times

The noise assessment presents predicted noise levels that are worst-case for the purposes of 
demonstrating that the project can achieve the NIRV criteria for the duration of the proposal. 

At times when the quarrying operations progress further away from noise-sensitive receivers, the 
noise level is likely to reduce due to the additional attenuation provided by distance. 

The Year 1 scenarios include mitigation controls to limit night time operations so that the 
recommended levels can be met. At a given distance from noise-sensitive receivers, operations at 
night would not need to be restricted in scope in order to achieve the recommended levels, as the 
additional distance from noise-sensitive receivers would provide sufficient attenuation to do so. 

8.4 Construction Phase noise levels

Based on the typical construction activities as described in Section 7.3, noise levels were predicted at 
each of the nearest residences. The results are shown in Table 22. The noise levels take into account 
for the duration of the activity, but adjustments for noise character are not applied to the 
construction noise assessment (see Appendix G4 for details).

A noise contour map demonstrating the spread of noise around the site and surrounds for the 
construction period is provided in Appendix H. 

Table 22: Predicted effective noise levels, dB LAeq – Construction Scenario

Receiver Day/Evening Night

R1 39 33

R5 33 27

R6 34 24

R7 33 22

R15 29 21

R16 27 19

R21 35 33

R29 23 16

R30 23 17

R31 24 18

R43 37 36

R44 32 28

R47 24 18

The following sections present a comparison of the predicted noise levels with Victorian noise 
guidelines. These sections also include contextual information about the amount of time when 
construction noise may be higher than Victorian guidelines, accounting for variations in wind 
direction. The contextual information is provided based on historic wind direction data records. This 
is only provided as a limited indication of the time when wind conditions favourable to the 
propagation of sound may occur. Note also that inversion conditions would also correspond to 
conditions which favour sound propagation, however data concerning the frequency of occurrence 
of inversion conditions has not been analysed as part of this assessment. 
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The following assumption makes the contextual information conservative:

 The calculation of the likelihood of ‘downwind conditions’ takes into account any area on the 
entire subject site. In practice, construction activities at night are likely to be constrained to a 
small area, reducing the likelihood of downwind conditions occurring.  

Uncertainties of this analysis include:

 What the background noise levels and weather conditions will be in future

 The precise location of construction activity at any given time.

8.4.1 Construction noise during the day period

EPA Publication 1254

During the normal working hours (0700 hrs – 1800 hrs Monday – Friday and 0700 hrs – 1300 hrs 
Saturdays), EPA Publication 1254 does not define noise limits. While there is no limit specified for 
activities that occur within the normal working hours, there must still be control of noise levels. EPA 
Publication 1254 outlines noise control works that would be expected, which are detailed in 
Section 10.3. 

NIRV

While NIRV does not cover noise from construction, the following comparison to NIRV criteria is 
provided to contextualise the predicted noise levels from construction activities. 

The day period recommended level 46 dB Leff. Predicted noise due to construction activities during 
the day period is predicted to be below 46 dB Leff at all noise sensitive receiver locations. 

8.4.2 Construction noise during the evening period

EPA Publication 1254

During the evening period, EPA Publication 1254 recommends that noise from construction does not 
exceed the background noise level by more than 10 dB during the first 18 months of construction, 
and by more than 5 dB after the first 18 months of construction. Construction activities that have 
been modelled would take less than 18 months to complete.

Table 23 contains a comparison between the range of measured background noise levels and the 
predicted noise levels from construction noise. In practice, for formal assessment purposes, relevant 
background noise levels would be determined for individual assessment locations and may therefore 
be different to the range of measured background noise levels provided here for information.  It is 
noted that, while NIRV is not applicable to construction noise, the evening period criteria for 
construction noise is significantly lower than the NIRV recommended levels for operational noise, 
due to the low baseline background noise levels measured near the subject site. The comparisons are 
provided here for information purposes.

The noise predictions are for weather conditions which result in a higher noise level at each receiver 
(i.e. weather conditions that favour the propagation of sound), as discussed in Section 7.9.
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Table 23: Predicted construction noise – evening period

Predicted noise levels Contextual Information

Ref Predicted 
construction 
noise level 
during 
evening 
period, LAeq 
dB 

External 
background
noise level + 
10dB  

(ref Table 12 and 
Table 13)

Comment Percentage of time downwind 
conditions could occur (i.e. from 
source to receiver)

Potential magnitude above EPA 
1254 guidelines when background 
noise level is lower than 10 dB 
below the predicted worst-case 
construction noise levels, and 
wind is blowing in downwind 
direction

R1 39 26 – 48 Likely to be above the EPA Publication 1254 criterion 
when the external background noise level is lower 
than 29 dB LA90 and when the wind equates to a 
downwind direction

59 % Up to 13 dB

R5 33 26 – 48 Likely to be above the EPA Publication 1254 criterion 
when the external background noise level is lower 
than 23 dB LA90 and when the wind equates to a 
downwind direction.

31 % Up to 7 dB

R6 34 26 – 48 Likely to be above the EPA Publication 1254 criterion 
when the external background noise level is lower 
than 24 dB LA90 and when the wind equates to a 
downwind direction. 

31 % Up to 8 dB

R7 33 26 – 48 Likely to be above the EPA Publication 1254 criterion 
when the external background noise level is lower 
than 23 dB LA90 and when the wind equates to a 
downwind direction.

31 % Up to 7 dB

R15 29 26 – 48 Likely to be above the EPA Publication 1254 criterion 
when the external background noise level is lower 
than 19 dB LA90 and when the wind equates to a 
downwind direction.

45 % Up to 3 dB
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Predicted noise levels Contextual Information

Ref Predicted 
construction 
noise level 
during 
evening 
period, LAeq 
dB 

External 
background
noise level + 
10dB  

(ref Table 12 and 
Table 13)

Comment Percentage of time downwind 
conditions could occur (i.e. from 
source to receiver)

Potential magnitude above EPA 
1254 guidelines when background 
noise level is lower than 10 dB 
below the predicted worst-case 
construction noise levels, and 
wind is blowing in downwind 
direction

R16 27 26 – 48 Likely to be above the EPA Publication 1254 criterion 
when the external background noise level is lower 
than 17 dB LA90 and when the wind equates to a 
downwind direction.

45 % Up to 1 dB

R21 35 26 – 48 Likely to be above the EPA Publication 1254 criterion 
when the external background noise level is lower 
than 25 dB LA90 and when the wind equates to a 
downwind direction.

45 % Up to 9 dB

R29 23 26 – 48 Likely to comply with criterion at all times 28 % 0 dB

R30 23 26 – 48 Likely to comply with criterion at all times 42 % 0 dB

R31 24 26 – 48 Likely to comply with criterion at all times 48 % 0 dB

R43 37 26 – 48 Likely to be above the EPA Publication 1254 criterion 
when the external background noise level is lower 
than 27 dB LA90 and when the wind equates to a 
downwind direction.

31 % Up to 11 dB

R44 32 26 – 48 Likely to be above the EPA Publication 1254 criterion 
when the external background noise level is lower 
than 22 dB LA90 and when the wind equates to a 
downwind direction.

45 % Up to 6 dB

R47 24 26 – 48 Likely to comply with criterion at all times 48 % 0 dB
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Comparison of the predicted construction noise levels with the lower end of the measured range of 
background data indicates the following in regard to construction noise in the evening period:

 The EPA Publication 1254 evening criterion is expected to be met at 4 locations 

 Potential to be above the EPA Publication 1254 evening criterion at 9 locations on occasions 
when background noise levels correspond to the lower range of the measured levels. 

In order to address construction noise, recommendations for control and management of noise 
during the construction period are outlined in Section 10.3.

NIRV

While NIRV does not cover noise from construction, the following comparison to NIRV criteria is 
provided to contextualise the predicted noise levels from construction activities.

The evening period recommended level 41 dB Leff. Predicted noise due to construction activities 
during the evening period is predicted to be below 41 dB Leff at all noise sensitive receiver locations. 

8.4.3 Construction noise during the night period

EPA Publication 1254

The night criteria for construction defined by EPA Publication 1254 is significantly more stringent 
than those defined for NIRV for operations during the night period. During the night period, noise is 
required to be inaudible within a habitable room of any residential premises.  

In accordance with EPA Publication 1254, exceptions to the general evening and night requirements 
apply to the following types of work:

Noise from the site needs to comply with the requirements of the schedule, except for:

 Unavoidable works (e.g. Works that cannot practicably meet the schedule requirements 
because the work involves continuous work– such as a concrete pour– or would otherwise 
pose an unacceptable risk to life or property, or risk a major traffic hazard)

 Night period low-noise or managed-impact works approved by the local authority (e.g. 
those that are inherently quiet or unobtrusive, or where the noise impacts are mitigated 
(for example, no impulsive noise and average noise levels over any half hour do not exceed 
the background) through actions specified in a noise management plan supported by 
expert acoustic assessment)

The assessed construction activities are generally unlikely to include any unavoidable works. The 
predicted construction noise levels during the night period broadly correlate to the range of 
measured background noise levels for this project, however it is noted that the measured 
background noise levels have not been undertaken at all noise-sensitive locations and are therefore 
subject to confirmation.

To provide a robust assessment, predicted noise levels from construction at night have also been 
compared to the general inaudibility criterion EPA Publication 1254 recommends for the night 
period. 

During the night period, EPA Publication 1254 recommends that noise from construction is inaudible 
inside a habitable room with windows open. Inaudibility is particularly difficult to quantify given its 
dependence on numerous factors outside the control of the project, such as individual response to 
noise and the presence of other noise sources which can mask noise from the project (e.g. ceiling 
fans or appliances inside a dwelling, local traffic and noise from insects etc outside a dwelling). The 
following discussion provides some context for the predicted levels of construction noise at night.
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As discussed in Section 2.5, the level that construction noise would need to be restricted to in order 
to achieve inaudibility would ultimately be dependent on a range of variables such as the level and 
character of construction noise, the level and character of the background sound and the hearing 
threshold of the individual observing the noise. It is accepted that internal noise levels in 
conventional dwellings with the windows open are generally 10 dB lower than external noise levels. 
The noise level inside habitable rooms at night is affected by noise intrusion from outside (typically 
quiet as shown by measurement data in Table 12 and Table 13) as well as sources of noise from 
inside dwellings e.g. fridges, lights, televisions, fans, air-conditioning etc. Noise levels within nearby 
receiver dwellings have not been documented but MDA has measured noise within dwellings in quiet 
rural environments in the range 15 – 25 dB LAeq. When a formal assessment of construction noise is 
to be made in practice, relevant background noise levels would be determined for individual 
assessment locations according to the methodologies contained in Section 17 of EPA Publication 
1254.

Taking account of the above, if construction work was to occur during the night, an assessment of 
measured construction noise levels would need to be based on determining:

 If construction noise is equivalent to, or lower than, the background noise levels; or

 if construction noise is above the background noise level, whether the absolute level of the 
construction noise outside a noise sensitive location is sufficiently low that the corresponding 
noise inside the dwelling is likely to be inaudible. This will be dependent on a range of factors 
such as the location of the bedrooms at each dwelling, the construction of the dwelling facade 
and whether windows are open or closed. These factors would need to be accounted for by the 
acoustic engineer responsible for conducting the noise testing.

Commentary has been provided in Table 24 to indicate a possible subjective response, however it is 
noted that this is intended as a guide only. The estimated internal construction noise levels that 
would be audible inside dwellings assume that windows at receivers are open, habitable rooms 
during the night period would be facing the direction of construction activity, and weather conditions 
increase noise levels, resulting in the highest noise levels at receivers. Should these assumptions not 
be the case, noise levels are likely to be significantly lower. In addition to comparisons with the 
background noise level, where the estimated internal construction noise level is very low (e.g. 
<12 dB), Table 24 notes that construction noise is likely to be inaudible inside the dwelling. In these 
cases, the estimated internal construction noise level would not be practically measurable, regardless 
of the contribution of external background noise.
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Table 24: Predicted construction noise – inside habitable rooms - night period

Predicted noise levels Contextual information

Ref Predicted 
external 
construction 
noise level 
during night 
period, LAeq 
dB

Estimated 
internal 
construction 
noise level 
during night 
period, LAeq dB 

External 
background 
noise level, LA90 
dB

(ref Table 12 and 
Table 13)

Comment Percentage of time downwind 
conditions could occur (i.e. 
from source to receiver)

Maximum magnitude of level 
above ‘inaudibility’ during 
worst-case operations (dB), 
based on measured baseline 
survey 1. 

(assuming ‘inaudibility’ occurs 
at 13 dB or lower)

R1 33 23 15 - 35 Potential for noise to be audible 
inside 

51 %  Up to 10 dB

R5 27 17 15 - 35 Potential for noise to be audible 
inside 

47 %  Up to 4 dB

R6 24 14 15 - 35 Potential for noise to be audible 
inside 

47 % Up to 1 dB

R7 22 12 15 - 35 Noise is likely to be inaudible inside 
the dwelling 

47 % 0 dB

R15 21 11 15 - 35 Noise is likely to be inaudible inside 
the dwelling 

54 % 0 dB

R16 19 <10 15 - 35 Noise is likely to be inaudible inside 
the dwelling 

54 % 0 dB

R21 33 23 15 - 35 Potential for noise to be audible 
inside 

47 % Up to 10 dB

R29 16 <10 15 - 35 Noise is likely to be inaudible inside 
the dwelling 

23 % 0 dB

R30 17 <10 15 - 35 Noise is likely to be inaudible inside 
the dwelling

36 % 0 dB
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Predicted noise levels Contextual information

Ref Predicted 
external 
construction 
noise level 
during night 
period, LAeq 
dB

Estimated 
internal 
construction 
noise level 
during night 
period, LAeq dB 

External 
background 
noise level, LA90 
dB

(ref Table 12 and 
Table 13)

Comment Percentage of time downwind 
conditions could occur (i.e. 
from source to receiver)

Maximum magnitude of level 
above ‘inaudibility’ during 
worst-case operations (dB), 
based on measured baseline 
survey 1. 

(assuming ‘inaudibility’ occurs 
at 13 dB or lower)

R31 18 <10 15 - 35 Noise is likely to be inaudible inside 
the dwelling

45 % 0 dB

R43 36 26 15 - 35 Potential for noise to be audible 
inside 

47 % Up to 13 dB

R44 28 18 15 - 35 Potential for noise to be audible 
inside 

44 % Up to 5 dB

R47 18 <10 15 - 35 Noise is likely to be inaudible inside 
the dwelling

45 % 0 dB
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As an example; the predicted noise level from construction activities at night at R1 is 33 dB LAeq. Once 
the sound has travelled through an open window, construction noise has been estimated to be 23 dB 
LAeq inside the dwelling at R1. The range of external night-time background noise levels measured for 
the project (which have been assumed to correspond to a similar range as those at R1) are 15-35 dB 
LA90. The predicted noise level is comparable to the range of background noise levels. Therefore, 
there is potential for construction noise to be audible within the dwelling at R1. Noise sources within 
the dwelling could feasibly provide masking of the sound, such as from the television, fridge, fans or 
other continuous noise sources, but the presence of such items is unknown at this stage. 

The data presented in Table 24 indicates the following in regard to construction noise in the night 
period:

 Noise is predicted to be inaudible inside habitable rooms at 7 locations, with windows open

 Noise may be audible inside habitable rooms at 6 locations with windows open, depending on 
the internal ambient level within dwellings.

In summary, noise mitigation measures have been prescribed for the plant undertaking construction 
activities, and those mitigation actions will be specified in a noise management plan supported by 
expert acoustic assessment (see Section 10.7).  Predicted noise levels from construction activities at 
night are broadly similar to the range of background noise levels measured for the project, however, 
it is possible that noise from construction activities may be above the background noise level at some 
dwellings.  Whether that noise level is audible within a dwelling will be dependent on a range of 
factors such as the location of the bedrooms at each dwelling, the construction of the dwelling 
facade and whether windows are open or closed. These factors would need to be accounted for by 
the acoustic engineer responsible for conducting the noise testing, however it is likely under some 
adverse conditions that noise would be audible within some dwellings, albeit at very low levels.

It is recommended that controls are implemented to reduce the likelihood of unreasonable noise 
impact on the affected receiver locations during the evening and night periods. Controls are 
described in Section 10.3.

NIRV

While NIRV does not cover noise from construction, the following comparison to NIRV criteria is 
provided to contextualise the predicted noise levels from construction activities. 

The night period recommended level 36 dB Leff. Predicted noise due to construction activities during 
the night period is predicted to be 36 dB Leff or lower at all noise sensitive receiver locations. 

Contextual information

The following assumptions make the contextual information particularly conservative:

 Inaudibility inside a dwelling has been defined as having a level of 13 dB or lower. Most 
conventional sound measurement instrumentation cannot reliably measure sound pressure 
levels lower than approximately 15 dB. 

 The analysis of whether construction noise would be audible or not within dwellings does not 
take into account any masking effects from noise sources commonly found in the home during 
the night period, such as refrigerators, fans, heating/air-conditioning, other appliances or 
ambient noise from outside). 

 The calculation of the likelihood of ‘downwind conditions’ takes into account any area on the 
entire subject site. In practice, construction activities at night are likely to be constrained to a 
small area, reducing the likelihood of downwind conditions occurring. 
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 It is assumed that sleeping areas would be on the side of the dwelling closest to construction 
activity, and that a window would be fully open in the sleeping area during the night. Should 
windows be closed, and/or sleeping areas located on more sheltered sides of dwellings, then 
predicted internal noise levels would be significantly lower.

Uncertainties of this analysis include:

 What the background noise levels and weather conditions will be in future

 The precise location of construction activity at any given time

 Typical noise levels inside dwellings (without influence from the Project)

 Dwelling layouts, and whether windows would be open or closed.

8.5 Prevailing meteorological conditions near the Project site

Examination of weather data collected by Kalbar indicate that the prevailing winds in the vicinity of 
the Project Area tend south to southwest. In the context of the predicted results, this would indicate 
that dwellings located to the north and north-east of the site would be more likely to experience 
meteorological conditions that favour noise propagation from the site, while dwellings to the south 
and south-west of the site would be more likely to experience meteorological conditions that do not 
favour noise propagation from the site.

Nevertheless, the acoustic assessment provides an indication of noise levels under worst-case 
meteorological conditions for all receivers. 
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8.6 Discussion of predicted noise levels within the context of existing ambient noise

Measurements documented in Section 6.1 indicate that the existing noise environment is generally 
subjectively quiet. The recommended levels prescribed by NIRV already take into account that 
background noise levels in regional Victoria tend to be lower than in metropolitan areas. The criteria 
also take into account the zoning of the receiver land (Farming Zone 1), which is also associated with 
lower noise levels compared to other types of zoning (for example, Business or Industrial Zoning 
types).

For some noise-sensitive receivers, Project-related noise is likely to be audible at dwelling locations at 
some times. It is difficult to be more specific about which times due to external influences such as 
extraneous noise and weather conditions that would influence audibility of Project-related noise at 
receiver locations. While the noise model presents a ‘worst-case’ predicted noise level, in practice 
the perceived level of Project-related noise at noise-sensitive areas will vary with operational 
considerations, meteorological conditions, ambient noise and individual sensitivities. It is therefore 
considered that the predicted noise levels represent the upper range of noise that is likely to be 
produced by activities at various stages of the Project. 

Noise levels during the night are predicted to be lower than noise during the day and evening 
periods. 

For context, it is It is generally accepted that external noise travelling through an open window 
reduces in level by approximately 10 dB. During the night at the worst-affected location, under 
typical worst-case weather conditions that favour the propagation of noise, the highest internal noise 
level due to operations would be approximately 26 dB inside dwellings, if a bedroom were positioned 
such that it was facing operations. This level of noise would tend to be masked by sound from a 
television or radio inside a dwelling. Conversely, a level of 26 dB inside a bedroom at night may be 
audible if there are no other key sources of noise inside the dwelling. At other locations where the 
predicted external level is 18 dB Leff, the corresponding internal level through an open window would 
be approximately 8 dB Leff, which would be very difficult to perceive. 

8.7 Sleep disturbance

High-level, short duration noise events have the potential to cause wakening reactions for sleeping 
people. Unlike the average noise level predictions presented so far in this report (specifically, 
‘effective noise levels’ in accordance with NIRV), consideration has also been given to short term 
maximum noise levels in order to assess the potential for sleep disturbance for this project.

Maximum noise levels are not provided in AS 2436 or manufacturer data. The limited information 
available in BS 5228 and the MDA database typically indicates maximum noise levels 5 – 15 dB higher 
than average levels, for the items of plant scheduled to operate during the night period. Applying this 
difference to the average levels predicted at externally assessable locations indicates that site noise 
levels are expected to be well below the 60 – 65dB LAmax sleep disturbance criterion referred to in 
Appendix D2. As such, the proposal achieves the sleep disturbance criterion, indicating that the 
potential for sleep disturbance is low for activities that occur inside the project boundary. 

Sleep disturbance from off-site noise sources associated with the project such as truck traffic on local 
roads is discussed further in Section 11.2.9.
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9.0 PREDICTED VIBRATION LEVELS

The level of vibration as a result of operation of the project site depends on a number of 
considerations, including:

 the distance between the site and the receiver location

 the nature of neighbouring buildings and the activity or use within

 the nature and magnitude of the vibration (e.g. intermittent or continuous, or with low-
frequency components)

 the number of items of major plant and equipment being utilised simultaneously on the site and 
their cumulative impact

 the propagation of the vibration through the ground, which is dependent on geo-technical 
properties.

During construction, operation and rehabilitation phases of the Project, there are not proposed to be 
any activities that might typically generate significant ground vibration, such as piling or blasting. 

Activities at the site with the potential to generate ground vibration during the operational phases 
include heavy machinery use (including compactors, loaders and bulldozers), and operation of the 
WCP. Heavy machinery use (including compactors and bulldozers) will also be used during the 
construction phase.

The document RTA Environmental Noise Management Manual, produced by the NSW Roads and 
Traffic Authority, dated 2001 (superseded), contains typical vibration levels of the type of plant items 
proposed for construction and operational phases of the Project. The typical vibration levels are 
provided in Table 25 for reference.

Table 25: Typical vibration levels of plant items, PPV at 10 m, mm/s

Item PPV at 10 m

Loader 6 – 8

Compactor 5 – 7

Dozer 2.5 - 4

As presented in Table 11, the nearest dwelling proximate to the Project is located 145 m from the 
Project Boundary. There are 11 identified dwellings within 1 km of the Project boundary, and other 
dwellings further afield. 

The typical vibration levels for a compactor shown in Table 25 have been calculated at a distance of 
100 m using the vibration propagation algorithms defined for dynamic compaction in British 
Standard BS 5228-2:2009 Code of Practice for noise and vibration control on construction and open 
sites – Part 2: Vibration (BS5228-2). The propagation algorithm is valid only to a distance of 100 m. 
The results are contained in Table 26. 

Table 26: Typical vibration levels of plant items, PPV at 10 m, mm/s

Item PPV at 10 m PPV at 100 m

Compactor 5 – 7 0.14
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The predicted PPV vibration levels from heavy machinery such as compactors is predicted by the 
methodology in BS 5228-2 to be approximately 0.14 mm/s at a distance of 100 m from the plant 
operation. These levels are well below the recommended long-term regulatory goal value of 2 mm/s 
PPV stated in the ANZEC guideline, which is the most stringent peak vibration criteria. At noise-
sensitive receivers located further from plant operations (i.e. at 145 m and beyond), vibration levels 
from heavy machinery are predicted to be lower than shown in Table 25. 
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10.0 AVOIDANCE, MITIGATION AND MANAGEMENT MEASURES

The noise assessment indicates that noise mitigation measures will need to be incorporated to allow 
the recommended levels to be achieved. The purpose of this assessment is not to prescribe specific 
measures that will become embedded in the work plan, but rather describe the types and scales of 
noise mitigation measures that could feasibly allow the recommended levels to be achieved for the 
scenarios considered herein.  

This section primarily relates to the management of noise from on-site operations. Measures and 
considerations relating to the noise of off-site truck movements are dealt with in subsequent sections 
of this report. 

10.1 Noise mitigation strategies – All Operations

The following noise mitigation strategies will be required for the whole duration of the project.

10.1.1 Provision of broadband reversing alarms

All mobile plant items must be fitted with broadband reversing signals to avoid generating tonal 
characteristics associated with traditional reversing beepers at nearby receivers. 

Third-party trucks should be provided with routes that do not involve reversing, if control over their 
reversing alarms is limited.

10.1.2 Direct treatment – plant noise-reduction kits

Specific items of plant must be fitted with noise-reduction kits where local screening is not feasible to 
provide noise mitigation. 

Suitable noise-reduction kits have been identified for specific items of plant in consultation with 
industry specialists (Hushpak and Minetek) and Kalbar. Table 27 lists the specific items of plant that 
require noise-reduction kits, the level of reduction required, and a description of the kind of 
treatment available that would achieve the required reduction.

Plant noise-reduction kits would be required for both construction and operational activities. 
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Table 27: Plant-based noise mitigation

Plant item Maximum operating 
sound power level

Approximate noise 
reduction from non-
mitigated level

Example product

Scraper 111 dB Lw
1 -6 dB Noise-reduction kit would likely include:

Replacement muffler systems, cooling 
fans and addition of attenuated doors on 
the scraper engine bay

Dozer – D9 105 dB Lw -5 dB

Dozer – D10 106 dB Lw -5 dB

Noise-reduction kit would likely include:

Air intake and exhaust silencers fitted to 
each unit

Haul Truck 
CAT 785 

114 dB Lw -6 dB Noise-reduction kit would likely include:

Replacement muffler systems

Haul Truck 
Komatsu 785

114 dB Lw -6 dB Noise-reduction kit would likely include:

Replacement muffler systems

Excavator – 
CAT 
6030/PC1250

112 dB Lw -5 dB Noise-reduction kit would likely include:

Replacement muffler systems, air intake 
and exhaust silencers fitted to each unit

1 Lw refers to the total sound power radiated by a sound source. Refer to Glossary for acoustic terms. 

10.1.3 Cladding or screening of Wet Concentrator Plant (WCP)

Based on limited available information relating to the overall sound level of the WCP, some degree of 
noise control is likely to be required of the WCP to allow compliance with the NIRV recommended 
levels. 

The WCP is a structure with a footprint of approximately 40 m long and 20 m wide, with a height of 
approximately 20 m. The structure contains multiple noise sources including screening plant, spirals 
and pumps. Most noise-producing equipment is located at the base of the WCP, to a height of 
approximately 5 m above ground. A schematic illustration of the plant is provided in Figure 11.
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Figure 11: Wet Concentrator Plant

Based on the current WCP information, the noise model indicates that compliance with NIRV would 
be achieved providing that noise from the WCP does not exceed the following maximum levels 
stated in Table 28. 

Table 28: Highest allowable noise levels from WCP only

Noise level LAeq dB Distance from WCP Direction Height above ground

50 20 m East/south of WCP 1.5 m

54 20 m East/south of WCP 10 m

65 20 m East/south of WCP 20 m

All values stated in Table 28 would be required to be met. 

The suitability of the final design configuration and specification for the WCP would ultimately need 
to be verified by noise modelling conducted at the detailed design phase prior to construction.

Based on the below operational requirements and available details from the WCP preliminary design, 
this could be achieved with cladding as discussed below. 

The WCP requires access to equipment and ventilation by service-people and trucks. As such, it 
cannot be housed completely within an enclosure. However, consultation with WCP engineers has 
resulted in a design where the structure is partially clad. 

Cladding will be focussed to the sides of the WCP closest to noise-sensitive areas. Figure 12 shows a 
plan view of the required cladding.

18 m high 
cladding

9 m high 
cladding
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Figure 12: Cladding arrangement for WCP – plan view

The WCP cladding would comprise 0.6 mm thick sheet steel (e.g. Colorbond) with a lining of 75 mm 
thick, 32 kg/m2 glasswool insulation (e.g. Bradford Supertel). The cladding is expected to provide a 
sound insulation rating of Rw 21 (or Rw + Ctr 19). 

10.2 Noise mitigation strategies for specific times

10.2.1 Scheduling of activities 

The noise model indicates that in Year 1, for the plant locations and topography considered in the 
model scenario, noisier activities such as overburden haulage will need to be restricted to the day 
and evening periods to achieve quieter noise levels during the night. 

As the Year 1 mining progresses or moves into a new location with respect to natural or 
reconstructed topography, noise modelling will be used to assess compliance with NIRV at sensitive 
receptors for each of the day/evening and night periods. Where noise modelling indicates non-
compliance, additional mitigation or restriction of overburden operations will be employed to 
achieve compliance with NIRV.

The noise model demonstrates that the noise of overburden haulage can be accommodated within 
the NIRV recommended levels for the night period in other peak years such as Year 5, Year 8 and 
Year 12 as long as additional screening is incorporated as described in Section 10.2.2. 

A schedule of plant operations is provided in Appendix G3 which details when particular items of 
equipment would be operating, including restricted overburden haulage as discussed above.

10.2.2 Screening measures – Earth bunds

Earth bunds have been designed to screen noise from specific activities or operations. Earth bunds 
have been taken into account in the noise model results presented in Section 8.0. Table 29 details the 
location and height of proposed earth bunds for the modelled scenarios. 

Bunds will be constructed with earth-moving equipment prior to the noise-producing activities for 
which they are intended to screen. In accordance with NIRV, the noise produced from the 
construction of earth bunds is exempt from the day period recommended levels. 
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Table 29: Location and height of earth bunds 

Year Location Height* Activities screened

Noise bunds that will be demolished and reconstructed as operations move around the site

1 Tailings 
location 
close to 
MUP 1

6 m Dozer and Compactor working at height. The bund would need to block 
line-of-sight to receiver location R4. This bund would be required prior 
to operations at MUP 1 (Year 1). 

1 Within pit 
of MUP 1

10 m Scrapers working within the pit area near MUP 1. The bund would need 
to block line-of-sight to receivers to the east. This bund would need to 
be moved progressively as MUP 1 moves to maintain effectiveness.

1 Overburden 
haul route

3 m The haul route for Overburden haulage will be dug 3 m into existing 
terrain to provide screening to the mobile plant and truck movements 
along the route. The haul route bunds would need to be moved 
progressively when new haul routes are constructed to maintain 
effectiveness. 

5 Overburden 
haul route 
x2

3 m The haul route for Overburden haulage would be dug 3 m into existing 
terrain to provide screening to the mobile plant and truck movements 
along the route. The haul route bunds would need to be moved 
progressively when new haul routes are constructed to maintain 
effectiveness.

8 East 
Overburden 
haul route

10 m The haul route between Overburden excavation and the MUP East pit 
would require screening 10 m in height to the north of the haul route. 
This would screen noise from overburden operations to nearby 
dwellings to the north-east (i.e. R7, R15, R16)

8 Overburden 
haul route 
x2

3 m The haul route for Overburden haulage would be dug 3 m into existing 
terrain to provide screening to the mobile plant and truck movements 
along the route. The haul route bunds would need to be moved 
progressively when new haul routes are constructed to maintain 
effectiveness.

8 West 
Overburden 
haul route

10 m In addition to the haul route being dug into the existing terrain by 3 m 
as described above, the haul route would require screening 7 m in 
height, providing a total screening height of 10 m.

12 West 
overburden 
haul route

10 - 12 m The haul route between Overburden excavation and the MUP West pit 
would require screening 10 - 12 m in height to both sides of the haul 
route. This will screen noise from overburden operations to nearby 
dwellings to the south-east (i.e. R1)

East 
overburden 
haul route

5 m The haul route between Overburden excavation and the MUP East pit 
would require screening 5 m in height to the both sides of the haul 
route. This will screen noise from overburden operations to the nearest 
dwellings to the south-east (i.e. R1)

Fixed earth bunds that will remain in place for the duration of the project

All B-Double 
route

3 m Two sections of noise screening 700 m and 850 m in length and 3 m in 
height would be required along the southern side of the B-Double 
haulage route to screen nearby dwellings from activities. This screening 
may take the form of an earth bund or noise barrier and is only required 
to be in place after activities begin moving southwards from Year 1.
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Year Location Height* Activities screened

All Loading 
area at 
WCP

3 m Loading of trucks by Front End Loader at the WCP must take place 
behind a screen of 3 m high. This screening may take the form of an 
earth bund or noise barrier and would only required to be in place after 
activities begin moving southwards from Year 1.

* The nominated height of the noise bund is proportionately related to the height of the noise source it is screening. 
Reduction in height of the noise source (for example, by way of excavation) may allow the noise bund to remain effective 
at a lower height. 

Figures provided in Appendix G3 show the location of the earth bunds, with reference to Table 29. 

Noise bunds are most effective when they block the line of sight between a noise source and 
receiver. Generally, when these conditions are met, a bund may be expected to provide between 
5 - 10 dB of attenuation of sound from the source that is screened. As mining activities move around 
the site, screening by way of earth bunds will need to be reviewed to determine the requirement for 
screening, and the location and height of suitable bunds or screens. As the modelled scenarios 
present a ‘worst-case’ location for mining operations, it is considered that the requirement for 
screening would decrease as operations move southwards, however the noise model demonstrates 
that local screening using earth bunds is a feasible mitigation measure that can be designed and 
constructed to control noise efficiently.  In lieu of earth bunds, other forms of screening such as noise 
barriers would also be suitable from an acoustic perspective as long as the height and length 
requirements are met. 

There are a number of options available for use as noise barriers. Any solid material with a surface 
density of at least 12 kg/m2 will provide sufficient noise reduction to perform adequately as a noise 
barrier. Above this surface density threshold, the barrier performance is limited by sound flanking 
over and around the barrier, rather than sound passing through it. 

It is critical that the barrier is well sealed and free from any holes or gaps. In particular, there must be 
no gap at the base of the barrier. It is recommended that the base of the barrier is buried to a depth 
of 10-20 cm. 
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10.2.3 Screening measures – portable screens

There will be approximately twenty-eight (28) 0.5-1 MVA type transformers with booster pumps 
used to pump slurry from MUPs to the WCP throughout the project operation. These units will be 
situated on a skid as they will be relocated frequently (i.e. fortnightly or monthly). 

Figure 13 shows the proposed transformer and pump arrangement.

Figure 13: Isometric view of field transformer/booster pump combination

It is estimated that the transformer and field booster pump would have a sound power level of 
approximately 92 dB LWA. 

Where these units are located within 800 m of any dwelling, it is recommended that temporary 
deployable acoustic barriers are used to surround the plant. Proprietary products such as Echobarrier 
or FlexSheild barriers would be appropriate for this application as long as the height of the 
deployable acoustic barriers exceeds the height of the pump by at least 0.5 m. The barrier system 
should incorporate an acoustically-absorptive finish to minimise reflected noise paths that could 
undermine the performance of the screening. 

Any gaps at the base of temporary screening structures must be minimised as far as practical. A layer 
of mass-loaded vinyl can be used as a skirt at the base of the screening structure to eliminate gaps.
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10.2.4 Resident consultation

Consultation with affected residents located in the vicinity of the site should be undertaken during 
the course of the Project to discuss alternative noise control measures depending on each individual 
situation (e.g. acoustic treatment for dwellings, temporary relocation). 

Some international standards and guidelines outline trigger levels where dwelling sound insulation or 
the relocation of affected residents should be considered as a mitigation options. These are generally 
intended for projects which are likely to result in extremely high noise levels at a dwelling for a 
specific period of time, or for which all other avenues of mitigation have been exhausted. 

The following discussion is not intended to present dwelling sound insulation or relocation of 
residents as a preferable mitigation option for the Project, but rather, to provide some context about 
the guidance for these types of mitigation in other jurisdictions. 

It is noted that there are no specific relocation criteria applicable in Victoria, and review of 
international standards and guidelines suggests noise levels that might trigger relocation of residents 
are generally much higher than those predicted in this assessment.  

Guidelines and international standards reviewed for the purpose of this study include:

 British Standard BS 5228-1:2009 Code of Practice for noise and vibration control on construction 
and open sites – Part 1: Noise

 Australian Standard AS 2436-2010 Guide to noise and vibration control on construction 
demolition and maintenance sites

 Regional Rail Link Authority Noise Management Plan Rev 0 (dated 13 April 2012) (RRL NMP).

BS 5228-1:2009 outlines example trigger levels and time periods that would determine the eligibility 
for noise insulation or rehousing. 

AS 2436-2010 provides examples of when relocation may be appropriate but does not prescribe 
trigger levels.  

Practices that will mitigate the impacts of noise include: […]

d) Providing access to temporary relocation for noise-affected occupants for short periods, 
for example, when high noise levels from construction occur at night and there are no 
feasible ways of reducing noise levels.

In general, the RRL NMP provides a respite offer as a form of mitigation for noise levels greater than 
30 dB above background during the evening period. Relocation is considered as a last resort 
contingency plan however no trigger levels are offered for eligibility for relocation.
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10.3 Noise mitigation strategies – Construction

EPA Publication 1254 outlines the following noise control works that would apply to large projects 
with nearby sensitive uses, as is applicable for this project. It is recommended the following measures 
are included in the Noise Management Plan for the project:

Community Consultation and Work Scheduling

 Inform potentially noise-affected neighbours about the nature of construction stages and noise 
reduction measures

 Give notice as early as possible for periods of noisier works such as excavation (specific 
timeframes would be developed as part of the environmental management plan). Describe the 
activities and how long they are expected to take. Keep affected neighbours informed of 
progress.

 Appoint a principal contact person for community queries

 Provide 24-hour contact details through letters and site signage. Record complaints and follow a 
complaint response procedure suitable to the scale of the works.

 Within normal working hours, where it is reasonable to do so;

o Schedule noisy activities for less sensitive times

o Provide periods of respite from noisier works.

 The weekend/evening work hours are important for community rest and recreation and provide 
respite when noisy work has been conducted throughout the week. Accordingly, work should not 
usually be scheduled during these times. 

Work Requirements

 Fit noise-reduction kits on all equipment as per the designations in Section 10.1.2

 Fit all pneumatic tools operated near a residential area with an effective silencer on the air 
exhaust port

 Install less noisy movement/reversing warning systems for equipment and vehicles that will 
operate for extended periods, during sensitive times or in close proximity to sensitive sites. 
Occupational Health and Safety requirements for use of warning systems must be followed. 

 Turn off plant when not being used

 All vehicular movements to and from the site to only occur during the scheduled normal working 
hours, unless approval has been granted by the relevant authority

 Where possible, no truck associated with the work should be left standing with its engine 
operating when close to residential areas

 Special assessment of vibration risks may be needed, such as for pile-driving 

 Noise from the site needs to comply with the requirements of the schedule, except for:

o Unavoidable works

o Night period low-noise or managed-impact works approved by the local authority.
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10.4 Introduction to Best Practice

Section 4 of EPA Publication 1412 SEPP N-1 and NIRV explanatory notes states the following:

People vary widely in their sensitivity to noise and some will be strongly impacted at low levels.  
Accordingly, industry premises should employ best practice measures to minimise noise.

Best practice means the most practical and efficient combination of techniques, methods, processes 
or technology used in an industry sector or activity that demonstrably minimises the environmental 
impact of that industry sector or activity. Similarly, AS 2436-2010 recommends best practice 
measures for vibration control as well as noise control. Both are addressed in the sections below. 

The following best practice measures apply independently of the Project’s obligations to achieve the 
target noise criteria. After identifying noise sources, routine noise controls should be applied where 
these have a demonstrable reduction in noise impacting sensitive areas.  All practical noise 
management measures should be applied, including time restrictions, management of activities and 
using lower-noise movement alarm systems (for example, broadband reversing alarms).

10.5 Best practice noise mitigation strategies for the Project

Priority for noise control has been given to noise sources or work methods that produce high levels 
of noise, work at elevated or unshielded locations, or work at locations close to nearby residential 
locations.  

In addition to the noise mitigation strategies developed to enable compliance with the 
recommended levels, best practice measures that have been incorporated into the Project include: 

 Managerial processes such as ‘push-back’ mining operations (i.e. optimising the direction of pit 
excavation so that the terrain provides the maximum natural attenuation of equipment working 
within each mining area)

 Regular reinforcement (such as at toolbox talks) of the need to minimise noise

 Regular maintenance of equipment to manufacturer standards

 Investigation of available mitigation packages, noise-control techniques, methods, processes or 
technology for mobile and fixed plant

 Selection of quietest available plant

 Management of noise levels within the community. 

10.6 Best practice vibration mitigation strategies for the Project

While it is anticipated that vibration from Project operations is likely to comply with the most 
stringent human perception criteria, the following measures constitute best practice for minimisation 
of vibration impacts:

 Regular reinforcement (such as at toolbox talks) of the need to minimise vibration

 Minimising the movement of materials and plant and unnecessary metal-on-metal contact

 Minimising large mobile plant movements wherever possible.
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10.7 Work Plan/Noise Management Plan

A work plan and/or specific noise management plan would be developed at the detailed design stage 
of the project, prior to operations commencing. The details of the work plan are not confirmed at this 
stage, but would likely include the following information:

 Statement of applicable noise criteria

 Relevant noise legislation and guidelines applicable to the project

 Project noise criteria

 Relevant variations in accordance with NIRV

 An outline of the key noise management roles and responsibilities within the project

 A description of all noise sources associated with the project, including hours of operation and 
equipment noise levels, for construction and operational phases

 Noise model results, and indication of key noise impact periods. Given that the project would 
likely operate over some decades, key impact periods are likely to be limited to the initial 10 – 15 
year project horizon.

 All required noise mitigation that has been recommended to allow the project to operate within 
the constraints of NIRV-compliance (including physical controls, managerial controls and 
communication with local residents, which may include provision of contact information and 
maps showing Council boundaries, as per the example provided in Appendix L), as well as the 
mitigation measures required for the construction phase

 Best-practice measures that apply irrespective of NIRV compliance.

 An appropriate noise monitoring program that must be implemented in order to confirm that 
compliance with the noise criteria is maintained. It is suggested that noise monitoring take place 
prior to operation to confirm noise levels from plant, as well as at defined intervals subsequent to 
the initial monitoring period. The noise monitoring program will enable adaptive management of 
noise levels for the project, where any identified exceedances will inform the required control 
strategy.  

 A noise monitoring methodology, which defines suitable measurement locations (likely to include 
derived points as noise measured closer to the source is more reliable than noise measured at 
significant distances from operations); measurement requirements; applicable adjustments to 
account for noise character (e.g. duration, tonality, intermittency and reflection, according to the 
processes outlined in SEPP N-1 which are adopted in NIRV) and record keeping. 

 Process for identifying non-compliances

 A description of appropriate corrective actions, should a non-compliance be identified. These 
may include:

o Handling of noise complaints

o Identifying and initiating remedial measures to maintain compliance

o Monitoring the success of remedial measures

 Reporting.
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10.8 Mitigation risk assessment

MDA has undertaken a risk assessment of the proposed mitigation measures, to provide an 
understanding about how mitigation will be managed in practice. The mitigation risk assessment is 
detailed in Table 30. 

Table 30: Mitigation risk assessment

Mitigation measure Risk to effectiveness Likelihood of risk 
eventuating

Contingency

Provision of broad-
band reversing alarms

Not fitted Possible Tonal reversing alarms would incur a 
tonality penalty in the event of 
compliance testing, encouraging 
installation

Alarms do not work Possible Safety checks as well as commissioning 
noise tests would be undertaken to 
check effectiveness of broadband 
reversing alarms

Scheduling of 
activities

Managerial controls 
not adhered to as 
required

Possible Commissioning noise tests undertaken 
at regular intervals to check managerial 
controls are maintained

Screening – Earth 
Bunds

Earth bunds not 
constructed

Possible Commissioning noise tests undertaken 
at regular intervals and prior to work 
starting will include checks that bunds 
are constructed to the correct 
specifications.

Bunds not constructed 
in correct location, or 
to sufficient height

Possible See above

Plant noise reduction 
kits

Kits do not perform as 
indicated

Unlikely Acoustic performance of kits is 
determined by the manufacturer and is 
based on prior performance of kits 
fitted to similar equipment items. The 
manufacturer would be contractually 
obliged to provide products that 
perform as intended.

Cladding or screening 
of WCP

Cladding not installed 
appropriately

Possible Specifications for the installation of 
appropriate cladding is provided in this 
report. Commissioning noise tests 
undertaken prior to operation of the 
site would include inspection that 
cladding has been installed as required.

Resident consultation Resident consultation 
not undertaken

Possible A Responsible Authority such as the 
EPA or Council may request records or 
evidence that resident consultation has 
taken place

http://www.marshallday.com/


Rp 001 R12 20170182 Fingerboards Mineral Sands EES_Noise and Vibration report 78

11.0 TRANSPORT ROUTE OPTIONS ASSESSMENT

While activities undertaken on the Fingerboards site have been assessed, consideration has also 
been given to activities associated with the transportation of ore material. 

An assessment of noise from a new rail loading facility located south of the subject site is presented 
in Section 11.1. This is the preferred option for rail transport following the upgrade of the Avon River 
rail bridge at Stratford, which is scheduled to be completed in 2021. This option is referred to as 
Transportation Option A in Section 11.1.

Section 11.2 provides information about the alternate truck haulage route to existing infrastructure 
at the Port Anthony or Barry Beach Marine terminal and the Maryvale and Fennings Yard rail sidings 
(i.e. the existing Bairnsdale rail siding). This option is referred to as Transportation Option B.

Noise from loading activities at existing infrastructure terminals at Port Anthony/Barry Beach and the 
Maryvale rail siding has not been considered in detail in this study because loading operations 
already occur at these locations, and it is not expected that the operations relating to the 
Fingerboards project would cause significant increase to the existing noise emissions from the sites.

The number of dwellings along the proposed transportation haul routes to the Port Anthony or Barry 
Beach Marine terminal and the Maryvale rail sidings have been reviewed in Section 11.2.4. Should 
the transportation option to the Fennings Yard (Bairnsdale) rail siding be elevated as the preferred 
transportation option, consideration of the number of dwellings along that route, and consideration 
of noise from the rail siding would also be provided. However, preliminary calculations suggest that 
noise from the Fennings Yard rail siding could be effectively managed by appropriate physical and/or 
managerial mitigation controls.

There is no guideline or legislation that stipulates a methodology for predicting or assessing noise 
from off-site traffic movements in Victoria. This report refers to available guidance from NSW policy, 
and considers short-term maximum noise levels in relation to the noise of off-site traffic movements 
to qualitatively and quantitatively describe potential noise from off-site activities given the available 
data. 

11.1 Transport Option A – Transportation via new infrastructure

The Victorian Government has commenced construction for a new rail bridge over the Avon River at 
Stratford. The bridge upgrade is proposed to be completed in 2021. Once the bridge upgrade is 
completed, a new purpose-built rail siding located closer to the project area would be the preferred 
option for HMC transportation. Figure 14 shows a conceptual layout for this railway siding option.
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Figure 14: Proposed rail siding transport options

 

Proposed rail siding
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11.1.1 Number of dwellings located close to haul route 

There are no dwellings that are accessed from the proposed truck haul route between the subject 
site and the proposed rail siding. The closest receiver to the existing road to the proposed route is R1 
as indicated in Figure 15. 

The closest dwellings to the haul route and rail siding would be most exposed to noise from project-
related activities in these areas. The closest dwellings to the proposed rail siding are as follows:

 East-northeast: Receiver R52 at approximately 780 m

 Southwest: Receiver R60 at approximately 950 m.

These and other dwellings in the area are shown in Figure 15. 

Figure 15: Closest dwellings to proposed rail siding

 

Project site
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11.1.2 Proposed operations

Trucking to the project rail siding would require approximately 40 trips from the mine site to the rail 
siding each day, and the same number of trips back along a designated sealed haulage road within 
the infrastructure corridor. All concentrate would be containerised at the loading facility and stored 
at the rail siding. 

At the rail siding, one reach-stacker or loader would unload containers from trucks and move them to 
a storage area within the rail siding footprint. When trains would arrive at the rail siding, the reach-
stacker or loader would load containers directly onto the train carriages for dispatch. Calculation of 
noise levels

As the proposed haul route would be a dedicated road within the infrastructure corridor, it is 
considered to be part of the project site, though it runs parallel to an existing road (Chettles Lane). As 
such, noise created by trucks travelling on the haul route, as well as plant and activity that would 
occur at the proposed rail siding, has been predicted according to the SEPP N-1/NIRV methodology in 
the same manner that other sources from the project site have been predicted (details of the 
calculation methodology are provided in Section 7.0). 

Noise sources associated with this transport option include:

 B-Double trucks

 Reach-stacker or similar loader to load containers from trucks onto train cars

 Trains travelling on land within the Project site.

It is predicted that 4 to 5 trains would arrive to be loaded on a weekly basis. At this stage loading of 
the train would take place during the day and evening periods only, and B-double haulage to the rail 
siding would also take place during the day and evening periods only. The train may travel during the 
night period.

As such, the following scenario has been considered as a ‘worst-case’ 30-minute assessment period 
for the day and evening period:

 B-Double trucks travel along the haul route at the proposed schedule

 Reach-stacker operating continuously; 50 % of the time loading containers and 50 % of the time 
driving

 One train would access the siding, assuming the train travels at 10 km/h on the rail siding, and 
takes approximately 6 minutes to travel the length of the rail siding track.

The following scenario has been considered as a ‘worst-case’ 30-minute assessment period for the 
night period:

 One train would access the siding, assuming the train travels at 10 km/h on the rail siding, and 
takes approximately 6 minutes to travel the length of the rail siding track.

Loading of the train would take approximately 6-8 hours in total. Noise levels from operation of the 
reach stacker (either loading or driving) is comparable to noise from the train movement. On this 
basis, the day/evening period scenario is considered to represent higher noise levels than would be 
produced from continual operation of the reach stacker only, after train movement ceased. 

Noise from B-Double trucks using the haul route and plant and activity at the rail siding has been 
assessed cumulatively with other site operations against the NIRV recommended levels at nearby 
residential receivers. 
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11.1.3 Predicted noise levels from B-Double trucks and new rail siding operation – day and evening 
period

Table 31 contains the predicted noise levels from the worst-case day and evening period scenario 
described above.  The receivers in this table are those presented in the operational noise assessment 
detailed Section 8.0, together with those nearest to the proposed rail siding. 

Table 31: Predicted noise levels from internal transportation route, including proposed rail siding, day and 
evening period Leff dB

Ref Predicted noise level from 
B-Double route to rail 
siding

Predicted noise level from rail 
siding operations

Total predicted noise level 
from rail siding and 
transportation route

R1 36 17 36

R5 14 11 16

R6 12 11 14

R7 13 13 16

R15 13 15 17

R16 12 14 16

R21 10 8 12

R29 10 13 12

R30 15 20 20

R31 23 24 24

R43 9 7 11

R44 15 14 18

R47 18 21 23

Additional receivers nearest to the rail siding

R23 21 34 34

R45 25 19 26

R52 18 37 37

R53 18 36 36

R58 21 28 29

R60 25 37 37

Note: Green highlighted text indicates noise level lower than the night NIRV recommended level.

The results contained in Table 31 indicate that the predicted noise levels from the proposed internal 
transportation route will comply with the NIRV day/evening criteria at all locations. 

Table 32 contains the predicted noise levels from the worst-case night period scenario described 
above.  The receivers in this table are those presented in the operational noise assessment detailed 
Section 8.0, together with those nearest to the proposed rail siding. 
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Table 32: Predicted noise levels from internal transportation route, including proposed rail siding, night 
period Leff dB

Ref Predicted noise level from train arriving or leaving at night

R1 13 dB

R5 <10 dB 

R6 <10 dB 

R7 10 dB 

R15 12 dB 

R16 11 dB 

R21 <10 dB 

R29 12 dB 

R30 17 dB 

R31 22 dB

R43 <10 dB 

R44 11 dB 

R47 18 dB

R23 30 dB

R45 16 dB 

R52 35 dB

R53 34 dB

R58 25 dB

R60 34 dB

Note: Green highlighted text indicates noise level lower than the night NIRV recommended level.

The results contained in Table 32 indicate that the predicted noise levels from the proposed internal 
transportation route will comply with the NIRV night criteria at all locations. 

Noise from the internal transportation route is required to be considered cumulatively with other site 
operations in accordance with NIRV methodology. The predicted noise levels shown in Table 31 and 
Table 32 have been logarithmically added to the predicted noise levels for various project year 
scenarios contained in Table 20 and Table 21.

The cumulative results are presented in Table 33 and Table 34.
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Table 33: Predicted noise levels – Day/evening period, internal transportation route + all operations Leff dB

Ref Yr 01 Yr 05 Yr 08 Yr 12 

R1 39 39 39 39

R5 38 36 36 30

R6 35 33 33 29

R7 32 34 36 31

R15 29 33 35 31

R16 27 30 33 29

R21 39 34 28 29

R29 24 26 29 26

R30 25 27 31 30

R31 29 30 32 32

R43 35 34 26 31

R44 30 30 29 33

R47 26 29 32 32

Additional receivers nearest to the rail siding

R23 34 34 34 34

R45 31 32 33 33

R52 37 37 37 37

R53 36 36 36 36

R58 30 30 30 30

R60 37 37 37 37

Note: Green highlighted text indicates noise level lower than the day/evening NIRV recommended level.

Noise contour maps demonstrating the spread of noise around the site and surrounds for all 
modelled scenarios with transportation option A (as per the results provided in Table 33) are 
provided in Appendix H.
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Table 34: Predicted noise levels – Night period, internal transportation route + all operations Leff dB

Ref Year 1 Year 5 Year 8 Year 12 

R1 33 35 32 35

R5 33 29 30 28

R6 30 30 29 28

R7 26 30 31 27

R15 25 31 33 26

R16 23 28 33 27

R21 36 31 24 27

R29 20 24 28 24

R30 21 24 29 27

R31 24 27 30 29

R43 31 33 23 30

R44 27 30 27 32

R47 22 26 31 28

Additional receivers nearest to the rail siding

R23 31 31 31 31

R45 27 30 29 31

R52 35 35 35 35

R53 34 34 35 35

R58 26 26 26 27

R60 34 34 34 34

Note: Green highlighted text indicates noise level lower than the night NIRV recommended level.

The predicted cumulative noise levels indicate that compliance with the NIRV recommended levels 
during the day/evening and night periods would be achieved without the requirement for dedicated 
noise mitigation. 

Noise contour maps demonstrating the spread of noise around the site and surrounds for all 
modelled scenarios with transportation option A (as per the results provided in Table 34) are 
provided in Appendix H.
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11.2 Transport option B – Transportation via existing infrastructure

As an alternative to Transport Option A, transportation of ore material off-site could occur via truck 
haulage on public roads to an established port loading facility and established rail loading facility. 

11.2.1 Transportation of material to the port loading facility at Port Anthony.

Concentrates will be loaded onto trucks on site at the loading facility then transported east along 
Bairnsdale–Dargo Road, to the Princes Highway via Lindenow South.  The trucks will then drive along 
the Princes Highway to Sale. From Sale, the trucks transporting the concentrates will continue along 
South Gippsland Highway to Port Anthony or Barry Beach Marine Terminal on Barry Road, Agnes. All 
roads along this route are accredited for B-double use.  All loads will be covered or containerised and 
vehicles will not travel in convoys. Transport of the concentrate by road will occur 24 hours a day, 
seven days a week. Trucking would require approximately 20 trips from the mine site to Port 
Anthony or Barrys Beach Marine Terminal each day, and the same number of trips back to site. 

11.2.2 Transportation of material to the rail loading facility at Maryvale

Concentrates will be containerised on site at the loading facility and then transported by truck to a 
rail siding in Maryvale, using the Bairnsdale-Dargo Road and the Princes Highway via Lindenow 
South. 

From there, the containerised concentrates would be loaded onto trains and transported by rail to 
the Port of Melbourne. Up to 20 truckloads per day are expected to be transported to the Maryvale 
siding, but this may increase or decrease depending on the ratio of container to bulk shipments. 

Loading activities at Maryvale would occur at an existing dedicated freight terminal at the Australian 
Paper Mill. The nearest identified noise-sensitive receivers to the mill are 1.5 km away. Train 
carriages are already loaded at the terminal, and it is not expected that the operations relating to the 
Fingerboards project would cause significant increase to the existing noise emissions from the site.

11.2.3 Transportation of material to alternate rail loading facility at Bairnsdale

An alternative rail siding option is the existing siding located at the Fennings Yard in Bairnsdale. 
Trucking to the rail siding would require approximately 40 trips from the mine site to the rail siding 
each day, and the same number of trips back to site. Haulage would either be via Lindenow or 
Lindenow South to the Princes Highway and then to Bairnsdale. All concentrate would be 
containerised at the loading facility and stored at the rail siding. 

11.2.4 Number of dwellings located close to haul route

The proposed road and rail haulage routes described above includes Bairnsdale-Dargo Road and 
Lindenow-Glenaladale Road, before trucks enter the Princes Highway.

Figure 16 shows the proposed off-site haul routes and the extents of the above roads that would be 
impacted by truck traffic associated with the project. 
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Figure 16: Off-site haul routes
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Based on MDA’s inspection of publicly-available aerial imagery, there are approximately 79 dwellings 
along the haul-route portions of Bairnsdale-Dargo Road and Lindenow-Glenaladale Road that are 
within 100 m of the road.

B-double trucks travelling to Port Anthony/Barry’s Beach Marine Terminal would travel via the 
Princes Highway to Sale, at which point they would travel on the South Gippsland Highway and onto 
Barry Road. Both the Princes Highway and the South Gippsland Highway currently carry a significant 
volume of traffic (VicRoads online AADT data indicates 6200 - 8300 and 2000 – 8100 on the South 
Gippsland Highway, between the extents of travel on each of the roads). The additional 80 truck trips 
per day would not significantly alter the average or maximum noise levels along these sections of 
road. 

There are approximately 9 dwellings along the haul-route portion of Barry Rd between the South-
Gippsland Highway and the Port Anthony /Barry’s Beach Marine Terminal that are within 100 m of 
the road. 

B-double trucks travelling to the Maryvale rail siding would travel via the Princes Highway to 
Morwell, at which point they would travel on Princes Drive and Alexanders Road to the rail siding. 
The Princes Highway currently carries a significant volume of traffic (VicRoads online AADT data 
indicates 6200 – 15000 between the extents of travel on the road). The additional 80 truck trips per 
day would not significantly alter the average or maximum noise levels along this section of road. 

There were no dwellings along the haul-route portion of Princes Drive and Alexanders Road to the 
rail siding as the corridor is predominantly industrial. The closest dwellings to the rail siding are 
approximately 1.3 km to the south-west. 

11.2.5 Existing traffic volumes

Kalbar has provided the following typical weekday traffic volumes, during the school term period. 

Table 35: Existing traffic volumes

Road Direction Daily volume Heavy vehicles

Bairnsdale-Dargo Road East Bound 59 16 %

Bairnsdale-Dargo Road West Bound 68 16 %

Lindenow-Glenaladale Road between 
Bairnsdale-Dargo Road and Princes Highway 

South Bound 207 18 %

Lindenow-Glenaladale Road between 
Bairnsdale-Dargo Road and Princes Highway

North Bound 204 18 %

Main Street, Lindenow Two-way 1900* 17 %*

* Note: traffic data for Main Street, Lindenow was sourced from VicRoads’ online dataset 
(https://vicroadsopendata-vicroadsmaps.opendata.arcgis.com), accessed on 22 October 2018. 
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11.2.6 Existing traffic noise levels and context discussion

Appendix F2 details measured baseline traffic noise levels at three locations proposed to become 
part of the haul route for the project for Transport Options A, described above. The results show the 
measured ambient noise level at a distance of approximately 5-10 m from the road.  

Along the haul route, some dwellings are located very close to the road, while some are set back at a 
considerable distance. For context, Table 36 contains typical maximum noise levels that might be 
expected from different types of vehicle, at various distances from the road, based on source data 
from MDA’s database. 

Table 36: Typical maximum noise levels from vehicles at various distances from the road, dB LAmax 

Type of vehicleDistance from 
road

Car Medium rigid vehicle Large articulated truck

5 m 73 82 87 - 89

10 m 67 76 81 - 83

20 m 60 70 75 - 77

50 m 52 61 67 - 68

100 m 47 56 61 - 63

The noise loggers positioned adjacent to the roads for baseline traffic measurements did not have 
audio recording capability and as such it is not possible to confirm the source of measured short-term 
maximum noise levels. Further, the baseline data sampled is in 30-minute intervals, which limits the 
ability to determine the number and degree of short-term maximum events that occurs within a 30-
minute period. 

However, since the baseline traffic noise loggers were positioned in areas with relatively minimal 
extraneous noise sources other than traffic, it is likely that maximum noise levels within the range 
shown in Table 36 (for distances between 5 and 10 m from the road) are predominantly due to 
passing vehicles. 

Maximum noise levels measured by the baseline traffic loggers that are higher than 67 dB LAmax could 
feasibly have been caused by cars passing by, but they may also have been caused by other 
extraneous non-traffic related sources such as animals, farming processes etc. Measured maximum 
noise levels higher than 76 dB LAmax could feasibly have been caused by medium rigid vehicles (or 
similar) passing by. Measured maximum noise levels higher than 81 - 83 dB LAmax could feasibly have 
been caused by a large articulated vehicle passing by. 

Examining the daily LAmax data presented in Appendix F2 for each traffic measurement location, it is 
clear that a significant portion of 30-minute periods feature maximum noise levels within the typical 
range for traffic pass-by events. The following trends are noted:

 Maximum noise levels at L4 (Bairnsdale-Dargo Road, within the project footprint) were generally 
lower than maximum noise levels at either L5 (Main Road, Lindenow) or L6 (Lindenow-
Glenaladale Road). This is likely to have been caused by a higher volume of heavy vehicles 
travelling on Main Road and Lindenow-Glenaladale Roads, as opposed to Bairnsdale-Dargo Road.

 There appear to be significantly higher maximum and average noise levels on Lindenow-
Glenaladale Road than on Bairnsdale-Dargo Road and Main Road, Lindenow. This is consistent 
with the traffic data contained in Table 36 that indicates higher numbers of vehicles using 
Lindenow-Glenaladale Road.
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 Maximum noise level events consistent with passing traffic levels occur throughout the day, 
evening and night periods at all locations. There appears to be a ‘quiet period’ for high-level 
maximum events that occurs between approximately midnight and 0300 hrs on weekday nights, 
at each measurement location. There are some high-level maximum events that occur during 
these times, but they are less common. 

 Maximum noise level events consistent with passing traffic levels appear to pick up more 
regularly after 0300 hrs on weekday nights at each measurement location. On Lindenow-
Glenaladale Road, the measured noise levels are consistent with those that would indicate the 
presence of truck or heavy vehicle traffic during these hours. 

 There may be multiple traffic pass-by events within each 30 min measurement period; the 
presence of an LAmax value consistent with that of passing traffic indicates that a vehicle pass-by 
may have occurred on at least one occasion but likewise may have occurred multiple times 
within that period. The traffic data is not sufficiently detailed to provide this level of information.

To demonstrate the existing maximum noise level profile at the surveyed locations, Table 37 
highlights in yellow the maximum noise levels greater than 67 dB LAmax, which would generally 
identify periods where at least 1 car passed by. Highlighted in red are maximum noise levels greater 
than 81 dB LAmax, which would generally identify periods where at least 1 truck passed by. 
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Table 37: Measured maximum noise levels – existing traffic, dB LAmax 

Date Time L4 L5 L6

1500 hrs 73 86 87

1530 hrs 75 80 94

1600 hrs 79 77 91

1630 hrs 76 83 85

1700 hrs 72 75 81

1730 hrs 71 70 79

1800 hrs 75 73 79

1830 hrs 69 83 86

1900 hrs 70 72 81

1930 hrs 72 73 83

2000 hrs 70 70 78

2030 hrs 71 68 75

2100 hrs 69 70 85

2130 hrs 43 68 76

2200 hrs 43 63 74

2230 hrs 71 66 78

2300 hrs 35 68 80

8 Aug 2017

2330 hrs 42 76 83

0000 hrs 37 66 53

0030 hrs 41 36 42

0100 hrs 38 39 44

0130 hrs 43 50 39

9 Aug 2017

0200 hrs 73 69 46

0230 hrs 38 69 51

0300 hrs 44 79 83

0330 hrs 62 70 53

0400 hrs 66 68 83

General 
trend of 
quiet period 
during the 
night
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Date Time L4 L5 L6

9 Aug 2017 0430 hrs 74 73 86

0500 hrs 73 74 82

0530 hrs 79 76 85

0600 hrs 75 71 90

0630 hrs 75 82 92

0700 hrs 77 78 91

0730 hrs 76 76 86

0800 hrs 79 78 84

0830 hrs 74 79 85

0900 hrs 79 81 83

0930 hrs 77 75 85

Examination of the baseline traffic noise measurements summarised in Table 37 highlights the 
following conclusions:

 Noise levels consistent with those related to passing vehicles (as described in Table 36) already 
occur in many 30-minute measurement periods through the night at the locations surveyed. It is 
possible that the measured maximum noise levels may be attributable to sources other than 
traffic, however due to the location of the loggers on roadsides and the consistency and timing of 
the maximum levels, the data tends to suggest that passing vehicles would be the most likely 
source.

 The measured noise levels are consistent with an environment which already features passing 
trucks during the night period, as well as cars. Further, the results are consistent with there being 
significantly more trucks on Lindenow-Glenaladale Road (i.e. L6) than the Bairnsdale-Dargo Road 
within the project footprint (i.e. L4), which corresponds to the existing traffic volumes contained 
in Table 35  

 At all locations, there appears to be a quieter part of the night between midnight and 0300hrs 
when there are consistently fewer passing vehicles. At more rural locations (such as L4), this 
period is extended to on average 2200hrs – 0400hrs. 

Legend: 

Times when maximum noise level was above 67 dB LAmax (likely to feature at least one car pass-by event 
during the 30-minute period)

Times when maximum noise level was above 81 dB LAmax (likely to feature at least one truck pass-by event 
during the 30-minute period)
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11.2.7 Proposed truck volumes 

Information provided by Kalbar indicates the following truck movement patterns:

 The average number of truck loads from the Fingerboards site per day is 40 corresponding to a 
total of 80 one-way truck movements per day

 Truck movements are divided approximately evenly between the destinations of the Port 
Anthony area and the rail siding.   

11.2.8 Predicted change in average traffic noise level due to Project 

The estimated change in noise level at each of the measurement locations has been undertaken by 
calculating the decibel increase in traffic due to the introduction of trucks travelling on local roads as 
a result of the Project. 

The change in noise level due to project-related truck traffic has been estimated as follows:

1. Calculation of the number of heavy vehicles travelling on local roads, from the existing traffic data 
provided by Kalbar in Table 35

2. Separation of the existing AADT traffic values into representative figures at each monitoring 
location for day (15hr) and night (9hr) periods. It has been assumed for this simplistic calculation 
that there would be equal numbers of passing vehicles per hour, as hourly data is not available at 
this time. AADT volumes for Main Street (Location 5) were taken from VicRoads online dataset, 
presented in Table 35.

3. Addition of Project-related traffic (80 one-way truck movements on haul routes per 24-hour 
period) to the existing traffic data

4. Calculation of the increase in traffic represented as a decibel difference, for day and night 
periods. 

Table 38 contains the estimated change in traffic noise level due to the project at the three sites 
where existing traffic noise levels were measured. 

Table 38: Predicted change in traffic noise level due to project

Increase in level due to project-related traffic Location

Existing 
truck 

numbers

Existing 
truck 

numbers 
with project 

traffic

Calculated 
difference, 

dB

Existing truck 
numbers

Existing truck 
numbers with 
project traffic

Calculated 
difference, dB

Day period, 0700hrs – 2200 hrs Night period, 2200 hrs – 0700 hrs 

L4 13 63 +7 8 38 +7

L5 202 252 +1 121 151 +1

L6 46 96 +3 28 58 +3

The calculation method detailed above does not provide the calculation of the ‘base noise level’ (the 
measured noise level of existing traffic for the 15-hour/9-hour day and night periods). 
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In order to confirm the validity of the calculation procedure detailed above, an estimated change in 
noise level at each of the measurement locations has also been undertaken using the Calculation of 
Road Traffic Noise (CoRTN) method. This method was developed in the UK and is specified by 
VicRoads for traffic noise modelling in Victoria. While CoRTN is specified for use for much higher 
levels of traffic than described for these roads, here it has primarily been used to estimate the 
magnitude of the potential change in noise level due to an increase in traffic due to the project, 
rather than to predict specific noise levels.

Further uncertainty with this calculation method arises due to the relatively low traffic flows on roads 
where the monitoring was undertaken. The measured noise levels are not likely to represent noise 
due to a continual flow of traffic; as such they may be unsuitable to represent a ‘base noise level’ of 
traffic. 

Regardless of the inherent uncertainties in the calculation method, the estimated increase in noise 
level due to Project-related traffic was of a similar magnitude to the results contained in Table 38, 
showing an increase of up to 7 dB at Location 4, and lower increases of 1 – 3 dB for Locations 5 and 6.  

The preliminary calculation methods suggest that the projected increase in noise level due to truck 
traffic associated with the project is significantly lower than the 12 dB threshold specified by the 
‘Relative Increase Criteria’ contained in the NSW Road Noise Policy, for each case presented in 
Table 38. According to the NSW Road Noise Policy, this indicates there is no identified requirement 
for dedicated noise mitigation along the truck routes, even accounting for a significant margin of 
uncertainty associated with the application of the prediction methods for the relatively low total flow 
volumes being considered here.

11.2.9 Predicted change in short-term maximum noise level due to Project

As discussed in Section 8.7, high-level, short duration noise events have the potential to cause 
wakening reactions for sleeping people, including sound generated by existing and proposed truck 
pass-by events on public roads. Unlike the average noise level predictions presented in previous 
sections in accordance with the NSW Road Noise Policy, consideration has also been given to short 
term maximum noise levels in order to assess the potential for sleep disturbance for this project.

To provide some context, Table 36 contains typical maximum noise levels that might be expected 
from passing vehicles at different distances. The trucks associated with the Project would fall under 
the category of ‘large articulated truck’, resulting in short-term maximum noise levels of 
approximately 61 - 63 dB LAmax for dwellings located 100 m from the road side, up to approximately 
87 - 89 dB LAmax for dwellings located 5 m from the road side. 

In terms of noise level, large articulated truck pass-by events are therefore likely to be higher than 
the 60 – 65 dB LAmax sleep disturbance criterion referred to in Appendix D2, for dwellings located up 
to approximately 80 m from the road side. This holds for both truck traffic associated with the 
Project, and existing truck pass-by events.  In practice, there are many factors that would affect how 
loud passing vehicles are perceived inside dwellings adjacent to the haul route, including; distance 
from the road, position of bedrooms with respect to the road, sound insulation properties of the 
dwelling, whether windows are open or closed etc. These factors make it difficult to predict precise 
maximum noise levels inside each dwelling along the haul route. 

In terms of the frequency of pass-by events, the proposed average number of truck loads from the 
Fingerboards site per day is 40 corresponding to a total of 80 one-way truck movements. This 
equates to approximately 3 truck pass-by events per hour over a 24-hour period. However, the traffic 
data at this stage does not provide sufficient resolution to determine the frequency of heavy vehicle 
pass-by events during the night period. Therefore, there is not enough objective data to make a 
comparison of the frequency of truck pass-by events before and after the project. 

Given the existing traffic data analysis provided in Section 11.2.6, the following discussion of possible 
impacts is provided.
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The additional truck traffic introduced onto local roads as a result of the project is likely to be most 
noticeable during the following times, as this is when ambient noise levels are quietest:

 Between 2200 hrs – 0300 hrs at locations closer to the project footprint (e.g. on Bairnsdale – 
Dargo Road)

 Between 0000 hrs – 0300 hrs at locations within Lindenow on Main Street

 Between 0000 hrs – 0300 hrs at locations along Lindenow-Glenaladale Road. 

In terms of context, dwellings located closer to the project footprint on typically quieter roads may 
be more likely to notice the project truck traffic, whereas dwellings located along Lindenow-
Glenaladale Road may be less likely to notice the project truck traffic, given their exposure to higher 
levels of ambient noise and higher average traffic counts. 

The assessment demonstrates that, while the change in traffic noise level due to the project was 
found to be below the threshold for dedicated noise mitigation under the NSW Road Policy, the 
project has the potential to result in increased sleep disturbance relative to that of existing heavy 
goods movements in the area. Accordingly, consideration has been given to the management of off-
site truck noise, including instructions for driving practices that minimise noise impacts and regular 
maintenance of the trucks.

As part of the noise management plan for the project, truck drivers will be instructed to perform 
driving practices that minimise noise impacts such as avoiding abrupt acceleration/deceleration, 
maintenance to avoid rattling and banging of loose parts, driving to the speed limit in a careful 
manner and limiting the use of compression brakes to situations where it is justified for safety 
reasons, such as along a long downhill slope. In addition, trucks will be maintained regularly to 
reduce the likelihood of vehicles developing tonal or noisy components. 
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11.3 Transport option B - Vibration associated with off-site truck movements

Commentary regarding vehicle movements on roads external to the Project site is provided on 
baseline data for vibration levels measured adjacent to Lindenow-Glenaladale Road in Section 6.3.

For rubber-wheeled trucks travelling on smooth contiguous road surfaces, vibration levels are likely 
to be well within the guideline values specified in the following standards:

 The proceedings of the Institute of Acoustics: Environmental Vibration (1993) which reports on 
an extensive study by the US Bureau of Mines which related vibration levels to the probability 
that damage may occur to buildings

 German Standard DIN 4150-3 (1999-02) Structural vibration – Effects of vibration on structure

 International Standard ISO 2631-2: 2003 Evaluation of human exposure to whole-body vibration - 
Part 2: Vibration in buildings

 International Standard ISO 10137 Annex C Second edition 2007 Bases for design of structures – 
Serviceability of buildings and walkways against vibrations.

The ground vibration criteria for human comfort described in ISO 10137 are more stringent than 
those described in DIN 4150-3 for potential damage to buildings. 

Impact surfaces such as cattle grates, bridges, speed humps etc have the potential to increase ground 
vibration from truck traffic on local roads. 
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12.0 CONCLUSIONS

Kalbar has commissioned a technical noise and vibration assessment for the Fingerboards Mineral 
Sands Project.

The noise and vibration assessment accounts for the following:

 Noise data to represent activities undertaken as part of the Project, obtained from 
measurements, manufacturer data and current Australian and British standards

 Noise measurements of existing ambient and traffic noise levels

 Vibration measurements of existing ambient (residential) and road/rail levels

 Terrain profiles for construction and operation scenarios for the subject site and surrounds

 Development of key worst-case operational and construction scenarios to capture the expected 
highest levels of noise that the project would produce at nearby noise-sensitive receivers

 Prediction of vibration levels at distances from the Project site for select items of heavy 
machinery that will feature during the construction and operational phases

 Noise mitigation strategies undertaken in consultation with industry experts (Hushpak, Minetek) 
and Kalbar

 Best practice strategies for minimising the impacts of vibration.

Noise criteria for the Project have been determined in accordance with NIRV, the applicable guideline 
document for assessing the noise of extractive industries in regional Victoria. There are several 
variations to the noise criteria for specific short-term activities as prescribed by NIRV, to account for 
activities such as site clearing and preparation, installation of noise-control works, final site 
rehabilitation, short projects and necessary unshielded work. 

Noise mitigation measures have been designed to reduce noise levels as far as practical and include 
the following:

 Scheduling of activities with limited operations at night when in close proximity to dwellings

 Screening using noise bunds or cuttings for haul routes

 Inclusion of plant-based noise reduction packages (i.e. muffler upgrades, intake and exhaust 
silences, radiator attenuation etc)

 Cladding or screening of the WCP 

 Use of broadband reversing alarms.

Vibration criteria for the project has been developed with reference to Australian and International 
standards and guidelines. 

Operational noise of site activities

The predicted levels have indicated that with the recommended noise mitigation, noise levels at all 
relevant assessment locations around the subject site are within the recommended levels for the 
day, evening and night periods. At times when the weather conditions are less favourable for sound 
propagation, and during non-peak operations, noise levels are likely to be lower than indicated. 

Material transportation

Predicted noise levels from the preferred material transportation option (i.e. construction of a 
dedicated rail siding and avoidance of trucks travelling on local roads) are within the recommended 
levels for the day, evening and night periods. At times when the weather conditions are less 
favourable for sound propagation, and during non-peak operations, noise levels are likely to be lower 
than indicated.
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Consideration has also been given to noise associated with off-site traffic movements (i.e. trucks on 
local roads). In the absence of Victorian legislation or guidelines relating to noise from vehicles 
associated with a new project travelling on local roads, predicted noise levels from project-related 
truck traffic has been compared to criteria outlined in the NSW Road Noise Policy. The introduction 
of B-Double trucks on local roads due to the Project would result in an increase in activity that would 
be noticeable, particularly at night. However, the change in noise level is less than the relative 
threshold criteria provided by NSW guidance referenced in the assessment. 

Construction noise

EPA Publication 1254 states that managed-impact works do not need to comply with the 
requirements of the schedule. Construction activities may be described as ‘managed-impact’ because 
the construction activities are mitigated, and those mitigation actions will be specified in a noise 
management plan supported by expert acoustic assessment (as per the definitions provided in EPA 
Publication 1254). Predicted noise levels from construction activities at night are broadly similar to 
the range of background noise levels measured for the project, however, it is possible that noise 
from construction activities may be above the background noise level at some dwellings. While the 
works may be considered managed-impact activities, for completeness, the predicted noise levels 
have been compared with the evening and night criteria of EPA Publication 1254. 

Comparison of predicted construction noise levels during the evening period with EPA Publication 
1254 criteria indicates compliance at 4 of the 13 noise-sensitive receivers. At 9 locations, there is a 
risk that noise could exceed the evening limit when background noise is at the low-to-medium end of 
the measured range. 

Comparison of predicted construction noise levels during the night period with EPA Publication 1254 
criteria indicates compliance at 7 of the 13 noise-sensitive receivers. At 6 locations, there is a risk that 
noise could exceed the night criteria of inaudibility inside dwellings, depending on the internal 
ambient noise level within dwellings. 
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APPENDIX A GLOSSARY

Ambient The ambient noise level is the noise level measured in the absence of the intrusive 
noise or the noise requiring control. Ambient noise levels are frequently measured 
to determine the situation prior to the addition of a new noise source.

Frequency The number of pressure fluctuation cycles per second of a sound wave. Measured in 
units of Hertz (Hz).

Hertz (Hz) Hertz is the unit of frequency. One hertz is one cycle per second. 
One thousand hertz is a kilohertz (kHz).

dB Decibel. The unit of sound level.

LA90 The noise level exceeded for 90 % of the measurement period, measured in dB. This 
is commonly referred to as the background noise level. 

LAeq The equivalent continuous sound level, measured in dB. This is commonly referred 
to as the average noise level.

Leff The effective noise level of commercial or industrial noise determined in accordance 
with State Environment Protection Policy (Control of Noise from Commerce, Industry 
and Trade) No. N-1 (SEPP N-1). This is the LAeq noise level over a half-hour period, 
adjusted for the character of the noise, measured in dB. Adjustments are made for 
tonality, intermittency and impulsiveness.

Lw (or SWL) Sound Power Level. The level of total sound power radiated by a sound source. 

Octave band Sound, which can occur over a range of frequencies, may be divided into octave 
bands for analysis.  The audible frequency range is generally divided into 7 octave 
bands.  The octave band frequencies are 63 Hz, 125 Hz, 250 Hz, 500 Hz, 1 kHz, 2 kHz 
and 4 kHz. 
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APPENDIX B PLANNING MAP
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APPENDIX C INDICATIVE MINING LOCATIONS AND INFRASTRUCTURE DIAGRAMS FOR MODELLED SCENARIOS
Figure 17: Scenario representing Year 1 operations
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Figure 18: Scenario representing Year 5 operations
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Figure 19: Scenario representing Year 8 operations
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Figure 20: Scenario representing Year 12 operations
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APPENDIX D LEGISLATION AND GUIDELINES

D1 Noise from Industry in Regional Victoria (NIRV)

D1.1 Application

The relevant guidelines for noise from industrial operations in regional Victoria are the EPA Publication 1411 
Noise from Industry in Regional Victoria (NIRV).  

NIRV provides recommended maximum noise levels (recommended levels) for existing and proposed 
industry in Victoria outside Metropolitan Melbourne.  NIRV is a non-statutory guideline.  This approach is 
applied in regional Victoria because the unique characteristics of rural areas, such as generally low ambient 
noise levels and large location-constrained, resource-based industries, mean that noise limits cannot always 
be achieved.

NIRV provides a method for the derivation of recommended maximum noise levels for industry, and provides 
guidance for applying the recommended maximum noise levels for a variety of scenarios. 

NIRV recommended levels for extractive industries are based on the zoning classification of the receiver 
location.  A zoning map is included in Appendix B for reference.  For this project, distances between the 
source and receiver, and existing ambient noise levels are not taken into account when determining the 
recommended levels.

D1.2 Assessment methodology

NIRV adopts the SEPP N-1 procedures for measuring noise, including the definitions of ‘noise sensitive areas’ 
which are summarised below.

SEPP N-1 defines a ‘noise sensitive area’ as an area of land within 10 m outside the external walls of:

a dwelling or residential building

a dormitory, ward or bedroom of a caretaker's house, hospital, hotel, institutional home, motel, 
reformative institution, tourist establishment or work release hostel.

NIRV prescribes recommended levels depending on either the respective zoning of the sound source and 
receiver, or type of site in some instances (e.g. Earth Resources sites). Once the recommended levels are 
established, the noise level (LAeq) due to the commercial premises is measured or predicted.  If necessary, the 
LAeq noise level is adjusted for noise character and duration to give the effective noise level (Leff). If the Leff 
level exceeds the noise limit, then remedial action is required.

NIRV has provisions for managing noise from proposals or existing sites that cannot meet the recommended 
levels.

Consistent with the requirements of SEPP N-1, clause 18, the recommended levels apply to the total of all 
industrial noise affecting a noise-sensitive area. A site may need to meet lower levels when more than one 
industry contributes or will contribute to the total noise level affecting a noise-sensitive area. 

D1.3 Calculation of recommended levels

NIRV part 3.2 provides recommended maximum noise levels for earth resources, such as mines and quarries, 
and ancillary infrastructure such as tailings dams. Noise limits are determined by the land-use zoning that the 
noise-sensitive receiver falls within. A zoning map is provided in Appendix B for reference. The recommended 
maximum noise levels apply to earth resources sites such as mines and quarries, and ancillary infrastructure 
(such as evaporation pond facilities, ventilation shafts, tailings dams or pumping stations) located within the 
site’s approved working areas.

The calculation of recommended levels has been performed in accordance with Section 3.2 of NIRV and is 
presented in Table 39.

http://www.marshallday.com/


Rp 001 R12 20170182 Fingerboards Mineral Sands EES_Noise and Vibration report 106

Table 39: Calculation of recommended levels – Earth Resources to Farming Zone

Description Day Evening Night

Applicable time period Mon-Fri 0700-1800hrs

Sat 0700-1300hrs

Mon-Fri 1800-2200hrs

Sat 1300-2200hrs

Sun 0700-2200hrs

Mon-Sun 2200-0700hrs

Step E1: Earth 
resources levels 

46 dB Leff 41 dB Leff 36 dB Leff

Step E2: Background 
level check and 
adjustment

N/A N/A N/A

Step E3: High traffic-
noise area adjustment

N/A N/A N/A

D1.4 Variations to the recommended levels for mines, quarries or landfills

The project criteria presented in Table 39 apply to general quarry operations, including overburden removal 
and depositing, extraction of material and the handling or disposal of waste material. 

NIRV specifies potential variations to the recommended levels for particular open-air activities, as described 
in NIRV. 

Broadly, variations are applicable to the following processes:

 Installation of constructed noise-control works

 Site clearing and preparation

 Final site rehabilitation, short projects and necessary unshielded work.

Table 4 from NIRV is reproduced below and presents definitions and qualifications for the identified 
processes listed above.
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D2 Construction noise – EPA Publication 1254

There are no laws in Victoria which specifically define limits construction noise.  However, there are laws 
relating to the control of nuisance.  Enforcement of these laws requires a reasonable interpretation of the 
term “nuisance”.  Generally, noise is not considered to be a nuisance if the noise levels comply with the 
relevant EPA guidelines.

EPA Publication 1254 Noise Control Guidelines, dated October 2008, recommends noise limits and controls 
for construction noise.  The noise limits are shown in Table 40.

Table 40: EPA Publication 1254 – construction noise guidance summary 

Period Day of the week Time Period Noise limit depending on construction duration

Up to 18 months After 18 months

Day Monday-Friday 0700-1800 hrs

Saturday 0700-1300 hrs

No limit

Evening Monday-Friday 1800-2200 hrs

Saturday 1300-2200 hrs

Sunday, Public Holidays 0700-2200 hrs

10 dB above 
background, outside 
residential dwelling

5 dB above 
background, outside 
residential dwelling

Night Monday-Sunday 2200-0700 hrs Noise from construction activities must be 
inaudible inside a habitable room with windows 

open

While there is no limit specified for daytime activities, there must still be control of noise levels.  The relevant 
section of EPA Publication 1254, which outlines noise control works that would be expected, is reproduced 
below for reference.
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During the night period, noise is recommended to be inaudible within a habitable room of any residential 
premises.  However, the EPA Publication 1254 allows for flexibility where it is not possible to avoid 
construction activities during the night.  Under such circumstances, the guidelines require that “affected 
premises should be notified of the intended work, its duration and times of occurrence”.  Under certain 
circumstances, some negotiation with residents may also be necessary.

EPA Publication 1254 also states the following:

Noise from the site needs to comply with the requirements of the schedule, except for:

 Unavoidable works

 Night period low-noise or managed-impact works approved by the local authority.

Unavoidable works are defined as:

Works that cannot practicably meet the schedule requirements because the work involves continuous 
work– such as a concrete pour– or would otherwise pose an unacceptable risk to life or property, or 
risk a major traffic hazard.

D3 Sleep Disturbance

Night-time noise emissions from project activities may have the potential to cause awakening reactions at 
noise-sensitive receivers.  When intrusive noise reaches certain levels largely independent of background 
noise, there is a potential for disturbance of sleep and possibly awakening if these activities occur during the 
night-time period of 2200 - 0700 hrs.

The NSW Road Noise Policy 2011 produced by the NSW EPA, provides guidance on potential for sleep 
disturbance. While the Policy applies strictly only in NSW, the provisions of the document are often referred 
to in Victoria for general guidance on potential sleep disturbance.

The NSW policy notes that from the research on sleep disturbance to date it can be concluded that:

 Maximum internal noise levels below 50-55 dB LAmax are unlikely to cause awakening reactions; 

 One or two noise events per night, with maximum internal noise levels of 65-70 dB LAmax are not likely to 
affect health and wellbeing significantly.

It is accepted that internal noise levels in conventional dwellings with the windows open are generally 10 dB 
lower than external noise levels.

Based on these findings, a noise level of 60-65 dB LAmax outside an open bedroom window would be unlikely 
to cause awakening reactions.
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D4 Off-site vehicle movements

Noise from truck traffic while off-site is not covered by NIRV. There are no regulations, legislation or 
guidelines in Victoria that address this type of noise impact during the day. Thus, we recommend criteria 
based on current practice in New South Wales.

The NSW Road Noise Policy provides criteria for existing residences affected by additional traffic on existing 
roads generated by land use developments. The criteria in the policy are not mandatory design criteria. They 
are thresholds above which mitigation measures must be considered with the aim to select the most feasible 
and reasonable measures.

The criteria are in two parts:

 Assessment criteria. These are fixed levels against which the predicted or measured noise levels should 
be compared. The assessment criterion for this project would be:

Day: 55 dB LAeq(1 hour) Night: 50 dB LAeq(1 hour) 

 Relative increase criteria. These criteria apply to areas with low existing noise levels and seek to limit the 
increase in noise level to 12 dB or less. The relative increase criteria applies to Freeways, arterial roads, 
sub-arterial roads and transitways. VicRoads defines both the Bairnsdale-Dargo Road and the Lindenow-
Glenaladale Road as Arterial, therefore the relative increase criteria is applicable to this project.  

The criteria apply at the facade of the dwelling.

With regard to the meanings of ‘feasible’ and ‘reasonable’, the policy states:

A noise abatement measure is feasible if it can be engineered and is practical to build, given project 
constraints such as safety and maintenance requirements.

And:

Selecting reasonable measures from those that are feasible involves judging whether the overall noise 
benefits outweigh the overall adverse social, economic and environmental effects, including the cost 
of the abatement measure. To make such a judgement, consideration may be given to:

Noise impacts:

 existing and future levels of noise, and projected changes in noise levels

 the level of amenity before a road or land use project was initiated, e.g. number of people 
affected or annoyed 

 any noise criteria for associated land use development e.g. internal noise goals for certain 
rooms

 the amount by which the criteria are exceeded

Noise mitigation benefits:

 the amount of noise reduction expected including the cumulative effect of proposed 
abatement measures; ideally, a noise wall/mound should be able to reduce noise levels by at 
least 5 decibels 

 the potential ability of the abatement measure to reduce noise during both construction and 
operational stages of the project

 the number of people protected.
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APPENDIX E PROPOSED OPERATIONS
Table 41: Proposed noise-producing operations

Process Description

Stockpiling/ 
Laydown areas

– Topsoil, subsoil and overburden will be stockpiled separately adjacent to the proposed 
active mine void within the disturbed area

– Approximately 25 Mtpa of overburden will be removed in the first half of the mine life 
(10 years) and 40 Mtpa will be removed in the second half of the mine life

– Overburden will be utilised to build containment walls, redevelop topographic profiles 
or to develop roads, embankments or tailings walls

– Approximately 600,000 t of topsoil and subsoil will be removed on an annual basis

– Topsoil will be stockpiled to a maximum height of 2 m. Subsoil will be stockpiled to a 
maximum height of 5 m. 

– Overburden will be stockpiled to a maximum height of 15 m

– Stockpiles will be revegetated with crops and grasses to stabilise and prevent erosion by 
wind and water

– Laydown areas will be located adjacent to the administration area, the WCP and near 
the contractor workshop area adjacent to the active mining area

Processing 
method

– Screening and slurrying of ore at the MUP

– Pumping of ore slurry to WCP

– Hydrocloning of the ore to remove the fine tailings, which will be treated in a thickener 
to remove excess water

– Processing of slurried ore by wet gravity to produce HMC

– Wet magnetic processing of the HMC in the WCP to produce magnetic and non-
magnetic concentrates

– Stockpiling of HMC at loading facility for transportation to a port for export.

Tailings 
management

– Separated fine tailings will be partially dewatered to above 35 % solids in a thickener by 
dosing with flocculant. The thickened fine tailings will be removed from the thickener as 
underflow. Clean water in the overflow will be returned to the wet processing plant and 
reused in processing

– The coarser sand tailings will be pumped back to the tailings disposal areas and 
dewatered to 75 % solids by means of dewatering cyclones

– Additional water will be recovered from the sand tailings using under tailings drains

– The dewatered sand tailings will then be spread within tailings disposal areas using 
conventional earth moving equipment.
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Process Description

Tailings disposal – Fine tailings will initially be disposed into an on-site TSF, consisting of five cells, which 
will be located close to the WCP

– Water recovery and fine tailings density will be maximised using amphirols

– This TSF will cover up to 50 ha and will hold up to 3 million m3 

– The design, construction, monitoring and rehabilitation of the TSF will be in compliance 
with the Department of Economic Development, Jobs, Transport and Resources – Earth 
Resources management of tailings storage facilities guidelines (DEDJTR, 2016)

– Once the mine void has been established both fine and coarse tailings will be returned 
to the mining void in engineered cells 

– Once the fine tailings disposal moves to the mine void, the initial TSF will be revegetated 
with grass until it is mined around Year 10

– Management techniques, such as sub-surface drainage channels will be used to 
maximise the recovery of water from the sand tailings

– Amphirols will be used to consolidate and dewater the fine tailings storage areas

– It is calculated that a maximum of six fine tailings cells (each approximately 10 ha) 

– It is estimated that approximately 110 ha at any one time would be required for both 
fine and coarse tailings disposal during operations. 

Product 
transport

Road

– Concentrates will be loaded onto trucks on site at the loading facility then transported 
east along Bairnsdale – Dargo Road to Lindenow – Glenaladale Road, and south to the 
Princes Highway to Sale.

– From Sale, the trucks transporting the concentrates will continue along South Gippsland 
Highway to Port Anthony on Barry Road, Agnes. All roads along this route are accredited 
for B-double use. 

– All loads will be covered or containerised and vehicles will not travel in convoys.

– Transport of the HMC by road will occur 24 hours a day, seven days a week.

– Trucking would require approximately 20 trips from the mine site to Port Anthony or 
Barry’s Beach Marine Terminal each day, and the same number of trips back to site.

Rail

– Concentrates will be containerised on site at the loading facility and then transported by 
truck to a rail siding in Maryvale.

– From there, the containerised concentrates would be loaded onto trains and 
transported by rail to the Port of Melbourne.

– If the Avon River rail bridge crossing is not upgraded prior to mine production, trucks 
would transport the containers by road to a rail siding in Sale and load onto rail there.

– Trucking to the rail siding would require approximately 20 trips from the mine site to the 
rail siding each day, and the same number of trips back to site.
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APPENDIX F MEASUREMENTS

F1 Unattended ambient noise logging

Ambient noise levels at the site were measured at three locations over two separate surveys. Monitoring 
equipment comprised Rion NL-31 noise loggers fitted with windshields.  Microphones were mounted at a 
height of approximately 1.5 m above local ground level under free-field conditions. 

Measurements were obtained using the ‘F’ response time and A-weighting frequency network. The 
equipment was checked before and after the survey and no significant calibration drifts were observed.

Consecutive 30-minute measurements were obtained continuously over the survey periods, as per the 
measurement methodology defined in SEPP N-1. The prevailing noise environment when consultants 
attended site to install and collect the equipment was dominated by breeze, wildlife, and local traffic.

Table 42 provides further details of each of the ambient measurement surveys. 

Table 42: Unattended ambient noise logging survey details

Location Address GPS co-ordinates Dates of measurement surveys

L1 1265 Fernbank Glenaladale Road, 
Glenaladale

5816387N, 528661E

L2 1430 Fernbank-Glenaladale Road, 
Glenaladale

5817584N, 529961E

L3 2025 Bairnsdale-Dargo Road, Walpa 5816584N, 533455E

Round 1:

Wed 10 May – Tue 23 May 2017

Round 2:

Tue 8 Aug – Tue 22 Aug 2017

Noise monitoring locations for Round 1 and Round 2 were selected on the basis of identifying the closest 
available locations to key receivers, while aiming to cover a reasonably wide portion of the project area. 
Noise logging locations were free-field, with no reflecting surfaces nearby, in open spaces. There were no 
observable fixed noise sources in the vicinity of any of the loggers, except for distant traffic, birds and trees 
(which contribute to wind noise).

Weather data information has been taken from the BOM weather station at Bairnsdale. Periods of high 
winds or significant rainfall have been noted on the survey data. Weather during the Round 1 survey was 
mostly fine and clear, however weather during the Round 2 survey was affected by frequent high wind and 
rain. 

Figure 21 to Figure 26 provide a summary of the measured half-hourly LAeq and LA90 noise levels at each of the 
locations. 
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Figure 21: Measured levels – Round 1 Location L1

Figure 22: Measured levels – Round 1 Location L2
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Figure 23: Measured levels – Round 1 Location L3

Figure 24: Measured levels – Round 2 Location L1 
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Figure 25: Measured levels – Round 2 Location L2

Figure 26: Measured levels – Round 2 Location L3
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F2 Unattended traffic noise monitoring

Traffic noise levels at the site were measured at three locations along the project haul routes, within 5-10 m 
of the roadside. Monitoring equipment comprised Rion NL-31 and Acoustic Research Laboratories (ARL) 
noise loggers fitted with windshields.  Microphones were mounted at a height of approximately 1.5 m above 
local ground level under free-field conditions. 

Measurements were obtained using the ‘F’ response time and A-weighting frequency network. The 
equipment was checked before and after the survey and no significant calibration drifts were observed.

Consecutive 30-minute measurements were obtained continuously over the survey periods. The prevailing 
noise environment when consultants attended site to install and collect the equipment was dominated by 
breeze, wildlife, and local traffic.

Table 43 provides further details of each of the ambient measurement surveys. 

Table 43: Unattended ambient noise logging survey details

Location Address GPS coordinates Dates of measurement surveys

L4 2025 Bairnsdale-Dargo Road, Walpa 5816387N, 528661E

L5 27 Main Road, Lindenow 5816062N, 541234E

L6 514 Lindenow-Glenaladale Road, 
Lindenow

5812613N, 538109E

Tue 8 Aug – Tue 22 Aug 2017

Weather data information has been taken from the BOM weather station at Bairnsdale. Periods of high 
winds or significant rainfall have been noted on the survey data. Weather during the survey was affected by 
frequent high wind and rain. 

Figure 27 to Figure 29 provide a summary of the measured half-hourly LAeq noise levels at each of the 
locations. 

Figure 27: Measured levels – Traffic location L4
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Figure 28: Measured levels – Traffic location L5

Figure 29: Measured levels – Traffic location L6
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F3 Attended ambient noise measurements

Short-term attended measurements were conducted at each of the noise logging positions during the noise 
monitor placement. Measurements were undertaken using a Brüel and Kjær Type 2250 precision integrating 
sound level meter fitted with a windshield. 

The microphone was mounted on a tripod at a height of approximately 1.5 m above local ground level under 
free-field conditions. 

Measurements were obtained using the ‘F’ response time and A-weighting frequency network. The 
equipment was checked before and after the survey and no significant calibration drifts were observed.

Notes and measurement results are provided in Table 44.

Table 44: Ambient short-term noise measurement results summary, 

Measured noise level Location

Ambient noise level 
LAeq dB

Background noise 
level LA90 dB

Noise sources contributing to local environment

10 May 2017

L1 31 25 Birds, distant helicopter

L2 40 24 Birds, occasional passing traffic, insects

L3 50 32 Crows (noisy), distant traffic, aircraft, insects

8 August 2017

L1 41 35 Dozer in distance, occasional passing traffic, birds

L2 41 27 Infrequent passing traffic, birds, occasional dog 
barks in distance

L3 46 32 Birds, infrequent passing traffic, crows, 
infrequent aircraft

F4 Unattended vibration measurements

Dwelling measurements

Ambient vibration measurements were undertaken using two 01dB Orion vibration monitors at the locations 
described as V1 and V2 in Section 6.0. Measurements were obtained continuously between Tuesday 
9 October and Tuesday 16 October 2018. 

Details regarding the instrumentation are provided in Table 45.

Table 45: Instrumentation details – vibration monitoring at dwellings

Item Technical details Notes and comments

Instrument type 01dB Orion  Serial No.s 10208 & 10225

Transducer type Accelerometers Internal PCB 0.5 V/g

Calibration certificates provided on request

Procedure Ground coupling via metal spike into ground Vibration processed from acceleration signal 
integration and 1/3 Octave digital filtering to Class 0  
IEC 1260; 1 second statistical discrete time period

Analysis 01dB Signal processing software dBFa
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A chart of ground vibration results showing vibration caused by passing traffic is provided in Figure 30 and 
Figure 31 for locations V1 and V2, respectively. 

Haul route measurements

Ambient vibration measurements were undertaken using two Instantel Minimate vibration monitors at the 
locations described as V3 and V4 in Section 6.0. 

Measurements were obtained continuously between Tuesday 9 October 2018 and Wednesday 17 October 
2018.  

Details regarding the instrumentation are provided in Table 46.

Table 46: Instrumentation details – vibration monitoring along haul routes

Item Technical details Notes and comments

Instrument 
type

Instantel Minimate III Plus x2

Transducer 
type 

Instantel Geophone STD, 10X  (X, Y & Z)

Calibration certificates  
provided upon request

Procedure

Set up & 
Analysis

Ground coupling via metal spikes driven directly into ground

Instantel Blastware 

Histogram mode - 1 min 
PVS (X, Y, Z) maximum 

A sample of the ground vibration results showing vibration caused by passing trains is provided in Figure 32 
and Figure 33 for locations V3 and V4, respectively.
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Figure 30: Measured baseline ground vibration at V1 – RMS mm/s
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Figure 31: Measured baseline ground vibration at V2 – RMS mm/s
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Figure 32: Measured baseline ground vibration adjacent rail line – PPV mm/s 
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Figure 33: Measured baseline ground vibration adjacent Lindenow-Glenaladale Road – PPV mm/s
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APPENDIX G NOISE MODEL INFORMATION

G1 Noise model inputs
Table 47: Noise model inputs

Feature Description

Terrain data Provided by the client for the subject site in digital format for construction 
and operational conditions

Environmental ground conditions Assumed to be 50 % ‘hard ground’ (G = 0.5)

Site development plan Provided by the client in digital format

Site cadastral, including road alignments Provided by the client in digital format

Building heights on site Provided by the client

Dwelling heights Confirmed as single storey during site visits

Receiver heights 1.5 m above ground 

Noise calculation method Noise model calculated according to ISO 9613-2:1996

Description of proposed activities on site Provided by the client

Noise mitigation measures Discussed with Kalbar where required

Noise data for all equipment Selected from a review of data from equipment manufacturers, current 
Australian and International standards and measurements to represent the 
typical upper range of noise levels described for each item of equipment

Operating duration All mobile plant assumed to operate continuously over a 30-minute 
assessment period.  Haul trucks travel continuously on haul routes and within 
the pit, pausing to be loaded or unloaded. B-Double trucks travel on and off 
site according to schedules. It has been assumed that 40 B-double trucks (80 
one-way movements) would access the site daily, relating to 3 truck 
movements per hour on average. 

Truck speed Based on 40 km/h average speeds for B-Doubles on haul route and based 
on 30 km/h for trucks travelling within and around pit areas.

Truck loading It has been assumed that it would take approximately 30 seconds for trucks 
to be loaded, and 30 seconds for trucks to unload.
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G2 Noise level data
Table 48: Octave band sound power levels for on-site plant equipment used in noise model (without mitigation)

Octave Band Centre Frequency (Hz)Source Model/ 
duty

Source of data and justification for noise level selection

63 125 250 500 1k 2k 4k A

Amphirol Mudmaster Noise level based on manufacturer data for similar-sized equipment, with spectrum based on 
data contained in BS 5228

115 115 109 107 106 104 98 111

Excavator CAT 6030 Noise level based on upper range of AS 2436 data, with spectrum taken from BS 5228 for 
similar-sized excavators

120 121 114 114 112 109 106 117

B-Doubles 
(Haul 
Roads)

N/A Noise level based on measurements conducted by MDA of similar-sized equipment 114 109 108 106 104 100 98 109

Compactor CAT 825 Noise level based on typical upper range of AS 2436 values, with spectrum based on data 
contained in BS 5228

117 112 108 109 108 108 104 114

Dozer D10 Noise level based on manufacturer data, correlated with MDA measurement data for similar-
sized equipment

115 115 109 107 106 104 98 111

Dozer D9 Noise level based on manufacturer data, correlated with MDA measurement data for similar-
sized equipment

114 114 108 106 105 103 97 110

Dozer Trap 
(MUP)

N/A Noise level based on review of data from similar Mineral Sands projects 73 93 93 101 99 102 97 106

450kW 
pumps @ 
WCP

450 kW Noise level based on manufacturer data for similar sized equipment 76 84 87 87 77 74 72 86

Front end 
loader 

9T Noise level based on upper range of AS 2436 values, with spectrum based on data contained in 
BS 5228

115 109 108 108 106 104 100 111

Fuel 
Service 
Truck

20T Noise level based on AS 2436 data for trucks >20T. Spectrum based on similar-sized trucks from 
BS 5228.  

110 104 102 106 103 98 90 107
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Octave Band Centre Frequency (Hz)Source Model/ 
duty

Source of data and justification for noise level selection

63 125 250 500 1k 2k 4k A

Grader CAT 14M Noise level based on manufacturer data, with spectrum, based on data contained in BS 5228 111 110 106 102 107 101 97 110

Generator 
sets for 
lights

N/A Noise level based on MDA measurement data for packaged generators, adjusted to maximum 
noise level of 100 dB Lw 

86 95 96 93 95 93 91 100

Haul 
Trucks

CAT 785 Noise level based on manufacturer data, correlated with MDA measurement data for similar-
sized equipment

123 123 120 117 114 112 107 120

Haul 
Trucks

Komatsu 
785

Noise level based on manufacturer data, correlated with MDA measurement data for similar-
sized equipment

123 123 120 117 114 112 107 120

Pump – 
Booster

290 - 
305kW
6 pole

Noise level sourced from manufacturer data from similar-sized pump motors (Pope) 88 93 93 91 86 80 76 91

Pump – 
MUP Floor 
Sump 
Pump

10kW
6 pole

Noise level sourced from manufacturer data from similar-sized pump motors (Pope) 69 71 72 72 70 70 67 76

Pump – 
Sand Tails 
water 
transfer

151-176kW
4 pole

Noise level based on manufacturer data from similar-sized pump motors (Pope) 79 83 83 82 78 75 69 84

Scraper 657G 
(600tph)

Noise level based on AS2 436 values, with spectrum based on data contained in BS 5228 122 118 109 113 111 108 103 116

Screening 
and 
Slurrifying 
plant

N/A Noise level based on MDA measurement data for similar equipment 116 113 109 108 107 105 101 112

Screen at 
WCP

N/A Noise level based on measurements conducted by MDA of similar-sized equipment 112 108 108 105 105 106 101 111
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Octave Band Centre Frequency (Hz)Source Model/ 
duty

Source of data and justification for noise level selection

63 125 250 500 1k 2k 4k A

Tractor 
Scoop 

Steiger 
9370

Noise level based on overall level from BS 5228, with spectrum taken from similar-sized 
equipment

116 112 103 107 105 102 97 110

Water 
Truck 

25T Noise level based on upper range of AS 2436 values, with spectrum based on data contained in 
BS 5228

116 116 108 105 103 100 94 109

WCP N/A Noise level based on limited data contained in report by EMM for similar-sized plant. Spectrum 
based on reported levels by WSP for similar plant. 

111 110 108 103 107 105 103 111

Table 49: Octave band reverberant sound pressure levels for on-site plant equipment used in noise model (without mitigation)

Octave Band Centre Frequency (Hz)Source Model/duty Source of data and justification for noise level 
selection

63 125 250 500 1k 2k 4k A

Mining Contractor 
Workshop internal 
noise level (Lprev)

N/A Noise level based on measurements of a typical 
maintenance workshop, adjusted to reflect a level 
slightly higher than required for OHS compliance, 
assuming that some form of hearing protection may be 
provided

92 85 87 87 84 84 82 90
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G3 Noise Equipment schedules and locations for modelled scenarios

The plant schedule is contained in Table 50. A key showing the codes for the location and function of equipment is provided following the tables.

Table 50: Key noise-producing plant (number of plant items operating)

Year 1 Year 5

Day/eve Night Day/eve Night

Item Loc1 Func2 Item Loc1 Func2 Item Loc1 Func2 Item Loc1 Func2

Screen at WCP C PR Screen at WCP C PR Screen at WCP C PR Screen at WCP C PR

WCP3 C PR WCP3 C PR WCP3 C PR WCP3 C PR

Pumps 450kW x4 C PR Pumps 450kW x4 C PR Pumps 450kW x4 C PR Pumps 450kW x4 C PR

Front End Loader E AU Front End Loader E AU Front end loader E AU Front end loader E AU

Scraper E OB Generator for lights x3 E OB Komatsu 785 Haul trucks x2 E OB Generator for lights E AU

Water Truck E OB Scraper E OB PC1250 110T Excavator E OB Generator for lights x2 E OR

Ore Scraper E OR Water Truck E OB Water Truck E OB D10 Dozer E AU

Ore Scraper E OR Ore Scraper E OR Grader E OB MUP5 E AU

Screening Plant E PR Ore Scraper E OR Fuel service truck E OB Scrapers x3 E OB

Haulage BDoubles H HA Screening Plant E PR Tractor Scoop E OR Haulage BDoubles H HA

MCW4 M AU Haulage BDoubles H HA D10 Dozer E OR MCW4 M AU

Dozer D10 T OB MCW4 M AU MUP5 E OR Front end loader C PR

Dozer D9 T PR Dozer D9 T PR Haulage BDoubles H HA Front end loader W OR

CAT 825 Compactor T PR Generator for lights x1 T PR MCW4 M AU Generator for lights x3 W AU

Front end loader W AU Front end loader W AU Compactor T AU Haul Truck CAT 785 W OB

CAT 785 Haul truck W OB Generator for lights x2 W AU D9 Dozer T OB CAT 785 Haul Trucks x2 W OB

CAT 6030 Excavator W OB 6030 Excavator W OB Amphirol 1 T PR CAT 6030 excavator W OB

Tractor Scoop W OB Dozer D10 W OR Amphirol 2 U PR Tractor Scoop W OB

Grader W OB Dozer D9 W OR Front end loader W AU Haul truck in pit W OB
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Year 1 Year 5

Day/eve Night Day/eve Night

Dozer D10 W OB MUP5 W PR Front end loader W AU CAT 6030 excavator W OB

Water Truck W OB Haul Truck CAT 785 W OB Water Truck W OB

Front end loader W OB CAT 785 Haul Trucks x2 W OB D10 Dozer W OB

Dozer D10 W OR CAT 6030 excavator W OB Grader W OB

Dozer D9 W OR Tractor Scoop W OB D9 Dozer W OR

Amphirol 1 W PR Haul truck in pit W OB Service Truck W OB

Amphirol 2 W PR CAT 6030 excavator W OB D10 Dozer W OB

MUP5 W PR Water Truck W OB D10 Dozer W OR

D10 Dozer W OB MUP5 W OR

Grader W OB Scrapers x3 W OB

D9 Dozer W OB

Service Truck W OB

D10 Dozer W OB

D10 Dozer W OR

D10 Rehab Dozer W OR

D8 Dozer W OR

MUP5 W OR

1 Location C – Primary Concentrator Area PR – Processing 

2 Function E – Eastern Mining Area AU – Auxiliary services

3 Wet Concentrator Plant H – Haulage OB – Overburden Mining

4 Mining Contractor Workshop M – Mining Contractor Workshop area OR – Ore Mining

5 Mining Unit Plant (Screening and Slurrifying plant) T – Fines Tailings Area west HA – Product Haulage

U – Fines Tailings Area east RE - Rehabilitation

W – Western Mining Area
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Year 8 Year 12

Day/eve Night Day/eve Night

Item Loc1 Func2 Item Loc1 Func2 Item Loc1 Func2 Item Loc1 Func2

Screen at WCP C PR Screen at WCP C PR Screen at WCP C PR Screen at WCP C PR

WCP C PR WCP C PR WCP C PR WCP C PR

Pumps 450kW x4 C PR Pumps 450kW x4 C PR Pumps 450kW x4 C PR Pumps 450kW x4 C PR

Front end loader E AU Front end loader E AU Front end loader E AU Front end loader E AU

CAT 6030 Excavator E OB Generator for lights x3 E AU PC1250 110T Excavator E OB Generator for lights x3 E AU

2x CAT Haul trucks E OB CAT 6030 Excavator E OB 2x CAT Haul trucks E OB PC1250 110T Excavator E OB

CAT 6030 Excavator E OB 2x CAT Haul trucks E OB Scrapers x3 E OB 2x CAT Haul trucks E OB

Tractor Scoop E OB CAT 6030 Excavator E OB Tractor Scoop E OB Tractor Scoop E OB

Water Truck E OB Tractor Scoop E OB Water Truck E OB Scrapers x3 E OB

Grader E OB Water Truck E OB Fuel Service Truck E OB Water Truck E OB

Service Truck E OB Grader E OB D8 Dozer - Ore Mining E OR Fuel Service Truck E OB

D10 Dozer E OR Service Truck E OB D10 Dozer - Ore Mining E OR D8 Dozer E OR

D9 Dozer E OR D10 Dozer E OR MUP East E OR D10 E OR

D10 Dozer E OR D10 Dozer E OR Amphirol 2 E PR MUP E OR

MUP E OR D9 Dozer E OR Haulage BDoubles H HA Haulage BDoubles H HA

Haulage BDoubles H HA MUP East E OR MCW M AU MCW M AU

MCW M AU Haulage BDoubles H HA Compactor T AU Front end loader W AU

Compactor T AU MCW M AU D9 Dozer T OB Front end loader W AU

D9 Dozer T OB Front end loader W AU Amphirol 1 T PR Generator for lights x3 W AU

Amphirol 1 T PR Front end loader W AU D9 Dozer T PR Tractor Scoop W OB

Amphirol 2 U PR Generator for lights x3 W AU Compactor U AU CAT 785 Haul Trucks x2 W OB

Front end loader W AU Tractor Scoop W OB Amphirol 2 U PR CAT 6030 Excavator W OB

Front end loader W AU D10 Dozer W OR D10 rehab dozer U PR CAT 6030 Excavator W OB

http://www.marshallday.com/


Rp 001 R12 20170182 Fingerboards Mineral Sands EES_Noise and Vibration report 133

Year 8 Year 12

Day/eve Night Day/eve Night

Tractor Scoop W OB D10 Dozer W OR Front end loader W AU Haul Truck CAT 785 W OB

Komatsu 785 x2 W OB MUP west W OR Front end loader W AU Water Truck W OB

D8 Dozer W OB Tractor Scoop W OB Grader W OB

Komatsu Haul Trucks x2 W OB CAT 785 Haul Trucks x2 W OB Grader W OB

PC1250 Excavator W OB CAT 6030 Excavator W OB Service Truck W OB

Water Truck W OB CAT 6030 Excavator W OB Scrapers x3 W OB

Grader W OB Haul Truck CAT 785 W OB D10 Dozer W OR

Service Truck W OB Water Truck W OB D10 Dozer W OR

D10 Rehab Dozer W OR Grader W OB D9 Dozer W OR

D10 Dozer W OR Service Truck W OB

D10 Dozer W OR Grader W OB

MUP W OR Scrapers x3 W OB

D10 Rehab Dozer W OR

D10 Dozer W OR

D10 Dozer W OR

D9 Dozer W OR

MUP W OR

1 Location C – Primary Concentrator Area PR – Processing 

2 Function E – Eastern Mining Area AU – Auxiliary services

3 Wet Concentrator Plant H – Haulage OB – Overburden Mining

4 Mining Contractor Workshop M – Mining Contractor Workshop area OR – Ore Mining

5 Mining Unit Plant (Screening and Slurrifying plant) T – Fines Tailings Area west HA – Product Haulage

U – Fines Tailings Area east RE - Rehabilitation

W – Western Mining Are
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The plant schedule for the construction noise model is contained in Table 51.

Table 51: Key noise-producing plant – Construction scenario

Plant item Model or 
duty (load)

No. of 
plant

Location Operation*

Construction Fleet – day period

Haul Trucks CAT 785 4 Fines tailing cells

Grader CAT 12M 1 Fines tailing cells

Water Truck 25T 1 Fines tailing cells 75 % of time

Compactor CAT825H 1 Fines tailing cells

Dozer D9 1 Fines tailing cells

Excavator CAT 6030 1 Fines tailing cells

Scraper (Overburden) CAT 657 1 Water management and freshwater 
dam construction

Scraper (Overburden) CAT 657 1 Water management and freshwater 
dam construction

Compactor CAT825H 1 Water management and freshwater 
dam construction

Dozer D9 1 Water management and freshwater 
dam construction

40 % of time

Mining contractor workshop N/A 1 Subject site

Construction Fleet – night period

Haul Trucks CAT 785 3 Freshwater dam construction

Dozer D9 1 Freshwater dam construction

Water Truck 25T 1 Freshwater dam construction 25 % of time

Excavator CAT 6030 1 Freshwater dam construction

7kVA Diesel Generator (field) 7kVA 4 Freshwater dam construction

20kVA Diesel Generator (site office) 20kVA 1 Site office
* Assumed to be working 100 % of time unless noted
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Figure 34: Location of plant and bunds Yr1 day/evening scenario
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Figure 35: Location of plant and bunds Yr1 night scenario
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Figure 36: Location of plant and bunds Yr5 day/evening scenario

http://www.marshallday.com/


Rp 001 R12 20170182 Fingerboards Mineral Sands EES_Noise and Vibration report 138

Figure 37: Location of plant and bunds Yr5 night scenario
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Figure 38: Location of plant and bunds Yr8 day/evening scenario
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Figure 39: Location of plant and bunds Yr8 night scenario
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Figure 40: Location of plant and bunds Yr12 day/evening scenario
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Figure 41: Location of plant and bunds Yr12 night scenario
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Figure 42: Location of plant Construction day/evening scenario
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Figure 43: Location of plant Construction night scenario
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G4 Adjustments for duration and character of noise

NIRV specifies the use of SEPP N-1 methodologies to prescribe adjustments for the duration, intermittency, 
impulsiveness and tonality of noise sources.

The duration of noise sources refers to the percentage of time a particular item of equipment would be in 
operation in any given 30-minute assessment period. Most items of plant have been assumed to operate 
continuously, including fixed and mobile plant. The number of B-double trucks and haul trucks per 30-minute 
assessment period has been calculated according to typical schedules, and includes a corresponding duration 
correction, as detailed in Table 52. Other sources such as water trucks which would travel around the entire 
site have been assumed to operate in one area for a limited period of time. 

Noise sources that could attract tonality adjustments, for example reversing signals, are to be replaced with 
broadband reversing signals, which eliminate the tonal characteristics of the noise. Regular maintenance of 
equipment will provide additional control of tonal noise. No other plant sources have been identified to be 
tonal in nature. 

None of the scheduled plant items for the construction or operational scenarios at present exhibit 
characteristics of intermittency or impulsiveness, therefore no adjustments have been made in this respect. 

Table 52: Adjustments to noise levels 

Source Notes 

B-Double trucks Trucks assumed to travel continuously along haul route, stopping for loading and 
unloading at the end of each trip. It has been assumed that 40 trucks (80 one-way 
movements) would access the site daily, relating to 3 truck movements per hour on 
average. 

Assuming B-Double trucks travel at 40 km/h on the haul road, a correction of -0.6 dB has 
been applied to the B-Double line source to account for duration and number of trucks.  

Haul Trucks (overburden) One truck would be loaded with overburden material every 200 seconds. It has been 
assumed that it would take 30 seconds to unload a truck.

Assuming an average driving speed of 30 km/h, corrections have been applied to the 
Haul Truck line sources to account for duration and number of trucks.  

Front End Loader loading 
trucks with overburden

A duration correction of – 3 dB has been applied to account for operation of the loader 
for use 50 % of the time

Front End Loader at Dozer 
Trap at MUP 2

A duration correction of – 3 dB has been applied to account for operation of the loader 
for use 50 % of the time

Front End Loader at WCP A duration correction of – 3 dB has been applied to account for operation of the loader 
for 50% of the time

Water Truck A water truck source has been included in the model in each of the operating areas. It 
has been assumed the water truck would travel at 10 km/h and complete one entire trip 
and back in each area per 30 minutes. Duration corrections have been applied to water 
truck line sources.

Fuel Service Truck A fuel service truck source has been included in the model in each of the operating areas. 
It has been assumed the fuel service truck would travel at 10 km/h and complete one 
entire trip and back in each area per 30 minutes. Duration corrections have been applied 
to fuel service truck line sources.

Grader A grader source has been included in the model in each of the operating areas. It has 
been assumed the grader would travel at 10 km/h and complete one entire trip and back 
in each area per 30 minutes. Duration corrections have been applied to grader line 
sources.
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Source Notes 

Amphirols x2 A duration correction of - 1dB has been applied to account for operation of the amphirols 
for 75 % of the time. 
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G5 Limitations to the accuracy of noise predictions

The ISO 9613-2 propagation model is specified to be validated for a maximum source height of 30 metres, 
and a maximum source-receiver distance of 1,000 metres.  Within these bounds, the stated accuracy of the 
model is +/-3 dB.  Use beyond these parameters is not precluded, but no statement of error bounds is 
provided in this case. The noise model prepared for this project is generally within these parameters for 
quarry pit activities.

Uncertainty in the noise predictions comes from real-world variables such as weather conditions, sound 
power levels for noise sources, the ground surface model and the degree of attenuation due to obstacles 
between the source and receiver. In response to the inherent uncertainties associated with the noise 
prediction, a conservative approach has been taken to enable a cautious assessment.  Conservative aspects 
of the model are discussed in further detail below.

As noted above, ISO 9613-2 predictions assume that receivers are generally downwind from each source.  In 
the context of this assessment, this implies that each source - receiver pair is exposed to downwind 
conditions at the same time.  In practical terms, such assumptions are pragmatic and appropriate for the 
purposes of an engineering assessment intended to provide a reliable representation of the upper noise 
levels expected in practice.

In practice, alternative weather conditions, such as wind blowing from the receiver to the source, or warmer 
temperatures, would likely result in lower noise levels than those reported.

Sound power data for equipment in the model has been selected from current standards to represent the 
upper (higher) range of quoted operating noise levels, when manufacturer data has not been available.

Although not an inherent conservatism, it is noted that due to the way sound levels are logarithmically 
added, small variations from noise level assumptions are not compounded due to the large number of noise 
sources operating.  For example, using logarithmic addition, if all sources changed level by 1 dB, the net result 
would be a change of 1 dB overall.
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APPENDIX H NOISE CONTOUR MAPS
Figure 44: Noise Contour Map – Composite Start-up Scenario (Yr1): Day/evening scenario with all proposed mitigation  – Transport Option B
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Figure 45: Noise Contour Map – Composite Start-up Scenario (Yr1): Night scenario with all proposed mitigation – Transport Option B
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Figure 46: Noise Contour Map –Yr5: Day/evening scenario with all proposed mitigation – Transport Option B
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Figure 47: Noise Contour Map –Yr5: Night scenario with all proposed mitigation – Transport Option B
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Figure 48: Noise Contour Map –Yr8: Day/evening scenario with all proposed mitigation – Transport Option B
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Figure 49: Noise Contour Map –Yr8: Night scenario with all proposed mitigation – Transport Option B
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Figure 50: Noise Contour Map –Yr12: Day/evening scenario with all proposed mitigation – Transport Option B
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Figure 51: Noise Contour Map –Yr12: Night scenario with all proposed mitigation – Transport Option B
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Figure 52: Noise Contour Map –Construction: Day/evening scenario with all proposed mitigation – Transport Option B
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Figure 53: Noise Contour Map –Construction: Night scenario with all proposed mitigation – Transport Option B

http://www.marshallday.com/


Rp 001 R12 20170182 Fingerboards Mineral Sands EES_Noise and Vibration report 158

Figure 54: Noise Contour Map – Composite Start-up Scenario (Yr1): Day/evening scenario with all proposed mitigation – Transport Option A
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Figure 55: Noise Contour Map – Composite Start-up Scenario (Yr1): Night scenario with all proposed mitigation – Transport Option A
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Figure 56: Noise Contour Map –Yr5: Day/evening scenario with all proposed mitigation – Transport Option A
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Figure 57: Noise Contour Map –Yr5: Night scenario with all proposed mitigation – Transport Option A
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Figure 58: Noise Contour Map –Yr8: Day/evening scenario with all proposed mitigation – Transport Option A
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Figure 59: Noise Contour Map –Yr8: Night scenario with all proposed mitigation – Transport Option A
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Figure 60: Noise Contour Map –Yr12: Day/evening scenario with all proposed mitigation – Transport Option A
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Figure 61: Noise Contour Map –Yr12: Night scenario with all proposed mitigation – Transport Option A
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APPENDIX I PREDICTED NOISE LEVELS – EXAMPLE OCTAVE BAND RESULTS

NIRV requires comparison of A-weighted overall levels to the recommended levels, however, the predicted 
results are provided in octave bands below for information.

Table 53: Predicted noise levels – Composite start-up scenario Day/evening

Octave Band Centre Frequency (Hz) 

Receiver 63 125 250 500 1k 2k 4k A

R1 47 44 38 35 31 20 12 36

R5 50 46 39 37 32 24 <10 38

R6 46 43 36 34 29 19 <10 35

R7 44 40 33 31 26 16 <10 32

R15 43 39 33 29 24 14 <10 31

R16 41 37 30 26 19 <10 <10 27

R21 50 47 41 38 33 22 <10 39

R29 40 34 26 21 13 <10 <10 23

R30 40 34 26 21 15 <10 <10 24

R31 40 35 27 22 13 <10 <10 24

R43 47 44 38 34 29 16 <10 35

R44 42 38 33 28 23 <10 <10 30

R47 41 35 27 23 16 <10 <10 25
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Table 54: Predicted noise levels – Composite start-up scenario night

Octave Band Centre Frequency (Hz) 

Receiver 63 125 250 500 1k 2k 4k A

R1 45 41 35 32 28 17 <10 33

R5 46 42 34 32 26 14 <10 33

R6 43 39 31 30 23 <10 <10 30

R7 41 36 28 26 19 <10 <10 26

R15 40 36 29 26 21 <10 <10 26

R16 37 32 24 22 15 <10 <10 23

R21 46 44 36 35 30 19 <10 36

R29 36 31 22 18 <10 <10 <10 20

R30 36 30 21 18 <10 <10 <10 20

R31 36 32 23 20 <10 <10 <10 21

R43 43 40 33 30 25 11 <10 31

R44 39 35 30 25 22 <10 <10 28

R47 38 32 23 20 13 <10 <10 21
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APPENDIX J SOURCE CONTRIBUTIONS
Table 55: Top ten contributing sources – Year 1: Day/Evening Period (includes all mitigation)

R1 R5 R6

Item dB Item dB Item dB

CAT 785 Haul truck 28 CAT 825 Compactor 34 CAT 825 Compactor 30

Amphirol 1 28 CAT 785 Haul truck 30 CAT 785 Haul truck 27

Screen at WCP 27 CAT 6030 Excavator 28 CAT 6030 Excavator 25

Haulage B-doubles 26 Dozer D10 28 Dozer D10 24

Amphirol 2 26 Scraper 26 Scraper 24

Front End Loader 26 Scraper 23 Scraper 21

CAT 6030 Excavator 24 Scraper 23 Scraper 21

Dozer D9 22 Tractor Scoop 21 Haulage B-doubles 18

Scraper 22 Water Truck 20 Tractor Scoop 17

Scraper 21 Haulage B-doubles 19 Water Truck 17

Total 36 Total 38 Total 35

R7 R15 R16

Item dB Item dB Item dB

CAT 825 Compactor 28 Haulage B-doubles 25 CAT 785 Haul truck 19

Haulage BDoubles 22 CAT 825 Compactor 23 CAT 825 Compactor 19

CAT 785 Haul truck 22 CAT 785 Haul truck 21 Haulage B-doubles 19

Dozer D10 22 CAT 6030 Excavator 18 CAT 6030 Excavator 16

Scraper 20 Scraper 18 Scraper 15

Scraper 19 Scraper 18 Scraper 15

Scraper 19 Scraper 17 Scraper 14

CAT 6030 Excavator 18 Dozer D10 17 Dozer D10 14

Water Truck 14 Water Truck 11 Tractor Scoop 9

Tractor Scoop 14 Tractor Scoop 11 Amphirol 1 9

Total 32 Total 30 Total 27

R21 R29 R30

Item dB Item dB Item dB

CAT 6030 Excavator 35 CAT 785 Haul truck 17 Haulage B-Doubles 17

CAT 785 Haul truck 33 Haulage B-Doubles 15 CAT 785 Haul truck 16

Tractor Scoop 26 CAT 825 Compactor 14 CAT 825 Compactor 13

Screening plant 25 CAT 6030 Excavator 14 CAT 6030 Excavator 13

Dozer D10 23 Scraper 11 Scraper 11
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Grader 21 Scraper 11 Scraper 11

Dozer D9 21 Scraper 11 Scraper 11

Dozer D10 21 Dozer D10 9 Dozer D10 8

Front End Loader 19 Tractor Scoop 6 Amphirol 1 7

Scraper 18 Amphirol 1 6 Tractor Scoop 6

Total 39 Total 23 Total 24

R31 R43 R44

Item dB Item dB Item dB

CAT 785 Haul truck 18 CAT 785 Haul truck 31 CAT 785 Haul truck 23

Haulage B-Doubles 15 CAT 6030 Excavator 29 WCP 23

CAT 825 Compactor 14 Dozer D10 23 Screen at WCP 20

CAT 6030 Excavator 14 Screening Plant 22 Front End Loader 18

Scraper 12 Tractor Scoop 21 CAT 6030 Excavator 18

Scraper 12 Front End Loader 19 Amphirol 2 17

Scraper 12 Dozer D10 18 Amphirol 1 16

Dozer D10 9 Grader 18 Haulage B-Doubles 15

Amphirol 1 8 Dozer D9 18 Dozer D9 13

Amphirol 2 7 Front End Loader 18 Scraper 13

Total 24 Total 35 Total 30

R47

Item dB

Haulage B-Doubles 18

CAT 785 Haul truck 17

CAT 825 Compactor 15

CAT 6030 Excavator 14

Scraper 13

Scraper 12

Scraper 12

Dozer D10 9

Amphirol 1 8

Amphirol 2 7

Total 25
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Table 56: Top ten contributing sources – Year 5: Day/Evening Period (includes all mitigation)

R1 R5 R6

Item dB Item dB Item dB

CAT 785 Haul truck 28 Amphirol 2 34 Amphirol 2 27

Screen at WCP 27 Komatsu 785 Haul trucks x2 23 Komatsu 785 Haul trucks x2 26

Haulage B-Doubles 25 Tractor Scoop 22 PC1250 110T Excavator 23

CAT 785 Haul truck x2 24 PC1250 110T Excavator 22 Tractor Scoop 21

CAT 825 Compactor 23 CAT 785 Haul truck 20 Front End Loader 19

CAT 6030 Excavator 23 Compactor 20 CAT 785 Haul truck 18

Front End Loader 22 Amphirol 1 19 CAT 785 Haul truck x2 18

Tractor Scoop 22 CAT 785 Haul truck x2 19 Dozer D8 17

Amphirol 1 22 Haulage BDoubles 19 Dozer D10 17

Komatsu 785 Haul trucks x2 22 Dozer D8 17 CAT 785 Haul truck 17

Total 36 Total 36 Total 33

R7 R15 R16

Item dB Item dB Item dB

Komatsu 785 Haul trucks x2 29 Komatsu 785 Haul trucks x2 28 Komatsu 785 Haul trucks x2 25

PC1250 110T Excavator 27 PC1250 110T Excavator 26 PC1250 110T Excavator 22

Tractor Scoop 25 Haulage BDoubles 25 Tractor Scoop 19

Amphirol 2 24 Tractor Scoop 23 Front End Loader 18

Haulage BDoubles 21 Dozer D10 21 Haulage BDoubles 18

Dozer D10 21 Front End Loader 20 Amphirol 2 17

Water Truck 17 Amphirol 2 20 Dozer D10 16

Front End Loader 16 MUP 16 CAT 785 Haul truck 14

Grader 16 Water Truck 16 MUP 13

CAT 785 Haul truck 16 Grader 15 Water Truck 13

Total 34 Total 33 Total 30

R21 R29 R30

Item dB Item dB Item dB

CAT 825 Compactor 26 Komatsu 785 Haul trucks x2 20 Komatsu 785 Haul trucks x2 20

CAT 785 Haul truck 26 PC1250 110T Excavator 17 PC1250 110T Excavator 18

Amphirol 1 26 Tractor Scoop 14 Haulage BDoubles 16

CAT 785 Haul truck 24 Front End Loader 13 Tractor Scoop 15

CAT 785 Haul truck x2 23 Amphirol 2 13 Front End Loader 14

Dozer D10 23 Haulage BDoubles 13 Dozer D8 13
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CAT 6030 Excavator 20 Dozer D10 11 Amphirol 2 12

Dozer D9 20 CAT 785 Haul truck 11 Dozer D10 12

CAT 6030 Excavator 19 Dozer D8 11 CAT 785 Haul truck 12

Amphirol 2 18 CAT 785 Haul truck 10 CAT 785 Haul truck 11

Total 34 Total 25 Total 26

R31 R43 R44

Item dB Item dB Item dB

Komatsu 785 Haul trucks x2 22 CAT 785 Haul truck 26 WCP 23

PC1250 110T Excavator 20 CAT 785 Haul truck 26 CAT 785 Haul truck 21

Tractor Scoop 17 CAT 785 Haul truck x2 25 Screen at WCP 20

Dozer D8 15 CAT 825 Compactor 24 CAT 785 Haul truck x2 19

Haulage B-Doubles 14 Amphirol 1 23 CAT 785 Haul truck 19

Dozer D10 14 CAT 6030 Excavator 21 Front End Loader 18

CAT 785 Haul truck 13 CAT 6030 Excavator 21 Tractor Scoop 17

Amphirol 2 13 Tractor Scoop 18 CAT 825 Compactor 16

Front End Loader 13 Dozer D10 18 Amphirol 1 16

CAT 785 Haul truck 12 Water Truck 18 Haulage B-Doubles 14

Total 27 Total 34 Total 30

R47

Item dB

Komatsu 785 Haul trucks x2 22

PC1250 110T Excavator 20

Tractor Scoop 17

Haulage B-Doubles 17

Dozer D8 15

Dozer D10 14

Front End Loader 14

CAT 785 Haul truck 13

Amphirol 2 13

CAT 785 Haul truck 12

Total 28
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Table 57: Top ten contributing sources – Year 8: Day/Evening Period (includes all mitigation)

R1 R5 R6

Item dB Item dB Item dB

Komatsu 785 Haul trucks x2 28 CAT 825 Compactor 30 6030 Excavators 27

Screen at WCP 27 Amphirol 1 29 CAT 825 Compactor 24

Komatsu 785 Haul trucks x2 26 Amphirol 2 28 Amphirol 1

PC1250 Excavator 26 CAT 6030 Excavator 25 Amphirol 2 24

Tractor Scoop 25 Dozer D10 23 CAT 785 Haul truck x2 23

Haulage BDoubles 24 Dozer D9 23 Tractor Scoop 20

CAT 825 Compactor 24 Tractor Scoop 22 Komatsu 785 Haul trucks x2 19

Amphirol 2 23 Komatsu 785 Haul trucks x2 22 Tractor Scoop 19

Amphirol 1 23 Komatsu 785 Haul trucks x2 19 Dozer D10 18

6030 Excavators 23 Haulage B-Doubles 19 Dozer D9 18

Total 36 Total 36 Total 33

R7 R15 R16

Item dB Item dB Item dB

CAT 6030 Excavators 32 CAT 6030 Excavators 32 CAT 6030 Excavators 27

CAT 785 Haul truck x2 23 Haulage BDoubles 24 CAT 785 Haul truck x2 25

Water Truck 22 Water Truck 24 Dozer D10 21

CAT 825 Compactor 22 Dozer D10 23 Front End Loader 21

Haulage B-Doubles 22 Grader 23 Tractor Scoop 21

Tractor Scoop 22 Tractor Scoop 22 Komatsu 785 Haul trucks x2 21

Amphirol 1 22 Dozer D10 22 Dozer D10 20

Grader 21 Service Truck 21 Dozer D10 20

Amphirol 2 21 CAT 785 Haul truck x2 21 Dozer D9 20

Tractor Scoop 21 Compactor 19 Water Truck 19

Total 36 Total 36 Total 33

R21 R29 R30

Item dB Item dB Item dB

CAT 825 Compactor 19 CAT 6030 Excavators 22 CAT 785 Haul truck x2 22

Amphirol 2 19 CAT 785 Haul truck x2 21 CAT 6030 Excavators 22

Amphirol 1 18 Tractor Scoop 18 Tractor Scoop 21

MCW - roof 17 Komatsu 785 Haul trucks x2 18 Komatsu 785 Haul trucks x2 19

Komatsu 785 Haul trucks x2 17 Dozer D10 16 Dozer D10 17

6030 Excavators 16 Front End Loader 16 Komatsu 785 Haul trucks x2 17
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Screen at WCP 15 Komatsu 785 Haul trucks x2 16 Front End Loader 16

Haulage BDoubles 14 Dozer D10 15 Dozer D10 16

Front End Loader 14 Dozer D10 15 Water Truck 16

MCW - north wall 14 Dozer D9 15 Tractor Scoop 16

Total 28 Total 29 Total 30

R31 R43 R44

Item dB Item dB Item dB

CAT 6030 Excavators 23 Amphirol 2 15 WCP 23

CAT 785 Haul truck x2 22 CAT 825 Compactor 15 Screen at WCP 20

Tractor Scoop 22 WCP 15 Komatsu 785 Haul trucks x2 20

Komatsu 785 Haul trucks x2 20 Amphirol 1 15 Front End Loader 18

Komatsu 785 Haul trucks x2 19 Komatsu 785 Haul trucks x2 14 Komatsu 785 Haul trucks x2 17

Front End Loader 17 Screen at WCP 14 PC1250 Excavator 16

Dozer D10 17 CAT 6030 Excavators 14 CAT 6030 Excavators 16

PC1250 Excavator 16 Front End Loader 13 CAT 825 Compactor 16

Dozer D10 16 Komatsu 785 Haul trucks x2 12 Amphirol 2 14

Dozer D9 16 MCW - roof 12 Amphirol 1 14

Total 31 Total 26 Total 29

R47

Item dB

Tractor Scoop 24

CAT 6030 Excavators 23

CAT 785 Haul truck x2 22

Komatsu 785 Haul trucks x2 20

Komatsu 785 Haul trucks x2 18

Front End Loader 18

Water Truck 18

Dozer D10 18

Grader 17

Dozer D10 17

Total 32
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Table 58: Top ten contributing sources – Year 12: Day/Evening Period (includes all mitigation)

R1 R5 R6

Item dB Item dB Item dB

Screen at WCP 27 Tractor Scoop 22 CAT 785 Haul truck x2 21

Amphirol 1 27 CAT 825 Compactor 21 CAT 825 Compactor 21

Amphirol 2 26 Amphirol 1 20 Tractor Scoop 20

CAT 825 Compactor 26 Haulage BDoubles 18 Amphirol 1 19

Tractor Scoop 25 CAT 785 Haul truck x2 18 PC1250 110T Excavator 17

CAT 785 Haul truck x2 25 CAT 785 Haul truck x2 17 Haulage BDoubles 17

CAT 6030 Excavator 24 MCW - roof 16 CAT 785 Haul truck x2 15

PC1250 110T Excavator 24 Scrapers x3 16 Dozer D8 14

Haulage BDoubles 24 PC1250 110T Excavator 16 Dozer D10 14

CAT 6030 Excavator 24 CAT 825 Compactor 16 Scrapers x3 14

Total 37 Total 30 Total 30

R7 R15 R16

Item dB Item dB Item dB

CAT 825 Compactor 25 CAT 825 Compactor 26 CAT 825 Compactor 23

Tractor Scoop 23 Haulage BDoubles 24 CAT 785 Haul truck x2 21

Amphirol 1 22 Amphirol 1 23 Amphirol 1 20

Haulage BDoubles 21 Tractor Scoop 22 PC1250 110T Excavator 19

Dozer D10 19 Dozer D10 20 Tractor Scoop 19

Dozer D9 18 Dozer D9 18 Haulage BDoubles 18

CAT 785 Haul truck x2 17 CAT 785 Haul truck x2 18 Dozer D10 17

Scrapers x3 16 PC1250 110T Excavator 17 Scrapers x3 16

PC1250 110T Excavator 15 Dozer D8 15 Dozer D9 15

Scrapers x3 12 MCW - opening 10 Dozer D8 14

Total 31 Total 32 Total 30
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R21 R29 R30

Item dB Item dB Item dB

CAT 825 Compactor 20 CAT 825 Compactor 18 CAT 825 Compactor 25

Scrapers x3 20 CAT 785 Haul truck x2 17 Amphirol 1 22

Amphirol 2 18 Scrapers x3 17 Tractor Scoop 19

CAT 6030 Excavator 18 Amphirol 1 16 Scrapers x3 19

Amphirol 1 18 PC1250 110T Excavator 16 Dozer D10 19

CAT 785 Haul truck x2 18 Tractor Scoop 15 CAT 785 Haul truck x2 19

MCW - roof 17 Dozer D10 13 Dozer D9 17

Tractor Scoop 16 Haulage BDoubles 13 PC1250 110T Excavator 17

CAT 785 Haul truck 16 Dozer D9 11 Haulage BDoubles 16

Dozer D10 15 Dozer D8 10 CAT 785 Haul truck 13

Total 29 Total 26 Total 30

R31 R43 R44

Item dB Item dB Item dB

CAT 825 Compactor 22 CAT 785 Haul truck 24 CAT 785 Haul truck 27

Scrapers x3 21 CAT 785 Haul truck x2 22 Tractor Scoop 24

CAT 785 Haul truck x2 21 Tractor Scoop 21 WCP 23

Amphirol 1 19 Scrapers x3 20 CAT 6030 Excavator 21

PC1250 110T Excavator 19 CAT 825 Compactor 19 CAT 785 Haul truck x2 21

Tractor Scoop 18 CAT 6030 Excavator 18 CAT 825 Compactor 21

Dozer D10 17 Amphirol 2 17 Screen at WCP 20

Dozer D9 16 Amphirol 1 17 Amphirol 1 19

Dozer D8 15 WCP 15 Amphirol 2 19

Haulage BDoubles 14 Screen at WCP 14 Front End Loader 18

Total 30 Total 31 Total 33
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R47

Item dB

CAT 825 Compactor 27

Amphirol 1 24

Scrapers x3 21

CAT 785 Haul truck x2 21

PC1250 110T Excavator 19

Tractor Scoop 18

Dozer D10 17

Haulage BDoubles 16

Dozer D9 15

Front End Loader 14

Total 32
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Table 59: Top ten contributing sources – Year 1: Night Period (includes all mitigation)

R1 R5 R6

Item dB Item dB Item dB

Front end loader 26 CAT 6030 Excavator 28 CAT 6030 Excavator 25

Screen at WCP 26 Scraper 26 Scraper 24

CAT 6030 Excavator 24 Scraper 23 Scraper 21

Dozer D9 22 Scraper 23 Scraper 21

Scraper 22 Water Truck 20 Water Truck 17

Haulage BDoubles 21 Screening Plant 19 Screening Plant 16

Scraper 21 MUP 17 MUP 16

Scraper 21 Dozer D10 17 Dozer D10 14

WCP 20 MCW - roof 16 Haulage BDoubles 13

MCW - opening 18 Dozer D9 16 Dozer D9 12

Total 33 Total 33 Total 30

R7 R15 R16

Item dB Item dB Item dB

Scraper 20 Haulage BDoubles 20 CAT 6030 Excavator 16

Scraper 19 CAT 6030 Excavator 18 Scraper 15

Scraper 19 Scraper 18 Scraper 15

CAT 6030 Excavator 17 Scraper 18 Scraper 14

Haulage BDoubles 17 Scraper 17 Haulage BDoubles 14

Water Truck 14 Water Truck 11 Water Truck 9

Screening Plant 12 MCW - opening 10 MCW - opening 9

Screen at WCP 8 Screening Plant 9 Screening Plant 7

Dozer D9 8 Dozer D10 7 MUP 6

MCW - opening 7 MUP 7 Dozer D10 5

Total 26 Total 26 Total 23

R21 R29 R30

Item dB Item dB Item dB

CAT 6030 Excavator 35 CAT 6030 Excavator 14 CAT 6030 Excavator 13

Dozer D10 21 Scraper 11 Haulage BDoubles 12

Dozer D9 21 Scraper 11 Scraper 11

Front End Loader 20 Scraper 11 Scraper 11

Screening Plant 19 Haulage BDoubles 10 Scraper 11

Scraper 18 Water Truck 5 Water Truck 5
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Scraper 18 MCW - opening 5 MCW - opening 5

MCW - roof 17 Screening Plant 4 Screening Plant 4

Scraper 17 Screen at WCP 3 Screen at WCP 4

Front End Loader 14 Dozer D10 3 WCP 3

Total 36 Total 20 Total 20

R31 R43 R44

Item dB Item dB Item dB

CAT 6030 Excavator 14 CAT 6030 Excavator 29 WCP 23

Scraper 12 Screening Plant 22 Screen at WCP 20

Scraper 12 Dozer D10 18 Front End Loader 18

Scraper 12 Dozer D9 18 CAT 6030 Excavator 17

Haulage BDoubles 10 Front End Loader 17 Dozer D9 13

Water Truck 6 WCP 15 Scraper 13

MCW - opening 6 Scraper 14 Scraper 12

Screen at WCP 5 Scraper 14 Scraper 12

Screening Plant 5 Scraper 14 Screening Plant 11

Front End Loader 4 Screen at WCP 14 MCW - opening 10

Total 21 Total 31 Total 27

R47

Item dB

CAT 6030 Excavator 14

Haulage BDoubles 13

Scraper 13

Scraper 12

Scraper 12

Water Truck 6

MCW - opening 6

Screen at WCP 5

Screening Plant 5

WCP Area source 5

Total 21
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Table 60: Top ten contributing sources – Year 5: Night Period (includes all mitigation)

R1 R5 R6

Item dB Item dB Item dB

Screen at WCP 27 Scrapers x3 22 Scrapers x3 26

CAT 785 Haul truck 26 CAT 785 Haul truck x2 19 Front End Loader 19

Haulage BDoubles 25 Haulage BDoubles 19 CAT 785 Haul truck x2 17

Scrapers x3 25 CAT 785 Haul truck 18 Dozer D10 17

CAT 785 Haul truck x2 24 Scrapers x3 17 CAT 785 Haul truck 17

Front End Loader 23 MCW - roof 16 Haulage BDoubles 17

CAT 6030 Excavator 23 Tractor Scoop 16 CAT 785 Haul truck 16

Scrapers x3 22 MCW - north wall 16 Scrapers x3 15

Tractor Scoop 22 Dozer D10 15 MUP 13

CAT 785 Haul truck 22 CAT 6030 Excavator 15 Tractor Scoop 13

Total 35 Total 29 Total 30

R7 R15 R16

Item dB Item dB Item dB

Scrapers x3 28 Scrapers x3 29 Scrapers x3 25

Haulage BDoubles 21 Haulage BDoubles 25 Front End Loader 18

Dozer D10 21 Dozer D10 21 Haulage BDoubles 18

Front End Loader 16 Front End Loader 20 Dozer D10 16

CAT 785 Haul truck 14 MUP 16 MUP 13

Generator for lights 14 Generator for lights 13 CAT 785 Haul truck 12

Scrapers x3 12 Generator for lights 12 CAT 785 Haul truck x2 12

CAT 785 Haul truck x2 12 CAT 785 Haul truck x2 11 CAT 785 Haul truck 11

MUP 11 CAT 785 Haul truck 11 Scrapers x3 10

CAT 6030 Excavator 11 Scrapers x3 11 Generator for lights 9

Total 31 Total 32 Total 28

R21 R29 R30

Item dB Item dB Item dB

CAT 785 Haul truck 24 Scrapers x3 20 Scrapers x3 20

CAT 785 Haul truck x2 23 Haulage BDoubles 14 Haulage BDoubles 16

CAT 785 Haul truck 21 Front End Loader 13 Front End Loader 14

CAT 6030 Excavator 20 Dozer D10 11 Dozer D10 12

CAT 6030 Excavator 19 CAT 785 Haul truck 10 CAT 785 Haul truck 11

Tractor Scoop 17 CAT 785 Haul truck x2 10 CAT 785 Haul truck x2 11
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MCW - roof 17 CAT 785 Haul truck 9 CAT 785 Haul truck 10

Water Truck 16 Scrapers x3 8 Scrapers x3 8

Scrapers x3 15 MUP 7 MUP 8

Screen at WCP 15 CAT 6030 Excavator 6 CAT 6030 Excavator 7

Total 31 Total 24 Total 24

R31 R43 R44

Item dB Item dB Item dB

Scrapers x3 22 CAT 785 Haul truck 26 WCP 23

Haulage BDoubles 14 CAT 785 Haul truck x2 25 CAT 785 Haul truck 21

Dozer D10 14 CAT 785 Haul truck 24 Screen at WCP 20

Front End Loader 13 Scrapers x3 23 CAT 785 Haul truck x2 19

CAT 785 Haul truck 12 CAT 6030 Excavator 21 Scrapers x3 18

CAT 785 Haul truck x2 12 CAT 6030 Excavator 21 Front End Loader 18

CAT 785 Haul truck 11 Tractor Scoop 18 Tractor Scoop 17

Scrapers x3 10 Water Truck 18 CAT 785 Haul truck 17

CAT 6030 Excavator 8 Dozer D10 17 Haulage BDoubles 14

CAT 6030 Excavator 8 Dozer D10 17 CAT 6030 Excavator 13

Total 25 Total 33 Total 30

R47

Item dB

Scrapers x3 22

Haulage BDoubles 17

Dozer D10 14

Front End Loader 14

CAT 785 Haul truck 12

CAT 785 Haul truck x2 12

CAT 785 Haul truck 11

Scrapers x3 9

CAT 6030 Excavator 8

MUP 8

Total 26
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Table 61: Top ten contributing sources – Year 8: Night Period (includes all mitigation)

R1 R5 R6

Item dB Item dB Item dB

Screen at WCP 27 CAT 6030 Excavators 27 CAT 6030 Excavators 24

Tractor Scoop 24 Tractor Scoop 22 CAT 785 Haul truck x2 20

Haulage B-Doubles 24 CAT 785 Haul truck x2 19 Tractor Scoop 19

CAT 6030 Excavators 23 Haulage B-Doubles 19 Tractor Scoop 18

Front End Loader 22 Tractor Scoop 17 Haulage B-Doubles 17

WCP 20 MCW - roof 16 Front End Loader 17

CAT 785 Haul truck x2 20 MCW - north wall 16 Dozer D10 16

MCW - opening 18 Water Truck 14 Dozer D10 16

Tractor Scoop 17 MCW - east wall 12 Water Truck 16

Dozer D10 16 Screen at WCP 12 Dozer D9 15

Total 33 Total 31 Total 29

R7 R15 R16

Item dB Item dB Item dB

CAT 785 Haul truck x2 23 CAT 6030 Excavators 25 CAT 6030 Excavators 27

Water Truck 22 Haulage B-Doubles 24 CAT 785 Haul truck x2 25

Tractor Scoop 22 Water Truck 23 Front End Loader 22

Grader 21 Dozer D10 23 Dozer D10 21

Haulage B-Doubles 21 Grader 23 Tractor Scoop 21

Tractor Scoop 20 Tractor Scoop 22 Dozer D10 20

Service Truck 20 Dozer D10 22 Dozer D10 20

CAT 6030 Excavator 20 Service Truck 21 Dozer D9 20

Dozer D10 19 CAT 785 Haul truck x2 21 Water Truck 19

Dozer D10 18 Tractor Scoop 19 Grader 18

Total 31 Total 33 Total 33

R21 R29 R30

Item dB Item dB Item dB

MCW - roof 17 CAT 6030 Excavators 22 CAT 785 Haul truck x2 22

CAT 6030 Excavators 16 CAT 785 Haul truck x2 21 CAT 6030 Excavators 22

Screen at WCP 15 Tractor Scoop 18 Tractor Scoop 21

Haulage BDoubles 14 Front End Loader 16 Front End Loader 17

Front End Loader 14 Dozer D10 16 Dozer D10 17

MCW - north wall 14 Dozer D10 15 Dozer D10 16
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Tractor Scoop 13 Dozer D10 15 Water Truck 16

CAT 785 Haul truck x2 12 Dozer D9 15 Tractor Scoop 16

MCW - west wall 10 Water Truck 14 Haulage B-Doubles 15

Tractor Scoop 9 Haulage BDoubles 14 Dozer D10 15

Total 25 Total 28 Total 29

R31 R43 R44

Item dB Item dB Item dB

CAT 6030 Excavators 23 WCP 15 WCP 23

CAT 785 Haul truck x2 22 Screen at WCP 14 Screen at WCP 20

Tractor Scoop 22 CAT 6030 Excavators 14 Front End Loader 18

Dozer D10 17 Front End Loader 13 CAT 6030 Excavators 16

Dozer D10 16 MCW - roof 12 Tractor Scoop 14

Dozer D9 16 Haulage BDoubles Haulage BDoubles 14

Tractor Scoop 15 CAT 785 Haul truck x2 11 CAT 785 Haul truck x2 13

Water Truck 15 MCW - north wall 11 MCW - opening 10

Haulage B-Doubles 14 Tractor Scoop 10 Dozer D10 10

Grader 13 MCW – west wall 8 Tractor Scoop 9

Total 29 Total 23 Total 27

R47

Item dB

Tractor Scoop 24

CAT 6030 Excavators 24

CAT 785 Haul truck x2 22

Front End Loader 18

Water Truck 18

Dozer D10 18

Grader 17

Dozer D10 17

Dozer D10 17

Dozer D9 16

Total 31
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Table 62: Top ten contributing sources – Year 12: Night Period (includes all mitigation)

R1 R5 R6

Item dB Item dB Item dB

Screen at WCP 27 Tractor Scoop 22 CAT 785 Haul truck x2 21

Tractor Scoop 25 Haulage BDoubles 18 Tractor Scoop 20

CAT 785 Haul truck x2 25 CAT 785 Haul truck x2 18 PC1250 110T Excavator 17

CAT 6030 Excavator 24 MCW - roof 16 Haulage BDoubles 17

PC1250 110T Excavator 24 CAT 785 Haul truck x2 16 Dozer D8 16

Haulage BDoubles 24 Scrapers x3 16 CAT 785 Haul truck x2 15

CAT 6030 Excavator 24 PC1250 110T Excavator 16 Scrapers x3 14

CAT 785 Haul truck x2 24 MCW - north wall 16 CAT 6030 Excavator 12

CAT 785 Haul truck 22 CAT 6030 Excavator 15 MCW - roof 12

Front End Loader 21 CAT 6030 Excavator 14 Tractor Scoop 12

Total 36 Total 28 Total 28

R7 R15 R16

Item dB Item dB Item dB

Tractor Scoop 23 Haulage BDoubles 24 CAT 785 Haul truck x2 21

Haulage BDoubles 21 Tractor Scoop 22 PC1250 110T Excavator 19

CAT 785 Haul truck x2 17 CAT 785 Haul truck x2 18 Tractor Scoop 19

Scrapers x3 16 Dozer D8 18 Haulage BDoubles 18

PC1250 110T Excavator 15 PC1250 110T Excavator 17 Scrapers x3 17

Dozer D8 14 MCW - opening 10 Dozer D8 16

Scrapers x3 12 Scrapers x3 10 Dozer D10 13

CAT 6030 Excavator 11 Water Truck 9 Water Truck 11

CAT 6030 Excavator 11 CAT 6030 Excavator 8 Scrapers x3 10

CAT 785 Haul truck x2 11 CAT 785 Haul truck x2 7 CAT 785 Haul truck x2 9

Total 28 Total 28 Total 27

R21 R29 R30

Item dB Item dB Item dB

Scrapers x3 20 CAT 785 Haul truck x2 17 Tractor Scoop 19

CAT 6030 Excavator 18 Scrapers x3 17 Scrapers x3 19

MCW - roof 17 PC1250 110T Excavator 16 CAT 785 Haul truck x2 19

CAT 785 Haul truck x2 17 Tractor Scoop 15 PC1250 110T Excavator 17

Tractor Scoop 16 Haulage BDoubles 13 Haulage BDoubles 16

CAT 785 Haul truck 15 Dozer D8 12 Dozer D8 14
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Haulage BDoubles 14 Front End Loader 10 Front End Loader 12

MCW - north wall 14 Dozer D10 9 CAT 785 Haul truck 11

Screen at WCP 14 CAT 785 Haul truck 9 Dozer D10 11

CAT 785 Haul truck x2 13 Water Truck 8 Water Truck 9

Total 27 Total 25 Total 27

R31 R43 R44

Item dB Item dB Item dB

Scrapers x3 21 CAT 785 Haul truck 23 CAT 785 Haul truck 25

CAT 785 Haul truck x2 21 CAT 785 Haul truck x2 22 Tractor Scoop 24

PC1250 110T Excavator 19 Tractor Scoop 21 WCP 23

Tractor Scoop 18 Scrapers x3 20 CAT 6030 Excavator 21

Dozer D8 17 CAT 6030 Excavator 18 CAT 785 Haul truck x2 21

Haulage BDoubles 14 WCP 15 Screen at WCP 20

Dozer D10 13 Screen at WCP 14 Front End Loader 18

Front End Loader 12 Water Truck 13 Dozer D10 17

Water Truck 11 Front End Loader 13 CAT 785 Haul truck x2 16

CAT 785 Haul truck 10 CAT 785 Haul truck x2 12 PC1250 110T Excavator 15

Total 28 Total 30 Total 32

R47

Item dB

Scrapers x3 21

CAT 785 Haul truck x2 21

PC1250 110T Excavator 19

Tractor Scoop 18

Dozer D8 16

Haulage BDoubles 16

Front End Loader 14

Dozer D10 13

CAT 785 Haul truck 13

Water Truck 11

Total 28
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APPENDIX K PREDICTED NOISE LEVELS WITHOUT MITIGATION

For comparative purposes, predicted noise levels without any of the mitigation measures are contained 
below. The predicted noise levels without mitigation do not include attenuation from any screening, 
cladding, attenuation/silencer kits or scheduling limitations for night period operations, but do however still 
include some haul route screening that is built into the terrain model. The noise levels are representative of 
continual operations, for the day/evening model scenario of Year 1 described in Section 7.2. 

All parameters relating to the noise model propagation algorithm remain as described in this report. Table 63 
contains the predicted noise levels without mitigation.

Table 63: Predicted noise levels – Composite start-up scenario (no mitigation) 

Indication of compliance with NIRV recommended levelsRef Predicted level, Leff dB

Day (46 dB Leff) Evening (41 dB Leff) Night (36 dB Leff) 

R1 38   

R5 38   

R6 36   

R7 33   

R15 31   

R16 26   

R21 42   

R29 22   

R30 23   

R31 25   

R43 37   

R44 33   

R47 27   

Note: Pink-shaded cells indicate non-compliance
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Table 64 contains a direct comparison of mitigated (as documented in the Acoustic Report) to un-mitigated 
predicted noise levels at each receiver. 

Table 64: Predicted noise levels – Composite start-up scenario (with mitigation)

Ref Predicted level 
(no mitigation), 
Leff dB

Predicted level
(with mitigation), 
Day/Evening Leff dB

Difference 
(result of 
mitigation for 
day/evening), 
dB

Predicted level
(with mitigation),
Night Leff dB

Difference 
(result of 
mitigation at 
night), dB

R1 38 36 -2 33 -5

R5 38 38 0 33 -5

R6 36 35 -1 30 -6

R7 33 32 -1 26 -7

R15 31 30 -1 26 -5

R16 26 27 -1 23 -3

R21 42 39 -3 36 -6

R29 22 23 -1 20 -2

R30 23 24 -1 20 -3

R31 25 24 -1 21 -4

R43 37 35 -2 31 -5

R44 33 30 -3 27 -6

R47 27 25 -2 21 -6

The data contained in Table 64 demonstrates that the mitigation measures proposed for the project reduce 
the noise level at almost every receiver location. Due to the restricted operational scenario at night during 
the start-up scenario, noise mitigation appears more effective at night-time. 

Generally, the closer a receiver is located to noise-producing plant, the more effective individual plant 
mitigation strategies are. When receivers are at a significant distance from the site (as is the case for several 
receivers reported above), the contribution of all plant becomes more relevant. This requires similar noise 
reductions or mitigation measures to all items of plant before a further reduction in the overall level can be 
achieved. However, the benefit for receivers that are located at a significant distance from the site is that the 
noise attenuation afforded by distance and atmospheric absorption of sound is substantial. 

http://www.marshallday.com/


Rp 001 R12 20170182 Fingerboards Mineral Sands EES_Noise and Vibration report 187

APPENDIX L COUNCIL BOUNDARIES

http://www.marshallday.com/

	LIST OF ABBREVIATIONS
	EXECUTIVE SUMMARY
	TABLE OF CONTENTS
	1.0 INTRODUCTION
	2.0 LEGISLATIVE CONTEXT AND STANDARDS
	2.1 Noise legislation and guidelines
	2.2 Supplementary noise guideline documents
	2.3 Vibration criteria
	2.3.1 Human response to vibration
	2.3.2 Vibration damage to buildings and structures

	2.4 Noise from Industry in Regional Victoria (NIRV)
	2.4.1 Noise from multiple sites
	2.4.2 Variations for mine operations

	2.5 EPA Publication 1254
	2.6 Guidelines for noise from off-site vehicle movements
	2.7 Effects of noise on health
	2.7.1 Environmental noise policies
	2.7.2 Additional guidance


	3.0 PROJECT DESCRIPTION
	3.1 Project site
	3.2 Operating hours
	3.3 Proposed site operations
	3.4 Transportation of material off-site
	3.5 Proposed construction activities
	3.6 Proposed construction and operational equipment requirements
	3.7 Noise sensitive receivers

	4.0 STUDY METHOD
	5.0 EXISTING NOISE ENVIRONMENT
	5.1 Ambient noise monitoring
	5.1.1 Unattended noise logging
	5.1.2 Attended ambient noise measurements

	5.2 Existing traffic noise monitoring

	6.0 EXISTING GROUND VIBRATION
	6.1 Ambient vibration monitoring - dwellings
	6.2 Ambient vibration monitoring - haul routes
	6.3 Discussion of vibration measurement results

	7.0 NOISE ASSESSMENT DETAILS
	7.1 Noise prediction method
	7.2 Noise model scenarios – Operational phase
	7.2.1 Context for selection of worst-case scenarios
	7.2.2 Justification of selection of worst-case scenarios

	7.3 Noise model scenarios - Construction phase
	7.4 Noise model inputs
	7.5 Noise data
	7.6 Adjustments for duration and character of noise
	7.7 Noise mitigation
	7.8 Limitations to the accuracy of noise prediction and inherent conservatism
	7.9 Meteorological conditions

	8.0 PREDICTED NOISE LEVELS
	8.1 Day/evening noise levels
	8.2 Night noise levels
	8.3 Operational noise outside the worst-case times
	8.4 Construction Phase noise levels
	8.4.1 Construction noise during the day period
	8.4.2 Construction noise during the evening period
	8.4.3 Construction noise during the night period

	8.5 Prevailing meteorological conditions near the Project site
	8.6 Discussion of predicted noise levels within the context of existing ambient noise
	8.7 Sleep disturbance

	9.0 PREDICTED VIBRATION LEVELS
	10.0 AVOIDANCE, MITIGATION AND MANAGEMENT MEASURES
	10.1 Noise mitigation strategies – All Operations
	10.1.1 Provision of broadband reversing alarms
	10.1.2 Direct treatment – plant noise-reduction kits
	10.1.3 Cladding or screening of Wet Concentrator Plant (WCP)

	10.2 Noise mitigation strategies for specific times
	10.2.1 Scheduling of activities
	10.2.2 Screening measures – Earth bunds
	10.2.3 Screening measures – portable screens
	10.2.4 Resident consultation

	10.3 Noise mitigation strategies – Construction
	10.4 Introduction to Best Practice
	10.5 Best practice noise mitigation strategies for the Project
	10.6 Best practice vibration mitigation strategies for the Project
	10.7 Work Plan/Noise Management Plan
	10.8 Mitigation risk assessment

	11.0 TRANSPORT ROUTE OPTIONS ASSESSMENT
	11.1 Transport Option A – Transportation via new infrastructure
	11.1.1 Number of dwellings located close to haul route
	11.1.2 Proposed operations
	11.1.3 Predicted noise levels from B-Double trucks and new rail siding operation – day and evening period

	11.2 Transport option B – Transportation via existing infrastructure
	11.2.1 Transportation of material to the port loading facility at Port Anthony.
	11.2.2 Transportation of material to the rail loading facility at Maryvale
	11.2.3 Transportation of material to alternate rail loading facility at Bairnsdale
	11.2.4 Number of dwellings located close to haul route
	11.2.5 Existing traffic volumes
	11.2.6 Existing traffic noise levels and context discussion
	11.2.7 Proposed truck volumes
	11.2.8 Predicted change in average traffic noise level due to Project
	11.2.9 Predicted change in short-term maximum noise level due to Project

	11.3 Transport option B - Vibration associated with off-site truck movements

	12.0 CONCLUSIONS
	APPENDIX A GLOSSARY
	APPENDIX B PLANNING MAP
	APPENDIX C INDICATIVE MINING LOCATIONS AND INFRASTRUCTURE DIAGRAMS FOR MODELLED SCENARIOS
	APPENDIX D LEGISLATION AND GUIDELINES
	D1 Noise from Industry in Regional Victoria (NIRV)
	D1.1 Application
	D1.2 Assessment methodology
	D1.3 Calculation of recommended levels
	D1.4 Variations to the recommended levels for mines, quarries or landfills
	D2 Construction noise – EPA Publication 1254
	D3 Sleep Disturbance
	D4 Off-site vehicle movements

	APPENDIX E PROPOSED OPERATIONS
	APPENDIX F MEASUREMENTS
	F1 Unattended ambient noise logging
	F2 Unattended traffic noise monitoring
	F3 Attended ambient noise measurements
	F4 Unattended vibration measurements

	APPENDIX G NOISE MODEL INFORMATION
	G1 Noise model inputs
	G2 Noise level data
	G3 Noise Equipment schedules and locations for modelled scenarios
	G4 Adjustments for duration and character of noise
	G5 Limitations to the accuracy of noise predictions

	APPENDIX H NOISE CONTOUR MAPS
	APPENDIX I PREDICTED NOISE LEVELS – EXAMPLE OCTAVE BAND RESULTS
	APPENDIX J SOURCE CONTRIBUTIONS
	APPENDIX K PREDICTED NOISE LEVELS WITHOUT MITIGATION
	APPENDIX L COUNCIL BOUNDARIES



