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1 INTRODUCTION  
 

The Cowal Gold Operations (the CGO) is located approximately 38 kilometres (km) north-east of West 

Wyalong in New South Wales (NSW) (Figure 1).  Evolution Mining (Cowal) Pty Limited (Evolution) is 

the owner and operator of the CGO.  Evolution acquired the CGO from Barrick (Cowal) Pty Ltd in 

July 2015. 

 

Development Consent (DA 14/98) for the CGO (including the Bland Creek Palaeochannel Borefield 

water supply pipeline) was granted by the NSW Minister for Urban Affairs and Planning under Part 4 

of the NSW Environmental Planning and Assessment Act, 1979 (EP&A Act) on 26 February 1999.  

Development Consent (DA 2011/64) for the operation of the Eastern Saline Borefield was granted by 

the Forbes Shire Council on 20 December 2010. 

 

The NSW Minister for Planning granted approval to modify Development Consent (DA 14/98) for the 

Cowal Gold Mine Extension Modification under section 75W of the EP&A Act on 22 July 2014.  The 

Cowal Gold Mine Extension Modification involves the continuation and extension of open pit mining 

and processing operations for an additional operational life of approximately 5 years (i.e. to 2024).   

 

On 7 February 2017, Development Consent (DA 14/98) was again modified by the NSW Minister for 

Planning under section 75W of the EP&A Act to allow continued operations at the existing CGO for a 

further 8 years (i.e. to 2032) to allow an additional 1.7 million ounces of gold production. The general 

arrangement of the approved CGO is provided in Figure 2. 

 

A copy of the Development Consent (DA 14/98) for the CGO (as modified on 7 February 2017) is 

available on Evolution’s website (www.evolutionmining.com.au). 

 

The CGO’s Noise Management Plan (NMP) was originally approved in January 2004, with subsequent 

Addenda and revisions, dated August 2007, April 2010 and August 2012, prepared to the satisfaction 

of the then Department of Planning.  A revised NMP was subsequently approved by the NSW 

Department of Planning and Environment (DP&E) in March 2015. This revised NMP has been 

prepared to reflect the Development Consent as modified on 7 February 2017 and supersedes all 

former revisions of the NMP and supporting Addenda. 

 

1.1 OBJECTIVES AND SCOPE OF THIS NMP 

 

Objectives 

 

The primary objective of this NMP is to establish a noise management strategy for the CGO that fulfils 

the requirements of Development Consent Condition 6.4(e), through provisions to: 

 

• evaluate noise impacts on privately-owned residences;  

• demonstrate compliance with the noise impact assessment criteria and operating conditions; 

• implement all reasonable and feasible noise mitigation measures to minimise noise generated by 

the CGO and minimise noise during meteorological conditions when noise limits do 

not apply; and 

• report on the implementation and effectiveness of these measures in the Annual Review. 
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Scope 

 

This NMP has been prepared to reflect the modified Development Consent approved by the NSW 

Minister for Planning on 7 February 2017 under section 75W of the EP&A Act, in accordance with the 

revision requirements of Condition 9.1 of the Development Consent. 

 

In accordance with the requirements of Development Consent Condition 6.4(e)(i), the NSW 

Environment Protection Authority (EPA) has been consulted during the preparation of this NMP.  In 

correspondence dated 10 July 2017, the EPA advised that following review of the NMP they had no 

objections to the revised NMP. A copy of this correspondence is provided in Appendix B. Where 

applicable, reference is made to consultation notes or previous advice from the EPA throughout this 

report. 

 

The remainder of this NMP is structured as follows: 

 

Section 2: Identifies the Development Consent, Environmental Protection Licence (EPL), Mining 

Lease (ML) 1535 conditions, and relevant legislation and noise guidelines applicable 

to this NMP. 

Section 3: Identifies the noise impact assessment criteria and other relevant noise emissions 

criteria.  

Section 4: Discusses pre-mine and existing noise levels. 

Section 5: Discusses predicted noise impacts associated with the CGO. 

Section 6: Describes the Noise Monitoring Program to be undertaken to assess compliance with 

the noise impact assessment criteria and to evaluate and investigate the effectiveness 

of noise reduction measures implemented. The Section also discusses the monitoring 

and assessment methodology used to determine noise levels. 

Section 7: Provides the protocol for the identification and notification of noise incidents. 

Section 8: Details the procedure for implementation of noise mitigation measures. 

Section 9: Details complaint recording and reporting procedures. 

Section 10: Outlines the independent review process in the event that a landowner considers 

noise levels are in exceedance of relevant criteria at their dwelling. 

Section 11: Outlines the property acquisition process for landholders with acquisition rights. 

Section 12: Presents community consultation requirements including the Community 

Environmental Monitoring  and Consultative Committee (CEMCC) which provides 

opportunities for landholders or community members to discuss specific issues of 

concern. 

Section 13: Details the Independent Environmental Audit requirements and the Independent 

Monitoring Panel review procedures. 

Section 14: Presents the Annual Review reporting requirements and the requirements for review 

of this NMP. 

Section 15: Lists the references cited in this NMP. 

Section 16: Lists the abbreviations and acronyms used in this NMP. 
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2 STATUTORY REQUIREMENTS 
 

The Development Consent, ML 1535 and EPL 11912 conditions relevant to this NMP are outlined 

below. A summary of the NSW Industrial Noise Policy (INP) (EPA, 2000) (Appendix A) is included in 

Section 2.5. 

 

2.1 DEVELOPMENT CONSENT CONDITIONS 

 

This NMP has been prepared in accordance with the requirements of Development Consent 

Condition 6.4(e).  The requirements of Condition 6.4(e) and other conditions relevant to this NMP are 

outlined in Table 1 below. 

 

Table 1 
Development Consent Conditions Relevant to this NMP 

 

Development Consent Condition Section 

6.4 Noise Management 

(a) Acquisition Upon Request 

Upon receiving a written request for acquisition from the owner of any land listed in 

Table 7, the Applicant shall acquire the land in accordance with the procedures in 

condition 8.3. 

Table 7: Land subject to acquisition upon request 

Westella 

Westlea 

Note: To interpret the location referred to Table 7, see the map in Appendix 6. 

 

 

 

Sections 3.3 and 

11 

 (b) Additional Noise Mitigation 

Upon receiving a written request from the owner of the residences listed in Tables 7 

and 7A, the Applicant shall implement additional noise mitigation measures (such as 

double-glazing, insulation, and/or air conditioning) at the residence in consultation with 

the landowner. These measures must be reasonable and feasible, and directed 

towards reducing the noise impacts of the development on the residence. 

lf within 3 months of receiving this request from the owner, the Applicant and the owner 

cannot agree on the measures to be implemented, or there is a dispute about the 

implementation of these measures, then either party may refer the matter to the 

Secretary for resolution. 

Table 7A: Land subject to mitigation upon request 

Laurel Park 

Lakeview III 

Bramboyne 

The Glen 

Caloola II 

Note: To interpret the location referred to Table 7A, see the map in Appendix 6. 

 

Sections 3.2 and 

8.3 

 (c) lmpact Assessment Criteria 

The Applicant shall ensure that the noise generated by the development does not 

exceed the noise impact assessment criteria in Table 8 at any residence on 

privately-owned land. 
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Table 1 (Continued) 
Development Consent Conditions Relevant to this NMP 

 

Development Consent Condition Section 

6.4  

(Cont.) 

Table 8: Noise Impact Assessment Criteria dB(A) LAeq (15 min) 

Land Day/Evening/Night 

Laurel Park, Lakeview III 39 

Bramboyne, The Glen, Caloola II 38 

Lakeview, Lakeview II, Foxham Downs II 37 

All other privately-owned land 35 

Note: To identify the land referred to in Table 8, see the map in Appendix 6. 

Noise generated by the development is to be measured in accordance with the relevant 

requirements of the NSW Industrial Noise Policy (as may be updated from time-to-time). 

Appendix 5 sets out the meteorological conditions under which these criteria apply, and 

the requirements for evaluating compliance with these criteria. 

However, these criteria do not apply if the Applicant has an agreement with the owner/s 

of the relevant residence or land to generate higher noise levels, and the Applicant has 

advised the Department in writing of the terms of this agreement. 

Section 3.1 

 

 

 

 

 

Section 6 

 

 

Section 3.1 

 (d) Operating Conditions 

The Applicant shall: 

(i) implement best management practice, including all reasonable and feasible 

mitigation measures, to minimise the operational, low frequency, and road noise 

of the development, including mitigation measures to: 

(ii) minimise the noise impacts of the development during meteorological conditions 

when the noise limits in this consent do not apply (see Appendix 5); and 

(iii) carry out regular attended monitoring to determine whether the development is 

complying with the relevant conditions of this consent, to the satisfaction of the 

Secretary. 

 

 

 

 

Sections 3.4 and 
8 

 

 
Section 6 

(e) Noise Management Plan 

The Applicant shall prepare and implement a Noise Management Plan for the 

development to the satisfaction of the Secretary. This plan must: 

(i) be prepared in consultation with the EPA, and submitted to the Secretary for 

approval prior to carrying out any development under this consent, unless the 

Secretary agrees otherwise; 

(ii) describe the measures that would be implemented to ensure compliance with the 

noise criteria and operating conditions in this consent; and 

(iii) include a monitoring program that: 

• evaluates and reports on: 

- compliance with the noise criteria in this consent; and 

- compliance with the noise operating conditions;  

• defines what constitutes a noise incident, and includes a protocol for 

identifying and notifying the Department and relevant stakeholders of any 

noise incidents. 

 

 
 
 

Section 1 

 

 
Sections 3.2 and 

8 

 

 
Section 6 

 

 
 

Section 7 

8 ADDITIONAL PROCEDURES 

8.1 Notification of Landowners/Tenants 

a) By the end of September 2014, unless the Secretary agrees otherwise, the 

Applicant shall notify in writing the owners of; 

(i) the land listed in Table 7 that they have the right to ask the Applicant to:  

• acquire their land at any stage during the development; and 

• install additional noise mitigation measures at any residence on their 

land; 

... 

 

 

 
 
 

Section 3.3 
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Table 1 (Continued) 
Development Consent Conditions Relevant to this NMP 

 

Development Consent Condition Section 

8 

(Cont.) 

b) As soon as practicable after obtaining monitoring results showing: 

(i) an exceedance of any relevant criteria in this consent, the Applicant shall 

notify the affected landowners in writing of the exceedance, and provide 

regular monitoring results to the landowner until the development is again 

complying with the relevant criteria; 

 

Section 3.3 

Appendix 

5 

NOISE COMPLIANCE ASSESSMENT 

Applicable Meteorological Conditions 

1) The noise criteria in the conditions are to apply under all meteorological conditions 

except the following: 

(a) during periods of rain or hail; 

(b) average wind speed at microphone height exceeds 5 m/s; or wind speeds greater 

than 3 m/s measured at 10 m above ground level. 

Determination of Meteorological Conditions  

2) Except for wind speed at microphone height, the data to be used for determining 

meteorological conditions shall be that recorded by the meteorological station located 

on the site. 

Compliance Monitoring 

3) Attended monitoring is to be used to evaluate compliance with the relevant conditions of 

this approval. 

4) This monitoring must be carried out quarterly, unless the Secretary directs otherwise. 

Note: The Secretary may direct that the frequency of attended monitoring increase or decrease at 

any time during the life of the development. 

5) Unless the Secretary agrees otherwise, this monitoring is to be carried out in 

accordance with the relevant requirements for reviewing performance set out in the 

NSW Industrial Noise Policy (as amended from time to time), in particular the 

requirements relating to: 

a) monitoring locations for the collection of representative noise data; 

b) meteorological conditions during which collection of noise data is not appropriate, 

c) equipment used to collect noise data, and conformity with Australian Standards 

relevant to such equipment; and 

d) modifications to noise data collected, including for the exclusion of extraneous 

noise and/or penalties for modifying factors apart from adjustments for duration. 

 

 

 

Section 6 

 

 

 

 

 

Sections 3.1 and 

6.2.3 

 

 
 

Section 6 

 

In addition to the above, the following Development Consent Conditions are also relevant to this NMP: 

 

• Condition 9.1(d) establishes the requirements for a Community Environmental Monitoring and 

Consultative Committee and is reproduced in full and addressed in Section 12.  

• Conditions 9.2(a) and 9.2(b) establish the requirements for an Independent Environmental Audit 

and an Independent Monitoring Panel.  These conditions are reproduced in full and discussed in 

Section 13.  

• Conditions 9.1(b) and 9.1(c) establish the reporting and review requirements for this NMP and are 

discussed in Section 14. 

• Condition 9.4(a)(v) outlines the requirements for a complaints register. This condition is discussed 

in Section 9. 
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• Condition 8.2 outlines the independent review process in the event that a landowner of 

privately-owned land considers the CGO to be exceeding the noise impact assessment criteria.  

This condition is reproduced in full and discussed in Section 10. 

• In addition to Condition 6.4(a), Condition 8.3 outlines the process for acquisition of a property in 

the event of demonstrated noise affectation.  This condition is reproduced in full in Section 11. 

 

2.2 EPL 11912 CONDITIONS 

 

Condition L4 of the EPL is relevant to the regulation of noise emissions generated from the CGO.  The 

requirements of Condition L4 reflect the noise impact assessment criteria requirements of 

Development Consent Condition 6.4(c) and the meteorological condition requirements in Appendix 5 

of the Development Consent. 

 

2.3 ML 1535 CONDITIONS OF AUTHORITY 

 

The NSW Division of Resources and Geoscience (DRG), within the DP&E, regulates the Conditions of 

Authority for ML 1535 which includes requirements that relate to the reporting of noise monitoring 

results within the Annual Environmental Monitoring Report (AEMR) (now Annual Review).  Condition 

26 provides:  

 
Annual Environmental Management Report (AEMR) 

 

26. (1) Within 12 months of the commencement of mining operations and thereafter annually or, at 

such other times as may be allowed by the Director-General, the lease holder must lodge an 

Annual Environmental Management Report (AEMR) with the Director-General. 

(2) The AEMR must be prepared in accordance with the Director-General's guidelines current at 

the time of reporting and contain a review and forecast of performance for the preceding and 

ensuing twelve months in terms of: 

(a) the accepted Mining Operations Plan; 

(b) development consent requirements and conditions; 

(c) Environment Protection Authority and Department of Land and Water Conservation 

licences and approvals; 

(d) any other statutory environmental requirements; 

(e) details of any variations to environmental approvals applicable to the lease area; and 

(f) where relevant, progress towards final rehabilitation objectives. 

(3) After considering an AEMR the Director-General may, by notice in writing, direct the lease 

holder to undertake operations, remedial actions or supplementary studies in the manner 

and within the period specified in the notice to ensure that operations on the lease area are 

conducted in accordance with sound mining and environmental practice. 

(4) The lease holder shall, as and when directed by the Minister, cooperate with the Director-

General to conduct and facilitate review of the AEMR involving other government agencies 

and the local council. 

 

The above and the Development Consent condition requirements for the Annual Review (formerly the 

AEMR) is addressed in Section 14. 
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2.4 LEGISLATION 

 

Protection of the Environment Operations Act, 1997 

 

Section 139 of the Protection of the Environment Operations Act 1997 (PoEO Act) makes it an offence 

to operate any plant (other than control equipment) at those premises in such a manner as to cause 

the emission of noise from those premises if the noise is caused by the occupier’s failure to maintain 

the plant in an efficient condition, or to operate the plant in an efficient manner.  

 

Also relevant to this NMP under section 148 of the PoEO Act, duties are imposed on certain persons 

to notify the EPA (or local council) where a pollution incident occurs in the course of an activity so that 

material harm to the environment is caused or threatened.  The persons upon whom the duties are 

imposed include the person carrying on the activity, the employer and the occupier of premises on 

which the incident occurs. 

 

Other obligations under the PoEO Act relevant to compliance with the requirements of the EPL are 

detailed in the EPL. 

 

2.5 NOISE GUIDELINES 

 

NSW Industrial Noise Policy 

 

The INP (EPA, 2000) has been referenced in the preparation of this NMP with regard to: 

 

• monitoring of temperature inversions and other relevant meteorological conditions; 

• noise monitoring procedures; 

• noise monitoring instrumentation calibration; and 

• implementation of mitigation measures. 

 

The INP provides a framework and process for deriving noise limit conditions for consents and 

licences to facilitate EPA regulation of premises scheduled under the PoEO Act, including mining 

operations.  In applying the policy: 

 

• specific noise levels for intrusiveness and amenity that are relevant to the CGO must be 

determined; 

• existing background and ambient noise levels must be determined; 

• adjustments for annoying noise characteristics are to be applied to the noise levels produced by 

the CGO; 

• regard must be had to meteorological conditions in measuring noise levels produced by the CGO; 

• measured noise levels must be compared with CGO-specific noise levels and impacts must be 

assessed; 

• noise mitigation measures must be considered where the CGO-specific noise levels are 

exceeded; and  

• environmental noise levels from the CGO must be monitored to determine compliance with the 

Development Consent/EPL conditions. 

 

Sections of the INP relevant to noise management at the CGO are referenced throughout the text and 

the INP is included in full in Appendix A.  
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3 NOISE CRITERIA 
 

3.1 NOISE IMPACT ASSESSMENT CRITERIA 

 

Noise monitoring will be undertaken to demonstrate compliance with the noise impact assessment 

criteria set out in Development Consent Condition 6.4(c), which requires that noise generated by the 

CGO does not exceed the criteria in Table 2. 

 

Table 2 
Noise Impact Assessment Criteria dB(A) LAeq (15minute) 

 

Land Day/Evening/Night 

Laurel Park, Lakeview III 39 

Bramboyne, The Glen, Caloola II 38 

Lakeview, Lakeview II, Foxham Downs II 37 

All other privately-owned land 35 

Note:  To interpret the locations referred to in Table 2, see Figures 3 and 4. 

 

In accordance with Development Consent Condition 6.4(c), noise generated by the CGO is to be 

measured in accordance with the relevant requirements and exemptions (including certain 

meteorological conditions) of the INP.  Meteorological conditions under which the above criteria 

applies, and the requirements for evaluating compliance with these criteria are provided in Appendix 5 

of the Development Consent. 

 

As provided in Appendix 5 of the Development Consent, the noise impact assessment criteria do not 

apply: 

 

• during periods of rain or hail; 

• average wind speed at microphone height exceeds 5 metres per second (m/s); or wind speeds 

greater than 3 m/s measured at 10 metres (m) above ground level. 

 

In the absence of measured data to assess atmospheric stability conditions, the INP nominates default 

inversion parameters for arid and semi-arid areas where the average rainfall is less than 

500 millimetres as follows: 

 
8.0oC/100 m temperature inversion strength for all receivers, plus a 1 m/s source-to-receiver component 

drainage-flow wind speeds for those receivers where applicable. 

 

As such, the noise criteria in Table 2 will apply under meteorological conditions of temperature 

inversion strengths of up to 8.0 degrees Celsius per hundred metres (oC/100 m) and wind speeds up 

to 1 m/s at 10 m above ground level.  The 1 m/s drainage-flow wind applies where the development is 

at higher altitude than the residential receiver, with no intervening higher ground.  

  

As stated in Development Consent Condition 6.4(c), if Evolution has an agreement with the relevant 

owner/s of the residences/land listed in Table 2 to generate higher noise levels and Evolution has 

advised the DP&E of the terms of the agreement, then the criteria in Table 2 does not apply. 
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3.2 ADDITIONAL MITIGATION MEASURES CRITERIA 

 

In accordance with Development Consent Condition 6.4(b), upon receiving a written request from the 

owner of the any land subject to acquisition upon request (i.e. Westella, Westlea) (Figure 3), Evolution 

will implement additional noise mitigation measures such as double glazing, insulation, and/or air 

conditioning at any residence on the land in consultation with the landowner.  These additional 

mitigation measures will be directed towards reducing the noise impacts of the development at the 

residence. 

 

If, within three months of receiving a written request from the landowner, Evolution and the landowner 

cannot agree on the measures to be implemented, or there is a dispute about the implementation of 

these measures, then either party may refer the matter to the Secretary for resolution. 

 

3.3 NOTIFICATION AND ACQUISITION CRITERIA 

 

Development Consent Conditions 8.1(a)(i), 8.1(b)(i) and 6.4(a) outline the notification and land 

acquisition requirements for the CGO (that relate to noise emissions).  These conditions are 

reproduced below: 

 

Notification of Landowners/Tenants 

 

8.1  (a) By the end of September 2014, unless the Secretary agrees otherwise, the Applicant shall notify 

in writing the owners of; 

(i) the land listed in Table 7 that they have the right to ask the Applicant to:  

• acquire their land at any stage during the development; and 

• install additional noise mitigation measures at any residence on their land; 

... 

(b) As soon as practicable after obtaining monitoring results showing: 

(i) an exceedance of any relevant criteria in this consent, the Applicant shall notify the affected 

landowners in writing of the exceedance, and provide regular monitoring results to the 

landowner until the development is again complying with the relevant criteria; 
 

Acquisition Upon Request 

 

6.4 (a) Upon receiving a written request for acquisition from the owner of any land listed in Table 7, the 

Applicant shall acquire the land in accordance with the procedures in condition 8.3. 

 

Table 7: Land subject to acquisition upon request 

Westella 

Westlea 

Note: To interpret the location referred to Table 7, see the map in Appendix 6. 

 

As required by Development Consent Condition 8.1(a)(i), the owners of “Westella” and “Westlea” were 

informed in writing (and in person) of their right to request land acquisition and additional noise 

mitigation measures.  The land acquisition process is described in Section 11. 
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3.4 OPERATING CONDITIONS 

 

In accordance with Development Consent Condition 6.4(d), Evolution will: 

 

(i) implement best management practice, including all reasonable and feasible mitigation 

measures, to minimise the operational, low frequency, and road noise of the development, 

including mitigation measures to: 

(ii) minimise the noise impacts of the development during meteorological conditions when the 

noise limits of the Development Consent do not apply; and 

(iii) carry out regular attended monitoring to determine whether the development is complying with 

the relevant conditions of the Development Consent. 

 

Table 1 outlines where within this NMP, the above operating conditions are addressed. 
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4 EXISTING NOISE LEVELS 
 

A review of the pre-mine background noise data (in this case, data from 1994) was undertaken by 

SLR Consulting (2013).  For INP assessment purposes, a 24-hour day is divided into three periods: 

day (7.00 am to 6.00 pm); evening (6.00 pm to 10.00 pm); and night (10.00 pm to 7.00 am).  A 

summary of the background noise (from 1994) and operational noise (from 2005 to 2016) monitoring 

results is provided below.  A discussion of low frequency noise and off-site road noise is also provided 

in this section. 

 

Background Noise Monitoring, 1994 

 

Background noise surveys to characterise and quantify the background (i.e. prior to the development 

of the CGO) acoustical environment in the area surrounding ML 1535 were conducted in July and 

December 1994.  Unattended noise loggers were positioned at the following residences: “Coniston” 

(Evolution-owned), “Lakeside” (Evolution-owned), “Lake Cowal” (Evolution-owned) and “Gumbelah” 

(Figure 3).   

 

The unattended ambient noise logger data from each monitoring location together with the on-site 

weather conditions are presented in the Cowal Gold Project Environmental Impact Statement (North 

Limited, 1998).  The background noise data was previously processed in accordance with the 

requirements of the former Environmental Noise Control Manual (EPA, 1994) to determine the 

minimum repeated background noise levels as shown in Table 3. 

 
Table 3 

Background Noise Environment in 1994 (dBA re 20 µPa) 
 

Property Reference 

Winter2 - Minimum Repeated  
LA90 (15minute) Background Level  

Summer2 - Minimum Repeated  
LA90 (15minute) Background Level 

Daytime1 Night-time1 Daytime1 Night-time1 

Coniston (Evolution) 30 25 27 26 

Lakeside (Evolution) 30 25 31 34 

Lake Cowal (Evolution) 30 25 30 25 

Gumbelah  29 27 31 32 
1 Daytime/evening 7.00 am to 10.00 pm; night-time 10.00 pm to 7.00 am (EPA, 1994). 

2 Measured noise levels less than 31 dBA may have a signal to noise ratio less than 5 dBA. 

dBA A-weighted decibel. 

µPa Micropascal. 

 

The data shows that the background noise levels in the vicinity of the CGO were typically around 

30 A-weighted decibels (dBA) (or less), consistent with a relatively remote rural environment 

comprising of agricultural and domestic activity together with seasonal fauna noise sources and with 

an absence of major industrial development and continuous transportation systems. 
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Noise Monitoring 2005 to 2016 

 

Unattended noise logging has been carried out at nearby residential monitoring locations on a regular 

basis since the commencement of construction and mining operations at the CGO. The monitoring 

program at the CGO also includes operator-attended monitoring at locations representative of six 

privately-owned dwelling locations and has historically also included two reference locations (i.e. at the 

New Lake Foreshore within ML 1535 and on Evolution-owned land, south of ML 1535) (Figure 3). The 

monitoring programme also includes an on-site Automatic Weather Station and sample temperature 

gradient measurements coinciding with winter season noise surveys.  

 

The noise monitoring data and on-site weather conditions have been assessed in accordance with the 

requirements of the INP (Renzo Tonin & Associates, 2016; Evolution, 2015, 2016a) to derive the 

Leq (15minute) ambient (operating) noise levels (i.e. all noise sources inclusive of any mine noise) (Table 4). 

 
The monitoring of ambient (operating) noise levels to date indicated that current noise levels were 

sometimes above the background noise levels measured in 1994 (SLR Consulting 2013; Renzo Tonin 

and Associates, 2016).   

 

Low frequency noise associated with the CGO has been assessed by SLR Consulting (2013).  

SLR Consulting concluded that based on three years of night-time operator attended noise monitoring 

results, CGO noise emissions do not contain “dominant low frequency content” in accordance with the 

INP’s assessment procedures (SLR Consulting, 2013).   
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Table 4 

Ambient (Operating) Noise Environment 2015 to 2016 (dBA re 20 µPa) 
 

Receiver Area 

Measure Leq (15minute) Ambient Noise Levels (mine operating noise only) 

2015 2016 

January April July October January April July November 

D E N D E N D E N D E N D E N D E N D E N D E N 

N01 New Lake Foreshore 22 26 24 26 29 -^ 28 28 30 21 24 23 21 <20 <20 34 33 34 31 32 <20 <20 21 <20 

N05 Gumbelah -^ -^ -^ -^ 22 22 23 23 24 27 <20 23 <20 <20 <20 <20 21 22 <20 <20 <20 <20 <20 <20 

N09 Lakeview III -^ -^ 31 -^ -^ -^ <20 21 22 <20 <20 <20 <20 <20 <20 <20 21 21 <20 <20 <20 <20 <20 <20 

N10 Bramboyne -^ -^ -^ -^ -^ -^ <20 <20 <20 21 23 <20 <20 <20 <20 <20 20 25 <20 <20 <20 <20 <20 <20 

N11 Laurel Park -^ -^ 21 -^ -^ -^ <20 23 22 <20 <20 <20 <20 <20 <20 <20 21 26 <20 <20 <20 <20 23 <20 

N12 The Glen -^ -^ -^ -^ -^ -^ <20 25 23 <20 21 <20 <20 <20 <20 <20 24 23 <20 <20 <20 22 <20 <20 

N13 Bungabulla -^ -^ -^ -^ -^ 22 25 22 22 29 <20 23 <20 <20 <20 <20 20 <20 <20 <20 24 <20 <20 <20 

N14 Hillgrove (Evolution) -^ -^ 27 22 -^ 25 <20 <10 25 <20 <20 23 <20 <20 22 <20 <20 <20 30 23 25 <20 <20 <20 

Source: Renzo Tonin & Associates (2016), Evolution (2015, 2016a). 

* D - daytime 7.00 am to 6.00 pm E - evening 6.00 pm to 10.00 pm N - night-time 10.00 pm to 7.00 am. 

# Noise logger malfunction. 

^ Mine noise emission not discernible. 
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5 NOISE IMPACTS 
 

5.1 OPERATIONAL NOISE 

 

5.1.1 Hours of Operation 

 

The hours of mining and processing operations at the CGO will be 24 hours per day, seven days per 

week.  Construction works on the Tailings Storage Facility embankments will only occur between the 

hours of 7.00 am to 6.00 pm. 

 

5.1.2 Description of Operational Activities Contributing to Noise Emissions 

 

Activities contributing to noise emissions during operations would consist of the use of mobile 

equipment predominantly associated with open pit mining, construction of the tailings embankment 

lifts and waste rock emplacements and the operation of the processing plant. 

 

5.1.3 Operational Noise Impacts 

 

The following sections outline the results of the noise emissions modelling conducted by Renzo Tonin 

& Associates (2016) for the approved CGO. 

 

Noise Modelling 

 

An acoustic model was developed by Renzo Tonin & Associates (2016) that simulates the CGO 

components and noise source information (i.e. sound levels and locations).  The noise modelling 

methodology was based on previous predictive noise modelling conducted for the CGO, with revisions 

as required. The sources of noise identified for the CGO are outlined in Section 5.1.2.  The model also 

considers meteorological effects, surrounding terrain, distance from source to receiver and noise 

attenuation (i.e. at-source mitigation measures adopted). 

 

Meteorological effects included in the modelling are those characterised as prevailing in accordance 

with INP assessment methodologies.  The definition of prevailing conditions included statistical 

analysis of meteorological data (including consideration of wind speed and direction, as well as 

temperature lapses and inversions). 

 

The noise modelling meteorological parameters were based on analysis of the existing CGO 

meteorological data set and field measurements and are presented in Table 5. 

 

Table 5 
Calm (Neutral) and Noise Enhancing Meteorological Modelling Parameters 

 

Period 
(particularly Winter) 

Meteorological 
Parameter 

Air 
Temperature 

Relative 
Humidity 

Wind 
Velocity1 

Temperature 
Gradient 

Daytime (8.30 am to 5.00 pm)  Calm 12oC 64% 0 m/s 0oC/100 m 

Late afternoon (5.00 pm  to 6.00 pm)  

Early morning (7.00 am to 8.30 am)  

Moderate Inversion  12oC 64% 0 m/s 3oC/100 m 

Evening (6.00 pm to 10.00 pm) Strong Inversion  10oC 70% 0 m/s 8oC/100 m 

Night-time (10.00 pm to 7.00 am) Strong Inversion  8oC 80% 0 m/s 8oC/100 m 

Source: Renzo Tonin & Associates (2016) 

1  Local topography is generally flat to undulating and drainage flows are not considered a feature of the area. 

m/s = metres per second. 
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In accordance with the INP, winter was selected as the appropriate season in which to determine 

whether temperature inversions were significant, as it represents the season with the highest 

frequency of occurrence of temperature inversions.  The observed winter season meteorological 

conditions at the CGO can be summarised as follows (Renzo Tonin & Associates, 2016): 

 

• Daytime: Generally unstable atmospheric conditions coinciding with temperature lapses and an 

absence of prevailing winds.  However, moderate temperature inversions may develop in the late 

afternoon (5.00 pm to 6.00 pm) and dissipate in the early morning (7.00 am to 8.30 am), 

particularly during winter. 

• Evening: Generally stable atmospheric conditions coinciding with strong temperature inversions in 

the absence of prevailing winds with minimal topographic characteristics to enhance drainage 

flows. 

• Night-time: Generally stable atmospheric conditions coinciding with strong temperature inversions 

in the absence of prevailing winds with minimal topographic characteristics to enhance drainage 

flows. 

In accordance with Table E2 of the INP, the combined frequency of occurrence of moderate to strong 

(i.e. 1.5 to >4.0oC/100 m) winter temperature inversions is greater than 30% during the combined 

evening and night-time period and therefore requires assessment (EPA, 2000).  The daytime 

frequency of occurrence of moderate to strong winter temperature inversions is approximately 2% 

(i.e. much less than 30%). 

 

While the INP indicates that temperature inversions are not relevant to assessment of impacts during 

the evening and daytime, based on the direct temperature gradient measurements moderate inversion 

conditions have been identified in daytime shoulder periods and strong inversion conditions occur 

during the evening, and were therefore included in Renzo Tonin & Associates (2016) assessment. 

 
Noise Emission Scenarios 
 

Predictive noise emission modelling was undertaken by Renzo Tonin & Associates (2016) for two 

representative periods in the CGO mine life, based on the provisional ore and waste mining and 

processing schedule.  
 

Two mine operating scenarios (Year 14 [2018] and Year 18 [2022]) were assessed including all 

significant fixed plant and mobile equipment operating concurrently to simulate the likely intrusive 

LAeq (15minute) emission levels from the CGO (Section 5.1.2). The operating scenarios also captured the 

highest combined material movement (with maximum mobile fleet in operation) and the emplacement 

of waste on the northern waste rock emplacement near to the maximum height of the emplacement 

(Renzo Tonin & Associates, 2016). 

 

Private (Non-Evolution Owned) Dwellings 
 

Table 6 identifies private (non-Evolution owned) dwellings where intrusive emissions were predicted to 

exceed the CGO-specific noise assessment criteria (within the noise management and affectation 

zones) during CGO mining and processing operations. 
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Table 6 
Private (Non-Evolution Owned) Dwellings within Noise Management and Affectation Zones 

 

Assessment Period 
Negligible 

1 dBA to 2 dBA  
above PSNL 35 dBA 

Marginal to Moderate 
3 dBA to 5 dBA  

above PSNL 35 dBA 

Significant 
> 5 dBA above PSNL 35 dBA 

Daytime:  

(8.30 am to 5.00 pm) 

Nil Nil Nil 

Late Afternoon 
(5.00 pm to 6.00 pm) and  
Early Morning 
(7.00 am to 8:30 am) 

Nil Westlea1 Westella1 

Evening  

(6.00 pm to 7.00 am) 
 

Bramboyne2, Lakeview2, 
Lakeview II2, Foxham 

Downs II2 

Laurel Park2, Lakeview III2, 
The Glen2, Caloola II2 

Westella1, Westlea1 

Night  

(10.00 pm to 7.00 am) 

Lakeview2, Lakeview II2, 
Foxham Downs II2 

Laurel Park2, Bramboyne2, 
Lakeview III2, The Glen2, 

Caloola II2 

Westella1, Westlea1 

Source: Renzo Tonin & Associates (2016)  

1 Properties identified as being in the Noise Affectation Zone (>5 dBA above PSNL). 

2  Properties identified as being in the Noise Management Zone (1-5 dBA above PSNL). 

 

5.2 ROAD NOISE 

 

Road traffic noise from mine generated traffic has been assessed by SLR Consulting (2013).  

SLR Consulting (2013) concluded that some dwellings located along mine access roads may 

experience minor road noise impacts.   

 

As a result of the approval of Modification 13 (Evolution, 2016b), the CGO will experience a small 

increase to the current total daily truck deliveries. There will be no additional light vehicle traffic 

generation on the surrounding road network due to the operational activities of Modification 13. An 

increase of 1-2 trucks per day is not considered material to road noise levels along the Mine Access 

Road (i.e. Ungarie, Wamboyne and Blow Clear Roads). As road traffic noise was previously 

determined by SLR Consulting (2013) to be within the relevant noise criteria, no further assessment of 

this criteria is required (Renzo Tonin & Associates, 2016).  

 

Evolution has entered into agreements with residents who may be potentially affected by traffic noise 

attributable to the CGO.  Measures that will continue to be used to minimise road noise associated 

with the CGO are described in Section 8. 
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6 NOISE MONITORING PROGRAM 
 

6.1 NOISE MONITORING LOCATIONS 
 

The following monitoring locations will be used to evaluate noise emissions from the CGO (Figure 4): 

 

• N01 – New Lake Foreshore (reference site); 

• N09 – “Lakeview III” residence;  

• N10 – “Bramboyne” residence;  

• N11 – “ Laurel Park” residence;  

• N12 – “The Glen” residence;  

• N15 – “Caloola II” residence; 

• N16 – “Foxham Downs II” residence; and 

• N17 – “Lakeview” and “Lakeview II” residences. 

 

The monitoring locations listed above have been developed in consideration of the requirements of 

Development Consent Condition 6.4, those properties which are afforded acquisition and noise 

mitigation rights and those properties with noise mitigation agreements in place.   

 

Monitoring will be conducted at the above locations to evaluate, assess and report the LAeq(15 minute) 

noise emission levels due to normal operations of the mine.  Noise generated by the CGO will be 

measured in accordance with the relevant requirements and exemptions (including meteorological 

conditions) of the INP (Section 6.2.4). 

 

If necessary, one or more monitoring locations will be used to assess noise impacts at other 

residences surrounding the CGO beyond those listed above in addition to consideration of the 

prevailing meteorological conditions and areas of key operational activities during the relevant 

monitoring period.   

 

Bird Behaviour Monitoring 

 

Waterbird behaviour and breeding activity will continue to be monitored during bird breeding periods 

by a suitably qualified person during operational activities in accordance with the CGO’s Flora and 

Fauna Management Plan.  This monitoring will be conducted in the identified bird breeding areas and 

will include observations and photography from a bird hide or a boat as well as correlation with data 

collected during surveys. 

 

Noise and bird behaviour monitoring is conducted at the CGO, with a focus on abrupt events more 

likely to affect waterbird behaviour. Results of waterbird behaviours monitoring conducted at the CGO 

found there was no abrupt change in the behaviour of any bird species to noise (or other effects) from 

blasts conducted at the CGO (Trevor Brown and Associates, 2016). Renzo Tonin & Associates (2016) 

concluded that noise emissions from the CGO would be unlikely to significantly impact on fauna 

species. 
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6.2 EVALUATION AND ASSESSMENT METHODOLOGY 

 

The measures and procedures presented in this section will be used to determine noise levels and 

assess compliance with the noise impact assessment criteria. 

 

6.2.1 Establishing the Mine’s Operating Configuration 

 

Details regarding potential noise sources during the operational phase of the CGO are presented in 

Section 5. 

 

6.2.2 Survey Intervals and Times of Measurement 

 

Operator attended noise monitoring will be conducted at quarterly intervals at the locations identified in 

Section 6.1. 

 

At each monitoring site, operator attended noise monitoring will be conducted using a sound level 

meter over a 15 minute period on at least one occasion during the daytime (7.00 am to 6.00 pm), 

evening (6.00 pm to 10.00 pm) and night (10.00 pm to 7.00 am).  In accordance with INP noise 

monitoring procedures (Section 6.2.6), an additional 15 minute monitoring period may be undertaken 

to further characterise noise levels.  During the survey, the operator will identify the character and 

duration of acoustically significant noise sources.  This monitoring is referred to as short-term 

monitoring in the INP (Appendix A).  

 

6.2.3 Meteorological Monitoring 

 

Data from the on-site meteorological station will be used for predicting noise impacts on nearby 

residences.  The meteorological station is located near the southern ML 1535 boundary (Figures 3 

and 4) and measures real-time wind speed and direction, standard deviation of wind direction, 

temperature (2 m, 10 m), barometric pressure, humidity, solar radiation and rainfall.   

 

Meteorological conditions will be recorded with each monitoring activity or complaint (Section 7). 

 

6.2.4 Monitoring Temperature Inversions 

 

The INP states that when assessing noise impacts, project-specific noise levels are expected to apply 

under weather conditions characteristic of an area.  These conditions may include calm conditions, 

wind and temperature inversions.  Temperature inversions are a characteristic of the CGO area and 

are therefore required to be considered in this NMP.   

 

As part of the meteorological monitoring, either the sigma-theta method or direct measurement (using 

temperature sensors located at the base and crest of the northern waste rock emplacement with an 

approximate 60 m vertical height separation) will be employed for measuring temperature inversions.  

The sigma-theta method will be used according to the specifications in the INP (Appendix A).  The 

sigma-theta method allows the susceptibility of an area to inversions to be determined indirectly 

through the use of a relationship between atmospheric stability categories and inversions.  This 

relationship is described in Table E1 of Appendix E of the INP (Appendix A).  The direct measurement 

of temperature inversions will be undertaken in accordance with the procedures described in 

Appendix E2 of the INP (Appendix A). 
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6.2.5 Seasonal Variations 

 

As operational noise monitoring will be undertaken quarterly, this will enable noise monitoring to be 

evaluated with regards to the season in which the monitoring will be undertaken.  Seasonal variations 

will be evaluated and discussed in the noise monitoring reports prepared subsequent to each 

monitoring period (Section 6.3). 

 

6.2.6 Means of Determining Noise Levels  

 

Instrumentation 

 

In order to measure against the operational noise criteria (e.g. LAeq(15 minute)), sound level meters with 

International Electrotechnical Commission (IEC) Type 1 third-octave filters, sound level weightings and 

microphone sensitivity will be used in accordance with Australian Standard (AS) 1055.1-1997. 

 

Instrumentation Set-up 

 

Section B2.1 of Appendix B of the INP (Appendix A) outlines instrumentation and siting requirements 

for operator attended short-term monitoring. The following actions will be undertaken when setting up 

instrumentation: 

 

• fit a windshield over the microphone before taking measurements; 

• ensure that the equipment has a current laboratory calibration certificate or label in accordance 

with the calibration requirements outlined in AS IEC 61672.1:2004 and AS IEC 61672.2:2004;  

• calibrate the equipment in-field in accordance with AS IEC 61672.1:2004 and 

AS IEC 61672.2:2004; 

• hold the sound-level meter at arm’s length or set-up on a tripod so that the microphone is 1.2 to 

1.5 m above the ground and at least 3 to 5 m from any walls; and 

• set the meter to “Fast” time weighting and “A” frequency weighting.  

 

Noise Monitoring Procedures  

 

The following procedures for operator attended short-term monitoring are predominantly adopted from 

Section B2.2 of Appendix B of the INP (Appendix A), which discusses measurement procedures for 

monitoring of noise levels.  Generally, the noise monitoring procedure is as follows: 

 

1. During the period of the day for which the noise source is expected to operate, determine the time 

when the greatest impact is likely to occur and take measurements at this time. (note: this is often 

when the difference between the measured existing noise and the noise level generated by the 

new or existing development is greatest). 

2. Field-calibrate the noise monitoring equipment. 

3. Measure the noise level continuously for a 15 minute period, excluding all distinct extraneous 

noises. 

4. At the end of the 15 minute period, check the field calibration in accordance with 

AS IEC 61672.1:2004 and AS IEC 61672.2:2004.  Re-monitoring may be required if there is a 

calibration drift greater than that allowed by relevant Australian Standards. 
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Calibration Checks 
 
Equipment calibration procedures are described in AS IEC 61672.1:2004 and AS IEC 61672.2:2004. 

These standards provide specific details on how calibration should be undertaken and outline checks 

to be undertaken in situ to determine the validity of calibration performed on the instrument. 

 

The calibration check will be performed in the field by applying an acoustic calibrator, which provides a 

known sound pressure level to the sound level, and confirming that a correct indication of the 

calibrator’s reference level is obtained on the meter.  It may be necessary to trim the gain of the meter 

(usually a screwdriver adjustment) until a correct meter indication can be obtained.  

 

An acoustic calibration check will be performed both before and after each series of measurements. If 

the series of measurements spans a long period, more frequent checks should be performed.  As 

stated in Section 5.6 of AS 1055.1-1997 if the instrumentation system registers a discrepancy equal to 

or greater than 1 decibel (dB) between consecutive checks, any measurements in the interval 

between the two checks shall be invalid. 

 

6.2.7 Compliance Assessment Protocol 

 

The results of attended noise monitoring will be compared against the relevant noise impact 

assessment criteria (Section 3).  The comparison will be undertaken following the exclusion of data 

where meteorological conditions are not relevant to the site in accordance with the INP (Section 3.1), 

as well as observations of non-mine noise by the person undertaking the attended noise monitoring 

program.   

 

In the event of an exceedance of the noise criteria, an assessment will be conducted to determine: 

 

• Timing of the exceedance. 

• Location of the exceedance. 

• Exclusion of non-mine related noise and noise from non-CGO mining activities (e.g. can the 

exceedance be attributed directly to the CGO).  This will include consideration of: 

– the methods and type of equipment being used by the CGO at the time of the exceedance 

and proximity to the locations at which the exceedance was recorded; and 

– the location of non-CGO mining activities or agricultural activities and proximity to the 

locations at which the exceedance was recorded. 

• Meteorological conditions at the time of the exceedance, including confirmation that 

meteorological conditions are relevant to the site in accordance with the INP and the noise criteria 

apply.   

 

Exceedances of the noise criteria will be determined in consideration of the meteorological conditions 

under which they apply in accordance with the INP (Appendix A).  Section 11.1.3 of the INP states the 

following in relation to when a development is in non-compliance with a noise condition (Appendix A): 

 
A development will be deemed to be in non-compliance with a noise consent or licence condition if the 

monitored noise level is more than 2 dB above the statutory noise limit specified in the consent or licence 

condition. …. 

 

A development will be in breach of a noise consent or licence condition if sustained non-compliances are 

not addressed and rectified. 
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For the purposes of the NMP, the monitored noise level is the attended noise monitoring results at the 

locations listed in Section 6.1. 

 

If the above assessment determines that an exceedance is due to CGO related noise then 

management strategies detailed in Section 8 to help prevent recurrence will be implemented in an 

effort to reduce noise levels below those defined in Table 8 of Development Consent Condition 6.4(c) 

(Section 3.1).  The notification protocol for reporting a noise incident (i.e. a confirmed exceedance of 

the noise impact assessment criteria) is provided in Section 7.   

 

6.3 OPERATIONAL NOISE MONITORING REPORT 

 

An operational noise monitoring report will be prepared following the quarterly operational noise 

monitoring surveys (Section 6.2.2).  This report will contain details of monitoring methodology, 

monitoring results, a summary of the key findings and any recommended mitigation measures (if 

necessary).  The outcome of the quarterly monitoring reports will be summarised in the Annual Review 

(Section 14). 
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7 PROTOCOL FOR IDENTIFICATION AND NOTIFICATION OF NOISE 

INCIDENTS  
 

In accordance with the Development Consent (DA 14/98), an incident is defined as a set of 

circumstances that causes or threatens to cause material harm to the environment; and/or breaches 

or exceeds the limits or performance measures/criteria in the Development Consent.  Accordingly, a 

noise incident would be an exceedance of the noise impact assessment criteria in consideration of the 

meteorological conditions under which they apply in accordance with the INP (Sections 3.1 and 6.2.7).   

 

In the event that the noise impact assessment criteria (detailed in Section 3.1) is considered to have 

been exceeded, Evolution will implement the following procedure:  

 

• The exceedance of the noise criteria will be reported to the Environment and Social 

Responsibility (ESR) Manager within 24 hours of the compliance assessment (Section 6.2.7). 

• The ESR Manager will report the likely exceedance to the General Manager and Mining Manager 

as soon as practicable after becoming aware of the exceedance. 

• Evolution will report the exceedance of the noise criteria to the EPA and DP&E as soon as 

practicable after Evolution becomes aware of the exceedance. 

• Evolution will conduct the following review and assessment procedures to determine the likely 

cause of the exceedance and to identify appropriate mitigation measures: 

 

 review of operational activities to identify any simple explanation for the exceedance of noise 

impact assessment criteria;  

 review of temperature inversion data (Section 6.2.4) to determine if temperature inversions 

contributed to the exceedance of criteria;  

 review of noise and meteorological monitoring results (Section 6.2.3)  to identify whether 

other meteorological conditions may have contributed to the problem; and 

 identify appropriate mitigation measures (Section 8) and assess additional controls or 

improvements that can be incorporated in the operational activity(s) contributing to noise 

levels. 

• In accordance with Development Consent Condition 9.3(a) and Condition R2.2 of the EPL, 

Evolution will provide written details of the noise incident to the Secretary of the DP&E and the 

EPA within 7 days of the date the incident occurred, including details of measures taken or 

proposed to be taken to prevent or mitigate recurrence of the incident. 

 

It will be the responsibility of the ESR Manager in consultation with the General Manager and Mining 

Manager to implement the procedures above.   
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8 IMPLEMENTATION OF NOISE MITIGATION MEASURES 
 

In the event that monitoring indicates an exceedance of the noise impact assessment criteria 

(Table 2), mitigation measures will be implemented in accordance with the procedures described 

below.  

 

Section 7.1 of the INP (Appendix A) states that there are three main mitigation measures for noise 

control: 

 

1. Controlling noise at the source. 

2. Controlling the transmission of noise. 

3. Controlling noise at the receiver. 

 

Section 7.5 of the INP (Appendix A) states these measures in the above order of preference.  The INP 

states that land use controls as an additional strategy is most preferable (Appendix A) and relates to 

strategic decisions in land use planning.  Whilst it is considered that this strategy is beyond the scope 

of the NMP, property acquisition is addressed in Section 11. 

 

8.1 CONTROLLING NOISE AT THE SOURCE 

 
There are two approaches discussed in Section 7.2 of the INP (Appendix A): 

 

1. Best Management Practice; and 

2. Best Available Technology Economically Achievable. 

 
These approaches are described further below. 

 
Best Management Practice 
 
Best management practices that will be applied where necessary to reduce CGO noise emissions 

include: 

 

• restricting movement of trucks on ridgelines and exposed haul routes where their noise can 

propagate over a wide area, especially at night.  This means restricting night-time movement of 

material to areas shielded by barriers or mounds, and reserving large-scale material movement 

for daytime.  The lake protection bund and perimeter waste rock emplacement provides some 

noise shielding, thereby reducing the potential for noise levels to propagate from the open pit 

across Lake Cowal; 

• scheduling the use of any noisy equipment during daytime; 

• siting noisy equipment behind structures that act as barriers, or at the greatest distance from the 

noise-sensitive area, or orienting the equipment so that noise emissions are directed away from 

any sensitive areas, to achieve the maximum attenuation of noise; 

• where there are several noisy pieces of equipment, scheduling operations so they are used 

separately rather than concurrently; 

• keeping equipment well maintained; 

• employing ‘quiet’ practices when operating equipment (e.g. positioning idling trucks in appropriate 

areas); 

• reducing the speed limit on the portions of the mine access road where residents may be affected 

by mine generated traffic in consultation with relevant authorities; 
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• educating staff on the effects of noise and the use of quiet work practices; 

• specify maximum noise/sound levels when purchasing equipment; and 

• include maximum noise/sound levels in tender documents and contracts. 

 

Best Available Technology Economically Achievable 

 

Best available technology economically achievable that will be applied where necessary to reduce 

CGO noise emissions include: 

 

• adjusting reversing alarms on heavy equipment to make them ‘smarter’, limiting acoustic range to 

the immediate danger area; 

• using equipment with efficient mufflers and using quieter engines (such as electric instead of 

internal combustion); 

• using efficient enclosures for noise; 

• using vibratory piling in place of impact piling; 

• using high-pressure hydraulic systems to split rock instead of hydraulic or pneumatic hammers; 

• damping or lining metal trays; and/or 

• employing active noise control measures. 

 

8.2 CONTROLLING NOISE IN TRANSMISSION 

 

As stated in Section 7.3 of the INP (Appendix A), barriers are an effective measure to control 

transmission of noise from the noise source and are most effective if they are near the noise source or 

noise receiver.  Their effectiveness is also determined by their height, the properties of materials used 

(absorptive or reflective) and their density (Appendix A).  The construction of the waste rock 

emplacements generally north, south and east of the open pit is considered to provide a barrier to the 

transmission of noise generated from mining of the open pit. 

 

In addition, Section 7.3 of the INP (Appendix A) discusses property acquisition as part of the process 

of controlling noise in transmission.  Evolution has purchased several properties adjoining ML 1535.  

The resulting buffer zone serves to increase the distance between noise emitting sources and 

non Evolution-owned residences.  Protocols relating to future acquisitions of properties in relation to 

noise are outlined in Section 11.  

 

8.3 CONTROLLING NOISE AT THE RECEIVER 

 

Section 7.4 of the INP (Appendix A) states that there are two major controls for noise reduction at the 

receiver: 

 

• insulation; and  

• double glazing of windows. 

 

In addition, installation of air conditioning, construction of noise bunding and/or tree screening at any 

affected dwelling(s) may be used as an alternative or additional mitigation measure. 
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9 COMPLAINTS REGISTER  
 

A complaints register will be maintained by the ESR Manager in accordance with EPL Condition M5.1 

and displayed on the Evolution website in accordance with Development Consent Condition 9.4(a)(v). 

 

As required by EPL Condition M6.1, a dedicated Community Complaints Line has been established 

(via phone [02] 6975 3454 or email community.cowal@evolutionmining.com.au) that is available 24 

hours, seven days a week for community members who have enquiries or who wish to lodge 

complaints in relation to Evolution’s activities at the CGO. 

 

Information recorded in the complaints register with respect to each complaint will include: 

 

• date of complaint; 

• the method by which the complaint was made; 

• name, address and telephone number of complainant; 

• nature of complaint;  and 

• response action taken to date (if no action was taken, the reasons why no action was taken). 

 

An initial response will be provided to the complainant within 24 hours.  Preliminary investigations into 

the complaint will commence within 48 hours of complaint receipt.   

 

In the event that the complainant is not satisfied with Evolution’s response to the complaint, or 

exceedance of the noise impact assessment criteria has been demonstrated, an independent review 

process will be undertaken (Section 10). 

 

Dispute Resolution 

 

In the event that dispute resolution is necessary or where noise levels are subsequently demonstrated 

to be below the relevant criteria (Section 3), the resolution process will be one of informed discussion 

involving the complainant and Evolution.  In the event that the complainant is still unsatisfied, the 

matter may be referred to the DP&E for consideration of further measures.  Every effort will be made 

to ensure that concerns are addressed in a manner that results in a mutually acceptable outcome. 
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10 INDEPENDENT REVIEW PROCESS 
 

Development Consent Condition 8.2 outlines the independent review process in the event that a 

landowner of privately-owned land considers the CGO to be exceeding the noise impact assessment 

criteria (Table 2) (or any other criteria defined in the Development Consent).  In accordance with EPA 

requirements, consideration will be given to the general principles for reviewing performance outlined 

in Chapter 11 of the INP (Appendix A) during the independent review process.  Development Consent 

Condition 8.2 is reproduced below.   

 
8.2 Independent Review 

 

lf an owner of privately-owned land considers the development to be exceeding the criteria in this 

consent, then he/she may ask the Secretary in writing for an independent review of the impacts of the 

development on his/her land. 

 

lf the Secretary is satisfied that an independent review is warranted, then within 2 months of the 

Secretary’s decision, the Applicant shall:  

 

(a)  commission a suitably qualified, experienced and independent expert, whose appointment has 

been approved by the Secretary, to:  

• consult with the landowner to determine his/her concerns; 

• conduct monitoring to determine whether the development is complying with the relevant impact 

assessment criteria in condition 6 of this consent; and  

• if the development is not complying with these criteria then:  

o determine if more than one mine or development is responsible for the exceedance, and if 

so the relative share of each mine or development regarding the impact on the land; and  

o identify the measures that could be implemented to ensure compliance with the relevant 

criteria; and  

(b)  give the Secretary and landowner a copy of the independent review. 

 

In the event that a written request is received by Evolution from a landholder with acquisition rights, 

the land acquisition process would be initiated (Section 11). 
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11 PROPERTY ACQUISITION DUE TO NOISE AFFECTATION 
 

Development Consent Condition 8.3 outlines the process for acquisition of a property. Development 

Consent condition 8.3 is reproduced below: 

 

8.3 Land Acquisition 

 

a) Within 6 months of receiving a written request from a landowner with acquisition rights, the 

Applicant shall make a binding written offer to the landowner based on:  

(i) the current market value of the landowner's interest in the property at the date of this 

written request, as if the property was unaffected by the development, having regard to 

the:  

• existing and permissible use of the land, in accordance with the applicable planning 

instruments at the date of the written request; and  

• presence of improvements on the property and/or any approved building or structure 

which has been physically commenced at the date of the landowner's written request, 

and is due to be completed subsequent to that date, but excluding any improvements 

that have resulted from the implementation of any additional noise and/or visual 

mitigation measures under this consent; 

(ii) the reasonable costs associated with:  

• relocating within the same local government area, or to any other local government 

area determined by the Secretary;  

• obtaining legal advice and expert advice for determining the acquisition price of the 

land, and the terms upon which it is to be acquired; and  

(iii) reasonable compensation for any disturbance caused by the land acquisition process. 

However, if at the end of this period, the Applicant and landowner cannot agree on the 

acquisition price of the land and/or the terms upon which the land is to be acquired, then either 

party may refer the matter to the Secretary for resolution. 

Upon receiving such a request, the Secretary shall request the President of the NSW Division 

of the Australian Property Institute to appoint a qualified independent valuer to:  

(1)  consider submissions from both parties;  

(2)  determine a fair and reasonable acquisition price for the land and/or the terms upon which 

the land is to be acquired, having regard to the matters referred to in paragraphs (i)-(iii) 

above;  

(3)  prepare a detailed report setting out the reasons for any determination; and  

(4)  provide a copy of the report to both parties.  

Within 14 days of receiving the independent value/s report, the Applicant shall make a binding 

written offer to the landowner to purchase the land at a price not less than the independent 

valuer’s determination. 

However, if either party disputes the independent valuer's determination, then within 14 days of 

receiving the independent valuer's report, they may refer the matter to the Secretary for review. 

Any request for a review must be accompanied by a detailed report setting out the reasons why 

the party disputes the independent valuer's determination. Following consultation with the 

independent valuer and both parties, the Secretary shall determine a fair and reasonable 

acquisition price for the land, having regard to the matters referred to in paragraphs (i)-(iii) 

above, the independent value/s report, the detailed report of the party that disputes the 

independent valuer’s determination and any other relevant submissions. 

Within 14 days of this determination, the Applicant shall make a binding written offer to the 

landowner to purchase the land at a price not less than the Secretary's determination. 
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lf the landowner refuses to accept the Applicant's binding written offer under this condition 

within 6 months of the offer being made, then the Applicant's obligations to acquire the land 

shall cease, unless the Secretary determines otherwise. 

 

b) The Applicant shall pay all reasonable costs associated with the land acquisition process 

described in condition 8.3(a) above. 

c) lf the Applicant and landowner agree that only part of the land shall be acquired, then the 

Applicant shall also pay all reasonable costs associated with obtaining Council approval for any 

plan of subdivision (where permissible), and registration of the plan at the Office of the 

Registrar-General. 
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12 COMMUNITY CONSULTATION  
 
Community Environmental Monitoring and Consultative Committee  
 
A CEMCC has been established for the CGO in accordance with Development Consent 

Condition 9.1(d). Development Consent Condition 9.1(d) is reproduced below: 

 
9.1 Environmental Management 

(d)  Community Environmental Monitoring and Consultative Committee 

(i) The Applicant shall establish and operate a Community Environmental Monitoring and 

Consultative Committee (CEMCC) for the development to the satisfaction of the 

Secretary. This CEMCC must:  

• be comprised of an independent chair and at least 2 representatives of the 

Applicant, 1 representative of BSC, 1 representative of the Lake Cowal 

Environmental Trust (but not a Trust representative of the Applicant), 4 community 

representatives (including one member of the Lake Cowal Landholders 

Association); 

• be operated in general accordance with the Guidelines for Establishing and 

Operating Community Consultative Committees for Mining Projects (Department of 

Planning, 2007, or its latest version).  

• monitor compliance with conditions of this consent and other matters relevant to the 

operation of the mine during the term of the consent. 

Note: The CEMCC is an advisory committee. The Department and other relevant 

agencies are responsible for ensuring that the Applicant complies with this consent. 

(ii) The Applicant shall establish a trust fund to be managed by the Chair of the CEMCC to 

facilitate the functioning of the CEMCC, and pay $2000 per annum to the fund for the 

duration of gold processing operations. The annual payment shall be indexed according 

to the Consumer Price lndex (CPl) at the time of payment. The first payment shall be 

made by the date of the first Committee meeting. The Applicant shall also contribute to 

the Trust Fund reasonable funds for payment of the independent Chairperson, to the 

satisfaction of the Secretary 

 

As required by Development Consent Condition 9.1(d)(i), the CEMCC is comprised of: 

 

• four community representatives (including one member of the Lake Cowal Landholders 

Association);  

• one representative of the Lake Cowal Environmental Trust; 

• one representative of each of the Bland Shire Council, Forbes Shire Council and Lachlan Shire 

Council; 

• one representative of the Wiradjuri Condobolin Corporation; 

• an independent chairperson; and  

• two representatives of Evolution. 

 

The CEMCC will continue to provide opportunities for members of the community to attend CEMCC 

meetings to discuss specific issues relevant to them.  This will be achieved by landholders making a 

request to the CEMCC regarding a particular issue, or by the landowner registering a complaint in the 

complaints register.  Landowners who register complaints will be invited to join in discussion of the 

issue at the next CEMCC meeting. Items of discussion at these meetings will include (but not be 

limited to) mine progress, reporting on environmental monitoring, complaints, rehabilitation activities 

and any environmental assessments undertaken. 
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13 INDEPENDENT ENVIRONMENTAL AUDIT AND INDEPENDENT 

MONITORING PANEL 
 

Independent Environmental Audit 

 

An Independent Environmental Audit will be conducted in accordance with Development Consent 

Condition 9.2 and may include noise-related issues.  Development Consent Condition 9.2 is 

reproduced below: 

 
9.2 Independent Auditing and Review 

 
(a) Independent Environmental Audit  

(i) By the end of July 2016, and every 3 years thereafter, unless the Secretary directs 

otherwise, the Applicant shall commission and pay the full cost of an Independent 

Environmental Audit of the development.  This audit must: 

• Be conducted by a suitably qualified, experienced and independent team of experts 

whose appointment has been endorsed by the Secretary; 

• Include consultation with relevant regulatory agencies, BSC and CEMCC; 

• Assess the environmental performance of the development and assess whether it is 

complying with the requirements in this consent and any other relevant approvals (such 

as environment protection licences and/or mining lease (including any assessment, 

plan or program required under this consent); 

• Review the adequacy of any approved strategy, plan or program required under this 

consent or the abovementioned approvals; and 

• Recommend measures or actions to improve the environmental performance of the 

development, and/or strategy, plan or program required under this consent. 

Note: This audit team must be led by a suitably qualified auditor, and include ecology and 

rehabilitation experts, and any other fields specified by the Secretary. 

(ii) Within 3 months of commissioning this audit, or as otherwise agreed by the Secretary, the 

Applicant shall submit a copy of the audit report to the Secretary, together with its response 

to any recommendations contained in the audit report, and a timetable for the 

implementation of these recommendations as required.  The applicant must implement 

these recommendations, to the satisfaction of the Secretary. 

 

In accordance with the recommendations from the Independent Monitoring Panel’s Third Annual 

Report of the Independent Monitoring Panel for the Cowal Gold Project (October 2007), Evolution will 

continue to conduct Independent Environmental Audit’s annually, instead of triennially as defined in 

Condition 9.2(a)(i). 

 

Independent Monitoring Panel 

 

An Independent Monitoring Panel has been established in accordance with Development Consent 

Condition 9.2(b) to review the Independent Environmental Audits, Annual Reviews and all 

environmental monitoring procedures (including noise monitoring procedures and results).   
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Development Consent Condition 9.2(b) provides: 

 

9.2 Independent Auditing and Review 

 
(b) Independent Monitoring Panel 

 

(i) The Applicant shall at its own cost establish an Independent Monitoring Panel prior to 

commencement of construction.  The Applicant shall contribute $30,000 per annum for the 

functioning of the Panel, unless otherwise agreed by the Secretary.  The annual payment 

shall be indexed according to the Consumer Price Index (CPI) at the time of payment.  The 

first payment shall be paid by the date of commencement of construction and annually 

thereafter.  Selection of the Panel representatives shall be agreed by the Secretary in 

consultation with relevant government agencies and the CEMCC.  The Panel shall at least 

comprise two duly qualified independent environmental scientists and a representative of 

the Secretary. 

 

(ii) The panel shall: 

• provide an overview of the annual reviews and independent audits required by 

conditions 9.1(b) and 9.2(a) above; 

• regularly review all environmental monitoring procedures undertaken by the 

Applicant, and monitoring results; and 

• provide an Annual State of the Environment Report for Lake Cowal with particular 

reference to the on-going interaction between the mine and the Lake and any 

requirements of the Secretary.  The first report shall be prepared one year after 

commencement of construction.  The report shall be prepared annually thereafter 

unless otherwise directed by the Secretary and made publicly available on the 

Applicant’s website for the development within two weeks of the report’s completion. 
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14 ANNUAL REVIEW AND REVIEW OF THIS NMP 
 

Annual Review 

 

The Annual Review will be prepared in accordance with the requirements of Development Consent 

Condition 9.1 and will be submitted to the Secretary of the DP&E by the end of July each year, or as 

otherwise agreed with the Secretary.  Development Consent Condition 9.1 is reproduced below: 

 

9.1 Environmental Management 
 

b) Annual Review 

By the end of July each year, or as otherwise agreed with the Secretary, the Applicant shall 

review the environmental performance of the development to the satisfaction of the Secretary. 

This review must: 

(i) describe the development that was carried out in the previous calendar year, and the 

development that is proposed to be carried out over the next year; 

(ii) include a comprehensive review of the monitoring results and complaints records of the 

development over the previous calendar year, which includes a comparison of these 

results against the: 

• the relevant statutory requirements, limits or performance measures/criteria; 

• the monitoring results of previous years; and 

• the relevant predictions in the EIS; 

(iii) identify any non-compliance over the last year, and describe what actions were (or are 

being) taken to ensure compliance; 

(iv) identify any trends in the monitoring data over the life of the development, 

(v) identify any discrepancies between the predicted and actual impacts of the development, 

and analyse the potential cause of any significant discrepancies; and  

(vi) describe what measures will be implemented over the next year to improve the 

environmental performance of the development.  

 

Condition 26 of the Conditions of Authority for ML 1535 also has requirements for Annual Review 

(formerly the AEMR) reporting.  The requirements of Condition 26 are detailed in Section 2.3. 

 

The Annual Review will report on the following noise related issues: 

 

• noise monitoring results; 

• comparison of noise monitoring results with the relevant criteria in Section 3; 

• measures employed to minimise/prevent excessive noise emissions; 

• noise related complaints and amelioration measures undertaken in the event of any confirmed 

exceedances of noise impact assessment criteria;  

• interpretation and discussion of the noise monitoring results and management measures by a 

suitably qualified person; and 

• any CEMCC decisions relating to CGO noise issues. 

 

  



Cowal Gold Operations – Noise Management Plan 

 

 

 

00855920 37  Evolution Mining (Cowal) Pty Limited 

Review of this NMP 

 

In accordance with Condition 9.1(c) of the Development Consent, this NMP will be reviewed, within 

three months of the submission of: 

 

• an Annual Review under Condition 9.1(b); 

• an incident report under Condition 9.3(a);  

• an audit under Condition 9.2(a);  

• an Annual State of the Environment Report under Condition 9.2(b); 

• the approval of any modification to the conditions of the Development Consent; or  

• any direction of the Secretary under Condition 1.1(c). 

 

Where this review leads to revisions of the NMP, then within 4 weeks of the review, the revised NMP 

will be submitted for the approval of the Secretary of the DP&E (unless otherwise agreed with the 

Secretary).  The revision status of this NMP is indicated on the title page of each copy.   
 

This NMP will be made publicly available on Evolution’s website (www.evolutionmining.com.au/cowal/) 

in accordance with Condition 9.4(a)(iii) of the Development Consent.  A hard copy of the NMP will also 

be kept at the CGO.  
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16 LIST OF ABBREVIATIONS AND ACRONYMS 
 

AEMR  Annual Environmental Management Report 

 

AS Australian Standard 

CEMCC Community Environmental Monitoring and Consultative Committee 

CGO Cowal Gold Operations 

DA 14/98 Development Consent for the CGO including the Bland Creek Palaeochannel 

Borefield water supply pipeline 

DA 2011/64 Development Consent for the operation of the Eastern Saline Borefield 

dB Decibel 

dBA A-weighted decibel 

DP&E NSW Department of Planning and Environment 

DRG NSW Division of Resources and Geoscience within the NSW Department of Planning 

and Environment 

EP&A Act NSW Environment Planning & Assessment Act, 1979 

EPA NSW Environment Protection Authority 

EPL Environment Protection Licence 

Evolution Evolution Mining (Cowal) Pty Limited 

IEC International Electrotechnical Commission 

INP NSW Industrial Noise Policy 

km kilometre 

m metre 

m/s metres per second 
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LAeq (15minute) The equivalent continuous noise level over a 15 minute sampling period 

ML Mining Lease 

NMP Noise Management Plan 

NSW New South Wales 

PoEO Act  NSW Protection of the Environment Operations Act 1997 

PSNL  Project Specific Noise Level 
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µPa Micropascal 

oC/100 m degrees Celsius per hundred metres 
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1 Policy framework

1.1 Overview of the policy

The adverse effects of noise on communities are well
reported in the literature (for review see Berglund &
Lindvall, eds, 1995). These vary from direct effects
(including noise-induced hearing loss, speech
interference, sleep disturbance and annoyance), to
indirect or secondary effects, such as long-term
effects on physical and mental health as a result of
long-term annoyance and prolonged disturbance to
sleep. The World Health Organization defines
health as a state of complete physical, mental, and
social well-being, not just as the absence of disease
(WHO 1947). Community reaction to noise has been
noted as a likely indirect cause of adverse health
effects (Job 1996).

The overall aim is to allow the need for industrial
activity to be balanced with the desire for quiet in
the community.

The broad operating objectives involve requirements
to protect, restore and enhance the quality of the
environment in New South Wales. In so doing, the
EPA must have regard to the need to maintain
ecologically sustainable development, reduce the
risks to human health and prevent the degradation
of the environment. This policy seeks to promote
environmental well-being through preventing and
minimising noise. It provides the framework and
process for deriving noise limit conditions for
consents and licences that will enable the EPA to
regulate premises that are scheduled under the
Protection of the Environment Operations Act 1997.

The specific policy objectives are:

• to establish noise criteria that would protect
the community from excessive intrusive noise
and preserve amenity for specific land uses—
these are set out in Section 2

• to use the criteria as the basis for deriving
project specific noise levels

• to promote uniform methods to estimate and
measure noise impacts, including a
procedure for evaluating meteorological
effects—these are set out in Sections 3 to 6

• to outline a range of mitigation measures that
could be used to minimise noise impacts—
these are set out in Section 7

• to provide a formal process to guide the
determination of feasible and reasonable
noise limits for consents or licences that
reconcile noise impacts with the economic,
social and environmental considerations of
industrial development—this is covered in
Section 8

• to carry out functions relating to the
prevention, minimisation and control of
noise from premises scheduled under the Act.

1.2 Who is the policy for?

The policy is technical in orientation and is directed
towards industry, acoustic practitioners and con-
sent authorities that require a degree of technical
detail to assess impacts properly and develop
mitigation methods.

Responsibility for applying the policy lies with:

• the land-use planner (such as a local council
and the Department of Urban Affairs and
Planning—DUAP), through taking account
of likely impacts at an early stage in the
planning process so that incompatible
developments are appropriately located; also,
in recognising the importance of maintaining
separation distances between industry and
residents. In locating potentially noisy
developments, it is essential to recognise that
mitigation of the effects of noisy activities
once these are established will be limited by
cost and design factors.

• the land-use managers and regulators (such
as local government, DUAP and the EPA),
who act as determining authorities and as
regulators of land-use activities. Their role is
in providing adequate regulation of noise to
preserve amenity and in ensuring
compliance with noise conditions.
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• the noise-source proponent and manager,
through consideration of noise issues at the
planning stage of a project and through direct
control of the noise impacts by the
appropriate combination of noise
management tools and engineering design of
the source.

1.3 Scope of the policy

The policy is specifically aimed at assessing noise
from industrial noise sources scheduled under the
new Protection of the Environment Operations Act
1997. It will be used as a guide by Environment
Protection Authority (EPA) officers for setting
statutory limits in licences for these sources. Local
government is an independent regulator for noise
under the legislation, and thus has discretion in
dealing with noise within its area of responsibility.
The policy is designed for large and complex
industrial sources and specifies substantial moni-
toring and assessment procedures that may not
always be applicable to the types of sources coun-
cils need to address. However, local government
may find the policy helpful in the carrying-out of its
land-use planning responsibilities (for example, the
setting of targets in local and regional environmen-
tal plans).

In general, the types of noise sources dealt with in
the policy are:

• facilities (encompassing all the activities
taking place within the property boundary of
the facility) usually comprising many sources
of sound, including

—industrial premises

—extractive industries

—commercial premises

—warehousing facilities

• maintenance and repair facilities

• individual industrial sources, such as

—heating, ventilating and air conditioning
(HVAC) equipment

—rotating machinery

—impacting mechanical sources

—other mechanical equipment and machin-
ery such as conveyors

—mobile sources confined to a particular
location, such as draglines and haul
trucks.

The policy’s focus is on the noise emitted from
industrial sites and how this may affect the amenity
of nearby receivers. Internal or occupational noise
within any workplace is a separate issue adminis-
tered by the WorkCover Authority under the Occupa-
tional Health and Safety Act 1983.

Examples of noise sources that are NOT dealt with
by the policy are:

• transportation corridors (roadways, railways
and air corridors)

• motor sport facilities

• construction activities

• noise sources covered by regulations
(domestic/neighbourhood noise).

Noise from vehicle movements associated with an
industrial source is covered by the industrial noise
source policy if the vehicles are not on a public
road. If the vehicles are on a public road, the Envi-
ronmental Criteria for Road Traffic Noise (EPA 1999)
apply.

In particular instances specific noise criteria may be
defined for sources where the standard approach is
not appropriate, for example, wind farms.

1.4 Applying the policy

The assessment of noise impact is complex and
subjective, and is rarely (if ever) able to be consid-
ered in isolation from other social and economic
aspects of a development or activity. The policy
outlines processes to help strike a feasible and
reasonable balance between the establishment and
operation of industrial activities and the protection
of the community from noise levels that are intru-
sive or unpleasant.

In summary, noise management involves the follow-
ing main steps:

1. Determining the project specific noise levels
for intrusiveness and amenity that are
relevant to the site or the area (Section 2).
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2. Measuring and determining existing back-
ground and ambient noise levels, using the
method relevant to the expected level of
impact (as outlined in Section 3).

3. Where the proposed development is expected
to produce annoying noise characteristics,
adjustments are to be applied to the noise
levels produced by the development in
question (as outlined in Section 4).

4. Predicting or measuring the noise levels
produced by the development in question,
having regard to meteorological effects (such
as wind, temperature inversions) (see Section
5).

5. Comparing the predicted or measured noise
level with the project-specific noise levels and
assessing impacts (Section 6).

6. Considering feasible and reasonable noise
mitigation strategies where the project-
specific noise levels are exceeded (Section 7).

7. Negotiation between the regulatory/consent
authority and the proponent and between the
community and the proponent to evaluate the
economic, social and environmental costs
and benefits from the proposed development
against the noise impacts (Section 8).

8. The regulatory/consent authority sets
statutory compliance levels that reflect the
achievable and agreed noise limits for the
development (Section 9).

9. Monitoring of environmental noise levels
from the development to determine compli-
ance with the consent/licence conditions
(Section 11).

1.4.1 Principles underpinning the
noise criteria

The industrial noise source criteria set down in
Section 2 are best regarded as planning tools. They
are not mandatory, and an application for a noise-
producing development is not determined purely on
the basis of compliance or otherwise with the noise
criteria. Numerous other factors need to be taken
into account in the determination. These factors
include economic consequences, other environmen-
tal effects and the social worth of the development.
The criteria help to determine consent/licence
conditions because they provide information on the
likely effect of any environmental noise associated
with the development.

Within the community, there is a very large range of
human reaction to noise. There are those in the
community who are very sensitive to noise. This
noise-sensitive sector of the population will react,
often strongly, to intruding noises that are barely
audible within the overall noise environment, or
will have an expectation of very low environmental
noise levels. On the other hand, there are those
within the community who find living in noisy
environments, such as near major industry, on main
roads or under aircraft flight paths, an acceptable
situation. The bulk of the population lies within
these two extremes, being unaffected by low levels
of noise and being prepared to accept levels of noise
that are commensurate with living in an urban,
industrialised society.

The criteria in this document (Section 2) have been
selected to protect at least 90 per cent of the popula-
tion living in the vicinity of industrial noise sources
from the adverse effects of noise for at least 90 per
cent of the time. Provided the criteria in this docu-
ment are achieved, then it is unlikely that most
people would consider the resultant noise levels
excessive. In those cases when the project-specific
noise levels are not, or cannot be, achieved, then it
does not automatically follow that those people
affected by the noise would find the noise unaccept-
able.

1.4.2 Existing versus new development

The assessment procedures in the policy can apply
to any one of the following three situations:

• new development impacts—for example, new
industrial premises proposed near an
existing residential area

• modification of an existing development and
its impact—for example, proposed expansion
of an existing industrial premises

• noise associated with existing development.

Existing noise sources

The application of the criteria to existing sources of
noise would occur where significant modifications
(such as to warrant serious and/or ongoing devel-
opment consent or EPA approval) are made to
existing developments or where complaints are
received.
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In applying the policy to existing operations it is
acknowledged that the scope for applying feasible
and reasonable mitigation measures to existing
noise sources is usually far more limited than for
new developments. Careful consideration of noise
impacts and the feasible and reasonable mitigation
measures available at these sites may result in less
stringent noise limits than would ideally apply.
Sometimes the resultant noise limits will be above
the criteria. The assessment and management of
existing premises is dealt with in Section 10.

Greenfield sites

In assessing developments proposed for ‘greenfield’
(undeveloped) areas, the policy allows controlled
increases above background noise levels in a similar
manner to previous policy and planning practice.
(See case study (a) in Appendix A, Section A2.)

1.4.3 Prevention of noise impacts

Avoiding co-location of incompatible uses

Judicious land use and project planning can often
prevent potential noise problems from occurring.
This policy should be used to consider the implica-
tions of proposing or allowing new noise-sensitive
developments near noise generators and of propos-
ing or allowing new noise-generating developments
near established noise-sensitive developments such
as schools, hospitals or homes. The criteria will help
in the first instance to identify sites where it would
be difficult, if not impossible, to avoid noise impacts
over time, and will therefore help in an informed
process for making decisions about land-use zoning
or site selection by developers.

The criteria can also be used to identify the need for
planning and building-design mitigation measures
for managing the relationship between noise-
generating activities and noise-sensitive develop-
ments.

The types of strategies that could be used by plan-
ners and project proponents include:

• considering noise impacts when planning
the development of areas, and incorporating
suitable measures such as:

—spatial separation between noisy activities
and noise-sensitive areas through locating
less-noise-sensitive land uses (active

recreation areas or access ways) in high
noise areas

—taking advantage of any natural topo-
graphical features that can be used to
screen noise impacts when planning land
use in an area

—subdivision layout to maximise the area
shielded from noise

—using intervening structures such as multi-
level buildings to act as barriers. Buildings
used as barriers should incorporate noise-
quietening principles into their building
design to ensure appropriate internal
conditions.

• incorporating appropriate building design to
minimise noise impacts, for example:

—including acoustic design principles when
planning landscaping for a site by examin-
ing the suitability of earth berms, walls or
fences to act as barriers

—building design to locate noise-insensitive
areas such as kitchens, storage areas and
laundries towards the noise source;
minimising the size and number of win-
dows oriented towards the noise source;
replacing conventional roof design with
eaves by a flat roof with parapets; using
the building structure to shield outdoor
areas

—using construction techniques that have
good attention to sealing air gaps around
doors and windows exposed to noise;
using solid core doors; and using thicker
window glass or double glazing.

It is also important that there be a mechanism for
providing information on existing noise impacts
from approved facilities to members of the public
seeking to move into areas, in order to avoid unreal-
istic expectations of noise amenity in affected areas.

1.4.4 Noise criteria and assessment

Two criteria

The policy sets two separate noise criteria to meet
environmental noise objectives: one to account for
intrusive noise and the other to protect the amenity
of particular land uses.
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Assessing intrusiveness

For assessing intrusiveness, the background noise
needs to be measured. An objective procedure is
outlined in Section 3.1.

The intrusiveness criterion essentially means that
the equivalent continuous (energy-average) noise
level of the source should not be more than 5 deci-
bels (dB) above the measured background level.

Assessing amenity

The amenity assessment is based on noise criteria
specific to land use and associated activities. (See
Table 2.1.) The criteria relate only to industrial-type
noise and do not include road, rail or community
noise. The existing noise level from industry is
measured. (See Section 3.2.) If it approaches the
criterion value, then noise levels from new indus-
tries need to be designed so that the cumulative
effect does not produce noise levels that would
significantly exceed the criterion. (See Table 2.2.) For
high-traffic areas there is a separate amenity crite-
rion (Section 2.2.3). The cumulative effect of noise
from industrial sources needs to be considered in
assessing impact (Section 2.2.4).

Project-specific noise levels

For a particular project, the more stringent of the
intrusive or the amenity criteria sets the project-
specific noise levels for that project. Generally, the
intrusive criterion applies for all new industries
until an area begins to become more developed,
causing increased noise levels. At this stage the
amenity criterion starts to take over as the applica-
ble criterion. Where several new industries are
proposed for a new area, care must be taken to
ensure that equitable levels are set for each pro-
posed industry (Section 2.2.4).

Accounting for annoying noise characteristics

A noise source may exhibit a range of particular
characteristics that increase annoyance, such as
tones, impulses, low frequency noise and intermit-
tent noise. Where this is the case, an adjustment is
applied to the source noise level received at an
assessment point before it is compared with the
project-specific noise level to account for the addi-
tional annoyance caused by the particular charac-
teristic. Application of these modifying factors is
described in Section 4.

Accounting for the effect of meteorology on noise
levels

When assessing noise impacts, the project-specific
noise levels are expected to apply under weather
conditions characteristic of an area. These condi-
tions may include calm, wind and temperature
inversions. In this regard, the policy addresses the
increase in noise that results from atmospheric
temperature inversions and wind effects.

The policy sets the following procedure for assess-
ing temperature inversions (Section 5.2):

• an initial screening test is done to identify
whether any further assessment of
meteorological effects on noise is warranted

• where the effect is significant, the proponent
may choose to use default meteorological
values to predict the increased noise levels.
These defaults have been provided so that
potentially costly on-site monitoring can be
avoided.

• alternatively, the proponent can reject the
default values and derive parameters by
direct measurement

• the increased noise level is then predicted
using the meteorological parameters
established.

This procedure is based on an extensive study of the
prevalence of temperature inversions and draws on
substantial field data.

The noise levels predicted under existing meteoro-
logical conditions for each receiver are then com-
pared with the project-specific noise levels, to
establish whether the meteorological effect will
cause a significant impact.

Wind may also increase noise levels downwind of
the source. The policy specifies a procedure for
assessing the significance of wind effects, and a
default wind speed to be used in the assessment
where these effects are found to be significant
(Section 5.3).

1.4.5 Applying noise mitigation strategies

Where noise impacts are predicted, noise-source
managers should seek to achieve the criteria by
applying feasible and reasonable mitigation meas-
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ures. In this context feasibility relates to engineering
considerations and what can practically be built,
and reasonableness relates to the application of
judgement in arriving at a decision, taking into
account the following factors:

• noise mitigation benefits—amount of noise
reduction provided, number of people
protected

• cost of mitigation—cost of mitigation versus
benefit provided

• community views—aesthetic impacts and
community wishes

• noise levels for affected land uses—existing
and future levels, and changes in noise levels.

A range of mitigation measures is described in
Section 7.

1.4.6 Negotiating noise impacts

If, after all feasible and reasonable mitigation
measures are applied, the resultant noise emissions
exceed the project-specific noise levels, then the
residual level of impact needs to be balanced
against any social and economic benefits derived
from the source of the noise. Negotiation between
the regulatory/consent authority, the community
and the proponent to establish achievable noise
limits is described in Section 8. This negotiation
process is in addition to the direct consultation that
normally occurs throughout the impact assessment
process between the proponent and the community.

1.4.7 Setting noise limits in consent and
licence conditions

In setting noise limits, the regulatory/consent
authorities need to consider the technical practicali-
ties of mitigation, the amount of noise reduction
provided, community views, benefits arising from
the development and cost of achieving the project-
specific noise levels recommended here, along with
the environmental consequences of exceeding the
project-specific noise levels. It is important that the
project-specific noise levels are not automatically
interpreted as conditions for consent, without
consideration of the other factors. In many in-
stances, it may be appropriate to set noise limits for
a development above the project-specific noise levels
recommended in this document (Section 9).

1.4.8 Land acquisition

Licences issued by the EPA do not contain condi-
tions related to land acquisition.

The noise criteria contained in this document have
not been derived for the purpose of land acquisition.
As previously stated they are designed to protect
against intrusiveness and to preserve amenity, and
drive a process of applying all feasible and eco-
nomically reasonable avoidance and mitigation
measures. To meet these purposes the noise criteria
have been based around identifying the upper
(rather than the average) level of impact. They seek
to restrict the risk of people being highly annoyed to
less than 10 per cent, and to meet this for at least 90
per cent of the time.

Resolving noise problems through land acquisition
is viewed as an option of last resort. Where land
acquisition is applied, this is done via the develop-
ment consent process, which is administered by the
relevant planning authority. The development
consent may contain conditions related to land
acquisition.

The determination of when projected noise levels
are so high and intractable that circumstances
warrant land acquisition will depend on a range of
factors. Noise is only one of those. In some in-
stances, disadvantages in one area may be traded
against benefits in another area. The weighing-up of
all of the relevant factors is the role of the planning
system.

It is important to reiterate there is no single identifi-
able noise level that all people will find acceptable
or unacceptable. Annoyance increases with increas-
ing noise, but at any given noise level there will be a
wide variation in the range of individual reactions
to noise. In extreme cases health can be affected, but
generally it appears that annoyance can occur well
before there is a question of health impact.

The various assessed levels of impact around an
industrial noise source could be described as a zone
of affectation, characterised by annoyance. Within
this zone could lie a much smaller zone closer in to
the source where impacts were greater and justified
acquisition of residences. The border between the
annoyance and acquisition zones would be repre-
sented by a noise level well above both the back-
ground level and the EPA’s criteria. If the noise from
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industry were sufficient to alter the character of the
area substantially and/or cause health impacts,
then land acquisition might be an option. Land
acquisition is rarely a practical approach in heavily
developed areas.

1.4.9 Monitoring of noise levels against
consent or licence conditions

Monitoring of environmental noise levels from a
development to determine compliance with the
limits set in consent/licence conditions is essential
for proper management of noise sources. Procedures
to manage non-compliance with consent/licence
conditions are also provided (Section 11).

1.5 Summary of approach

Figure 1.1 provides an overview of the main proc-
esses involved in applying the policy. The flow
charts in Figures 1.2 to 1.6 present a step-by-step
guide to how the policy works, with references to
relevant sections in the policy.

Worked case studies outlining the assessment
process are set out in Appendix A.
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Figure 1.1. Applying the policy

Project-specific noise levels

Assessment

Mitigation

Decision-making process

Conditions

Monitoring environmental noise performance

Derive project-specific noise levels from applying monitored existing noise levels to the general noise
criteria for intrusiveness and amenity. (See Figure 1.3 for details.)

Proponent estimates likely noise impacts under existing weather conditions (this may include
temperature inversion conditions where they are significant) and includes any adjustment for noise

characteristics.

If project-specific noise levels are exceeded, proponent examines feasible and reasonable mitigation
measures, considering community preferences, and determines resultant noise levels.

Where resultant noise levels exceed project-specific noise levels, then the regulatory/consent
authority either accepts the resultant level or negotiates if a better level of control is thought

achievable.

Where project-specific noise levels are exceeded, proponent assesses the level of impact by
comparing resultant noise levels against the project-specific noise levels (for example, noise exceeds
project-specific noise levels by X dB, number of people affected, likely impacts on activities, % of time

impact occurs) and factoring-in economic and social benefits from the development.

Consent and licence conditions are set after carefully considering the benefit of full compliance with
the project-specific noise levels, balanced against the overall social, economic and environmental
benefits of the development. The consent and licence conditions may include the noise limits to be

achieved and other related conditions, but acquisition levels may be included in only the development
consent.

Compliance with consent/licence conditions.
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Figure 1.2. The overall process of assessing and managing noise impacts

Section 6.3.1

Noise reduction plan/licence
conditions (Section 10)

Note: Dotted line indicates an optional process

Determine project-specific noise
levels

Figure 1.3 
(Section 2)

Predict level of noise from the source and
determine noise impact

Figure 1.4

(Section 6)

Modifying factors
(Section 4)

Meteorology
Figure 1.5

(Section 5)

Consider mitigation options
(Section 7)

Acceptable level of impact
negotiated

Figure 1.6

(Section 8)

Noise impact
present?

YES

NO

Project-specific
noise levels

met?

NO

YES

Consent/licence condition
determined  Figure 1.6 (Section 9)

Performance monitoring
(Section 11)

Existing noise levels
(Section 3)

New sitesExisting sites
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Figure 1.3. Determining the project-specific noise levels

Note: Dotted line indicates an optional process

Measure existing noise levels ( Section 3 )

i.e. existing background (LA90) (Section 3.1) and
existing ambient industrial noise (LAeq) (Section 3.2)

Determine representative existing noise levels from
measured levels ( Section 3 )

i.e. rating background level (RBL) (Section 3.1.2), existing
ambient level (Section 3.2)

Determine intrusiveness criteria ( Section 2.1 )

i.e. LAeq,15 minute ≤ RBL plus 5 dB

Determine amenity criteria ( Section 2.2 )

1. Determine type of receiver (Table 2.1, Sections 2.2.1 &
2.2.2)

2. Determine acceptable noise level (ANL) for receiver, LAeq,period

(Tables 2.1 & 2.2)

3. Amenity criterion is either:

• 'ANL' where existing ambient level is more than 6 dB
below ANL; or

• '< ANL' where existing ambient level is
 between ‘ANL+1 dB’ and ‘ANL – 6 dB’; or

• 'existing ambient level minus 10 dB' where existing
ambient level is greater than ‘ANL+1 dB’ and existing
noise levels are unlikely to decrease in future; or

• 'ANL – 10 dB' where existing ambient level is greater
than ‘ANL+1 dB’ and existing noise levels are likely to
decrease in future; or

• 'existing traffic noise level (LAeq, period) minus 10 dB'
where existing traffic noise level is ≥ 10 dB above ANL
(high traffic criterion, Section 2.2.3)

Project-specific noise levels applicable to project

The lower of the intrusive criterion and
the amenity criterion.

Where the proponent desires, more
detailed monitoring and analysis linking

existing noise levels and weather
conditions can be made.

(Section 6.3.1)

Determine alternative intrusiveness
criteria for specific weather conditions
identified in any detailed monitoring

analysis that was done.

Determine alternative amenity criteria for
specific weather conditions identified in

any detailed monitoring analysis that was
done.
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Figure 1.4. Predicting source noise level and determining impact

Identify noise parameters ( Section 6.1 )

i.e. noise sources, receivers, site features etc

Determine weather conditions relevant to site
under which criteria apply

(Section 5 )Figure 1.5

e.g. temperature inversions and wind speeds

Predict noise levels from the source ( Section 6 )

Prediction process should take account of all source
and site parameters and relevant weather

conditions.

Does the noise source
contain annoying
characteristics?

(Section 4)

Yes

No

Compare predicted noise level with project-
specific noise levels

Apply relevant
correction factor to

predicted noise level
(Table 4.1 &
Section 4.3 )

Does the predicted
noise level exceed
the project-specific

noise levels?

Yes

No

No noise impact expected
(Go to Figure 1.6 )

Noise impacts expected
(Go to Figure 1.6 )
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Figure 1.5. Assessing the likelihood of wind and temperature inversions
enhancing noise impacts at a site

1 For the purpose of determining the frequency of inversions, night is defined as the period from 1 hour before
sunset to 1 hour after sunrise, taken to be 6 pm to 7 am.

Consider wind and temperature inversions
(Section 5 )

Is this > 30% of the
time at night1 in winter?

(Section 5.2)

Do initial screening test
Assume specified default values for wind (Section 5.3.2)
and temperature inversions (Section 5.2) in the prediction

of noise levels from the source.

Noise impact
predicted?

No

Yes

No further consideration of
weather conditions required

Determine percentage occurrence of temperature
inversions ( Section 5.2  & Appendix C )

Based on existing data (Bureau of Meteorology)
or site measurements

No

Yes

No further consideration of wind
and/or temperature inversions needed

Temperature inversions and associated
drainage wind are a site feature

Noise predictions should take account of temperature
inversions using either default inversion values specified in

Section 5.2 or measured site-specific data

Wind is a site feature

Noise predictions should take account of
wind using wind speeds specified in

Section 5.3.2 or measured site-specific data

Determine
percentage of time

the wind direction is
from source to

receiver

Is this > 30% of the time in
any period and season?

(Section 5.3.1)

Yes

Temperature  inversions Wind
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Figure 1.6. Negotiation process and consent/licence limits

No

Yes

Negotiation not required—
project-specific noise levels
become consent conditions

(Section 9.0 )

Negotiations between proponent and
regulator for acceptable  level of impact

(Section 8.2 )

Negotiations between proponent and the
affected community for an agreed  level of

impact ( Section 8.3 )

Agreed  level of impact becomes noise
limit on consent or licence condition

(Section 9 )

Acceptable level of impact becomes
noise limit on consent or licence

condition ( Section 9 )

Project-specific noise
levels exceeded even

with proposed
mitigation measures

Or alternatively,

Proponent demonstrates that project- specific
noise levels cannot be feasibly met, and
regulator is satisfied that this is the case
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2 Industrial Noise Criteria

The assessment procedure for industrial noise
sources has two components:

• controlling intrusive noise impacts in the
short term for residences

• maintaining noise level amenity for
particular land uses for residences and other
land uses.

In assessing the noise impact of industrial sources,
both components must be taken into account for
residential receivers, but, in most cases, only one
will become the limiting criterion and form the
project-specific noise levels for the industrial source.
The worked case studies in Appendix A show how
both components work together.

The procedures specified in the policy differentiate
between low- and high-noise-risk developments,
with simpler procedures available for developments
with low noise risk. Differentiation between these
two types of developments is on the basis of magni-
tude (for example, level of noise expected) and
extent of impact (for example, expected area of
affectation). Hence, a development that is likely to
make excessive noise affecting a large area can be
considered to be a high-risk development, and vice
versa for low risk.

2.1 Intrusive noise impacts

The intrusiveness of an industrial noise source may
generally be considered acceptable if the equivalent
continuous (energy-average) A-weighted level of
noise from the source (represented by the LAeq

descriptor), measured over a 15-minute period, does
not exceed the background noise level measured in
the absence of the source by more than 5 dB.

To account for the temporal variation of background
noise levels, the method outlined in Section 3.1 is
recommended for determining the background
noise level (rating background level—RBL) to be
used in the assessment. This approach aims to
result in the intrusive noise criterion being met for at
least 90% of the time periods over which annoyance
reactions can occur (taken to be periods of 15
minutes).

Adjustments are to be applied to the level of noise
produced by the source that is received at the
assessment point before comparison with this
criterion. Where the noise source contains annoying
characteristics—such as prominent tonal compo-
nents, impulsiveness, intermittency, irregularity and
dominant low-frequency content—adjustments as
outlined in Section 4 apply.

Procedures for considering meteorological effects
such as temperature inversions and wind are
outlined in Section 5 to account for characteristic
weather conditions under which the intrusiveness
criterion applies.

The intrusiveness criterion is summarised as
follows:

LAeq, 15 minute ≤ rating background level plus 5

where :
LAeq, 15 minute represents the equivalent
continuous (energy average) A-weighted
sound pressure level of the source over 15
minutes. Other descriptors may be used as
appropriate provided they can be justified
on the basis of being characteristic of the
source (see Section 2.3). This is to be
assessed at the most-affected point on or
within the residential property boundary—
or, if that is more than 30 m from the
residence, at the most-affected point within
30 m of the residence.

Rating background level is the background
level to be used for assessment purposes as
deter-mined by the method outlined in Section
3.1.

A 15-minute sampling period is used when measur-
ing the level of intrusive noise. There has been no
definitive research to quantify the time period over
which annoyance to intrusive noise varies. Clearly,
annoyance reactions are likely to occur over periods
of less than a day, and there will be variations
depending on individual tolerance and characteris-
tics of the noise. The 15-minute period has been
selected as a reasonable estimate of the period over
which annoyance may occur. This time period has
been used by the EPA for some time, and experience



NSW industrial noise policy

15

has shown that it is a reasonable approach to
assessing intrusive noise impacts.

In some rural situations, the rating background
level may be the same for the day and night. In these
cases, it is recognised that excursions of noise above
the intrusiveness criterion during the day would
not usually have the same impact as they would at
night. This is due to the more sensitive nature of
activities likely to be disturbed at night (for example,
sleep and relaxation).

2.2 Protecting noise amenity

To limit continuing increases in noise levels, the
maximum ambient noise level within an area from
industrial noise sources should not normally
exceed the acceptable noise levels specified in Table
2.1. Meeting the acceptable noise levels in Table 2.1
will protect against noise impacts such as speech
interference, community annoyance and, to some
extent, sleep disturbance. These levels represent
current best practice for assessing industrial noise
sources, based on research and a review of assess-
ment practices used overseas and within Australia.

Table 2.1 also includes recommended maximum
noise levels for different land uses. These recom-
mended maximum values provide guidance on an
upper limit to the level of noise from industry. In all
cases it is expected that all feasible and reasonable
mitigation measures would be applied before the
recommended maximum noise levels are referenced.

In some instances it may not be possible to achieve
even the recommended maximum noise level, even
after all feasible and reasonable noise mitigation
has been applied. Such cases are expected to have a
large adverse noise impact. Where a proposed
development exceeds the recommended maximum
noise levels in Table 2.1, substantial benefits in other
areas, including a high degree of social worth,
would need to be demonstrated.

Where the existing noise level from industrial noise
sources is close to the acceptable noise level, the
noise level from any new source(s) must be control-
led to preserve the amenity of an area. If the total
noise level from industrial sources already exceeds
the acceptable noise level for the area in question,
the LAeq noise level from any new source should not
be greater than:

• 10 dB below the acceptable noise level if there
is a reasonable expectation that existing
levels may be reduced in the future; or

• 10 dB below the existing level if there is no
such reasonable expectation that existing
levels will fall (for example, in cases where
surrounding areas are fully developed) and
no significant changes to land use are
expected.

Table 2.2 sets out the implications of this require-
ment for noise from industrial sources.

Adjustments are to be applied to the source noise
level received at the assessment point, before com-
parison with this criterion, where the noise source
contains annoying characteristics such as promi-
nent tonal components, impulsiveness, intermit-
tency, irregularity and dominant low-frequency
content, as outlined in Section 4.

Procedures for considering meteorological effects
such as temperature inversions and wind are
outlined in Section 5 to account for characteristic
weather conditions under which the amenity
criteria apply.

In determining the existing LAeq noise level from
industry, noise from transportation-related sources
(road traffic, rail traffic and aircraft) may be ex-
cluded. Criteria for noise from these sources are
defined separately. Research and experience indi-
cates that residents distinguish and respond
separately to noise from road traffic, rail traffic,
aircraft and industrial sources, rather than register-
ing an overall noise annoyance related to the total
LAeq noise level. Section 3.2 gives guidance on how to
determine existing noise levels. Practical means by
which transportation noise (road traffic in particu-
lar) may be excluded from a measurement of exist-
ing noise levels are presented in Section 3.2.1.

Where existing traffic noise levels are continuously
high, the existing level of the traffic noise (deter-
mined by using the method outlined in Section 3.2)
can be 10 dB or more above the recommended
acceptable noise level shown in Table 2.1. In these
situations the industrial source may be inaudible,
even where it produces noise levels higher than the
acceptable noise level. The criterion to be applied in
this case is set out in Section 2.2.3.
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Table 2.1. Amenity criteria

Where there is a reasonable expectation that the
cumulative noise level from industrial sources
could increase in future (for example, through the
development of further new sources), this should be
considered in setting noise levels, as outlined in
Section 2.2.4.

Recommended L Aeq noise levels from industrial noise sources

Type of Receiver Indicative
Noise Amenity

Area

Time of Day Recommended L Aeq. Noise Level,
dB(A)

(see Note 8 in Section 2.2.1)

(see Notes in Section 2.2.1)
Acceptable

(See Note 11)

Recommended
Maximum

(See Note 11)

Day 50 55

Evening 45 50

Rural

Night 40 45

Day 55 60

Evening 45 50

Suburban

Night 40 45

Day 60 65

Evening 50 55

Urban

Night 45 50

Day 65 70

Evening 55 60

Residence

Urban/Industrial
Interface – for
existing
situations only Night 50 55

School classroom—internal All Noisiest 1-hour period
when in use

35
(See Note 10)

40

Hospital ward
—internal
—external

All
All

Noisiest 1-hour period
Noisiest 1-hour period

35
50

40
55

Place of worship—internal All When in use 40 45

Area specifically reserved for
passive recreation (e.g.
National Park)

All When in use 50 55

Active recreation area (e.g.
school playground, golf
course)

All When in use 55 60

Commercial premises All When in use 65 70

Industrial premises All When in use 70 75
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Table 2.2. Modification to acceptable noise level (ANL)* to account for existing level
of industrial noise

difficult, then external noise levels 10 dB
above the internal levels apply.

5. In assessing noise levels at passive and
active recreational areas, the noise level is to
be assessed at the most-affected point within
50 m of the area boundary.

6. Types of receivers are defined as follows.
Section 2.2.2 offers some guidance for the
selection of the appropriate receiver types.

Rural—means an area with an acoustical
environment that is dominated by natural
sounds, having little or no road traffic. Such
areas may include:

—an agricultural area, except those used for
intensive agricultural activities

—a rural recreational area such as resort
areas

—a wilderness area or national park

—an area generally characterised by low
background noise levels (except in the
immediate vicinity of industrial noise
sources).

This area may be located in either a rural,
rural-residential, environment protection

Total existing L Aeq noise level from
industrial sources, dB(A)

Maximum L Aeq noise level for noise from new sources
alone, dB(A)

≥ Acceptable noise level plus 2 If existing noise level is likely to decrease in future:
acceptable noise level minus 10

If existing noise level is unlikely to decrease in future:
existing level minus 10

Acceptable noise level plus 1 Acceptable noise level minus 8

Acceptable noise level Acceptable noise level minus 8

Acceptable noise level minus 1 Acceptable noise level minus 6

Acceptable noise level minus 2 Acceptable noise level minus 4

Acceptable noise level minus 3 Acceptable noise level minus 3

Acceptable noise level minus 4 Acceptable noise level minus 2

Acceptable noise level minus 5 Acceptable noise level minus 2

Acceptable noise level minus 6 Acceptable noise level minus 1

< Acceptable noise level minus 6 Acceptable noise level
* ANL = recommended acceptable LAeq noise level for the specific receiver, area and time of day from Table 2.1.

2.2.1 Notes to support the noise level
tables

1. The recommended acceptable noise levels
refer only to noise from industrial sources.
However, they refer to noise from all such
sources at the receiver location, and not only
noise due to a specific project under consid-
eration. The levels represent outdoor levels
except where otherwise stated.

2. In assessing noise levels at residences, the
noise level is to be assessed at the most-
affected point on or within the residential
property boundary or, if this is more than 30
m from the residence, at the most-affected
point within 30 m of the residence.

3. In assessing noise levels at commercial or
industrial premises, the noise level is to be
assessed at the most-affected point on or
within the property boundary.

4. Where internal noise levels are specified in
Table 2.1, they refer to the noise level at the
centre of the habitable room that is most
exposed to the noise and are to apply with
windows opened sufficiently to provide
adequate ventilation. In cases where the
gaining of internal access for monitoring is
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zone or scenic protection zone, as defined
on a council zoning map (Local Environ-
mental Plan (LEP) or other planning
instrument).

Suburban—an area that has local traffic with
characteristically intermittent traffic flows or
with some limited commerce or industry. This
area often has the following characteristics:

—decreasing noise levels in the evening
period (1800–2200); and/or

—evening ambient noise levels defined by the
natural environment and infrequent
human activity.

This area may be located in either a rural,
rural-residential or residential zone, as
defined on an LEP or other planning
instrument.

Urban—an area with an acoustical environ-
ment that:

—is dominated by ‘urban hum’ or industrial
source noise

—has through traffic with characteristically
heavy and continuous traffic flows
during peak periods

—is near commercial districts or industrial
districts

—has any combination of the above,

where ‘urban hum’ means the aggregate
sound of many unidentifiable, mostly
traffic-related sound sources.

This area may be located in either a rural,
rural-residential or residential zone as
defined on an LEP or other planning
instrument, and also includes mixed land-
use zones such as mixed commercial and
residential uses.

Urban/industrial interface—an area defined
as for ‘urban’ above that is in close proximity
to industrial premises and that extends out to
a point where the existing industrial noise
from the source has fallen by 5 dB. Beyond
this region the amenity criteria for the ‘urban’
category applies. This category may be used
only for existing situations. (See example of
how this category is used in Appendix A,
Section A5).

Commercial—an area defined as a business
zone, except neighbourhood business zone,
on an LEP.

Industrial—an area defined as an industrial
zone on an LEP. For isolated residences
within an industrial zone the industrial
amenity criteria would usually apply.

7. Time of day:

—day: the period from 7:00 am to 6:00 pm
Monday to Saturday; or 8:00 am to 6:00 pm
on Sundays and public holidays

—evening: the period from 6:00 pm to 10:00
pm

—night: the remaining periods.

(These periods may be varied where
appropriate, for example, see Section 3.3.)

8. The LAeq noise level for a specific period
represents the LAeq level calculated or meas-
ured over the applicable day, evening or
night period (i.e. LAeq, period) except where
otherwise stated (for example, school class-
room, hospital).

9. If existing noise levels from industrial noise
sources already approach or exceed the
recommended acceptable noise levels in Table
2.1, any increase in these levels should be
strictly limited, as described in Table 2.2.

10. In the case where existing schools are af-
fected by noise from existing industrial noise
sources, the acceptable LAeq noise level may
be increased to 40 dB LAeq(1hr).

11. The acceptable and recommended maximum
LAeq noise levels can provide a guide to
applying the negotiation process set out in
Section 8. While negotiation between the
proponent and the community for an agreed
noise level can occur at any time, typically
the proponent would negotiate with the EPA
where noise-level emissions fall between the
acceptable and recommended maximum. For
site levels beyond the recommended maxi-
mum levels, the proponent would need to
negotiate directly with the community.

2.2.2 Determining the receiver type

The selection of the type of receiver is important in
determining which noise amenity criteria level
should apply. In most instances the receiver cat-
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egory for the amenity criteria will be straightfor-
ward, but in some localities, land-use patterns or
zones may be ambiguous in terms of selecting the
appropriate receiver type. As a guide the following
issues may be considered in deciding the land use
category for a receiver:

• The primary means for identifying the type of
receiver is how the receiver area is zoned in
the relevant planning instrument. The
standard terminology used in planning
instruments is usually limited to rural, rural-
residential and residential in respect of areas
where dwellings would normally be located.
These terms do not differentiate suburban
and urban residential uses, and this is
discussed in the next point.

• In deciding whether a receiver area should be
allocated to the suburban or urban categories,
it may be necessary to examine the
predominant manner of development in the
area and the prevailing noise climate. The
definitions of suburban and urban provide
guidance on this. For example, small
communities such as villages or towns are
likely to be closer in noise climate to a
suburban category. Urban receivers are
usually those located in densely populated
areas where multi-dwelling developments
such as townhouses, units, flats and
apartments are the norm. Areas near noise
generators (for example, roads, railways and
industry) would normally be considered to be
urban-receiver type for the purpose of the
amenity criteria. The rural category is more
representative of more isolated single
dwellings on large lots (for example, 2
hectares). The population density for an area
may provide a guide as to which of the
residential receiver categories apply.

• In certain instances zoning for an area will
allow multiple uses. For instance, some areas
are classified as ‘Rural’ with industry-related
land uses permissible, thus allowing rural
uses (including a dwelling) and industries in
the same area. In terms of noise the
permissible uses may not be entirely
compatible, and where this mix of
development is permitted it may not always
be possible to achieve the desirable noise
criteria for receivers. In these instances the
noise levels that are achievable will be

defined by applying all feasible and
reasonable mitigation measures. It is highly
recommended that the relevant consent
authority consider the need to incorporate
noise mitigation measures in noise-sensitive
developments where such mixed
development is permitted (for example, new
residences proposed near industrial or
commercial areas).

• Other features of a locality that should also
be considered include:

—predominant land use, including the
proportion of the different land uses
within the potentially noise-affected zone

—strategic planning objectives or plans to
rezone (for example, as included in REPs,
SEPs, Urban Development Program)

—proximity of land-use to neighbouring
industries and busy roads

—any permanent existing shielding provided
by natural topography or otherwise
between existing noise sources and sensi-
tive receivers

—existing ambient noise levels in the area.

2.2.3 Assessment in areas of high traffic
noise

The level of transportation noise—road traffic noise
in particular—may be high enough to make noise
from an industrial source effectively inaudible, even
though the LAeq noise level from that industrial
noise source may exceed the recommended accept-
able noise level shown in Table 2.1. In such cases,
the amenity criterion for noise from the industrial
noise becomes the LAeq, period(traffic) minus 10 dB. This
criterion replaces the amenity criterion in Tables 2.1
and 2.2 above, and is used in the same way the
amenity criterion is used, that is, in conjunction
with the intrusiveness criterion, to determine the
limiting criterion. General and more specific case
studies showing how the high traffic criterion
works are included in Appendix A. (See Section A1
and case study (c) in Section A2.)

This criterion may be applied only if all the follow-
ing apply:

1. Traffic noise is identified as the dominant
noise source at the site.
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2. The existing traffic noise level (determined
using the procedure outlined in Section 3.2) is
10 dB or more above the Acceptable noise
level for the area.

3. It is highly unlikely the road traffic noise
levels would decrease in the future.

In all other cases the existing noise level of indus-
trial sources may be determined by one of the
methods outlined in Section 3.2.1 for comparison
with Table 2.2 in the determination of the amenity
criterion.

This method needs to be used with care for different
assessment periods. For example, although this
criterion may be valid in high-traffic areas for the
‘day’ assessment period, it may not be appropriate
for the ‘evening’ or ‘night’ assessment periods
because the requirement in (2) above has not been
met. Where this is the case, one of the methods
outlined in Section 3.2.1 may be used for the evening
and night periods.

2.2.4 Assessment in developing areas

The recommended acceptable noise level from Tables
2.1 and 2.2 represents the ideal total level of noise
from industry that should be met by a proposed
development and any future, potentially noise-
producing, developments in the area. In most
instances where a number of industrial develop-
ments are proposed for an area, the amenity criteria,
which set a cap for the cumulative noise from
industry, will be more stringent than the intrusive
criteria. Thus project-specific noise levels for indi-
vidual developments will be derived from the
amenity criteria.

Where several developments are proposed for an
area, these are to be assessed as a group. This
holistic approach allows project-specific noise
levels to be set for a proposed industrial develop-
ment, so that the total impact from all proposed and
potential industrial developments does not cause
amenity to deteriorate. In addition, this approach
provides an equitable distribution in the burden of
meeting the noise criteria.

The effectiveness of this approach depends on it
being known at the time of assessment what devel-
opments will be moving into the locality, and when
the various developments are proposed to com-
mence. Generally, the approach should apply when
knowledge of future developments has advanced to

the point of a development application being
known to the regulatory/consent authority, or
where details of the proposal have been published.

Implementation of this ‘holistic’ approach involves
the following steps in relation to impacts at the most
sensitive receivers:

1. Determining the number of development
proposals to be assessed.

2. Determining the amenity level according to
Tables 2.1 and 2.2.

3. Determining the project-specific noise levels
to be achieved by each development at the
receiver, so that, when each is added logarith-
mically, the resultant total level of noise
received from industry at any affected re-
ceiver will meet the amenity level identified at
Step 2.

As the assessment is performed at the receiver, the
level of noise received from each development
depends on its distance from the receiver—with
more remote developments able to emit higher noise
levels at the source.

This type of approach has been applied by some
forward-thinking local councils to provide an early
indication to potential developers of expected noise-
emission requirements, and to guarantee the noise
amenity in adjacent areas. (Examples of where this
approach has been used include Ingleburn indus-
trial estate, Campbelltown; Glendenning industrial
estate, Blacktown and Breamer industrial estate,
Mittagong.)

2.2.5 Effects of changing land use

Land uses can change—sometimes dramatically—
with an increase in industrial activities, construc-
tion of new freeways, or the development of new
residential suburbs. A consequence of this is that
the land-use designation of an area may change.
Changes in designation occur as a result of urban-
type residential subdivisions in a village or rural
area with few residences, or the encroachment of
industrial developments near residential areas and
vice versa.

In such cases, the primary decision by planning
authorities to cause or allow the development
would take account of the many consequent impli-
cations. As developments introduce increased
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activities, they also increase environmental noise
levels. Therefore, previously low ambient noise
levels will not be maintained, and assessments of
noise sources for control purposes should be made
against the acceptable noise level relevant to the
modified land use.

2.3 Using the L Aeq descriptor

The LAeq, descriptor applies for both the intrusive-
ness criterion (LAeq, 15 minute) and the amenity criterion
(LAeq, period). In this policy, the equivalent continuous
(energy average) level (A-weighted) of the industrial
source is of interest (not necessarily that of the total
noise environment). In certain circumstances other
noise descriptors may be more appropriate for
measurement/assessment or compliance purposes,
depending on the characteristics of the noise source.
For example, where the noise emissions from the
source of interest are constant (e.g. fan noise) and
the ambient noise level has a degree of variability
(for example, due to traffic), the LA90 descriptor may
adequately describe the noise source and be much
easier to measure/assess. In these cases, it may be
preferable to replace the LAeq descriptor.

If the descriptor chosen for measurement is not the
LAeq, reasons for the variation should be presented
in the noise assessment report.

2.4 Project-specific noise levels

After determining the relevant noise levels from the
intrusive and amenity criteria, the project-specific
noise levels can be assigned.

The project-specific noise levels reflect the most
stringent noise level requirement from the noise
levels derived from both the intrusive and amenity
criteria. They set the benchmark against which
noise impacts and the need for noise mitigation are
assessed.

Applying the most stringent requirement as the
project-specific noise levels ensures that both
intrusive noise is limited and amenity is protected.

The case studies presented in Appendix A show
definitively how project-specific noise levels are
identified.
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3.1.1 Methods of determining background
noise

Table 3.1 summarises the two procedures for deter-
mining background noise: the long-term method to
be used at the planning and approval stage, and the
short-term method for complaint and compliance
assessment purposes. The long-term method in-
volves a two-step process to determine the rating
background level. The short-term method involves
only one step. Appendix B gives a detailed descrip-
tion of instrumentation requirements, and proce-
dures for measurement and analysis for each
method.

The long-term method for determining background
noise (summarised in Table 3.1) is designed to
ensure that the criterion for intrusive noise will be
achieved for at least 90% of the time periods over
which annoyance reactions may occur (taken to be
periods of 15 minutes).

Definitions and technical considerations to help
users interpret and apply the methods are set down
in the following sections.

3.1.2 Definitions to support methodologies

Extraneous noise—noise due to activities that are
not typical of the area. These activities might include
construction, changes in road, rail or air traffic due
to holiday periods, and special events such as
concerts or sporting events. Normal daily road
traffic and other transportation noise are not consid-
ered to be extraneous noise. Where an industry in an
industrial estate wishes to extend its operations, the
measured background noise level may include the
general hum of industries nearby, but should not
include any noise from the site itself—or noise from
any intrusive sources nearby that could affect the
LA90,15 minute value. As a reasonable guide, any extra-
neous noise present for at least half of a 15-minute
monitoring period, and having the potential to affect
the LA90,15 minute value, should be excluded.

3 Determining existing noise levels

3.1 Determining background noise for
the intrusiveness criterion

The background noise level is defined here as ‘the
underlying level of noise present in ambient noise
when all unusual extraneous noise is removed’.
Sound levels contributing to background levels can
include sound from nearby traffic (see Section 3.1.3),
birds, insects, animals, machinery and similar
sources if these sounds are a normal feature of the
location. The background noise level is considered
to be represented by the LA90,15 minute descriptor. In
comparison, the rating background level (as defined
in Section 3.1.2) is the single-figure background
noise level derived from monitoring LA90, 15 minutes over
a representative period of time. The rating back-
ground level is used for assessment purposes.

Background noise levels need to be determined
before intrusive noise can be assessed. The back-
ground noise levels to be measured are those that
are present at the time of the noise assessment and
without the subject development operating. Hence,
for the assessment of modifications to an existing
development, the noise from the existing develop-
ment should be excluded from background noise
measurements.

When assessing a new development, it is important
to undertake sufficient monitoring of background
noise to allow intrusive noise to be assessed ad-
equately. However, when assessing noise levels in
response to complaints, the background noise level
during the period of the complaint is of interest, and
monitoring over a shorter length of time may be
appropriate.

Before embarking on a noise-monitoring program,
the potential for the development/ activity to cause
noise annoyance, and the need for accurate noise
assessment, should be considered. Two measure-
ment regimes are presented below. The first is a
definitive method to be used when assessing devel-
opments with the potential for significant noise
impact. The second is a shorter method that can be
used for complaint-assessment purposes.
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Table 3.1. Methods for determining background noise

Features Method

Long-term Short-term

When to use During planning and approval stage
where there is significant potential for
noise impact, e.g. extractive industries
and industrial developments.

During complaint assessments, compliance
checks, when determining the effect of
background noise on a source noise
measurement and for low risk
developments.

Type of monitoring Continuous sampling accompanied by
periods of operator-attended monitoring

Individual sampling—operator-attended
measurements

Length of
monitoring

Equivalent to one week’s worth of valid
data covering the days and times of
operation of the development (See
Section 3.5)

15-minute measurements covering the
times of operation of the development

Conditions for
monitoring

Average wind speed < 5 m/s1, no rain, no
extraneous noise (See Sections 3.1.2
and 3.4)

Average wind speed < 5 m/s1, no rain, no
extraneous noise (See Sections 3.1.2 and
3.4)

Monitoring location Most or potentially most affected noise-
sensitive location/s

Most affected noise-sensitive location
and/or location of complaint

Assessment time
periods

Day (0700–1800)

Evening (1800–2200)

Night (2200–0700)

(See Section 3.3 for exceptions)

Times when maximum impacts occur

Base measure LA90,15 minute LA90,15 minute

Analysis method Determine the assessment background
level for each day, evening and night by
using the tenth percentile method.

The rating background level is the
median assessment background level
over all days for each period.

The rating background level is the
measured LA90,15 minute value, or, where a
number of measurements have been
made, the lowest LA90, 15 minute value.

Note:
1. Refers to the wind speed at the microphone height.
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Special care needs to be taken when doing short-
term measurements to ensure that the measurements
reflect the time of maximum impact. For example, in
a residential neighbourhood, short-term noise
measurements should not be taken when there are
other noisy activities going on (for example, lawn-
mowing, idling vehicles, neighbourhood chatter).
When in doubt as to whether an activity is typical of
the area, it is best to exclude data affected by noise
from that activity.

Noise-sensitive location(s)—residential premises,
schools, hospitals, places of worship, parks and
wilderness areas.

Most affected location(s)—locations that are most
affected (or that will be most affected) by noise from
the source under consideration as per Note 2 in
Section 2.2.1. In determining these locations, the
following need to be considered: existing back-
ground levels, noise source location/s, distance
from source/s (or proposed source/s) to receiver,
and any shielding (for example, building, barrier)
between source and receiver. Often several locations
will be affected by noise from the development. In
these cases, locations that can be considered repre-
sentative of the various affected areas should be
monitored.

Time of maximum impact—the time during which
the difference between the background noise level
and the source noise is expected to be the greatest.

Assessment background level (ABL)—the single-
figure background level representing each assess-
ment period—day, evening and night (that is, three
assessment background levels are determined for
each 24-hour period of the monitoring period).
Determination of the assessment background level
is by the tenth percentile method described in
Appendix B. Only those days and assessment
periods that are applicable to the times of opera-
tion of the proposed development are required to
be assessed.

Rating background level (RBL)—the overall single-
figure background level representing each assess-
ment period (day/evening/night) over the whole
monitoring period (as opposed to over each 24-hour
period used for the assessment background level).
The rating background level is the level used for
assessment purposes. Where the rating background
level is found to be less than 30 dB(A), then it is set
to 30 dB(A).

For the short-term method the rating background
level is simply the measured LA90,15 minute level. For
the long-term method, the rating background level is
defined as the median value of:

—all the day assessment background levels
over the monitoring period for the day

—all the evening assessment background
levels over the monitoring period for the
evening, or

—all the night assessment background levels
over the monitoring period for the night.

 ‘Median’ is the middle value in a number of values.
For an odd number of values, the value of the
median is simply the middle value in a number of
values ranked in ascending or descending order.
For an even number of values, the median is the
arithmetic average of the two middle values.

3.1.3 Transportation noise in background
noise measurements

Transportation noise (air, road and rail) may be
included in background noise measurements,
except when there is a reasonable expectation that
flows are not representative of normal conditions
(for example, traffic during school holidays). Air,
road and rail traffic during these times are usually
considered to be extraneous.

Where the period of measurement is limited (that is,
short-term measurement), care is needed to ensure
that the time at which the measurements are made
reflects the period when the highest noise impacts
are likely to occur. For example, where there is only
intermittent traffic, the short-term noise measure-
ment should not include transportation noise,
otherwise incorrect high readings will result.
However, where the traffic is constant and continu-
ous, transportation may be included in the short-
term measurement to ensure that the noise environ-
ment is adequately represented.

3.2 Determining existing noise levels
for amenity criteria

Existing noise levels need to be determined for the
periods during which the proposed development
will operate.

In determining the existing LAeq noise level, it is
important to obtain a representative level. Hence,
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assessing the existing LAeq noise level is as defined
in Table 3.2 for assessing different noise risk devel-
opments.

3.2.1 Excluding transportation noise

The ‘existing noise levels’ described in Table 2.2 are
for industrial noise sources only. Where practicable,
noise from transportation or community activities
can be excluded, as the measured industry noise
level will be used (Table 2.2) to determine the amen-
ity level. Practical ways of excluding transportation
and community noise will depend on the situation.
The policy does not require transportation and
community noise to be excluded when determining
existing noise levels, but it may be advantageous to
the proponent to minimise the effects of community
and transportation noise. Possible techniques to do
this include:

1. Measuring the level of transportation noise at
a nearby location not affected by noise from
industry, and logarithmically subtracting this
measurement from the combined level at the
site. This may be done by setting up two
loggers (or two sound-level meters in the case
of short-term measurements) to monitor
simultaneously the combined noise levels at
the site and the transportation noise levels at
the nearby location.

2. Measuring at another location where indus-
trial source noise levels are equivalent, but
transportation noise is much lower.

3. Modelling the level of transportation noise
and subtracting the result from the measured
combined levels.

Table 3.2. Determining the existing LAeq noise levels

4. (Where it can be demonstrated that all
existing noise is due to transportation-related
sources) Assuming that the level of industrial
noise is 10 dB below the existing combined
noise levels.

When measuring existing industrial noise, take
special care when determining what constitutes an
industrial noise source. For example, any mobile/
transportation sources that form part of the normal
operations on an industrial noise source site are
considered to be part of the industrial noise source
and should be included when measuring existing
noise levels from that industrial source.

Where dominant road traffic is over 300 m away
from the site and is heard as a very distant hum, the
level of traffic noise is likely to be low enough that
special techniques to minimise its effects are not
warranted. Exceptions to this include cases where a
major road is in direct line-of-sight of the assess-
ment position, causing traffic on it to be the domi-
nant source of noise at the site.

3.3 Dealing with ‘shoulder’ periods

There will be situations that call for different assess-
ment periods. For example, where early morning
(5 am to 7 am) operations are proposed, it may be
unduly stringent to expect such operations to be
assessed against the night-time criteria—especially
if existing background noise levels are steadily
rising in these early morning hours. In these situa-
tions, appropriate noise level targets may be negoti-
ated with the regulatory/consent authority on a
case-by-case basis. As a rule of thumb it may be
appropriate to assign a shoulder period rating

Risk of noise impact Measurement period 1 Definition of existing level

Low risk One day—covering the defined
day/evening/night periods relevant to the
periods the proposed development would
operate.

High risk One week—covering the defined
day/evening/night periods the proposed
development would operate.

The logarithmic average2 of
individual LAeq,15 minute levels for each
day/evening/night assessment
period over the measurement
period.

Notes:
1. It is recommended that the LAeq be measured on a 15-minute basis.
2. Logarithmic average = 10log10((∑i=1 to n10(LAeq,15 min,i/10))/n), where n = number of LAeq,15 min values in each

assessment period over the measurement period.
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background level as the mid-point value between
the rating background levels of the two assessment
periods that are on either side of the shoulder
period.

The objective is to achieve environmental amenity in
a feasible and reasonable manner. In an assessment
of the likely level of noise impact, the time of day is
only one of several relevant factors—such as noise
level and character, and the activities affected by the
noise. Noise of a lower level, and with no intrusive
characteristics such as tones and impulses, can
often be more acceptable over a longer period of the
day than noise at a high level and/or with intrusive
characteristics.

3.4 Meteorological conditions for
monitoring

Wind and rain conditions

Noise monitoring should not be conducted (or the
data should be excluded) when average wind
speeds (over 15-minute periods or shorter) at micro-
phone height are greater than 5 m/s, or when
rainfall occurs. Exceptions to this rule are allowed,
provided the proponent is able to show that the
wind-induced noise on the microphone, and sound
levels due to rain, are at least 10 dB below the noise
levels (that is, background and/or ambient) under
investigation.

Where high wind speeds are a feature of the area,
monitoring may be permitted during higher wind
speeds, provided the proponent is able to show that
these wind speeds are a site feature and that the
wind-induced noise on the microphone is at least 10
dB below the noise levels under investigation.

Wind blowing through leaves can raise the environ-
mental noise levels, even at speeds less than 5 m/s.
To avoid this effect, take care to select monitoring
locations that are as far away as possible from
vegetation while still being representative of the
subject site.

Temperature inversions

The noise levels determined using the methods just
described are considered to represent the season in
which they have been monitored. For this reason,
monitoring may be conducted during temperature

inversion conditions to ensure that the noise envi-
ronment at a site is adequately represented. How-
ever, care is needed when doing short-term meas-
urements to ensure that the measured noise level
results in an adequate assessment of impacts. For
instance, measurement of short-term background
noise should exclude any data collected during
temperature inversions where these inversions are
infrequent and are not a feature of the area. Other-
wise assessment applying the intrusiveness crite-
rion will not adequately assess the noise impact.

Seasonal variations

The EPA recognises that background noise levels
may vary due to seasonal changes in weather
conditions and wildlife activity (for example,
insects, birds and other fauna) and also as a result
of changes in operational activities on surrounding
developments. As far as is practicable, these poten-
tial changes should be considered and addressed in
a qualitative manner in the noise assessment report
to ensure that noise impacts during other seasons
are not ignored.

Such changes may be accounted for by excluding
the season-related noise levels from the background
noise measurements by filtering or other means (for
example, in the case of seasonal operational activi-
ties, by monitoring in a similar location not affected
by the development in question). In other cases
these variations may be discounted on the basis of
local knowledge in the area, but the discounting
should still be justified in the noise assessment
report.

3.5 Duration of monitoring

Screening tests may be performed before any moni-
toring to assess whether monitoring is required. For
example, if a minimum background noise level of 30
dB(A) is assumed as the rating background level
and the assessment shows no impact, then there is
no need for background noise monitoring, as this
represents a conservative and limiting case.

Typically, one week’s worth of valid data covering
the days and times of operation of the proposed
development is required to meaningfully determine
the existing noise environment. However, the
duration of monitoring should be determined by
taking into account the circumstances of the par-
ticular situation. The cyclic or random nature of
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ambient noise levels can affect the duration re-
quired.

In areas where the background noise levels are
affected significantly by nearby road traffic with
regular daily pattern, three days’ worth of valid
data may be sufficient. However, care should be
exercised in assuming a pattern of noise levels in an
area. It is recommended that , where any doubt
exists, the full week’s monitoring should be per-
formed. In those cases where there appears not to be
a regular daily pattern to ambient noise, and/or the
dominant ambient noise sources are some signifi-
cant distance from the measurement location, one
week’s valid data is likely to be required. There will
also be some circumstances where more than one
week of valid data will be required to gain a good
understanding of the variation in ambient noise (for
example, where there is a wide variability in daily
assessment background levels). Any variations from
the specified monitoring duration in Table 3.1
should be fully justified in the noise assessment
report.
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4 ‘Modifying factor’ adjustments
4.1 Introduction

Where a noise source contains certain characteris-
tics, such as tonality, impulsiveness, intermittency,
irregularity or dominant low-frequency content,
there is evidence to suggest that it can cause greater
annoyance than other noise at the same noise level.
On the other hand, some sources may cause less
annoyance where only a single event occurs for a
limited duration. This section outlines the correction
factors to be applied to the source noise level at the
receiver before comparison with the criteria speci-
fied in Section 2 to account for the additional annoy-
ance caused by these modifying factors. The correc-
tion factors listed below were determined following
a review of Australian and overseas practices and
the relevant literature.

The modifying factor corrections should be applied
having regard to:

• noise from all sources, individually and in
combination, that contribute to the total noise
at a site; and

• the nature of the noise source and its
characteristics.

Table 4.1 sets out the corrections to be applied. The
corrections specified for tonal, impulsive, intermit-
tent and low-frequency noise are to be added to the
measured or predicted noise levels at the receiver
before comparison with the criteria.

 4.2 Definitions to support the
modifying factor corrections

Tonal noise—containing a prominent frequency
and characterised by a definite pitch.

Low-frequency noise—containing major compo-
nents within the low frequency range (20 Hz–250
Hz) of the frequency spectrum.

Impulsive noise—having a high peak of short
duration or a sequence of such peaks.

Intermittent noise—the level suddenly drops to that
of the background noise several times during the
assessment period, with a noticeable change in
noise level of at least 5 dB.

Adjustment for duration—applied where a single-
event noise is continuous for a period of less than
two and a half hours in any 24-hour period. The
acceptable noise level may be increased by the
adjustment shown in Table 4.2. This adjustment is
designed to account for unusual and one-off events,
and does not apply to regular high-noise levels that
occur more frequently than once per day.

Maximum adjustment—the maximum correction to
be applied to the criteria or the measured level
where two or more modifying factors are present.
The maximum adjustment is 10 dB(A) where the
noise contains two or more modifying factors
(excluding the duration correction).

4.3 Applying the modifying factors

The modifying factors are to be applied to the noise
from the source measured/predicted at the receiver
and before comparison with the criteria. The modi-
fying factor correction is applied as follows (Ki is
equal to the modifying factor correction (from Table
4.1)):

Where two or more modifying factors are present,
the maximum correction is limited to 10 dB.

CompareCriterion

Measured or
Predicted

Criterion
Value

Intrusiveness LAeq, 15 minute plus Ki Rating
background
level plus 5

Amenity
(including high
traffic criterion
Section 2.2.3)

LAeq, period plus Ki Acceptable
noise level
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Table 4.1. Modifying factor corrections
(See definitions in Section 4.2)

Factor Assessment/
measurement

When to apply Correction 1 Comments

Tonal noise One-third octave
or narrow band
analysis

Level of one-third octave band
exceeds the level of the
adjacent bands on both sides
by:
—5 dB or more if the centre
frequency of the band
containing the tone is above
400 Hz
—8 dB or more if the centre
frequency of the band
containing the tone is 160 to
400 Hz inclusive
—15 dB or more if the centre
frequency of the band
containing the tone is below
160 Hz

5 dB2 Narrow-band
frequency analysis
may be required to
precisely detect
occurrence

Low
frequency
noise

Measurement of
C-weighted and
A-weighted level

Measure/assess C- and A-
weighted levels over same
time period. Correction to be
applied if the difference
between the two levels is
15 dB or more

5 dB2 C-weighting is
designed to be
more responsive to
low-frequency
noise

Impulsive
noise

A-weighted fast
response and
impulse
response

If difference in A-weighted
maximum noise levels between
fast response and impulse
response is greater than 2 dB

Apply
difference in
measured
levels as the
correction, up
to a maximum
of 5 dB.

Characterised by a
short rise time of
35 milliseconds
(ms) and decay
time of 1.5 s

Intermittent
noise

Subjectively
assessed

Level varies by more than 5 dB 5 dB Adjustment to be
applied for night-
time only .

Duration Single-event
noise duration
may range from
1.5 min to 2.5 h

One event in any 24-hour
period

0 to –20 dB(A) The acceptable
noise level may be
increased by an
adjustment
depending on
duration of noise.
(See Table 4.2)

Maximum
adjustment

Refer to
individual
modifying
factors

Where two or more modifying
factors are indicated

Maximum
correction of
10 dB(A)2

(excluding
duration
correction)

Notes:
1. Corrections to be added to the measured or predicted levels.
2. Where a source emits tonal and low-frequency noise, only one 5-dB correction should be applied if the tone is in the

low-frequency range.
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Table 4.2. Adjustments for duration

Duration of noise

(one event in any 24 hour period)

Increase in acceptable noise level at receptor, dB(A)

Daytime and evening

(0700–2200 h)

Night-time

(2200–0700 h)

1.0 to 2.5 hours 2 Nil

15 minutes to 1 hour 5 Nil

6 minutes to 15 minutes 7 2

1.5 minutes to 6 minutes 15 5

less than 1.5 minutes 20 10
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5  Meteorological conditions
5.1 Introduction

Certain meteorological conditions may increase
noise levels by focusing sound-wave propagation
paths at a single point. Such refraction of sound
waves will occur during temperature inversions
(atmospheric conditions where temperatures
increase with height above ground level) and where
there is a wind gradient (that is, wind velocities
increasing with height) with wind direction from
the source to the receiver. These meteorological
effects typically increase noise levels by 5 to 10 dB,
and have been known to increase noise levels by as
much as 20 dB in extreme conditions, thereby
causing a significant noise impact on residents
living in areas prone to these effects.

Temperature inversions occurring within the lowest
50 to 100 m of atmosphere can affect noise levels
measured on the ground. In the geographical areas
where this policy applies, these temperature inver-
sions are most commonly caused by radiative
cooling of the ground at night leading to the cooling
of the air in contact with the ground. This is espe-
cially prevalent on cloudless nights with little wind.
Air that is somewhat removed from contact with the
ground will not cool as much, resulting in warmer
air aloft than nearer the ground.

In assessing noise impacts, the criteria are expected
to apply under weather conditions that would be
expected to occur at a particular site for a significant
period of time. These include conditions of calm,
wind and temperature inversions. As the criteria are
expected to apply under weather conditions charac-
teristic of the area, it is important at the start of a
noise assessment to assess the potential for such
meteorological effects occurring, thus enabling
better prediction of potential noise impacts. The
sections below outline the procedures for assessing
temperature inversions (Section 5.2) and wind effects
(Section 5.3). Essentially, there are two underlying
approaches to assessing these effects: the simple
and the more detailed approach.

Simple approach. With the simple approach, the
proponent may forego detailed analyses of meteoro-
logical data and simply apply given default mete-
orological parameters to predict noise levels. This
approach assumes that meteorological effects are

present for a significant amount of time, avoiding
the need to quantify these effects in detail. It is
conservative, in that it is likely to predict the upper
range of increases in noise levels. Actual noise
levels may be less than predicted. This approach is
generally used to test whether further analyses are
warranted.

Detailed approach. The detailed approach involves
analysing meteorological data to determine whether
inversion and/or wind effects are significant
features warranting assessment. Where assessment
is warranted, default parameters are available for
use in predicting noise or, where preferred, meas-
ured values may be used instead. The detailed
approach gives a more accurate prediction of noise
increases due to meteorological factors—as a trade-
off for the additional work involved.

5.2 Temperature inversions

The 4-step procedure for assessing the amount by
which noise is increased by inversion effects is
summarised in Figure 5.1. Assessment of impacts is
confined to the night noise assessment period (10
pm to 7 am), as this is the time likely to have the
greatest impact—that is, when temperature inver-
sions usually occur and disturbance to sleep is
possible.

Essentially, the assessment involves a staged
approach, designed to require an assessment only
where initial screening tests show that inversion
effects on noise are potentially significant. Where
the potential is established, the next step is to
analyse existing meteorological data to determine
the percentage occurrence of temperature inver-
sions. An occurrence of 30% of the total night-time
during winter (June, July and August) has been
selected as representing a significant noise impact
warranting further assessment. As temperature
inversions generally occur during the night-time
and early morning periods, this percentage occur-
rence corresponds to about two nights per week.
The night-time period for determining inversion
frequency is from 1 hour before sunset to 1 hour
after sunrise (taken to be 6 pm to 7 am), which is the
time period during which inversions are most likely.
(This is different from the night noise assessment
period over which inversions are to be assessed,
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Figure 5.1. Assessing temperature inversions

Step 1: Do initial screening test

Determines whether inversion effects need to be considered

Step 2: Determine % occurrence of inversions

Use existing data (Bureau of Meteorology) or on-site
measurements

STEP 4: Compare predicted level with project-specific
noise levels

The predicted noise levels due to the inversion conditions
are compared with the project-specific noise levels. Where
they exceed the project-specific noise levels, noise impacts

are likely.

Is the occurrence of
inversions significant, i.e.
> 30% of nights in winter?

NO

YES

No further
assessment is

required

STEP 3: Decide on inversion parameters to use

Use either default inversion values specified by the policy
or actual measured values

Are inversion effects likely to
significantly affect noise

levels?

NO

YES
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which is from 10 pm to 7 am.) Winter is selected as
the appropriate season in which to determine
whether temperature inversions are significant, as it
represents the season with the highest frequency of
occurrence of temperature inversions.

Default values for temperature inversions and
drainage-flow wind speed are provided for use in
assessing impacts where inversions are present for
at least 30% of the total night time during winter.
Alternatively, actual inversion strength and wind
speed values based on on-site measurements may be
used instead of the default values.

A brief description of the main components of the
procedure for assessing noise increases due to
inversion effects is presented below. Details of the
full procedure are presented in Appendix C.

Step 1: Do initial screening tests

To assess the level by which noise is increased as a
result of inversion effects, it is generally necessary to
analyse meteorological data from the area in ques-
tion. However, before doing any detailed analyses,
the potential for temperature inversions to increase
noise impact should be determined. Detailed
analyses of meteorological data are not required
where there is little or no potential for impact, as in
the following cases:

• where the development in question does not
operate during the night-time hours. As
temperature inversions are usually
prominent during night-time hours, there is
no need to consider their effects for a
development that does not operate at night
(10 pm to 7 am)

• where, by using the default values, (see
Appendix C Table C1 for screening test default
values), it can be shown that there would be
no significant additional noise impacts
during inversion conditions (for example,
less than a 3-dB increase). In this situation,
no further analysis of inversion effects is
required. Situations where this could occur
include:

—areas that experience only a slight increase
in noise due to inversions

—areas where the most-affected premises
may be located close to the development,
thus negating the effects of inversions

(which focus noise at relatively large
distances).

Step 2: Determine the significance of
temperature inversions

Where screening tests (Step 1) indicate that inver-
sions could have a significant impact on noise, the
proponent may want to do further analyses to
confirm whether the occurrence of temperature
inversions at the locality is significant. This would
involve determining the percentage occurrence of
moderate and strong inversions during winter,
based on existing meteorological data and using
any one of the methods outlined in Appendix E.
(Weak inversions are not included, as they are not
considered to have a significant impact on noise.)
Where inversion conditions are predicted for at
least 30% (or approximately 2 nights per week) of
the total night time in winter, then inversion effects
are considered to be significant and should be taken
into account in the noise assessment.

In NSW, the Hunter region has been identified as an
area often affected by temperature inversions. For
this reason, the Hunter has been studied in detail,
and the percentage occurrence of temperature
inversions has been determined for the entire region
down to a 2-km grid-square resolution. (See Appen-
dix F.)

Step 3: Decide on inversion parameters
to use

There are two options: use the default parameters
specified, or use parameters determined by direct
measurement.

A. Using default inversion parameters

Default values for inversion strength and wind
speed have been specified for use in the noise
assessment to avoid the need for potentially costly
on-site monitoring. These default values have been
chosen based on the analysis of available field data.
Essentially, the following default parameters are
specified for non-arid and arid areas:

Non-arid areas (annual average rainfall greater than
500 mm):

Moderate (F-class stability category) inversions

• 3 °C/100 m temperature inversion strength
for all receivers, plus a 2 m/s source-to-
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receiver component drainage-flow wind
speed for those receivers where applicable.
(See below for applicability of drainage-flow
wind.) For more information see Appendix C.

Arid and semi-arid areas (annual average rainfall less
than 500 mm):

Strong (G-class stability category) inversions

• 8°C/100 m temperature inversion strength
for all receivers, plus a 1 m/s source-to-
receiver component drainage-flow wind
speeds for those receivers where applicable.
(See below for applicability of drainage-flow
wind.)

Applicability of drainage-flow wind

The drainage-flow wind default value should
generally be applied where a development is at a
higher altitude than a residential receiver, with no
intervening higher ground (for example, hills). In
these cases, both the specified wind and tempera-
ture inversion default values should be used in the
noise assessment for receivers at the lower altitude.

B. Using direct measurement

Where the proponent rejects the default values and
wishes to use alternative values based on direct
measurement, use the procedure outlined in Appen-
dix E.

(Note: Wind data should be collected at 10 m
height.)

Step 4: Assess the expected impact

The increased noise level predicted under inversion
conditions is then compared with the project-
specific noise levels to determine whether any noise
impacts are expected. Noise impacts are likely
where exceedances of the project-specific noise
levels are predicted.

5.3 Wind effects

The effects of gradient wind on noise levels also
need to be accounted for when assessing the impact
from a planned development. Gradient wind differs
from the drainage-flow wind associated with
temperature inversions:

• drainage-flow wind is the localised drainage
of cold air under the influence of the local
topography, and travels in one direction only
(direction of decreasing altitude)

• gradient wind is the regional wind
determined by synoptic factors (high and
low-pressure systems), and may originate
from any direction.

Wind data are usually relatively easy to obtain, and
wind roses are commonly used in most environ-
mental impact assessments. Unlike temperature
inversions, gradient winds may cause impacts
during any assessment period (day, evening,
night)—not just the night period. Hence the assess-
ment of these effects should consider all assessment
periods.

5.3.1 When do wind effects need to be
assessed?

Wind effects need to be assessed where wind is a
feature of the area. Wind is considered to be a
feature where source-to-receiver wind speeds (at 10-
m height) of 3 m/s or below occur for 30 per cent of
the time or more in any assessment period (day,
evening, night) in any season. This differs from the
procedure used with temperature inversions, in that
the 30-per-cent occurrence applies to all seasons
and each assessment period—and not just the
winter season and night assessment period. There
are two ways to assess wind effects:

• Use a wind rose to determine whether wind
is a feature based on the frequency of
occurrence and wind speed. In doing this,
take care to assess the source-to-receiver
components of wind that are relevant.

• Simply assume that wind is a feature of the
area (foregoing the need to use a wind rose)
and apply a ‘maximum impact’ scenario.

5.3.2 What wind speed should be used
when assessing noise impacts?

Wind is considered in two ways; the wind near the
ground at the microphone position, and the wind
aloft at 10 m above the ground.

When wind near the ground increases its speed it
can increase ambient noise levels by rustling foliage
and creating turbulence when passing over or
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around structures. At higher wind speeds, the noise
produced by wind will drown out noise from most
industrial and transportation sources. Wind can
also create extraneous noise on noise-monitoring
equipment; an upper limit of 5 m/s at the micro-
phone position is commonly applied during noise
measurement to reduce this effect.

Where wind speeds increase with height there is an
effect that is analogous to temperature inversions
but restricted to localities downwind of the noise
source. This effect is represented by the wind speed
and direction measured at a 10 m height above the
ground. The 10-m wind may either be a drainage
flow wind associated with an inversion or a gradi-
ent wind. The link between the near ground wind
and the 10-m wind has been described as a power
law relationship. This relationship can be complex
and can depend on site factors such as the surface
roughness and the stability of the atmosphere. This
means that the 10-m wind cannot, as a general rule,
be accurately derived from wind velocity measure-
ments near the ground and vice versa.

In summary:

• Noise can be increased by wind.

• Wind can create high ambient noise levels.

• Wind can create extraneous noise on noise-
monitoring equipment.

• The near-surface wind and the 10-m wind
can cause different noise effects, so that both
need to be assessed.

• The near-surface wind relates to effects on the
noise monitoring equipment and noise
generated through mechanical interaction
with trees and other obstructions, whereas
the 10-m wind relates to sound-wave
refraction through the atmosphere, similar to
inversions and its consequent effects on noise
levels.

• A significant wind effect near the ground at
microphone height does not necessarily mean
that a significant wind effect will occur at
10 m (and vice versa).

A default wind speed of 3 m/s (at 10-m height) is
proposed for assessing noise impacts caused by
gradient winds. This wind speed can noticeably
increase noise received down-wind of a noise

source, but may not increase ambient noise levels to
the point where they mask noise from the source
and make it unnoticeable. A 10-m wind of 3m/s is
also unlikely to be associated with near-surface
winds of a strength able to cause increased ambient
noise levels that would mask increased levels of
noise from the source.

Where there is 30 per cent or more occurrence of
wind speeds below 3 m/s (source-to-receiver
component), then use the highest wind speed
(below 3 m/s) instead of the default.

Where there is less than a 30 per cent occurrence of
wind of up to 3 m/s (source-to-receiver component),
wind is not included in the noise-prediction calcu-
lation.
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6 Predicting noise levels & determining
impacts

An important aspect of noise assessment—after
determining the project-specific noise levels—is the
prediction of noise levels from an industrial noise
source, leading to the determination of noise impact.

This process involves:

1. Identifying all possible source, site and
receiver parameters so that noise can be
adequately predicted.

2. Predicting noise levels from the source at
receiver locations—taking into account all
important parameters identified, as well as
the project-specific noise levels.

3. Comparing the predicted noise level with the
project-specific noise levels to determine the
noise impact.

6.1 Identifying noise parameters

The important parameters for predicting noise are
listed below. These will set the boundaries of the
noise prediction process. They need to be deter-
mined and clearly identified for noise impacts to be
predicted adequately:

• all noise sources related to the proposed
development, including vehicles that operate
on site

• source noise levels, site location and effective
height of the noise source. References should
be provided for all source noise levels used in
the assessment (for example, direct
measurement, previous EIS, manufacturer’s
specifications)

• all stages of project development

• all nearby receivers potentially affected by the
development

• weather conditions applicable to the site
(from Section 5); noise criteria apply under
existing weather conditions

• site features (including natural and
constructed, development and surrounding

land uses) that affect noise propagation

• operating times of the development.

6.2 Noise prediction

To quantify the noise impact, the noise levels from
the source at all potentially affected receivers
should be predicted, taking account of the param-
eters identified (Section 6.1).

The noise levels predicted should correspond to the
noise descriptor of the project-specific noise levels
applicable to the project. For example, the noise
levels should be predicted in terms of:

• LAeq,period if the amenity criteria establish the
project-specific noise levels

• LAeq,15 minute if the intrusive criterion
establishes the project-specific noise levels.

Any assumptions made when determining
descriptors should be clearly validated and re-
ported in the assessment.

For small or simple projects, the predicted noise
level from the source may be calculated manually,
taking into account the distance from the source to
receiver and any shielding between the source and
receiver.

For large or difficult projects, noise is generally
predicted through the use of computer noise mod-
els. Such models generally take account of noise
attenuation due to distance, atmospheric absorp-
tion, barriers, effects of intervening ground types
and weather conditions. They use information
about source noise levels, location of sources,
topography between source and receiver and
weather conditions to calculate overall noise levels
at a receiver location. Strong preference will be
given for the use of modelling approaches that have
been the subject of peer review and that form ac-
cepted practice (for example, Environmental Noise
Model (ENM) or Soundplan). Any other modelling
approaches used would need to be validated before
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being used for a particular project. Where large
numbers of people are likely to be affected by noise,
a map showing predicted noise levels as noise
contours surrounding the development is required.

6.3 Determining impacts

The noise impact of the development can be deter-
mined by comparing the predicted noise level at the
receiver with the project-specific noise levels that
have been derived for that particular location. The
development is considered to cause a noise impact if
the predicted noise level at the receiver exceeds the
project-specific noise levels for the project. The
extent of noise impact from the development is
defined by the extent the predicted noise level
exceeds the project-specific noise levels and the
number of receivers affected.

6.3.1 Impacts under adverse weather
conditions

As described in Section 5, adverse meteorological
conditions such as temperature inversions and
winds can act to increase the level of noise received
from a noise source. These meteorological effects
may also result in increased levels of ambient noise
contributed by industry and background noise.
Wind can also reduce noise levels at the receiver
where it blows from the receiver towards the indus-
try.

These effects are site specific and often complex and
difficult to quantify. Extended monitoring and/or
detailed modelling may be needed to capture the
effects or predict what is expected to occur. The
complexity and expense involved in quantifying the
effect of adverse meteorological conditions on
background noise levels or ambient noise levels
contributed by industry preclude these detailed
procedures from being a requirement in assessing
noise impact. However, it is recognised that such
effects do occur, and these procedures may be used
to assess the effects of meteorological conditions on
background noise levels and ambient noise levels in
the noise assessment report.

The over-riding objective is to ‘compare like with
like’ and to ensure that the situations where the
maximum level of impact is likely to occur are
identified and quantified. For example, where the
impact from a proposed development is to be

assessed under adverse wind conditions (for
example, a 3 m/s wind blowing from source to
receiver), then where a background noise level can
be quantified for those same conditions it is reason-
able that this background noise level should be
used to assess impacts under these conditions.

In all cases the rating background level should be
determined (as per Section 3.1) as the starting point,
and any adjustments for adverse meteorological
conditions can then be applied to this base value.
Impact should be assessed under both adverse and
non-adverse meteorological conditions to determine
the maximum impact that may occur.

Quantifying the influence of temperature inversions
on background noise levels can be done in a similar
fashion, and the policy provides a number of
methods for estimating the presence of temperature
inversions.

The influence of adverse meteorology on the indus-
try contribution to ambient LAeq noise levels may be
more difficult to establish. However, where this can
be quantified with a reasonable level of confidence
the resultant noise levels may be used in assessing
impact against the criteria.

It is emphasised that sufficient objective evidence
must be supplied to support any claim for increased
background noise levels or industry contribution to
the ambient LAeq levels. It is not sufficient to rely
solely on past experience; a site-specific analysis of
the effects of meteorology must be undertaken.
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7 Mitigating noise from industrial sources

A set of generic mitigation measures that may apply
to industrial development in general, plus addi-
tional measures for specific types of development,
are set out in Section 7.7.

7.2 Controlling noise at the source

Best management practice

Best management practice (BMP) is the adoption of
particular operational procedures that minimise
noise while retaining productive efficiency.

When an appropriate mitigation strategy that
incorporates expensive engineering solutions is
being considered, the extent to which cheaper, non-
engineering-oriented BMP can contribute to the
required reduction of noise should be taken into
account.

Application of BMP includes the following types of
practice:

• in open-cut mines: restricting movement of
trucks on ridgelines and exposed haul routes
where their noise can propagate over a wide
area, especially at night. This means
restricting night-time movement of spoil to
areas shielded by barriers or mounds, and
reserving large-scale spoil movement for
daytime

• scheduling the use of noisy equipment at the
least-sensitive time of day

• siting noisy equipment behind structures that
act as barriers, or at the greatest distance from
the noise-sensitive area; or orienting the
equipment so that noise emissions are
directed away from any sensitive areas, to
achieve the maximum attenuation of noise

• where there are several noisy pieces of
equipment, scheduling operations so they are
used separately rather than concurrently

• keeping equipment well maintained

7.1 Introduction

The processes described in Sections 2 to 6 establish
the project-specific noise levels and the predicted
noise levels from the source. When the predicted
noise level from the noise source exceeds the project-
specific noise levels, mitigation measures that will
reduce noise levels to meet the project-specific noise
levels need to be considered. The degree of noise
impact quantifies the extent of mitigation required,
and points to an appropriate mix of noise control
measures to be adopted as a mitigation strategy.

This policy focuses on achieving the desired envi-
ronmental outcomes—there is no prescribed man-
agement or mitigation strategy to achieve the
project-specific noise levels. In this way, the noise-
source manager is given maximum flexibility in
controlling noise.

The sections below provide guidance on what
mitigation and management measures might be
appropriate for particular types of development
associated with specific noise problems.

Essentially, there are three main mitigation strate-
gies for noise control:

1. Controlling noise at the source.

There are two approaches: Best Management
Practice (BMP) and Best Available Technol-
ogy Economically Achievable (BATEA). These
are described in Section 7.2.

2. Controlling the transmission of noise.

There are two approaches: the use of barriers
and land-use controls—which attenuate
noise by increasing the distance between
source and receiver. These are detailed in
Section 7.3.

3. Controlling noise at the receiver.

These measures are detailed in Section 7.4.

The overall approach to assessing appropriate
strategies is outlined in Section 7.5.

The management of short-term exceedances for
which mitigation is impractical is discussed in
Section 7.6.
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• employing ‘quiet’ practices when operating
equipment—for example, positioning idling
trucks in appropriate areas

• running staff-education programs on the
effects of noise and the use of quiet work
practices.

Best available technology economically
achievable (BATEA)

Allied with BMP is ‘best available technology
economically achievable’ (BATEA). With BATEA,
equipment, plant and machinery that produce noise
incorporate the most advanced and affordable
technology to minimise noise output. Affordability
is not necessarily determined by the price of the
technology alone. Increased productivity may also
result from using more advanced equipment,
offsetting the initial outlay—for example, ‘quieter’
equipment that can be operated over extended
hours. Often old or badly designed equipment can
be a major source of noise.

Where BMP fails to achieve the required noise
reduction by itself, the BATEA approach should
then be considered. Most of the noise-control
measures listed in Section 7.7 belong to this ap-
proach. Examples of uses of BATEA are:

• adjusting reversing alarms on heavy
equipment to make them ‘smarter’, by
limiting acoustic range to the immediate
danger area

• using equipment with efficient muffler design

• using quieter engines, such as electric instead
of internal combustion

• using efficient enclosures for noise sources

• using vibratory piling in place of impact
piling

• using high-pressure hydraulic systems to
split rock, instead of hydraulic or pneumatic
hammers

• damping or lining metal trays or bins

• active noise control.

7.3 Controlling noise in transmission

Barriers

Barriers are more effective if they are near the source
or the receiver. Their effectiveness is also determined
by their height, the materials used (absorptive or
reflective), and their density. The relationship of
these design features to attenuation is well docu-
mented.

Barriers can take a number of forms—including
free-standing walls along roads, grass or earth
mounds or bunds, and trenches or cuttings within
which noise sources are sited. They are employed
when source and receiver control is either impracti-
cal or too costly.

Land-use planning—a strategic approach
to noise mitigation

Strategic issues related to integrating transport and
land-use are dealt with in detail in the Environmen-
tal Criteria for Road Traffic Noise (EPA 1999).

Noise impacts from industry in residential and
other noise-sensitive areas stem mostly from inap-
propriate land-use decisions that allow industry to
develop close to these areas. Once land is developed
in this way, the range of available noise-control
measures is restricted to better management of the
industrial site, and engineering solutions. One of
the most costly controls considered at this late stage,
the acquisition of residences, creates a noise buffer-
zone of land. These conflicts could have been
avoided had appropriate land-use decisions been
made at the initial stage of land-use planning.

While judicious use of land use planning tech-
niques may often avoid noise becoming an issue it
is not intended that they should be relied on as the
only mitigation strategy. Noise generators are
responsible for applying all feasible and reasonable
noise mitigation controls at the noise source. This
maximises the amount of land unaffected by noise.

Where land-use planning can be applied as a noise
control tool (generally in newly developed areas),
this is preferred to waiting until a specific noise
impact is identified before seeking noise control
measures.

Land-use planning can be used as a noise control
measure at three development stages:
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1. The initial planning stage.

A greenfield (undeveloped) site offers the
greatest management flexibility to zone
industrial and noise-sensitive land. This is
the point where compatibility of different
land uses should be considered. In certain
instances where land is not at a premium,
buffer zones that use land for recreational or
business purposes may be an option.

2. The residential subdivision planning stage.

When a commitment has already been given
to locating residential and industrial land
areas close to one another, but residential
development has not started, there is an
opportunity to develop internal subdivision
designs that allocate the least noise-sensitive
land uses (for example, shopping centres,
parks, sporting complexes) nearest to indus-
try. It follows that the most sensitive land
uses (for example, residential, places of
worship) would then be located furthest
away from industry.

3. The house-design stage.

If subdivision development has commenced
in a potential noise-impact area, and there is
no opportunity for flexibility in planning
land use, controls on house design—to
achieve the greatest level of external to
internal noise attenuation—can still be
considered. This would include locating
living areas of the house away from the face
exposed to noise, allowing the rest of the
house to act as a barrier for it.

Extractive industry by its nature has no locational
flexibility. In this case, appropriate strategic land-
use planning from a noise perspective could incor-
porate allowances for the fixed industrial site in
locating noise-sensitive land uses and associated
buffer zones. To be effective, planning would need
to anticipate future extractive-industry land require-
ments—which implies knowledge of the location of
mineable ore bodies—so residential development
can be isolated from these areas wherever possible.

7.4 Controlling noise at the receiver

Noise controls at the receiver are expensive when
many receivers require treatment, but may be
attractive and cost-effective where only a few
receivers would be affected by noise and the alterna-

tives are even more expensive source controls. Cost-
effectiveness is also determined by the increase in
future potential receivers where residential land is
being developed near the noise source.

The two major controls are insulation and double-
glazing of windows. For these to be effective, the
residence needs air conditioning, or a sophisticated
ventilation system that does not compromise the
effect of the noise insulation.

The most extreme control is property acquisition.

7.5 Noise mitigation strategies

Selecting an appropriate strategy for a proposed
development or alterations to an existing develop-
ment involves the following steps:

1. Determining the noise reduction required to
achieve the project-specific noise levels.

2. Identifying the specific characteristics of the
industry and the site that would indicate a
preference for specified measures.

3. Examining the mitigation strategy chosen by
similar industries on similar sites with
similar requirements for noise reduction; and
considering that strategy’s appropriateness
for the subject development.

4. Considering the range of noise-control
measures available (as suggested in this
chapter).

5. Considering community preferences for
particular strategies. This is especially
important when the community has particu-
lar sensitivities to noise.

The preference ranking (from most preferred to least
preferred) for particular strategies is:

1.  Land-use controls—a long-term strategy
preferable to other measures when such
strategic decisions are possible in planning
land use, as it separates noise-producing
industries from sensitive areas and avoids
more expensive short-term measures.

2.  Control at the source—BMP and BATEA—
used in conjunction, these strategies are the
best after land-use planning, as they serve to
reduce the noise output of the source so that
the surrounding environment is protected
against noise.
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3.  Control in transmission—the next best
strategy to controlling noise at the source—it
serves to reduce the noise level at the receiver
but not necessarily the environment sur-
rounding the source.

4.  Receiver controls—the least-preferred
option, as it protects only the internal envi-
ronment of the receiver and not the external
noise environment.

Proponents will take into account the cost-effective-
ness of strategies in determining how much noise
reduction is affordable. A proponent’s choice of a
particular strategy is likely to have unique features
due to the economics of the industry and site-
specific technical considerations.

The above steps and the range of measures de-
scribed in the chapter can be used as a guide in
assessing the strength of the proponent’s mitigation
proposals.

Where a proposed mitigation strategy will not
achieve the desired noise reduction and leaves a
remaining noise impact, the problem needs to be
solved by negotiation. The negotiation process is the
subject of Section 8.

7.6 Managing short-term exceedance
of approved noise levels

From time to time, managing noise at the source may
require a short-term increase in noise beyond the
level approved. Such situations may include:

• running-in new equipment

• abnormal operations due to unforeseen
breakdown or maintenance requirements

• occasional needs to move heavy equipment to
new locations on site.

Mitigation strategies are often impractical for such
short-term events.

The noise-source manager should demonstrate that
all alternatives to noisier operations have been
considered before seeking an accommodation from
the relevant regulatory/consent authority to operate
in excess of the agreed noise levels. If it is judged
that such an accommodation for a short-term noisier
operation is warranted, the following options could
be considered:

• confining noisier operations to the least-
noise-sensitive part of the day—which would
be when the background noise is highest

• determining an upper level for noise impact

• consulting with the community regarding the
proposed events.

7.7 Generic noise control measures

Typical noise sources on industrial sites include:

• engines

• exhausts

• fans

• transport of materials, such as on conveyors
and trucks

• milling and stamping (metal works)

• sawing and debarking (wood mills)

• processors such as crushing and separating

• pumps and compressors

• whistles and alarms

• material dumping and scraping

• electrical transformers and switching
equipment.

The choice of noise control measures depends on
both the degree of mitigation required and the
undesirable characteristics of the noise source that
need to be controlled. The actual measures chosen
will also depend on site factors, such as the ability
of the site to accommodate particular engineering
measures relative to other measures and their site
costs.

A generic set of noise-control measures is set out
below, with additional measures shown that
respond to particular developments.

Generic list of mitigation measures

Noise-source controls

• enclosing the source—the design of the
enclosure and materials used to absorb
sound will affect the attenuation achieved
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• silencing exhausts—muffler design and
noise barrier systems

• active noise control, effective on a limited
range of noise sources

• times of operation.

Controls along the sound-transmission path

• noise barriers—more effective if near source
or receiver; effectiveness also controlled by
materials used (reflective or absorptive) and
by height

• mounds, bunds and trenches

• site design to maximise the distance from the
critical noise source to the receiver, and with
intervening buildings to act as barriers.

Controls at noise receiver

• insulation

• double-glazing of windows and use of air
conditioning

• acquisition.

Additional mitigation measures for
extractive industries

On-site transport of materials

• selecting vehicles with minimum noise
output—including tyre noise, exhaust and
compressor/fan noise

• using rolling stock with quiet couplings and
brakes

• using locomotives with components that do
not emit tonal or low-frequency noise

• using trenches, cuttings, tunnels and barriers
for transport routes

• restricting times for truck operations on
ridgelines and in locations that are line-of-
sight with receivers

• giving preference to haul routes with low
grades

• using conveyor systems with low noise
output, paying particular attention to rollers

• enclosing conveyors where necessary

• maintaining plant and equipment to ensure
that the designers’ noise-output
specifications continue to be met

• using ‘smart’ reversing alarms.

Mine and quarry operation

• locating materials-processing in the least
noise-sensitive area, or enclosing it if
necessary

• dumping spoil and waste behind barriers.

Additional mitigation measures for sites
with specific noise characteristics

Piling

• using piling shrouds or vibratory piling
instead of impact piling to control impulsive
noise.

Milling and metal works

• using efficient enclosures, where needed, to
reduce the impact of impulsive noise from
metal stamping

• reducing the impact or output of tonal noise
from cutting equipment and saws, by using
enclosures or through equipment redesign.

Pumps, transformers and machinery producing
low-frequency or tonal noise

• where low-frequency noise is difficult to
isolate, seeking specialist advice about
machinery redesign and restricted operating
times

• reducing tonal noise through machinery
redesign, enclosure, or restricted operating
times; or by applying active noise control.

Sites producing intermittent noise during night-
time operations

• Control may be specific to the way the noise
source is designed or how it fits in to the
overall industrial process. Using barriers,
enclosing or redesigning the source, or
changing the operation to provide for a more
continuous output are possible measures.
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8 Negotiation process
Where it can be demonstrated by the proponent that
the development offers net benefits, a regulatory/
consent authority may consider these as grounds
for applying the achievable noise levels, rather than
the project-specific noise levels, as the statutory
compliance limit.

Negotiation on what represents the best achievable
level that is practicable for a development is often
an iterative process involving both the proponent
and regulator/consent authority and the proponent
and affected community. Where the proponent is
seeking to demonstrate to the regulator/consent
authority that all feasible and reasonable noise
mitigation measures have been applied, the propo-
nent should include the results of their discussions
with the affected community in the package of
proposed noise mitigation measures. Beyond this
point, the proponent might want to initiate addi-
tional community-based negotiation where there is
potential for trade-offs attractive to the affected
community. Typically, where the amenity criteria set
the project-specific noise levels for a project, negotia-
tions between the proponent and the regulator
would occur when site noise levels are between the
acceptable and recommended maximum LAeq levels
presented in Table 2.1.

The section below outlines a checklist that can be
used as a guide by EPA officers to determine an
acceptable level of residual noise impacts when
setting statutory noise conditions, based on the
consideration of social and economic costs and
benefits.

8.2.1 Residual level of impact: checklist

It is important that, as far as possible, the noise
assessment quantifies any remaining or residual
impacts that exceed the project-specific noise levels,
after applying feasible and reasonable mitigation
strategies.

The acceptability of the residual noise impacts
should be evaluated by taking into consideration
factors such as:

1. Characteristics of the area and receivers
likely to be affected, for example:

8.1 The process leading to negotiation

This chapter deals with that part of the overall
process shown in Figure 1.1 in the box under the
heading ‘Decision-making process’.

Any unacceptable impacts from a development
proposal that are likely to persist after noise-mitiga-
tion action has been taken can be dealt with through
negotiation—either by improved mitigation or by
trade-offs with benefits.

Negotiation can be:

• between the proponent and the regulator—
the traditional approach

• between the proponent and the affected
community (which is in the best position for
evaluating the trade-offs).

In the latter case negotiation is designed to be
available to those people whose amenity is poten-
tially affected by non-achievement of the project-
specific noise levels. This type of negotiation proc-
ess, which leads to the determination of an achiev-
able noise limit, is in addition to the type of direct
consultation that typically occurs between the
proponent and the community throughout the
impact assessment process in defining the impor-
tant project parameters.

8.2 Negotiation between proponent
and regulator

Where proposed mitigation measures will not
reduce noise levels to the project-specific noise
levels, the proponent should seek to negotiate with
the regulatory/consent authority to demonstrate
that all feasible and reasonable mitigation measures
have been applied. The regulatory/consent author-
ity can choose to accept the level of impact pro-
posed, or negotiate for a better level of control where
this is considered achievable.

Where, in the final analysis, the level of impact
would still exceed the project-specific noise levels,
the economic and social benefits flowing from the
proposed development to the community should be
evaluated against the undesirable noise impacts.
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—the extent of the areas (including existing,
developing or proposed residential, health
or education sites) and number of receivers
(including groups that may be especially
sensitive to noise, such as pre-schoolers,
students, the aged, hospital and nursing
home patients) likely to be affected by noise
levels above the project-specific noise
levels

—the daily activities of the community (in
particular, effects such as sleep distur-
bance, speech interference, level of annoy-
ance or effects on physical or physiological
health)

—property values

—zoning of land uses affected by noise and
the appropriateness of the zoning or land
use

—the potential change in the ambient noise
levels as a result of the proposal; cumula-
tive noise impacts in the area; and whether
parts of the area that are already moder-
ately or badly affected by noise will be
more or less affected

—the extent to which biodiversity (especially
native birds and other animals) will be
affected

—the likely variation between individuals in
response to the noise

—the amenity of areas used for outdoor
recreational activities or conservation,
heritage or wilderness areas

—other industry in the area (including
agriculture).

2. Characteristics of the proposal and its noise
or vibrations, such as:

—the noise characteristics of the activity

—the extent to which any remaining noise
impact exceeds the project-specific noise
levels

—the circumstances and times when the
project-specific noise levels are likely to be
exceeded

—the circumstances and times when the
source noise levels are likely to be below
the project-specific noise levels (for exam-
ple, when wind blows source noise  away
from the receiver)

—the accuracy with which impacts can be
predicted, and the likelihood that the
impacts will occur in the manner predicted

—the degree to which the character of the
noise is new to an area and differs from
existing noise sources

—the economic benefit and social worth of
the proposal for the local area, the region
or the nation.

3. The feasibility of additional mitigation or
management measures:

—alternative sites or routes for the develop-
ment

—the technical and economic feasibility of
alternative noise controls or management
procedures.

4. Equity issues in relation to:

—the costs borne by a few for the benefit of
others

—the long-term cumulative increase in noise
levels

—the opportunity to compensate effectively
those affected.

8.3 Negotiated agreements between
the proponent and the affected
community

An alternative mechanism that could be applied is
the more inclusive approach of a negotiated agree-
ment between the affected community and the
proponent, with traditional regulatory/consent
authorities playing a supporting role. Negotiation is
designed to be available to those people whose
amenity is potentially affected by non-achievement
of the project-specific noise levels. While negotiation
on agreed noise levels between the proponent and
the community can occur at any time, this should
occur when site noise levels exceed the recom-
mended maximum LAeq levels presented in Table 2.1.

The affected community is in the best position to
know how much noise it is prepared to bear for a
package of benefits that would flow from the opera-
tion of the facility creating the noise. As this ap-
proach is new, a model for the process has not been
established. The process could be initiated when the
proponent has demonstrated that the project-
specific noise levels could not be met.
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Features of a negotiated agreement
process

How the process might be initiated

The process might be initiated when:

• the regulatory/consent authority is satisfied
that no further reduction in noise levels can
be made through a viable mitigation strategy
that would seek to achieve the project-specific
noise levels; and

• the proponent demonstrates that—even when
using the best of their economically viable
strategies—the project-specific noise levels
cannot be achieved.

Who participates

The principal parties would be the proponent and
the affected community, with regulatory authorities
and the council participating in an advisory capac-
ity.

There is a need to define the ‘affected community’:
this could comprise occupiers of residences and of
other noise-sensitive land uses identified as being
potentially affected.

The proponent would need to employ an effective
means (for example, advertising) of reaching all
people who are potentially affected. Advice may
include how individuals could register as ‘inter-
ested and affected parties’ and become participants
in the negotiation process.

What is negotiated

The principal trade-off would probably be addi-
tional noise impact in return for a package of
benefits. Additional noise could be defined in terms
of extended times of operation, higher noise levels,
and a defined time period for annoying noise
characteristics to operate and for more noise to
occur in the less sensitive parts of the day. Benefits
could include less noise at sensitive times, treatment
of residences, contributions to improve community
facilities and infrastructure or acquisition of resi-
dences. The NSW Industrial Noise Policy could act as
a framework for negotiations regarding a set of
acceptable noise conditions.

The impact-assessment process may identify areas
of noise-source management where concessions are

practicable. The proponent may not be able to
reduce noise further. In these circumstances, other
benefits might be negotiated unrelated to better
management of the noise source but related to
material benefits for the community.

It is important for the negotiating community to
understand the implications of its negotiations
regarding the additional noise impacts. Either the
proponent or an independent specialist should
present an analysis of the impacts from the options
being canvassed, in such a way that the lay commu-
nity can appreciate the likely implications of their
negotiations.

The community would need to be well informed, to
safeguard against a position being reached where
the agreed noise level represents an unreasonable
impact that, ultimately, is likely to be regretted by
that community.

How agreement might be negotiated

Representatives of the community could have equal
status in the negotiating process with the propo-
nent, and with any other parties (such as the EPA,
councils and DUAP) acting in an advisory capacity.

Meetings could be chaired by an independent
facilitator and, depending on the circumstances, the
costs of the process may be borne solely by the
proponent or may be shared equitably between the
proponent and the community.

How agreement could be reached

‘Agreement’ would need to be defined for the
community so that a single community view could
be regarded as representative. This could mean a
number of things—including a simple majority vote
by the ‘affected community’, or a majority vote at a
meeting held to reach an agreement; ‘majority’
could be defined to extend to a higher than 51 per
cent level (for example, 60 per cent or 80 per cent).
The many options would need to be evaluated. The
community should determine for itself its preferred
method for indicating its views when negotiating its
position.

Treatment of ‘affected’ community members who
do not support the agreement

Proponents could propose a package of assistance
to be considered by these community members.
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How future affected landowners would be treated

The council may act on behalf of future owners of
these properties. The existence of an agreement
affecting such land may be in the form of informa-
tion provided on Section 149 Certificates routinely
obtained by purchasers of properties.

The effect on property values of any agreement may
in itself be part of the negotiations.

How the agreement could be enforced

The agreement would need to be enforced to the
extent that it imposed obligations on the proponent.
This could be achieved by making these obligations
either development consent conditions or licence
conditions. The obligations would need to be
expressed clearly and unambiguously. The condi-
tions may also need to specify a way of measuring
clearly whether the proponent has fulfilled these
obligations.

Further, the conditions must be reasonable from the
point of view of existing and future landowners.

Mediation

An integral part of the process may need to be a
mediation and dispute resolution process, as there
is the potential for contentious issues to be raised.

Review

The consent or licence conditions could also pro-
vide for a review after a certain period. The condi-
tions could then set out the method of review and
the fact that the licence conditions may be changed
as a result of that review.

The conditions could provide for the review period
to be shortened where the original conditions
forming the basis for negotiations had changed.
Any review period should be of sufficient duration
to give certainty to the proponent for the operation
of the facility.
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9 Consent/licence conditions

The process by which a consent authority grants
development consent or regulatory authority issues
licences with associated conditions is set out in
Figure 1.1. Only where a noise impact is identified
would a mitigation strategy need to be considered.
Negotiation would be needed only when the propo-
nent considered that the project-specific noise levels
were not achievable.

9.1 What is included in the consent/
licence

A consent agreement or licence condition arrived at
through the process described in this policy will
have taken the following issues into account:

• the assessed noise impact, which includes the
impact of the noise source and any additional
impact caused by meteorological conditions

• mitigation measures required to achieve the
project-specific noise levels

• identification of a practical limit on noise
control

• consideration of trade-offs

• whether the final noise level proposed is
acceptable.

It is important to note that the agreed limits in the
consent or licence apply under the meteorological
conditions determined by the policy to be relevant to
the assessment site.

Complaints about subsequent operation of the
facility may arise where the project-specific noise
levels are achieved, or when a higher level is negoti-
ated, because it is not possible to protect the whole
range of individual sensitivities to noise.

Complaints are also possible during extreme tem-
perature inversions that were not covered in the
assessment process because of their infrequency (see
Section 9.2).

9.2 Specifying meteorological
conditions in the consent/licence

The meteorological effect by its nature is variable.
Particularly intense inversions may occur, leading
to actual noise increases greater than those assessed
in the policy. This is because the policy’s approach
is to identify levels of noise increase that occur for a
significant period of time—approximately two
nights a week during winter. Other, more intense
events may occur for a shorter period of time. This
shorter period is judged in the policy as not being
significant and, therefore, not warranting the
additional expense and difficulty of either a higher
level of mitigation or consideration of alternative
strategies to meet the greater impact.

This approach is similar in philosophy to that used
with transportation noise, where an appropriate
amenity level is set to protect 90 per cent of the
exposed population from being ‘seriously affected’.
It is not practicable to protect the whole population,
because the response to noise varies widely between
individuals. In the case of noise increased by
meteorological effects, the noise limit may allow
some undesirable impacts on a proportion of the
population during the short term and during
unrepresentative meteorological events that in-
crease noise to an excessive degree. As is the case
with transportation noise, it is not practicable to
meet the noise limit under all inversion events,
hence exceedances under extreme temperature
inversions are not considered to be a non-compli-
ance with consent or licence conditions.

To ensure that the consent or licence condition
applies under typical meteorological conditions
relevant to the site (that is, the condition determined
from Section 5) a consent or licence condition may be
based on the following:

• For developments where F-class inversions
(normally associated with non-arid areas
such as the Hunter Valley and coastal areas)
were found to be a feature of the area (that is,
using the procedure outlined in Section 5.2)
the following statement could accompany the
noise limits in the condition:
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 ‘The noise limits apply under all meteorological
conditions except

 —during rain and wind speeds greater than
3 m/s; and

 —from 6 pm to 7 am during intense inversions,
which are indicated by cloud cover less than 40
per cent and wind speeds less than 1.0 m/s.’

 Note: Wind data should be collected at 10 m
height.

 The latter point above excludes non-stand-
ard inversions (which are intense inver-
sions—G-class inversions in this case), and
is based on parameters specified in the
Turner methodology for determining tem-
perature inversions (described in Appendix E).

• For developments where G-class inversions
(normally associated with arid areas such as
Broken Hill and other flat inland areas) were
found to be a feature of the area (using the
procedure outlined in Section 5.2) the
following statement could accompany the
noise limits in the condition:

‘The noise limits apply under all meteorological
conditions except during rain and wind speeds
greater than 3 m/s.

 Note: Wind data should be collected at 10 m
height.

G-class represents the upper limit of inver-
sion conditions, and no more extreme condi-
tions are expected to occur.



NSW industrial noise policy

49

10 Applying the policy to existing
industrial premises

 This section establishes a noise reduction program
for existing industrial noise sources, based on an
agreed process for assessing and managing noise.
This approach is designed to allow established
industries to adapt to changes in the noise expecta-
tions of the community while remaining economi-
cally viable.

The need to establish achievable noise limits and
implement a noise reduction program may be
triggered by actions such as:

• the site becomes the subject of serious and
persistent noise complaints

• a proposal to upgrade or expand the site

• the site has no formal consent or licence
conditions and management wish to clarify
their position

• management chooses to initiate a noise
reduction program.

This approach provides a formal structured pro-
gram to reduce high existing noise levels to accept-
able levels over time by applying feasible and
reasonable control measures. It establishes certainty
through an agreed process to achieve noise reduc-
tion, while providing flexibility in the choice of
noise reduction measures.

10.1 Applying the policy to existing
sites

Many existing industrial sources were designed for
higher noise emission levels than the criteria out-
lined in this policy. In other cases industries may
have been in existence before neighbouring noise-
sensitive developments and even before noise-
control legislation was introduced. The range of
mitigation measures available for these sites may be
either extremely limited or costly.

Applications for extensions to existing premises
often provide an opportunity to redress issues that
relate to the whole site. The need for reduced noise
from existing sites must be weighed against the

wider economic, social and environmental consid-
erations. Where noise emissions from the site exceed
the project-specific noise levels, the regulatory
authorities and the noise-source manager need to
negotiate achievable noise limits for the site. The
project-specific noise levels should not be applied
as mandatory noise limits. The project-specific noise
levels supply the initial target levels and drive the
process of assessing all feasible and reasonable
control measures. Achievable noise limits result
from applying all feasible and reasonable noise
control measures. For sites with limited mitigation
measures the achievable noise limits may some-
times be above the project-specific noise levels.

In many instances the site will be required to reduce
its noise emissions progressively to achieve the
specified noise limits by specified dates. This will
require noise to be managed as an integral part of
site upgrades. However, the development of formal
operating practices to reduce noise generation often
need not be linked to site upgrades, and where
feasible these operating practices should be applied
at the earliest opportunity. The measures required to
achieve the noise limits would usually be set out in
a noise reduction program, with mitigation meas-
ures staged over time. The noise reduction program
would typically be attached as a licence condition.
Efforts should be aimed at achieving a reduction in
noise in a manner that provides the greatest benefit
to residents without undue impact on the existing
business. This may be accomplished by prioritising
the various noise-control measures.

10.1.1 Steps in the process

This process may be triggered by a company pro-
posal to partly upgrade its site, or by serious noise
complaints. Where these occur the usual process is:

1. Measure and determine existing background
and ambient noise levels.

2. Measure the noise levels produced by the
source in question, having regard to meteoro-
logical effects such as wind and temperature
inversion.

3. Determine project-specific noise levels from
intrusive and amenity noise criteria.
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4. Compare the measured noise level with the
project-specific noise levels.

5. Where the project-specific noise levels are
exceeded, assess feasible and reasonable
noise mitigation strategies.

6. Negotiation between the regulator and the
noise source manager to agree to achievable
noise limits for the site. (This may involve
consultation with the community.) Regula-
tory authorities and the noise-source man-
ager need to consider the technical practicali-
ties and cost of noise-reduction measures,
along with the environmental consequences
of exceeding the project-specific noise levels.

7. Measures to achieve the limits by specified
dates may be set out in a noise reduction
program.

8. Monitor compliance with the noise reduction
program, and review and amend the program
as required.

An example showing how this process works is
contained in Section A4 of Appendix A.

10.2 Noise reduction programs

The noise reduction program is reached through
agreement between proponent and regulator and
will typically have a statutory basis through condi-
tions on a licence or notice. It will document the
actions required to achieve the noise limits. The
measures will generally be source- and site-specific,
but could include the following elements:

• the aim and scope of the program

• identification of noise levels and targets for
the site

• an upper limit for new equipment

• an upper limit for partial upgrades of the site

• plans to eliminate problematic characteristics
that have been identified, such as tonal and
low frequency noise

• a sound power limit for relevant sections of
the site

• operating practices to reduce noise emissions

• training and awareness initiatives

• an ongoing monitoring program to evaluate
noise-emission levels

• communicating with the affected community
via one or more of a complaints handling
process, liaison group, newsletters etc.

10.3 Noise-reduction strategies for
existing sites

Often the range of planning instruments that can be
applied to existing sites is limited. For example,
planning approaches (for example, spatial separa-
tion between source and receiver and attention to
noise reduction in designs for residential and
industrial buildings) that could avoid impacts are
generally not available at this stage. Operational
procedures and immediate cost-effective measures
that can minimise noise with minimal impact on the
noise source should be identified and implemented.

The applicability, effectiveness and cost of particu-
lar mitigation measures often depends strongly on
site variables. Section 7 provides advice on a range
of typical mitigation strategies, and is a useful guide
in deciding suitable mitigation measures for a
particular site.
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11 Reviewing performance
Monitoring of environmental noise levels from a
development to determine compliance with the
consent/licence conditions is essential to proper
management of noise sources. This is the responsi-
bility of the development proponent, and should
generally be performed at specific stages of a devel-
opment and/or as a result of complaints from
affected receivers. A good monitoring program
should involve the community in reviewing the
performance of a development by providing the
community with:

• access to noise monitoring results

• an opportunity to discuss concerns and
impacts.

An additional way to monitor the performance of a
development is to establish a proponent-run com-
plaints system. This is a beneficial management
tool, allowing further involvement of the community
in the performance review of a development.

The sections below outline the various methods for
reviewing and managing the performance of a
development.

11.1 Monitoring environmental noise

11.1.1 Options for noise monitoring

Monitoring at specific stages of a development

This involves identifying the various stages of a
development where different noise outputs were
predicted during the assessment process, and
monitoring at each of these stages. For example, for
a mine development, noise could be monitored
during the first year of development and at four or
five other key years in the development of the mine
(for example, years 2, 5, 10, 15 and 20).

To assess the performance of the development
adequately, noise monitoring should cover the full
cycle of operational activity at each of the identified
stages. Noise could be monitored over a full day
(day, evening and night), a week, or longer—
depending on the development.

It will usually be necessary to monitor noise at
several sites, but these should at least include noise-

sensitive locations where noise levels are likely to be
the highest.

Monitoring as a result of community complaints

Another option is to monitor noise levels as a result
of community complaints. This may be done in
addition to noise monitoring at various stages of the
development described above, or could stand alone
as the sole driver for performance monitoring.

With this option, noise should be monitored at the
complainant’s premises. Monitoring should also be
conducted to cover the time at which noise impacts
were reported to occur.

11.1.2 Notes on noise monitoring

Items to be monitored

To check compliance with the consent/licence
condition, the following items require monitoring:

• noise levels from the development at
locations specified in the condition, or at the
nearest affected receivers where no locations
are specified. During monitoring the meter
should be set to ‘Fast’ time weighting and ‘A’
frequency weighting and should record
using the descriptor specified by the
consent/licence condition (that is, LAeq, 15 minute

or LAeq,period or other)

• the wind speed and direction

• sky cloud cover, using direct observation for
night measurements.

Where existing noise levels are high. When com-
pliance is being measured it may be found that, in
many cases, existing noise levels are higher than
noise levels from the source, making it difficult to
separate out the source noise level. When this
happens, it may not be feasible to measure compli-
ance at the specified location, and other methods
will be needed. In these cases, measurements may
be taken closer to the source and then calculated
back to the specified location. In doing this, take
care to account for the ‘near field’, a region in which
sound pressure levels do not decrease with distance
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in the normal way. Definitions of the extent of this
region are contained in many noise textbooks (for
example, Bies & Hansen 1996). Any calculations
should be done in accordance with the validation
requirements set out in Section 6.2.

Determining the noise contribution from a devel-
opment. The following techniques may be used to
determine the LAeq contribution from a particular
industrial source from among multiple industrial
noise sources:

• measuring existing noise levels with and
without the premises operating

• measuring the noise emissions from each of
the premises at reference locations and then
calculating the noise-emission levels back to
the receiver

• using an accepted noise model calibrated for
the particular locality and source.

In the case where transportation sources exist, the
noise contribution from a development may be
determined by isolating the transportation noise
level using one of the methods outlined in Section
3.2.1.

11.1.3 Non-compliances with noise
conditions

When is a development in non-compliance with a
noise condition?

A development will be deemed to be in non-compli-
ance with a noise consent or licence condition if the
monitored noise level is more than 2 dB above the
statutory noise limit specified in the consent or
licence condition. This may occur for two reasons:

• The noise from the development is excessive,
in which case the development is truly not
complying with its consent or licence
condition.

• The noise was increased by extreme, non-
standard weather effects—in which case the
development is not considered to be in non-
compliance with its consent or licence
condition. Non-standard weather effects can
be considered to be present during
monitoring if the cloud cover is less than 40
per cent and the wind speed (at 10 m height)

is less than 1.0 m/s (represents an extremely
adverse weather condition for noise)—during
the period from 6 pm to 7 am in non-arid
areas (see Section 9.2).

In this latter case, further monitoring at a later date
is required to determine compliance under the
meteorological conditions specified in the consent/
licence condition.

Managing non-compliances

Where the noise exceedance is found to be caused
by excessive noise levels from a development, the
development is considered to be in non-compliance
with its consent or licence condition. Strategies for
mitigation of noise need to be considered and
implemented, or a further negotiation process could
be commenced.

When is a development in breach of a noise
condition?

A development will be in breach of a noise consent
or licence condition if sustained non-compliances
are not addressed and rectified.

11.1.4 Items to be reported

The results of a noise monitoring test should be
clearly reported and forwarded to the relevant
authority (if requested), or kept on file for reference.
It is recommended that they also be made readily
accessible to the community.

The following items are to be included in a noise
monitoring report:

• the type of monitoring test conducted (that is,
the development stage or receiver complaints)

• the development noise limits on the consent/
licence

• descriptions of the nearest affected receivers
or, in the case of receiver complaints,
description of the complainant and
complaint

• the monitoring location—this should be at
the most affected point at or within the
receiver’s boundary or, if that is more than
30 m from the receiver’s premises, at the most
affected point within 30 m of the premises
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• the noise instrumentation used. (The
instrumentation specifications required for
compliance monitoring are the same as those
required for background noise monitoring set
out in Appendix B.)

• the weather instrumentation used. (The
instrumentation specifications are the same
as those set out in Appendix E.)

• the weather conditions during noise
monitoring

• the time(s) and duration(s) of monitoring,
including dates. In the case of receiver
complaints, these should coincide with the
time of the offence. In the case of
development-stage monitoring, these should
cover the full cycle of activity.

• the results of noise monitoring at each
monitoring location, including a comparison
with the development limits

• a statement outlining the development’s
compliance or non-compliance with the limit

• where noise exceedances are found (that is,
the monitored noise level is higher than the
limit), the reasons for non-compliance should
be stated and strategies for management
identified and stated as outlined in the
previous section

• where the noise exceedance is due to
excessive noise levels from the development,
the strategies to be used to manage the noise
exceedance should be identified and stated.

11.2 Monitoring noise complaints

Where residual noise impacts have been negotiated,
it is recommended that the proponent run a com-
plaints-monitoring system. Components of such a
system could include:

• a complaint hotline to record receiver
complaints regarding the development

• a system for logging complaints and dealing
with them

• a database of complaints and the
proponent’s responses/actions. This should
be readily accessible to the community and
regulatory authorities

• a system for providing feedback to the
community. (This could be in the form of
regular meetings with affected residents, or a
newsletter.)

Such a system is beneficial. It empowers the commu-
nity and helps build an amicable rapport with the
proponent. It also provides a useful mechanism for
reviewing the performance of the development.
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12 Policy evaluation and review

The NSW EPA is committed to continual review of
the policy procedures and criteria, to determine how
appropriate the policy is. Three areas will be evalu-
ated:

• policy procedures—through consultation
with acoustic practitioners, who collect the
appropriate field data, apply the procedures
and assess noise impacts—to see how
practicable these procedures are

• policy framework—through consultation
with proponents and noise source managers,
who negotiate the noise limits and develop
appropriate noise mitigation strategies—to
see how well this framework helps to derive
the noise levels incorporated in statutory
instruments

• amenity levels—through consultation with
communities affected by industrial noise
sources to which the policy is applied—to
help indicate whether amenity levels set in
the policy are adequate and are being
achieved.

A program of consultation will be developed to
gauge the policy’s effectiveness, once there has been
sufficient time to allow the results of applying the
policy to become evident. The outcome of the pro-
gram will be to ascertain whether policy objectives
have been fulfilled, and to suggest improvements.
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Definitions of terms
Acceptable noise level: See the fourth column of

Table 2.1.

A-weighted:  See dB(A).

Adverse weather: Weather effects that enhance
noise (that is, wind and temperature inver-
sions) that occur at a site for a significant
period of time (that is, wind occuring more
than 30% of the time in any assessment
period in any season and/or temperature
inversions occuring more than 30% of the
nights in winter).

Ambient noise: The all-encompassing noise
associated within a given environment. It is
the composite of sounds from many sources,
both near and far.

Amenity criteria: See Tables 2.1 and 2.2.

Assessment period: The period in a day over
which assessments are made: day (0700 to
1800 h), evening (1800 to 2200 h) or night
(2200 to 0700 h).

Assessment background level (ABL): The single-
figure background level representing each
assessment period—day, evening and night
(that is, three assessment background levels
are determined for each 24-h period of the
monitoring period). Its determination is by
the tenth percentile method described in
Appendix B.

Background noise: The underlying level of noise
present in the ambient noise, excluding the
noise source under investigation, when
extraneous noise is removed. This is de-
scribed using the LA90 descriptor.

Breach: Failure to address and rectify sustained
non-compliance will place a development in
breach of its noise consent/licence condition.

C-weighted: C-weighting is an adjustment made to
sound-level measurements which takes
account of low-frequency components of
noise within the audibility range of humans.

Cognitive noise: Noise in which the source is
recognised as being annoying.

Community annoyance: Includes noise annoyance
due to:

—characteristics of the noise (for example,
sound pressure level, tonality, impulsive-
ness, low-frequency content)

—characteristics of the environment (for
example, very quiet suburban, suburban,
urban, near industry)

—miscellaneous circumstances (for example,
noise avoidance possibilities, cognitive
noise, unpleasant associations)

—human activity being interrupted (sleep,
communicating, reading, working, listen-
ing to radio/TV, recreation).

Compliance: The process of checking that source
noise levels meet with the noise limits in a
statutory context.

Construction activities: Activities that are related to
the establishment phase of a development
and that will occur on a site for only a limited
period of time.

Cumulative noise level: The total level of noise
from all sources.

Day: The period from 0700 and 1800 h (Monday to
Saturday) and 0800 to 1800 h (Sundays and
Public Holidays).

dB: Abbreviation for decibel—a unit of sound
measurement. It is equivalent to 10 times the
logarithm (to base 10) of the ratio of a given
sound pressure to a reference pressure.

dB(A): Unit used to measure ‘A-weighted’ sound
pressure levels. A-weighting is an adjustment
made to sound-level measurement to ap-
proximate the response of the human ear.

Default parameters: In assessing meteorological
enhancement of noise, refers to set values for
weather parameters, such as wind speeds
and temperature gradients, to be used in
predicting source noise levels.

Equivalent continuous noise level: The level of
noise equivalent to the energy average of
noise levels occurring over a measurement
period.

Evening: The period from 1800 to 2200 h.

Extraneous noise: Noise resulting from activities
that are not typical of the area. Atypical
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activities may include construction, and
traffic generated by holiday periods and by
special events such as concerts or sporting
events. Normal daily traffic is not considered
to be extraneous.

Feasible and reasonable measures: Feasibility
relates to engineering considerations and
what is practical to build; reasonableness
relates to the application of judgement in
arriving at a decision, taking into account the
following factors:

—noise mitigation benefits (amount of noise
reduction provided, number of people
protected)

—cost of mitigation (cost of mitigation versus
benefit provided)

—community views (aesthetic impacts and
community wishes)

—noise levels for affected land uses (existing
and future levels, and changes in noise
levels).

Greenfield site: Undeveloped land.

High traffic criterion: See Section 2.2.3.

Impulsive noise: Noise with a high peak of short
duration, or a sequence of such peaks.

Industrial noise sources: Sources that do not
generally move from place to place, for
example, stationary sources. Except where
other more specific guidelines apply (for
example, construction activities, road or rail
traffic, emergency diesel generators etc), all
industrial noise sources that are scheduled
under the Protection of the Environment Opera-
tions Act 1997 are considered to be industrial
sources. In general, these include:

• individual industrial sources such as:

—heating, ventilating and air conditioning
(HVAC) equipment

—rotating machinery

—impacting mechanical sources

—other mechanical equipment and machin-
ery such as conveyors

—mobile sources confined to a particular
location, such as draglines and haul
trucks.

• facilities, usually comprising many sources
of sound,including:

—industrial premises

—extractive industries

—commercial premises

—warehousing facilities

—maintenance and repair facilities.

(In this case, the industrial source is
understood to encompass all the activities
taking place within the property boundary
of the facility.)

Intrusive noise: Refers to noise that intrudes above
the background level by more than 5 decibels.
The intrusiveness criterion is set out in
Section 2.1.

LA90: The A-weighted sound pressure level that is
exceeded for 90 per cent of the time over
which a given sound is measured. This is
considered to represent the background
noise.

LAeq: The equivalent continuous noise level—the
level of noise equivalent to the energy-
average of noise levels occurring over a
measurement period.

Low frequency: Noise containing major compo-
nents in the low-frequency range (20 Hz to
250 Hz) of the frequency spectrum.

Masking: The phenomenon of one sound interfer-
ing with the perception of another sound. For
example, the interference of traffic noise with
use of a public telephone on a busy street
(Bies & Hansen 1996).

Maximum noise level: See the fifth column of Table
2.1.

Median: The middle value in a number of values
sorted in ascending or descending order.
Hence, for an odd number of values, the
value of the median is simply the middle
value. If there is an even number of values the
median is the arithmetic average of the two
middle values.

Meteorological conditions: Wind and temperature-
inversion conditions.
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Most affected location(s): Locations that experi-
ence (or will experience) the greatest noise
impact from the noise source under consid-
eration. In determining these locations, one
needs to consider existing background levels,
exact noise source location(s), distance from
source (or proposed source) to receiver, and
any shielding between source and receiver.

Negotiated agreement: An agreement involving
the negotiation of an achievable noise limit in
cases where the project-specific noise levels
cannot be met. The agreement is negotiated
between the proponent and the EPA or the
proponent and the community. Such an
agreement is reached through balancing the
merits of a development, the feasibility and
reasonableness of available mitigation
measures and the noise impacts produced.

Noise criteria: The general set of non-mandatory
noise level targets for protecting against
intrusive noise (for example, background
noise plus 5 dB) and loss of amenity (for
example, noise levels for various land uses).

Noise limits: Enforceable noise levels that appear
in conditions on consents and licences. The
noise limits are based on achievable noise
levels which the proponent has predicted can
be met during the environmental assessment.
Exceedance of the noise limits can result in
the requirement for either the development of
noise management plans or legal action.

Night: The period from 2200 to 0700 h (Monday to
Saturday) and 2200 to 0800 h (Sundays and
Public Holidays).

Noise-sensitive land uses: Land uses that are
sensitive to noise, such as residential areas,
churches, schools and recreation areas.

Non-compliance: A development is deemed to be in
non-compliance with its noise consent/
licence conditions if the monitored noise
levels exceed its statutory noise limit by more
than 2 dB.

Non-mandatory: With reference to the proposed
policy, means not required by legislation. The
proposed policy specifies criteria to be strived
for, but the legislation does not make these
criteria compulsory. However, the policy will
be used as a guide to setting statutory (legally
enforceable) limits for licences and consents.

Operator: Noise-source manager

Performance-based goals: Goals specified in terms
of the outcomes/performance to be achieved,
but not in terms of the means of achieving
them.

Project-specific noise levels: Project-specific noise
level are target noise levels for a particular
noise generating facility. They are based on
the most stringent of the intrusive criteria or
amenity criteria. Which of the two criteria is
the most stringent is determined by measur-
ing the level and nature of existing noise in
the area surrounding the actual or proposed
noise generating facility.

Proponent: The developer of the industrial noise
source.

Protection of the Environment Operations Act
1997: An Act that consolidates air, water,
noise and waste requirements into a single
piece of legislation. This Act repeals and
replaces (among other Acts) the Noise Control
Act 1975.

Rating background level (RBL): The overall single-
figure background level representing each
assessment period (day/evening/night) over
the whole monitoring period (as opposed to
over each 24-h period used for the assess-
ment background level). This is the level used
for assessment purposes. It is defined as the
median value of:

—all the day assessment background levels
over the monitoring period for the day

—all the evening assessment background
levels over the monitoring period for the
evening; or

—all the night assessment background levels
over the monitoring period for the night.

Receiver: The noise-sensitive land use at which
noise from a development can be heard

Significant period of time: In relation to tempera-
ture inversions, means at least 30 per cent of
the total night-time during the winter
months. In relation to wind speeds this
means at least 30 per cent of the time or more
in any assessment period (day, evening,
night) in any season.

Sleep disturbance: Awakenings and disturbance
to sleep stages



NSW industrial noise policy

59

Spectral characteristics: The frequency content of
noise.

Temperature inversion: An atmospheric condition
in which temperature increases with height
above the ground.

Temporal variation of noise: Variation in noise
levels over time.

Tenth percentile method: See Appendix B.

Time of maximum impact: The time during which
the difference between the background noise
level and the source noise is expected to be
greatest.

Tonality: Noise containing a prominent frequency
and characterised by a definite pitch.

Transportation: Includes road, rail and air traffic.
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Appendix A—Worked case studies

A1 General application case study

This case study aims to highlight the main aspects
of the policy, and can be referred to in a number of
different assessment situations.

Situation: New major development
proposed in a high-traffic area

A major development is proposed across a major
highway from a residential area. Apart from the site
in question, the whole area is fully developed. There
are other small industrial developments in the area.
The noise impact of the proposed development
needs to be assessed.

Important considerations

The proposal has the following characteristics:

• new development with existing receiver—
hence, the assessment will require prediction
of noise levels from the source.

• major development—the project is a major
development with a potentially high noise

risk due to its proximity to a residential area.
Hence, long-term monitoring of existing
noise levels is required to obtain an adequate
measure of the existing background
(LA90,15 minute) and ambient (LAeq,15 minute) levels
present in the area.

• residential area on a major highway—this
fits the description of an ‘urban’ receiver type
(Table 2.1), so the recommended acceptable
noise level (ANL) for ‘urban’ areas applies.
However, traffic noise levels may be high
enough to make noise from stationary
sources inaudible, even though it may exceed
the ANL. As it is highly unlikely that traffic
noise levels would decrease in future, the
criterion for high traffic areas would apply in
this case (Section 2.2.3).

• other small industrial developments
present—the existing noise environment may
be affected by noise from existing stationary
sources.

Follow the assessment steps in Table A1.



NSW industrial noise policy

61

Table A1. Assessment steps

1. Do a preliminary
investigation

Visit site or rely on existing knowledge to determine whether traffic is the dominant
source of noise and whether the existing industrial noise sources can be heard over
high traffic levels for three assessment periods.

Take sample measurements to determine whether the existing traffic noise level is
likely to be more than 10 dB above the acceptable noise level (ANL—see Table 2.1)
in each assessment period.

2. Determine
existing noise
levels

Record at least one week’s worth of continuous valid data covering the period of
operation of the proposed development. Monitor both the LA90,15 minute and LAeq,15 minute

levels. Although the measurement of LA90,15 minute levels may include traffic, the
measurement of existing LAeq,15 minute levels may exclude traffic and other non-industrial
sources, except where traffic noise levels are more than 10 dB above the ANL.
1. Where existing traffic noise levels ≥ 10 dB above the ANL and existing

stationary noise sources are inaudible due to traffic noise:

• measure the LAeq, period(traffic)

2. Where existing traffic noise levels < 10 dB above the ANL:

• measure the existing LAeq, period noise levels of industrial noise sources at the
location potentially affected by noise from the new source. To isolate the
industrial contributions to the noise levels from road traffic noise, measure
in a different location or calculate the contribution as outlined in Sections
3.2 and 3.2.1.

3. Measure the background LA90,15 minute levels so that the intrusiveness criterion can
be determined.

From the monitored data, determine single-figure values representing the
background noise (RBL) and the existing LAeq,period levels, using the methods outlined
in Sections 3.1 and 3.2 respectively. (Note in case (1) traffic noise levels are
included in the LAeq, period, whereas in case (2) traffic noise levels may be excluded.)

4. Determine
project-specific
noise levels

In all cases both the intrusiveness and amenity criteria should be assessed (Section
2), however for case 1 (high traffic noise) the high traffic ‘LAeq, period(traffic) –10 dB’ criterion
(Section 2.2.3) replaces the amenity criterion.

The project-specific noise levels are the most stringent of the intrusive or amenity
criteria.

5. Predict noise
levels from the
source

Investigate the potential for inversion effects as described in Section 5. Noise-level
predictions should include inversion and wind conditions where the effects of these
are expected to be significant.

If the noise source is expected to contain annoying characteristics, apply
adjustments to the predicted noise levels from the source as outlined in Section 4.

The prediction should take the form of the descriptor used in the project- specific
noise levels.

6. Compare with
project- specific
noise levels

If the predicted noise levels exceed the project-specific noise levels, the proposed
development is likely to have a noise impact on nearby sensitive receivers.
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A2 Intrusiveness, amenity and high-
traffic criterion case studies

(a) New industrial development in a rural
area

A new industrial development is proposed for a
rural area affected by traffic noise. A noise survey of
the area reveals a number of nearby residences with
the following background noise levels:

• rating background levels of 33 dB(A) day,
31 dB(A) evening and 30 dB(A) night—
determined using the procedure in Section 3.1.

The existing LAeq levels were found to be all due to
traffic noise and natural sources (there being no
other industrial noise sources in the area), so it was
decided that the existing LAeq level from industrial
noise was negligible. From Table 2.1, the project fits
the description of a ‘rural’ receiver type, so the
recommended acceptable noise level (ANL) for
‘rural’ areas applies here (that is, 50 dB(A) day, 45
dB(A) evening and 40 dB(A) night). As the existing
level of noise from industrial sources is negligible,
there is no need to reduce the ANL, as outlined in
Table 2.2.

Hence, the criteria applicable to this project are as
shown in Table A2.

From the table it can be seen that, if the intrusive-
ness criterion is met, the amenity criterion would
automatically be met. Hence, the intrusiveness
criterion is the limiting criterion and represents the
project-specific noise levels to be applied to this
project.

(b) New industrial development in a
suburban area

A new industrial development is proposed for a
suburban area. Natural sources and noise from
another industry in the area dominate the existing
noise levels at the site. Traffic can also be heard at
the site as a very distant hum, with the main road
being over 300 m away from the site and shielded
by rows of houses. A noise survey of the area has
determined the following existing noise levels:

• rating background levels of 51 dB(A) day, 48
dB(A) evening and 46 dB(A) night dominated
by the general hum of the industry in the area
and the distant traffic noise—determined
using the procedure in Section 3.1

• existing LAeq, period levels of 57 dB(A) day,
54 dB(A) evening and 52 dB(A) night—
determined using the procedure in Section 3.2.
Note that there was no need to eliminate
traffic noise levels from the measurement, as
they were considered low enough not to
contribute to the levels. (See Section 3.2.1).

From Table 2.1, the project fits the description of a
‘suburban’ receiver type, so the recommended
acceptable noise level (ANL) for ‘suburban’ areas
applies (that is, 55 dB(A) day, 45 dB(A) evening and
40 dB(A) night). In this case, the existing industrial
noise-source level exceeds the ANL, so the ANL
needs to be reduced to control overall levels in the
locality in order to protect amenity, as outlined in
Table 2.2. As it is unlikely that existing noise levels
will decrease in future, the criterion that applies
here is ‘existing level minus 10’.

Hence the criteria shown in Table A3 apply to this
project.

Table A2. Criteria applying to case
study (a)

Period Intrusiveness criterion 1 Amenity
criterion 2

Day 38 dB LAeq,15 minute (33 + 5) 50 LAeq,Day

Evening 36 dB LAeq,15 minute (31 + 5) 45 LAeq,Even

Night 35 dB LAeq,15 minute (30 + 5) 40 LAeq,Night

Notes:
1. Intrusiveness criterion is LAeq,15 minute ≤ RBL + 5

(Section 2.1)

2. Amenity criterion for rural areas (Tables 2.1 and 2.2,
Section 2.2)

Table A3. Criteria applying to case
study (b)

Period Intrusiveness
criterion 1

Amenity
criterion 2

Day 56 dB LAeq,15 minute (51+ 5) 47 LAeq,Day

Evening 53 dB LAeq,15 minute (48 + 5) 44 LAeq,Even

Night 51 dB LAeq,15 minute (46 + 5) 42 LAeq,Night

Notes:
1. Intrusiveness criterion is LAeq,15 minute ≤ RBL + 5

(Section 2.1)

2. Amenity criterion for suburban areas (Tables 2.1
and 2.2, Section 2.2)
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In this case, the amenity criterion is the limiting
criterion and represents the project-specific noise
levels to be applied to this project.

(c) New industrial development in a
high-traffic area

A new industrial development is proposed on a
major highway. The noise environment at the
nearest affected residences is dominated by traffic
noise from the major highway. There are other
industries in the area, but they cannot be heard
above the traffic noise. A noise survey of the area
has determined the following existing noise levels:

• rating background levels of 58 dB(A) day,
58 dB(A) evening and 44 dB(A) night
dominated by traffic noise—determined
using the procedure in Section 3.1

• existing LAeq, period levels of 70 dB(A) day,
69 dB(A) evening and 66 dB(A) night—
determined using the procedure in Section
3.2. Note that these levels were solely due to
traffic.

Note:  From an initial survey of the area and
drawing on local knowledge, it was foreseen at the
start of monitoring that existing traffic noise levels
would be well over 10 dB above the ANL for the
area (‘urban’ category—60 dB(A) day, 50 dB(A)
evening, 45 dB(A) night). Hence, based on Section
2.2.3, there was no need to eliminate traffic noise
levels from the measurement, as the high-traffic
amenity criterion depends on the existing traffic
noise level only. (If traffic noise levels had been less
than 10 dB above the ANL, then one of the methods
in Section 3.2.1 could have been employed to ex-
clude the traffic noise level.)

As the existing traffic noise levels are 10 dB or more
above the ANL for the area, the high-traffic amenity
criterion applies to this project. This is stated as
‘LAeq,period ≤ LAeq, period(traffic)–10’ from Section 2.2.3.

Hence, the criteria that apply to this project are as
shown in Table A4.

In this case the high traffic amenity criterion is the
limiting criterion for the day and evening periods,
and the intrusiveness criterion is the limiting
criterion for the night period. The project-specific
noise levels for this project comprise each of these.

A3 Meteorological-enhancement case
studies

(a) Area affected by temperature
inversions

For proposed developments that operate at night, the
effects of temperature inversions need to be consid-
ered. For case study (a) in the previous section, the
assessment of noise enhancement (increase) caused
by temperature inversions is as follows (using the
procedure outlined in Appendix C).

Screening tests

Test 1. As the development will be operational 24
hours a day, the potential for noise increase result-
ing from temperature inversions warrants further
investigation.

Test 2. An initial check to determine whether this
increase in noise will have an impact on residents in
the area is done, using default parameters in the
noise prediction to estimate the upper level of
impact. For a non-arid area a temperature inversion
strength of 3 °C/100 m applies, and for residents
downhill from the source a drainage-wind-flow
wind speed of 2 m/s also applies. (The screening
test for non-arid areas assumes the presence of an F-
class stability, as this category is much more likely to
occur in these areas than G-class). An inspection of
the area reveals that residences are located between
500 and 1000 m away from the source in a downhill
direction. Using the table in Appendix D, the noise
increase due to inversions is between 4 dB and 5 dB.
Where this increase results in exceedance of the

Table A4. Criteria applying to case
study (c)

Period Intrusiveness
criterion 1

High traffic
amenity
criterion 2

Day 63 dB LAeq, 15 minute

(58 + 5)
60 dB L Aeq,Day

(70 –10)

Evening 63 dB LAeq, 15 minute

(58 + 5)
59 dB L Aeq, Even

(69 –10)

Night 49 dB L Aeq, 15 minute

44 + 5)
56 dB LAeq, Night

(66 –10)

Notes:
1. Intrusiveness criterion is LAeq,15 minute ≤ RBL + 5

(Section 2.1)

2. High traffic amenity criterion (Section 2.2.3)
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project-specific noise levels, further analysis is
advisable to determine whether the actual occur-
rence of temperature inversions in the area is
significant enough to warrant inclusion in the
assessment.

Determining the extent of impact

W here further analysis is required, meteorological
data need to be analysed to determine whether
temperature inversions occur often enough to cause
a significant noise impact. Existing weather data
may be used, provided the subject area is within a
radius of 30 km of the collection point and in the
same topographical basin. Table C4 in Appendix C
outlines the methods that may be used to analyse
the data, as well as the type of data and length of
monitoring time (3 months in winter) required. By
applying any one of the methods described in detail
in Appendix E, one can predict both the type of
inversion (in terms of a stability class) and the
percentage occurrence of inversions. Where F or G-
class inversions, or a combination of both, are
predicted to occur for at least 30 per cent of the total
night-time in winter, this is considered to be signifi-
cant and warrants assessment. But if these inver-
sions are predicted to occur for less than 30% of the
total night-time, temperature inversions do not need
to be included in the noise assessment. For the
purposes of this case study, it is assumed that the F-
class inversion occurs for more than 30 per cent of
the night-time in winter and so requires assessment.

Using default or alternative parameters to predict
noise

Now that it is certain that temperature inversions
will be occurring for a significant amount of time,
they should be included in the noise assessment.
The noise assessment may use the default param-
eters specified (that is, 3°C/100 m and 2 m/s),
avoiding the need for on-site measurements. Other-
wise on-site measurements may be conducted to
determine the exact temperature inversion param-
eters to use in the prediction model. (See Appendix C
for guidance on how to conduct on-site measure-
ments.)

Assessing the impact

The predicted increase in noise level is then com-
pared with the project-specific noise levels derived
in the previous section for case (a) to determine
what the noise impact will be.

(b) Area affected by gradient winds

The effects of gradient winds need to be considered
in all assessments. Generally, wind-speed data need
to be analysed to determine whether wind enhance-
ment of noise warrants inclusion in the analysis.
The assessment of wind effects needs to consider
each season and, within those seasons, each assess-
ment period (that is, day, evening and night).

Significant wind enhancement is deemed likely
where a source-to-receiver component wind of up to
3 m/s occurs for 30 per cent of the time in any
assessment period. However, this step may be
bypassed by first assuming that wind is a feature of
the area and then applying a default wind-speed of
3 m/s (in the direction from source to receiver) to the
noise prediction to estimate the upper level of
impact.

If no significant increase in noise is shown, then
this should be reported, and no further analysis of
the effects of gradient winds will be needed. Where
impacts are significantly increased with this wind
speed it is advisable to conduct a more detailed
analysis of wind-speed data to confirm whether
wind is a feature of the area.

Existing or measured data may be used as for
temperature inversions. Wind roses offer a good
visual interpretation of the occurrence of wind at a
locality. These should be inspected to determine
what, if any, wind speeds travel in the direction
from source to receiver (or have components that
travel from source to receiver); and of these, what
wind speeds occur for more than 30 per cent of the
total time in each season for each assessment period
(day, evening, night). Where wind does not travel
from source to receiver, it is not considered likely to
have a significant impact and does not need to be
included in the assessment. Similarly, if wind
speeds up to 3 m/s do not occur for 30 per cent or
more of the time in any season for any assessment
period, gradient winds do not need to be included
in the assessment. If a wind speed of up to 3 m/s
occurs for 30 per cent of the time or more, then a
default wind speed of 3 m/s can be used in the
assessment. The following examples show what
wind speed should be used in the assessment,
when using data displayed by the wind rose.

• If the wind rose shows that a source-to-
receiver component of wind up to 3 m/s
occurs for at least 30 per cent of the time in
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any assessment period in any season, then
the default wind speed of 3 m/s should be
used in the assessment for the particular
assessment period/s and season/s where it
occurred.

• If the wind rose shows that a source-to-
receiver component of wind less than
3 m/s occurs for at least 30 per cent of the
time in any assessment period in any season,
then the highest wind speed (below 3 m/s)
may be used instead of the default.

• If the wind rose shows that there is less than
30 per cent occurrence of source-to-receiver
component wind speeds up to 3 m/s, then
wind is not included in the noise prediction
calculation.

Assessing the impact

The parameters for wind direction and speed are
then used to predict increased noise levels, which
are then compared with the project-specific noise
levels derived in the previous section for case (a) to
determine what the noise impact will be.

A4 Existing premises case study

In dealing with noise impacts from existing
premises it needs to be recognised that the means
available to mitigate noise may be more limited than
for new premises. For example, planning ap-
proaches that could avoid impact are generally not
available at this stage (for example, spatial separa-
tion between source and receiver and attention to
noise reduction in designs for residential and
industrial buildings). Measures such as considering
noise impacts when laying-out buildings on the
industrial premises and when selecting equipment
will be more limited, and may be a feasible consid-
eration for existing premises only in the longer term.

In treating existing cases it is often necessary to take
a structured approach to mitigation that starts with
defining the problem, then identifies the range of
feasible and reasonable controls that can be ap-
plied, then implements noise controls over time.

The following example provides a summary of how
an existing premises with a noise problem can be
addressed.

Example:
An existing scheduled premises is receiving com-
plaints about noise from neighbouring residences.
Currently the premises has no noise limits on its
licence.

The EPA and the company have contacted com-
plainants and it appears the complainants may
have a genuine grievance.

The next step is to ascertain whether in fact there is
a noise impact (that is, noise levels exceeding
applicable project-specific noise levels for the site).
After discussions with the residences the company
agreed to the EPA’s request to conduct a noise
survey. The survey, conducted by an accredited
acoustics practitioner, covered the following items:

• identified the most affected residences

• identified the activities on the site that caused
the reported annoyance

• conducted a noise assessment without the
existing premises operating, including
background (LA90, 15 minute) and ambient
(LAeq, 15 minute) noise levels. (The short-term or
long-term background and ambient noise
methods may be used, depending on the
extent of noise impact.)

• determined project-specific noise levels based
on EPA noise criteria and applying the
existing background and ambient noise
levels

• measured noise levels from the site at the
identified affected residences. (Where
applicable, include adjustments to take
account of any annoying characteristics of
the noise.)

• compared measured noise levels (adjusted,
where necessary) against the project-specific
noise levels to determine the extent of impact

• discussed whether noise impacts may be
increased by weather patterns (for example,
winds and temperature inversions) typical to
the area and estimated the extent of the
increase

• discussed mitigation measures and the
amount of noise reduction expected from
each measure
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• justified any residual impact (that is,
remaining exceedances of the project-specific
noise levels after feasible and reasonable
mitigation measures have been applied).

The noise report showed that noise levels from the
existing premises were well in excess of the applica-
ble project-specific noise levels at nearby residences,
being more than 15 decibels above the project-
specific noise levels. The report outlined a range of
mitigation measures that could reduce the noise
levels at the site.

The mitigation measures involved re-organising
schedules so that noisy activities occurred at less
sensitive times; repair and ongoing maintenance to
faulty bearings; fitting improved mufflers to a
number of pieces of equipment; treating the building
envelope by sealing some doorways and windows;
erecting a small barrier; enclosing a number of
pieces of equipment; and the possibility of acousti-
cally treating a residential premises. Even with all
these measures in place it was reported that there
would still be minor exceedances of the project-
specific noise levels. This was mainly due to the
close proximity of adjoining residential properties.

Discussions between the EPA and the company
ascertained that it was not economically feasible to
implement all the mitigation measures at once. It
was agreed to establish a timetable that covered
progressive mitigation work over time that would
both reduce noise levels at nearby receivers and
allow the company sufficient time to achieve the
required levels. (For example: re-organise schedules
and repair bearing immediately, seal openings
within 3 months, replace windows in 6 months and
enclose generator in 12 months.)

Such a strategy and time-line was then incorporated
into a pollution reduction program that formalised
the proposed mitigation works.

A5 Urban/industrial interface case
study

The ‘urban/industrial interface’ receiver category in
Table 2.1 may be applied for existing situations only
where residences are close to industrial premises.
The amenity levels for the ‘urban/industrial inter-
face’ category are relevant for a region surrounding
the industrial premises, extending out to a point
where a 5-dB reduction in the source noise level

from industry is reached. This takes account of how
noise levels are reduced when moving away from a
source.

In the existing premises example given above, the
amenity criteria that would apply would be the
‘urban/industrial interface’ criteria if the industry
were in an ‘urban’ area. It would apply for all
residences in a region that extends out from the
industrial boundary to a point where a 5-dB reduc-
tion in noise level is reached. This region may be
determined by measuring the source noise level at
each relevant industrial boundary and then moving
back from each respective boundary until the noise
level has dropped off by 5 dB. For residences be-
yond this point the amenity criteria for the ‘urban’
category would apply.

The following shows a fully worked example using
the ‘urban/industrial interface’ category.

Example:
An existing scheduled premises is proposing to
upgrade its premises. It operates 24 hours a day,
seven days a week. There are residences adjoining its
western boundary.

A noise survey of the area has determined the
following existing noise levels at the adjoining
residences:

• rating background levels of 47 dB(A) day,
45 dB(A) evening and 40 dB(A) night—
determined using the procedure in Section 3.1

• existing LAeq, period levels of 52 dB(A) day, 50
dB(A) evening and 48 dB(A) night dominated
by the noise from other industry in the area—
determined using the procedure in Section 3.2.

From Table 2.1, the project fits the description of an
‘urban/industrial interface’ receiver type, so the
recommended acceptable noise level (ANL) for
‘urban/ industrial interface’ area applies (that is,
65 dB LAeq, day, 55 dB LAeq, evening and 50 dB LAeq, night).
In this case the existing industrial noise in the area
(not including the source in question) is within 6 dB
of the ANLs for the evening and night periods, and
hence the amenity criteria need to be reduced to
control overall levels in the locality to protect
amenity, as outlined in Table 2.2.

Hence the criteria in Table A5 apply.
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In this case the intrusive criterion is the limiting
criterion and sets the project-specific noise level to
be met by the development, including the proposed
modifications, at the neighbouring residences. This
project-specific noise level would be applicable to
all residences in the region between the industrial
premises and the point at which noise from the
existing premises has decreased by 5 dB. Beyond
this region the ‘urban’ category amenity criteria
would apply. In this further region the existing
background and ambient LAeq levels from industry
would need to be measured at these residences and
project-specific noise levels determined following
the same steps as above but with the ‘urban’ amen-
ity criteria.

To determine the extent of the ‘interface’ the instan-
taneous noise level of the existing industry noise
can be measured at the relevant boundary (for
example, in this example at the at the western
boundary of the premises). Where the instantaneous
noise levels varied—for example, from 48 to 52
dB(A)—the midpoint value of the range (that is, 50)
may be used as the noise level representing the

boundary noise level of the industry. Then instanta-
neous noise measurements should be taken at
increasing distances away from the premises in the
relevant direction (for example, to the west in this
example) until the noise from the premises has
fallen by 5 dB. The point at which this occurs
defines the extent of the region where the ‘urban/
industrial interface’ category applies.

Table A5. Criteria applying to urban/
industrial interface case study

Period Intrusiveness criterion 1 Amenity
criterion 2

Day 52 dB L Aeq,15 minute  (47+ 5) 65 LAeq,Day

Evening 50 dB L Aeq,15 minute  (45 + 5) 53 LAeq,Even

Night 45 dB L Aeq,15 minute  (40 + 5) 46 LAeq,Night

Notes:
1. Intrusiveness criterion is LAeq,15 minute ≤ RBL + 5

(Section 2.1)

2. Amenity criterion for urban/industrial interface areas
(Tables 2.1 and 2.2, Section 2.2)
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stated in AS 1259. The data logger should be fitted
with a windshield and should have a current
laboratory calibration certificate or label in accord-
ance with calibration requirements outlined in
AS1259 and AS2659. Equipment should also be
calibrated in the field in accordance with these
standards.

Site the data logger(s) at the most- (or potentially
most-) affected noise-sensitive location(s). If this is
impractical, site the logger(s) at locations with a
similar acoustical environment. Be careful to choose
sites that are truly representative of the noise
environment at the noise-sensitive receivers—for
example, do not choose positions screened from
dominant background noise sources such as road
traffic if sensitive receivers are not screened from
such sources. Locate the microphone 1.2 to 1.5 m
above the ground and, where practicable, at least 3
to 5 m from walls, buildings and other reflecting
surfaces. Data loggers should be sited as far away
from trees as practicable to avoid noise produced
by wind blowing through foliage.

During monitoring, set the meter to ‘Fast’ time
weighting and ‘A’ frequency weighting.

A weather monitor that continuously monitors
wind and rainfall data should be positioned within
5 m of the data logging equipment—ideally, in a
place that is not shielded from the wind. The effect
of weather on the instrumentation is of interest here,
so the height of the monitor should correspond to
that of the noise logging equipment. Where multiple
monitoring sites are required for a particular project,
it is best to have simultaneous weather monitoring
at each noise logger location. However, weather
conditions may be represented by a single weather
monitor, provided this is within a 30-km radius of
the site and in the same topographical basin. The
weather monitor should record average wind speed
(accuracy to within ± 0.5 m/s) at least once every 15
minutes (corresponding to the noise measurement
interval) and record the time intervals of rainfall.

Monitoring should not be conducted (or monitoring
data are to be excluded) when average wind speeds
are greater than 5 m/s or during rain. Exceptions to
this rule are allowed, provided the proponent is

Appendix B—Applying the background noise policy

B1 Long-term background noise
method

The long-term background noise measurement
procedure should be used during the planning and
consent stage for developments that have the
potential to cause significant noise nuisance. Both
the type of development and its proximity to noise-
sensitive locations are important elements to be
considered in deciding whether the long-term
method is the most appropriate.

Some examples of developments that may present a
high risk of noise impact include:

• extractive industries (for example, mines and
quarries)

• industrial developments (for example,
bitumen plants, coal works, crushing and
grinding works, drum re-conditioning, power
stations, refineries and timber mills)

Essentially, the procedure for determining long-term
background noise involves two components:

1. determining a representative background
noise level for each day/evening/night of the
monitoring period. This level is termed the
assessment background level (ABL), and is a
single figure representing each day/evening/
night for each monitoring site required for a
particular project.

2. determining an overall level representing the
day, evening and night assessment periods
over the entire monitoring period. This level
is termed the rating background level (RBL),
and is determined based on the individual
day/evening/night ABLs as outlined in
Section B1.3.

The rating background levels are used in determin-
ing the intrusiveness criterion.

B1.1 Instrumentation requirements and
siting

Background noise levels should be measured with a
noise data logger that has an accuracy at least
equivalent to the specifications of a Type 2 meter as
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able to show that the wind-induced noise on the
microphone and sound levels due to rain are at
least 10 dB(A) below the background noise levels
under investigation. For sites where high wind
speeds are a feature of the area, monitoring may be
permitted during higher wind speeds provided that
the proponent is able to show that these wind
speeds are a site feature and that the wind-induced
noise on the microphone is at least 10 dB(A) below
the noise levels under investigation.

B1.2 Measurement procedure

The steps involved in monitoring background noise
levels for planning purposes are:

1. Calibrate the noise monitoring equipment in
the field.

2. Monitor the background noise and meteoro-
logical conditions continuously for each day
of the week the proposed development will be
operating and over the proposed operating
hours, using the LA90,15minute descriptor.

3. Note dominant and background noise
sources present at the site throughout the
monitoring period. Simultaneous data
logging and tape-recording of noise levels
and operator-attended measurements may be
made at the site to support the identification
and occurrence of noise sources.

4. Do a field calibration check at the end of the
monitoring period in accordance with
AS1259 and AS2659. Re-monitoring may be
required if there is a calibration drift greater
than that allowed by the standards.

Figure B1. Data exclusion rule

B1.3 Analysis procedure
1. Remove any data that are affected by adverse

weather conditions and/or extraneous noise.
Check that the number and pattern of ex-
cluded LA90,15 minute samples complies with the
rules specified in Figure B1. If it does not, re-
monitor the background noise following
steps 1 to 4, but only for the affected assess-
ment period in the corresponding day of the
week. The underlying idea is to ensure that
any patterns that occur are accounted for.
These are often seen temporally throughout a
day, diurnally, and from weekday to week-
end.

Exception: re-monitoring may not be required
where monitoring contains weather-affected
data if it can be ascertained that the affected
samples are not within the expected ‘quieter’
times of an assessment period (day/evening/
night)—that is, those time periods where the
lowest tenth percentile background noise
level might occur. In this case it should be
fully justified in the noise-assessment report
that the weather-affected data would not
affect the lowest tenth percentile background
noise level. This could be done through the
clear identification of set daily noise patterns
of ‘quiet’ periods exhibited by the measured
data from the non-affected days. There
should be enough non-affected data available
for the assessor to be confident that any
pattern identified is valid. For these cases the
affected samples need not be removed from
the data set before the tenth percentile is
determined in Step 2.

1. For every 4 consecutive values (-) there should be no more than 2 samples missing (x), for e.g.:

  Single invalid 15-minute samples:  - - - x - - - x - - - x - - - or

 - - x - - x - - x - - x - - or

 - x - x - x - x - x - x -

   Double invalid 15-minute samples:  - - x x - - x x - - x x - - 
2. Where the maximum number of invalid samples (x) is greater than 8, 2 or 4 for day, evening and night

respectively, then the corresponding period (day/evening/night) should be monitored again.

3. Where there are more than two consecutive invalid (x) samples, only one occurrence of the following
pattern is allowed before re-monitoring is required.

  Triple invalid 15-minute samples: - - - x x x - - -
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2. Determine an assessment background level
for each day (0700 to 1800), evening (1800 to
2200) and night (2200 to 0700), using the
tenth percentile method (essentially repre-
sents the lower tenth percent value). The
tenth percentile method may be determined
automatically using a spreadsheet package,
or manually by applying the method shown
in Table B1.

3. Determine the rating background level to be
used for assessment purposes. This is taken
to be the median value of the corresponding
day/evening/night assessment background
levels. For example, for a week’s worth of
monitoring, the evening rating background
level is the median of the seven evening
assessment background levels—that is, the
fourth highest (or lowest) value. Where this
level is found to be less than 30 dB(A), the
rating background level is set to 30 dB(A).

B2 Short-term background noise
method

The short-term method is the more appropriate
background noise monitoring technique for:

• establishing the difference between the
background noise level and the source being
measured

Table B1. Method for determining the tenth percentile

• checking the noise compliance of a
development

• determining the effect of background noise on
a source-noise measurement.

B2.1 Instrumentation requirements and
siting

To measure background noise levels, use a sound-
level meter that meets the specifications of a preci-
sion (Type 0 or 1) or general-purpose (Type 2)
sound-level meter as stated in the AS 1259. Fit a
windshield over the microphone before taking any
measurements. If equipment other than a sound-
level meter is used, the resulting measurement
should be at least as accurate as a measurement
made with a sound level meter as specified above.
The equipment should have a current laboratory
calibration certificate or label in accordance with
the calibration requirements outlined in AS1259
and AS2659. Equipment should also be calibrated
in the field in accordance with the standards. Use a
portable sound-level calibrator (in current calibra-
tion) for field-checking purposes.

Wind speed during monitoring should be less than
5 m/s (equivalent to number 3 on the Beaufort wind
scale—that is, leaves and small twigs in constant
motion; wind extends small flag).

Step 1 Sort the LA90,15 minute data in each assessment period in ascending  order.

Step 2 Work out the tenth per cent position  of the number of samples in the assessment
period. This can be calculated by multiplying the number of LA90, 15 minute values in the
assessment period by 0.1.

Step 3 Determine the tenth percentile (essentially the lowest tenth per cent value):

If the tenth per cent position  (from Step 2) is an integer, then the tenth percentile is
determined by taking the arithmetic average of the value of the LA90, 15 minute at the tenth
per cent position and the next highest value.

If the tenth per cent position  (from Step 2) is not an integer, then the tenth
percentile is the next highest LA90, 15 minute value above the value at the tenth per cent
position.

Examples:
1. For a data set of size 40, the tenth per cent position is 4 (i.e. 0.1 x 40). As this is

an integer, the tenth percentile is the average of the values at the 4th position
and the 5th position, counting from the lowest value of the sorted data (from
Step 1).

2. For a data set of size 44, the tenth per cent position is 4.4 (i.e. 0.1 x 44). As this
value is not an integer, the tenth percentile is the value at the 5th position
counting from the lowest value of the sorted data (from Step 1).
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Take the background noise measurement at the most
affected noise-sensitive location. If responding to a
noise complaint, take the measurement as close as
practicable to where the noise impact is alleged to
occur.

Measure the background noise in the absence of
both the noise under investigation and any extrane-
ous noise not typical of the area. If it is not possible
to exclude the source under investigation, then
measure the background noise at a remote location
judged to have a similar noise environment.

Hold the sound-level meter at arm’s length or set it
up on a tripod so the microphone is 1.2 to 1.5 m
above the ground and at least 3 to 5 m from walls,
buildings and other reflecting surfaces. During
monitoring, set the meter to ‘Fast’ time weighting
and ‘A’ frequency weighting. Do not take measure-
ments when it is raining or when the average wind
speed at microphone height exceeds 5 m/s.

B2.2 Measurement procedure
1. During the period of the day for which the

noise source is expected to operate, determine
the time when the greatest impact is likely to
occur and take measurements at this time.
(Note: This is often when the difference
between the measured background noise and
the noise level generated by the new or
existing development is greatest.)

2. Field-calibrate the noise monitoring equip-
ment.

3. Measure the background noise level continu-
ously for 15 minutes, excluding all distinct
extraneous noises. (Because of the short
period over which the background noise is
being measured, distinct extraneous noises,
including noise from transportation, conver-
sation, birds and insects, should be excluded
from the measurements.) If extraneous noise
is present, pause the meter when this noise
occurs or choose another measuring time or
location.

The rating background level to be used for
assessment purposes is the LA90, 15 minute level
produced by a statistical meter.

4. Check the field calibration at the end of the
monitoring period in accordance with
AS1259 and AS2659. Re-monitoring may be

required if there is a calibration drift greater
than that allowed by the standards.

5. If two or more valid measurements of back-
ground noise are recorded at the one location,
adopt the lowest level as the background
level.

Note: If the measured background level is less than
30 dB(A), then the rating background level is
considered to be 30 dB(A).

B3 Reporting requirements

Include the following items in a report to support
the determined rating background level:

B3.1 Long-term method

• details of equipment used (include latest
calibration date), equipment settings and
sampling rate of the logger used

• a statement justifying the choice of
monitoring site, including the procedure
used to choose the site, having regard to the
definitions of ‘noise-sensitive location(s)’ and
‘most-affected location(s)’ described in Section
3.1.2

• details of the exact location of the monitoring
site and a description of land uses in
surrounding areas

• a brief description of where the equipment
was positioned

• a description of the dominant and
background noise sources at the site

• a record of periods of affected data (due to
adverse weather and extraneous noise) and
statement indicating the need for any re-
monitoring under Step 1 in Section B1.3.

• day, evening and night assessment
background levels for each day of the
monitoring period

• the final RBL value.
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B3.2 Short-term method

• details of equipment used (include latest
calibration date), equipment settings and the
sampling rate of the meter

• a statement justifying the choice of
monitoring site and period, including the
procedure used to choose the site, having
regard to the definitions of ‘noise- sensitive
location(s)’ and ‘most-affected location(s)’
described in Section 3.1.2

• a description of the dominant and
background noise sources at the site

• a record of weather conditions during
monitoring

• the measured background noise levels.
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Appendix C Procedure for assessing noise increase
due to temperature inversions

Table C1. Initial screening test procedures

C1 Introduction

The procedure for assessing the increase in noise
caused by temperature inversions involves the
following main steps:

• Do an initial screening test to determine
whether there is the potential for increased
noise levels due to inversions, and whether
further detailed analyses are warranted.

• Determine the extent of impact. Where there
is the potential for inversions to increase
noise levels, the actual extent of impact (in
terms of percent occurrence of inversions) for
the locality being assessed is to be
determined. Where inversions are predicted
for more than 30 per cent of the total night-
time during winter, these are considered to be

significant and should be taken account of in
the noise assessment.

• Predict the level of noise using default or
alternative parameters to determine the
increase in noise levels expected due to
inversions. Default inversion parameters are
specified to avoid the need for potentially
costly on-site monitoring, but, if preferred,
other values based on direct measurements
may be used.

• Assess the impact to determine whether the
increased noise levels due to inversions will
affect receivers in the vicinity of the
development. The predicted increased noise
levels are compared with the project-specific
noise levels to determine if any exceedances
(and hence noise impacts) are expected.

Test Procedure
1. Night-time

operation
Determine whether the development in question operates at night (2200 to 0700).

If the development operates at night, do screening test 2 to determine the potential for
impact.

If the development does not operate at night, there is no potential for noise impact due
to inversions, and no further consideration of these effects is required.

2. Test for
maximum
possible level
of impact

Do a noise-prediction assessment, assuming the following meteorological conditions to
represent the upper level of impacts:

Non-arid areas (average annual rainfall 500 mm or more)
• temperature inversion strength: 3°C/100 m

• source-to-receiver drainage-wind speed where applicable1: 2 m/s at 10 m height

Arid and semi-arid areas (average annual rainfall less than 500 mm)
• temperature inversion strength: 8°C/100 m

• source-to-receiver drainage-wind speed where applicable1: 1 m/s at 10 m height

If the predicted noise levels show an increase of less than 3 dB, meteorological effects
are not considered to be an issue and no further consideration of these effects is
required.

If a greater than 3 dB increase is predicted, meteorological effects are an issue and
further work is needed to determine the meteorological conditions applicable to the site
in question. (See Table C2.)

(Table D1 in Appendix D may be used as a guide to predicting the effect of
inversions for this Step.)

Note:

1. The drainage-flow wind default value should generally be applied where a development is at a higher
altitude than a residential receiver, with no intervening higher ground (for example, hills).
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Table C2. Procedure for assessing meteorological effects

Alternatives for
assessment

Procedure

1. Use existing
data to
determine
meteorological
noise impact
relevant to the
area

Analyse site-specific meteorological data using one of the four existing data methods
detailed in Table C4 to determine the percentage occurrence of atmospheric stability
category F1 or G2 temperature inversions.

If the frequency of temperature inversions during the winter months is less than 30
per cent of the total night-time (for inversions this is from 1 hour before sunset to 1
hour after sunrise, taken to be 6 pm to 7 am), these effects are not considered
significant and no additional noise predictions are needed.

If temperature inversions occur for 30 per cent of the total night-time or more during the
winter months, adopt the following default values to predict noise impact:

Where rainfall ≥≥ 500 mm/year

F-class inversions

• inversion: 3°C/100 m

• source-to-receiver drainage-wind speed where applicable3: 2 m/s at 10 m
height

G-class inversions

• inversion: 4°C/100 m

• source-to-receiver drainage-wind speed where applicable3: 3 m/s at 10 m
height

Where rainfall < 500 mm/year

G-class inversion

• inversion 8°C/100 m

• source-to-receiver drainage-wind speed where applicable3: 1 m/s at 10 m
height

Apply the above meteorological parameters to the noise prediction and determine the
increased noise level.

Compare the final predicted level with the project-specific noise levels to assess the noise
impact.

If the default temperature inversion and wind drift parameters are not acceptable to the
developer, the actual temperature inversion strength and wind speed may be measured.
(See Alternative 2 below.)

2. Use actual
measurements
to determine
meteorological
noise impact
relevant to the
area

Measure the actual temperature inversion strength and wind speed using the ‘Direct
measurement of temperature lapse rate’ method outlined in Table C4.

Use these measurements to predict noise levels and compare the prediction with the
project-specific noise levels to assess the noise impact.

Notes:
1. F-class stability category corresponds to moderate inversions.
2. G-class stability category corresponds to strong inversions.
3. The drainage-flow wind default value should generally be applied where a development is at a higher

altitude than a residential receiver, with no intervening higher ground (for example, hills).
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The sections below outline the procedure in detail.

C2 Initial screening tests

There are two tests used to determine whether the
potential for an increase in noise due to temperature
inversions warrants further assessment:

• No night-time operation. As temperature
inversions are usually prominent during
night-time hours there is no need to consider
their effects for a development that does not
operate at night.

• No significant noise impacts. Where
inversion conditions are expected to increase
noise by less than 3 decibels, no further
analysis is required.

Table C1 summarises these initial screening test
procedures.

C3 Determining the extent of impact

Table C2 sets out the general procedure for assessing
inversion effects. The procedure involves determin-
ing the percentage occurrence of moderate and
strong inversions during the winter season, based
on meteorological data from the locality. (Weak
inversions are not included, as they are not consid-
ered to have a significant noise impact.)

Where inversions are predicted for at least 30 per
cent of the total time at night in the winter season
(or approximately two nights per week), inversion
effects are considered to be significant and should
be taken into account in the noise assessment.

In NSW, the Hunter region has been identified as an
area significantly affected by temperature inver-
sions. For this reason, the area has been studied in
detail and, as a result, a shorter procedure for
determining the potential for impact in the Hunter
region is outlined in Section C4.

C4 Identifying the extent of impact in
the Hunter region

For sites located in the Hunter region, weather data
do not need to be analysed, as the strength and
frequency of F-class temperature inversions have
already been determined for the entire region.
Recent surveys have indicated that the incidence of

F-class inversions are widespread in the Hunter
Valley and hence, the F-class inversion category
may be used as the default category for assessing
inversion effects in this region as outlined in Table
C3.

C5 Determining the potential for
enhancement from temperature
inversions

The procedure for assessing enhancement from
temperature inversions is based on the relationship
between temperature inversions and the Pasquill
Stability Categories.

Table C4 summarises four different methods used to
determine the strength and frequency of tempera-
ture inversions, based on atmospheric stability
categories. The first three methods may be applied
using existing meteorological data or simple meas-
urement techniques to predict the frequency of a
particular atmospheric stability category. The last
method involves direct measurement of temperature
lapse rate and wind speed. All methods rely on a
minimum of three months of weather data collected
during the winter season (that is, the maximum
level of impact) to determine the effect of tempera-
ture inversions.

One of these alternative methods may be used to
determine the significance of temperature inver-
sions when assessing the noise impact of develop-
ments during the planning and approval phase.
Note that more definitive information is provided
for sites in the Hunter region. (See Section C4.)
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Table C3. Procedure for assessing meteorological effects in the Hunter region1

Table C4. Methods for determining the strength and frequency of temperature
 inversions

Step Procedure

1. Determine the
exact location of
the development

Identify the International Standard Grid (ISG) map grid coordinates of the area in
question. Take care to identify the full extent of the area surrounding the development
that is likely to be affected.

2. Determine the
percent
occurrence of
temperature
inversions

From Table F1 in Appendix F, read the percentage occurrence of F-class temperature
inversions corresponding to the map coordinates that cover the full extent of the area.

3. Determine the
meteorological
impact, based on
existing data

If the frequency of temperature inversions is less than 30 per cent at this location, these
effects are not considered significant and no additional noise predictions are needed.

If temperature inversions occur for 30 per cent of the total night-time or more often
during the winter months, adopt the following default value to predict noise impact:

F-class inversions
• inversion: 3°C/100 m

• source-to-receiver drainage-wind speed where applicable2:
2 m/s at 10 m height

Apply these inversion parameters to the noise prediction and determine the increased
noise level.

Compare the final predicted level with the project-specific noise levels to assess the
noise impact.

If the default temperature-inversion and wind-drift parameters are not acceptable to the
developer, then the actual temperature inversion and wind speed may be measured as
in Alternative 2, Table C2.

Note:
1. The proponent may elect to determine inversion frequency and strength through one of the four methods set

out in Table C4. If a significant incidence of G-class inversions is established, then the default values for
G-class inversions (set out in Table C2) should be applied.

2. The drainage-flow-wind default value should generally be applied where a development is at a higher altitude
than a residential receiver, with no intervening higher ground (for example, hills).

Existing/simple data methods Direct measurementFeatures

Pasquill-Gifford
scheme

Turner scheme Sigma-theta method Temperature lapse rate

Hourly or three-
hourly cloud cover,
hourly or three-
hourly average wind
speed at 10 m
height.

Hourly or three-hourly
cloud cover, cloud-
ceiling height, hourly
or three-hourly
average wind speed
and direction at 10 m
height.

Time of day, wind
speed and direction,
sigma-theta, surface
roughness/ vegetation
cover.

Lapse rate, hourly
temperature at height
intervals of 10 to 60 m.

Type of
monitoring/
parameters
required

(For all the above, see Appendix E for full method.)

Length of
monitoring

Collect three months' data continuously during winter for night-time (6 pm to 7 am).

Monitoring
location

Collect weather data at minimum height of 10 m. Available weather data may be used to represent
weather conditions within a radius of 30 km from the measurement point in the same topographical
basin; otherwise data needs to be collected as it is terrain-dependent.

Assessment
time period

Night (2200 to 0700 h)
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Appendix D Estimating noise increase due to
inversions

Table D1 may be used as a rough guide for predict-
ing inversion effects at a site at the initial screening
test stage.

The table gives an estimate of the decibel difference
in noise levels predicted with and without inversion
conditions representing an increase in noise levels

as a result of the inversion. The levels are based on
calculations performed using ENM ver. 3.06, assum-
ing a simple flat ground and no barrier model.

Table D1. Increase in noise level due to inversions

Increase in noise level, dBDistance
(m)

3°°C/100 m 3°°C/100 m and
2 m/s

8°°C/100 m 8°°C/100 m and 1 m/s

100 1.0 2.0 2.0 3.0

200 1.0 3.0 3.0 4.0

300 1.0 3.0 3.0 4.0

400 1.5 3.5 3.5 5.0

500 1.5 4.0 4.0 5.5

600 1.5 4.5 4.5 6.5

700 1.5 5.0 5.0 6.5

800 1.5 5.0 5.0 6.5

900 1.5 5.0 5.0 6.5

1000 1.5 5.0 5.0 6.5

1500 1.5 4.5 5.0 6.5

2000 1.5 4.5 5.0 6.5

2500 1.5 4.5 4.5 6.5

3000 1.5 4.5 4.5 6.0

4000 1.5 4.0 4.0 6.0

5000 1.0 4.0 4.0 5.5

Notes:

The above data represent the results of single-point source calculations performed using ENM ver. 3.06 assuming a
broadband noise source rounded-off to the nearest 0.5 dB. The following parameters were adopted in the
calculations:

• temperature 12°C (winter), humidity 85%

• wind direction from source to receiver (270°)
• source height 3 m, receiver height 2 m

• rural, ground type: grass, rough pasture.
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Appendix E Methods for determining the frequency
of temperature inversions

sions occur during E, F and G stability categories.
These three categories are considered to represent
weak, moderate and strong inversions respectively.
For noise-assessment purposes, only moderate and
strong inversions are considered significant enough
to require assessment.

Three basic schemes may be used to determine the
occurrence of different stability classes at a particu-
lar site based on the following combinations of
meteorological parameters:

1. Direct measurement of temperature lapse rate
over the height interval range of 1.5 to 10 m
and 50 to 60 m, and wind speed at 10 m
height.

2. Cloud cover, wind speed and solar elevation
(Pasquill-Gifford scheme and Turner scheme).

3. Measurements of sigma-theta (the standard
deviation of wind direction), wind speed and
time of day.

All methods involve analysing three months of
meteorological data collected in winter—the season
during which most inversions occur. Wind meas-
urements are to comply with AS 2923, Ambient Air—
Guide for measurement of horizontal wind for air quality
applications.

E2 Direct measurement of
temperature lapse rate

This method involves the measurement of tempera-
ture gradient and wind speed at hourly intervals
over the three winter months. The temperature
gradient measurement involves measuring tempera-
ture at two elevated levels (1.5 to 10 m and 50 to 60
m) over a 50-m height interval to determine the
temperature difference. The temperature gradient is
then the temperature difference (that is, the tempera-
ture at the higher elevation minus the temperature
at the lower elevation) divided by the height differ-
ence. The wind speed should be measured at a
height of 10 m. Care should be taken to ensure that
measurement procedures comply with relevant
standards.

E1 Background

An important part of the assessment of noise
enhancement due to inversions involves determin-
ing whether inversions occur frequently enough to
warrant inclusion in the assessment. It is consid-
ered unreasonable to expect a development to
comply with noise limits under inversion condi-
tions if inversions occur infrequently.

The frequency of occurrence of temperature inver-
sions may be determined either by direct measure-
ment of inversion parameters, or by using indirect
methods that allow the prediction of wind and
temperature profiles to within a moderately narrow
range using readily available meteorological data.
The direct-measurement method will result in
actual temperature gradients and drainage-flow-
wind speeds from which the percentage occurrence
of inversions may be determined. The indirect
methods, on the other hand, allow the susceptibility
of an area to inversions to be determined through
the use of the relationship developed by the US
Atomic Energy Commission between atmospheric
stability categories and inversions. The relationship
shown in Table E1 outlines the range of temperature
gradients that can be expected within each stability
category. Hence, if a stability category is known,
then the range of possible temperature gradients
may be inferred.

A positive temperature gradient signifies a tempera-
ture inversion; hence, from the table below, inver-

Stability
category

Range of vertical temperature
gradient ( oC/100 m)

A DT/DZ < –1.9

B –1.9 ≤ DT/DZ < –1.7

C –1.7 ≤DT/DZ < –1.5

D –1.5 ≤ DT/DZ < –0.5

E –0 .5 ≤ DT/DZ < 1.5

F 1.5 ≤ DT/DZ < 4.0

G 4.0 ≤ DT/DZ

Table E1. Stability categories based on
DT/DZ
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Once all data have been collected, the percentage
occurrence of each stability category may be deter-
mined. From the measured data, the temperature
gradient to be used in predicting increased noise
levels due to inversions is the ninetieth percentile
value (that is, the highest tenth per cent value) of
temperature gradients that occur during the night
time in winter. The wind speed to be used in the
assessment is that associated with the ninetieth
percentile inversion strength. A step-by-step guide
to the analysis procedure is given in Table E2.

E3 Classifications of stability
category based on cloud cover

The most widely used stability classification
scheme is that developed by Pasquill (1961). This is
based on observations of cloud cover, wind speed
and solar elevation. This scheme has been modified
by Turner (1964) to create an alternative scheme that
is more amenable to application with computer-
based databases. Both schemes are discussed below.

Table E2. Step procedure for determining inversion parameters to be used in
the assessment

Step Procedure

1. Sort the night-time (period between 1 h before sunset to 1 h after sunrise taken to be 6 pm to
7 am) temperature gradients with associated wind speed in ascending order.

2. Convert the temperature gradients into their corresponding stability categories according to
Table E1.

3. If F or G stability categories occur for a period of 30 per cent of the total night-time or more,
either separately or in combination, then temperature inversions are considered to be a
significant feature of the area and need to be assessed.

4. Determine the ninetieth percentile temperature gradient value from the full data set created at
Step 2 (that is, the highest tenth per cent value). This may be done automatically using the
percentile function available in many spreadsheet programs; or the value may be determined
manually by sorting the data in ascending order by temperature gradient and choosing the
highest tenth per cent value. The wind speed associated with the chosen temperature gradient
is the one to be used in the assessment.

Table E3. Key to Pasquill stability categoriesa

Stability categories based on night cloud cover (b)

(Night = 6 pm to 7 am)
Hourly average
wind speed at

10 m
(m/s)

Daytime
stability

categories
Thinly overcast or

≥≥ 4/8 low cloud
≤≤ 3/8 cloud

< 2 G G

2–3 E F

3–5 D E

5–6 D D

> 6

A—D

D D

Source : Adapted from Pasquill (1961)
a. In dispersion modelling, stability class is used to categorise the rate at which a plume will disperse. In the

Pasquill-Gifford stability class assignment scheme (as used in this study) there are six stability classes, A
through to F. Class A relates to unstable conditions, such as might be found on a sunny day with light winds.
Class F relates to stable conditions, such as those that occur when the sky is clear, the winds are light and an
inversion is present. The intermediate classes B, C, D and E relate to intermediate dispersion conditions. A
seventh class, G, has also been defined to accommodate extremely stable conditions such as might be found in
arid rural areas.

b. The neutral category D should be used for overcast conditions regardless of wind speed.
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E3.1 Pasquill-Gifford scheme

The Pasquill-Gifford scheme, outlined in Table E3,
essentially determines Pasquill stability categories
based on hourly or three-hourly wind-speed and
cloud-cover measurements. Once these are known,
the percentage frequency of temperature inversions
over the three winter months may be predicted
using the relationship in Table E1. The following
data are required for the analysis collected over the
three winter months:

• hourly or three-hourly wind speed and
direction at 10 m (the wind direction is not
required to determine the Pasquill Stability
category but is required for the noise
analysis)

• hourly or three-hourly cloud cover
measurements

• times of sunrise and sunset recorded on a
daily basis (these times are required to define
the night-time period) or assumed to be 7 am
and 6 pm, respectively.

The required data may be obtained from the Bureau
of Meteorology from data collected at the closest
monitoring station. The parameters needed are
available from selected Bureau of Meteorology
stations across NSW. Wind speeds and wind
directions are subject to considerable local variation.
However, cloud cover is generally not subject to
such strong spatial variations and, consequently,
data from a station some distance away may be
acceptable. Whether or not data apply to a particu-
lar site needs to be critically assessed. For cloud
cover, distance from the coast and ground elevation
will have an important bearing on the cloudiness. In
general, data collected from weather-monitoring
stations are considered relevant for a radius of
30 km from the station, provided the surrounding
area is in the same topographical basin as the
station.

If representative cloud data are not available from a
nearby station, it is advisable to use the sigma-theta
method outlined in Section E4 instead to determine
stability categories. This is because the numerous
individual observations needed to measure cloud
cover for the Pasquill-Gifford method are often not
feasible.

E3.1.1 Determining the frequency of occurrence of
inversions

Once the stability categories have been determined
for all the data collected during the period from
6 pm to 7 am, the percentage occurrence of moderate
and strong inversions occurring during F and G
stability categories, respectively, may then be
determined. The percentage occurrence required
here is the total percentage occurrence for the
night periods over the three months of winter. The
Pasquill-Gifford scheme assumes that moderate
and strong inversions do not occur during the
daytime hours (considered here to be from 7 am to
6 pm).

Where the sum total of F and G inversions occur for
at least 30 per cent of the total night-time in winter,
the project area is considered to be significantly
affected by inversions warranting noise assessment.
Default values to be used when assessing the
impact on noise caused by temperature inversions
during F and G stability conditions are presented in
Section E6. The F-category default values are to be
used in noise prediction where a combination of F-
and G-category inversions is predicted. The G-
category default values are to be used in noise
prediction only where G-category inversions are
predicted for at least 30 per cent of the total night-
time in winter.

E3.2 Turner scheme

The Turner scheme recognises that stability near the
ground depends mainly on net radiation and wind
speed, with net radiation being a function of cloud
cover and the height of the cloud ceiling. This
scheme determines stability categories based on
hourly or three-hourly wind measurements of cloud
cover, cloud-ceiling height, wind speed and wind
direction. As with the previous scheme, the percent-
age occurrence of temperature inversions over the
three winter months may be predicted using the
relationship in Table E1. The following data need to
be collected over the three winter months for analysis:

• hourly or three-hourly wind speed and
direction at 10 m (wind direction is not
required to determine the Pasquill Stability
category, but is required for the noise
analysis)

• hourly or three-hourly cloud cover
measurements
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Table E4. Stability class as a function of
net radiation and wind speed

• hourly or three-hourly cloud ceiling-height
measurements

• daily records of time of sunrise and sunset
(needed to define the night-time period) or
assumed to be 7 am and 6 pm, respectively.

Similarly, the required data may be obtained from
the Bureau of Meteorology from data collected at the
closest monitoring station. (See Section E3.1 consid-
erations relating to the applicability of data to a site.)

If representative cloud data are not available from a
nearby station, it is advisable to use the sigma-theta
method outlined in Section E4 instead to determine
stability categories. This is because the large number
of individual observations needed to measure cloud
cover for the Turner scheme may not be feasible.

Table E4 gives the stability class as a function of
wind speed and net radiation. The net radiation
index for the night period ranges from –1 to –2
(negative radiation is radiation directed away from
the earth). Note that the Turner scheme assumes
that moderate and strong inversions do not occur
during daytime hours (considered here to be the
period from 7 am to 6 pm).

Note also that, in the specifications for this scheme,
cloud-cover data are assumed to be available in
1/10ths. Usually data from the Bureau of Meteorol-
ogy are reported in 1/8ths, so some conversion will
need to be done.

The net radiation index to be used in Table E4 is:

1. If the total cloud cover is 10/10 and the
ceiling is less than 7000 feet, use net radia-
tion index equal to 0 (whether day or night).

2. For night-time (from 6 pm to 7 am):

—If total cloud cover ≤ 4/10, use net radia-
tion index equal to –2.

—If total cloud cover >4/10, use net radiation
equal to –1.

Follow the procedure outlined in Section E3.1.1 to
determine the percentage occurrence of temperature
inversions once the stability-category classifications
have been made.

E4 Use of sigma-theta data

The sigma-theta method, developed by the US EPA,
refers to observations of sigma-theta, wind speed
and time of day. With this method the Pasquill
stability categories may be determined by using a
relationship between stability categories and the
standard deviation of the horizontal wind direction
fluctuations (σA in degrees). The scheme is applied
in one step to determine the daytime stability
category and two steps to determine the night-time
stability category as follows:

• the daytime (from 7 am to 6 pm) stability
category may be determined directly from σA

data using Table E5

• the night-time (from 6 pm to 7 am) stability
category may be determined in two steps:

—determine the stability category from σA

data using Table E5.

—modify this stability category based on
prevailing wind speed using Table E6.

Sigma-theta data may be measured on an hourly or
three-hourly basis and should be collected as
specified in Australian Standard AS–2923.

Wind speed Net radiation index

knots m/s 0 –1 –2

0–1 0–0.7 D F G

2–3 0.8–1.8 D F G

4–5 1.9–2.8 D E F

6 2.9–3.3 D E F

7 3.4–3.8 D D E

8–9 3.9–4.8 D D E

10 4.9–5.4 D D E

11 5.5–5.9 D D D

≥ 12 ≥ 6.0 D D D
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Note: Table E5 strictly applies only when the σA

measurements are made in an area where the
surface roughness is 0.15 m. To apply the scheme
using σA data collected in an area where the surface
roughness is different, the limit in the table should
be modified by multiplying it by:
(zo/15 cm)0.2 where zo   = the surface roughness of

the  area in centimetres

For example, if the surface roughness is 0.20 m, the
first limit in Table E5 (that is, 22.5 o) should be
changed to 23.8 o (i.e. 22.5 o x (20/15)0.2).

Table E7 shows the typical surface roughness that
applies for a range of surfaces.

Table E5. Wind flucuation criteria for
estimating Pasquill-Gifford
stability categories for non-
arid areas in NSW1,2

Table E6. Night-time1 Pasquill-Gifford
stability categories based on σσσσσA
from Table E5

If the σσA

stability
category is:

And the wind
speed at 10 m

is (m/s):

Then the
Pasquill
stability

category is:

A < 2.9

2.9–3.6

≥ 3.6

F

E

D

B < 2.4

2.4–3.0

≥ 3.0

F

E

D

C < 2.4

≥ 2.4

E

D

D Any D

E 3 to 52 E

F 2 to 32 F

G < 22 G

Adapted from Irwin (1980) and US EPA (1987).

Notes:
1. Night-time is considered to be from 6 pm to 7 am.

2. The original Mitchell and Timbre (1979) table had no
wind speed restrictions. However, the original Pasquill
criteria suggest that, for wind speeds greater than or
equal to 5 m/s, the D category would be appropriate;
and for wind speeds between 3 m/s and 5 m/s, the
E category should be used. For wind speeds between
2 m/s and 3 m/s, the F category should be used, and
for wind speeds less than 2m/s, the G category
should be used.

Pasquill
stability
category

Standard deviation of the
horizontal wind direction

fluctuations 3,4

(σσA in degrees)

A σA ≥ 22.5o

B 17.5o ≤ σA<22.5o

C 12.5o ≤  σA<17.5o

D 7.5o ≤  σA<12.5o

E 3.8o ≤ σA<7.5o

F 2.1o ≤ σA ≤ 3.8o

G5 σA ≤ 2.1o

Adapted from: Irwin (1980) and US EPA (1987)

Notes:
1. These criteria are appropriate for steady-state

conditions, a measurement height of 10 m, for level
terrain, and an aerodynamic surface roughness
length of 15 cm. Ensure that the wind sensor is
responsive enough for use in measuring wind
direction fluctuations (US EPA 1987).

2. The NSW EPA recommends that the sigma-theta
method not be used for arid or semi-arid areas (US
EPA 1987).

3. For areas with surface roughness different from 15
cm, the table  values should be modified by
multiplying by the surface roughness factor of (zo/15
cm)0.2, where zo is the average surface roughness in
centimetres within a radius of 1 to 3 km of the
source. Note that this factor, while theoretically
sound, has not been subjected to rigorous testing
and may not improve the estimates in all
circumstances. A table of zo values that may be
used as a guide to estimating surface roughness is
given in Smedman-Hogstrom and Hogstrom (1978).

4. These criteria are from an NRC proposal (NRC
1972). It would seem reasonable to restrict the
possible categories of A through D during daytime
hours with a restriction that, for 10-m wind speeds
above 6 m/s, conditions are neutral. Likewise,
during the night-time hours, some restrictions (as in
Table E6) are needed to preclude occurrences of
categories A through C.

5. Supplemented by data from Mitchell and Timbre
(1979) and US EPA (1980).
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Table E7. Aerodynamic roughness of various surfaces

E6 Default values for the prediction of
noise impacts

Once the percentage occurrence of stability catego-
ries has been determined from one of the methods
described above, it is necessary to determine
whether the Pasquill Stability Category occurs for ≥
30 per cent of the time during the night-time in
winter, signifying the need for further assessment.

Table E8 details the default values (temperature
gradient and wind speed) to be used for the predic-
tion of impacts where further assessment is re-
quired.

Surface Comments Roughness (z o) (m)

Water Still, open sea 0.1–10.0x10-5

Sand, open desert 0.0003

Open soil 0.001–0.01

Grass Mown lawn: 0.02–0.10 m
Rough pasture: 0.25–1.0 m

0.003–0.01
0.04–0.10

Short scrub, long grass and most
field crops

0.05–0.10

Forest 0.6–2

Suburban area 0.6

City 0.6–2

E5 Discussion

In summary, the above discussion outlines three
independent ways that readily-available or easily-
collected meteorological data can be analysed to
estimate the frequency with which atmospheric
stability categories of different classes occur.

It is envisaged that consultants assessing the
susceptibility of an area to inversions would either
accept the default meteorological parameters, or
undertake their own analyses using one of the
schemes outlined above.

Where the default meteorological parameters are to
be replaced by the consultant’s own assessment,
then any one of the above schemes could be used.
However, in order of preference, the schemes are:

1. Direct measurements of temperature gradient
over a height interval of at least 50 m, with
simultaneous measurements of wind speed
and wind direction at two heights.

2. The sigma-theta method.

3. The Pasquill-Gifford scheme and Turner
scheme (equally preferred).

Other methods are detailed in the US EPA’s docu-
ment (1987), On-Site Meteorological Program Guidance
for Regulating Modelling Applications.
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The Hunter Valley is a major centre for mining
development, and elevated noise levels from tem-
perature inversions have been reported as an issue
for this area. For these reasons, the Hunter Valley
area was used as a case study in evaluating the
likely presence of F-class temperature inversions.
Table F1 presents an estimate of the occurrence of F-
class temperature inversions in the Hunter Valley
area. The table does not cover the incidence of G-
class inversions, as these are not the predominant
type of inversion in the Hunter Valley region.

This table may be used as a guide to indicate where
significant inversions may occur. It would be
reasonable to assume that the higher the percentage
occurrence of F-class stability at a given site, the
more likely it will be that noise-enhancement issues
arise. It is recommended that locations that are
approaching a 30 per cent occurrence level as well
as those locations that either equal to or exceed the
30 per cent level be considered when assessing the
effects of temperature inversions on noise levels.

In the table, atmospheric stability has been esti-
mated using procedures developed by atmospheric
scientists and formalised by the US EPA over a
number of years. For a given set of parameters, for
example wind speed, standard deviation of wind
direction fluctuations, solar elevation and aerody-
namic surface roughness, there will be only one
valid stability produced for the procedure. In the
current application, the derived value of stability
class has been used to infer a temperature lapse rate.

In compiling this table, the Hunter Valley area was
divided into 2 x 2 km square grid cells. The grid
references used in the table are the standard Inte-
grated Survey Grid (ISG) used on all topographical
maps. Locations for each grid position can be
determined by referring the grid reference to the
appropriate topographical map.

Data from five meteorological stations in the Hunter
region (located at Newcastle, Mount Thorley,
Drayton, Mount Pleasant and Mount Arthur) were
used to determine the occurrence of atmospheric F-

Appendix F Percentage occurrence of F-class
temperature inversions in winter in the
Hunter Valley, NSW

class stability, which is associated with tempera-
ture-inversion conditions. The meteorological data
used was that for the period 6 pm to 7 am for every
winter night; that is, every night during the months
of June, July and August.

The stability derived at each meteorological station
has been used to interpolate stabilities at the grid of
receptors. In the interpolation, the only factors that
are used are the distance of the meteorological
stations from each grid point (this determines the
weighting that each station has at a given grid
point) and the difference in elevation between the
meteorological stations and the grid points (this is
used to adjust the value of wind speed when it is
interpolated to the grid point).

Although there are sound theoretical grounds for
the relationships assumed between stability and
temperature lapse rate, the relationship is not
simple. Further, atmospheric temperature profiles
can be very complex and cannot always be repre-
sented by a single figure specifying the gradient
over a 100-m height interval. For example, a gradi-
ent of 3oC/100 m could occur as a result of a smooth
increase in temperature over the 100-m height
interval, or as a jump in temperature of 3oC over a
10-m interval and no change over the remaining
95 m. The effects on noise enhancement would be
quite different.

The results contained in the table are based on the
best information available. However, use care in
applying the tabulated values to specific situa-
tions, as specific site variables will influence the
occurrence of inversions for a specific site. While
the table provides a useful guide, site specific data
are preferred where significant inversion effects
are suspected.



NSW industrial noise policy

86

256000 1350000 15-20
258000 1350000 15-20
260000 1350000 15-20
262000 1350000 15-20
264000 1350000 15-20
266000 1350000 15-20
268000 1350000 15-20
270000 1350000 15-20
272000 1350000 20-25
274000 1350000 20-25
276000 1350000 20-25
278000 1350000 20-25
280000 1350000 20-25
282000 1350000 20-25
284000 1350000 20-25
286000 1350000 15-20
288000 1350000 20-25
290000 1350000 20-25
292000 1350000 15-20
294000 1350000 20-25
296000 1350000 20-25
298000 1350000 20-25
300000 1350000 20-25
302000 1350000 15-20
304000 1350000 15-20
306000 1350000 15-20
308000 1350000 15-20
310000 1350000 20-25
312000 1350000 20-25
314000 1350000 20-25
316000 1350000 20-25
318000 1350000 20-25
320000 1350000 15-20
322000 1350000 15-20
324000 1350000 15-20
326000 1350000 15-20
328000 1350000 15-20
330000 1350000 15-20
332000 1350000 15-20
334000 1350000 15-20
336000 1350000 15-20
338000 1350000 15-20
340000 1350000 15-20
342000 1350000 15-20
344000 1350000 15-20
346000 1350000 15-20
348000 1350000 15-20
350000 1350000 20-25
352000 1350000 20-25
354000 1350000 20-25
356000 1350000 20-25

358000 1350000 25-30
360000 1350000 20-25
362000 1350000 20-25
364000 1350000 15-20
366000 1350000 10-15
368000 1350000 20-25
370000 1350000 55-60
372000 1350000 55-60
374000 1350000 55-60
376000 1350000 55-60
378000 1350000 55-60
380000 1350000 55-60
382000 1350000 50-55
384000 1350000 50-55
386000 1350000 50-55
388000 1350000 50-55
390000 1350000 50-55
392000 1350000 45-50
394000 1350000 45-50
256000 1352000 15-20
258000 1352000 15-20
260000 1352000 15-20
262000 1352000 15-20
264000 1352000 15-20
266000 1352000 15-20
268000 1352000 20-25
270000 1352000 20-25
272000 1352000 20-25
274000 1352000 20-25
276000 1352000 20-25
278000 1352000 20-25
280000 1352000 20-25
282000 1352000 20-25
284000 1352000 20-25
286000 1352000 20-25
288000 1352000 20-25
290000 1352000 20-25
292000 1352000 15-20
294000 1352000 15-20
296000 1352000 15-20
298000 1352000 20-25
300000 1352000 15-20
302000 1352000 15-20
304000 1352000 20-25
306000 1352000 15-20
308000 1352000 20-25
310000 1352000 20-25
312000 1352000 20-25
314000 1352000 20-25
316000 1352000 20-25
318000 1352000 20-25

320000 1352000 15-20
322000 1352000 15-20
324000 1352000 15-20
326000 1352000 20-25
328000 1352000 15-20
330000 1352000 15-20
332000 1352000 15-20
334000 1352000 15-20
336000 1352000 15-20
338000 1352000 15-20
340000 1352000 15-20
342000 1352000 15-20
344000 1352000 20-25
346000 1352000 15-20
348000 1352000 15-20
350000 1352000 20-25
352000 1352000 25-30
354000 1352000 20-25
356000 1352000 20-25
358000 1352000 20-25
360000 1352000 15-20
362000 1352000 20-25
364000 1352000 15-20
366000 1352000 10-15
368000 1352000 15-20
370000 1352000 30-35
372000 1352000 60-65
374000 1352000 60-65
376000 1352000 55-60
378000 1352000 55-60
380000 1352000 55-60
382000 1352000 50-55
384000 1352000 50-55
386000 1352000 50-55
388000 1352000 45-50
390000 1352000 45-50
392000 1352000 45-50
394000 1352000 50-55
256000 1354000 15-20
258000 1354000 15-20
260000 1354000 15-20
262000 1354000 15-20
264000 1354000 15-20
266000 1354000 15-20
268000 1354000 15-20
270000 1354000 15-20
272000 1354000 20-25
274000 1354000 20-25
276000 1354000 20-25
278000 1354000 20-25
280000 1354000 20-25

Table F1. Percentage occurrence of F-class temperature inversions in winter
in the Hunter Valley, NSW

East
(ISG coord.)

North
(ISG coord.)

%
F-class

East
(ISG coord.)

East
(ISG coord.)

North
(ISG coord.)

North
(ISG coord.)

%
F-class

%
F-class
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282000 1354000 20-25
284000 1354000 20-25
286000 1354000 15-20
288000 1354000 15-20
290000 1354000 15-20
292000 1354000 15-20
294000 1354000 15-20
296000 1354000 15-20
298000 1354000 20-25
300000 1354000 15-20
302000 1354000 20-25
304000 1354000 20-25
306000 1354000 15-20
308000 1354000 20-25
310000 1354000 20-25
312000 1354000 20-25
314000 1354000 20-25
316000 1354000 20-25
318000 1354000 15-20
320000 1354000 15-20
322000 1354000 15-20
324000 1354000 20-25
326000 1354000 20-25
328000 1354000 20-25
330000 1354000 20-25
332000 1354000 20-25
334000 1354000 15-20
336000 1354000 15-20
338000 1354000 15-20
340000 1354000 20-25
342000 1354000 20-25
344000 1354000 20-25
346000 1354000 15-20
348000 1354000 15-20
350000 1354000 20-25
352000 1354000 25-30
354000 1354000 25-30
356000 1354000 25-30
358000 1354000 30-35
360000 1354000 25-30
362000 1354000 15-20
364000 1354000 15-20
366000 1354000 20-25
368000 1354000 20-25
370000 1354000 25-30
372000 1354000 30-35
374000 1354000 55-60
376000 1354000 55-60
378000 1354000 55-60
380000 1354000 50-55
382000 1354000 50-55
384000 1354000 50-55
386000 1354000 50-55
388000 1354000 50-55
390000 1354000 50-55
392000 1354000 45-50

394000 1354000 50-55
256000 1356000 15-20
258000 1356000 15-20
260000 1356000 15-20
262000 1356000 15-20
264000 1356000 15-20
266000 1356000 15-20
268000 1356000 15-20
270000 1356000 20-25
272000 1356000 20-25
274000 1356000 20-25
276000 1356000 20-25
278000 1356000 20-25
280000 1356000 20-25
282000 1356000 20-25
284000 1356000 20-25
286000 1356000 15-20
288000 1356000 15-20
290000 1356000 15-20
292000 1356000 15-20
294000 1356000 15-20
296000 1356000 20-25
298000 1356000 20-25
300000 1356000 20-25
302000 1356000 15-20
304000 1356000 15-20
306000 1356000 20-25
308000 1356000 20-25
310000 1356000 20-25
312000 1356000 20-25
314000 1356000 20-25
316000 1356000 20-25
318000 1356000 15-20
320000 1356000 15-20
322000 1356000 20-25
324000 1356000 20-25
326000 1356000 20-25
328000 1356000 20-25
330000 1356000 20-25
332000 1356000 20-25
334000 1356000 20-25
336000 1356000 20-25
338000 1356000 15-20
340000 1356000 20-25
342000 1356000 20-25
344000 1356000 20-25
346000 1356000 15-20
348000 1356000 15-20
350000 1356000 20-25
352000 1356000 20-25
354000 1356000 25-30
356000 1356000 20-25
358000 1356000 25-30
360000 1356000 20-25
362000 1356000 20-25
364000 1356000 15-20

366000 1356000 20-25
368000 1356000 30-35
370000 1356000 40-45
372000 1356000 35-40
374000 1356000 45-50
376000 1356000 55-60
378000 1356000 55-60
380000 1356000 55-60
382000 1356000 50-55
384000 1356000 50-55
386000 1356000 50-55
388000 1356000 50-55
390000 1356000 50-55
392000 1356000 45-50
394000 1356000 45-50
256000 1358000 15-20
258000 1358000 15-20
260000 1358000 15-20
262000 1358000 15-20
264000 1358000 15-20
266000 1358000 15-20
268000 1358000 15-20
270000 1358000 15-20
272000 1358000 15-20
274000 1358000 20-25
276000 1358000 20-25
278000 1358000 20-25
280000 1358000 20-25
282000 1358000 20-25
284000 1358000 20-25
286000 1358000 15-20
288000 1358000 15-20
290000 1358000 15-20
292000 1358000 15-20
294000 1358000 20-25
296000 1358000 20-25
298000 1358000 15-20
300000 1358000 15-20
302000 1358000 20-25
304000 1358000 20-25
306000 1358000 20-25
308000 1358000 20-25
310000 1358000 20-25
312000 1358000 20-25
314000 1358000 20-25
316000 1358000 20-25
318000 1358000 20-25
320000 1358000 20-25
322000 1358000 20-25
324000 1358000 20-25
326000 1358000 20-25
328000 1358000 20-25
330000 1358000 20-25
332000 1358000 20-25
334000 1358000 20-25
336000 1358000 20-25
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338000 1358000 15-20
340000 1358000 15-20
342000 1358000 20-25
344000 1358000 20-25
346000 1358000 20-25
348000 1358000 15-20
350000 1358000 15-20
352000 1358000 20-25
354000 1358000 20-25
356000 1358000 20-25
358000 1358000 15-20
360000 1358000 15-20
362000 1358000 25-30
364000 1358000 20-25
366000 1358000 20-25
368000 1358000 25-30
370000 1358000 40-45
372000 1358000 35-40
374000 1358000 50-55
376000 1358000 55-60
378000 1358000 55-60
380000 1358000 55-60
382000 1358000 50-55
384000 1358000 50-55
386000 1358000 50-55
388000 1358000 50-55
390000 1358000 50-55
392000 1358000 50-55
394000 1358000 45-50
256000 1360000 15-20
258000 1360000 15-20
260000 1360000 15-20
262000 1360000 15-20
264000 1360000 15-20
266000 1360000 15-20
268000 1360000 15-20
270000 1360000 15-20
272000 1360000 15-20
274000 1360000 20-25
276000 1360000 20-25
278000 1360000 20-25
280000 1360000 20-25
282000 1360000 20-25
284000 1360000 20-25
286000 1360000 20-25
288000 1360000 15-20
290000 1360000 15-20
292000 1360000 15-20
294000 1360000 15-20
296000 1360000 15-20
298000 1360000 15-20
300000 1360000 15-20
302000 1360000 20-25
304000 1360000 20-25
306000 1360000 20-25
308000 1360000 20-25

310000 1360000 20-25
312000 1360000 20-25
314000 1360000 20-25
316000 1360000 20-25
318000 1360000 20-25
320000 1360000 20-25
322000 1360000 20-25
324000 1360000 20-25
326000 1360000 20-25
328000 1360000 20-25
330000 1360000 20-25
332000 1360000 20-25
334000 1360000 20-25
336000 1360000 20-25
338000 1360000 20-25
340000 1360000 20-25
342000 1360000 20-25
344000 1360000 25-30
346000 1360000 20-25
348000 1360000 20-25
350000 1360000 15-20
352000 1360000 15-20
354000 1360000 15-20
356000 1360000 15-20
358000 1360000 20-25
360000 1360000 20-25
362000 1360000 25-30
364000 1360000 25-30
366000 1360000 25-30
368000 1360000 30-35
370000 1360000 40-45
372000 1360000 40-45
374000 1360000 30-35
376000 1360000 50-55
378000 1360000 55-60
380000 1360000 50-55
382000 1360000 50-55
384000 1360000 50-55
386000 1360000 50-55
388000 1360000 50-55
390000 1360000 45-50
392000 1360000 45-50
394000 1360000 45-50
256000 1362000 15-20
258000 1362000 15-20
260000 1362000 15-20
262000 1362000 15-20
264000 1362000 15-20
266000 1362000 15-20
268000 1362000 15-20
270000 1362000 15-20
272000 1362000 15-20
274000 1362000 20-25
276000 1362000 20-25
278000 1362000 20-25
280000 1362000 20-25

282000 1362000 20-25
284000 1362000 20-25
286000 1362000 15-20
288000 1362000 15-20
290000 1362000 15-20
292000 1362000 15-20
294000 1362000 15-20
296000 1362000 15-20
298000 1362000 15-20
300000 1362000 20-25
302000 1362000 20-25
304000 1362000 20-25
306000 1362000 20-25
308000 1362000 20-25
310000 1362000 20-25
312000 1362000 15-20
314000 1362000 15-20
316000 1362000 15-20
318000 1362000 20-25
320000 1362000 15-20
322000 1362000 15-20
324000 1362000 15-20
326000 1362000 15-20
328000 1362000 20-25
330000 1362000 20-25
332000 1362000 20-25
334000 1362000 20-25
336000 1362000 20-25
338000 1362000 20-25
340000 1362000 20-25
342000 1362000 20-25
344000 1362000 25-30
346000 1362000 25-30
348000 1362000 20-25
350000 1362000 20-25
352000 1362000 20-25
354000 1362000 15-20
356000 1362000 15-20
358000 1362000 25-30
360000 1362000 25-30
362000 1362000 30-35
364000 1362000 40-45
366000 1362000 40-45
368000 1362000 50-55
370000 1362000 50-55
372000 1362000 35-40
374000 1362000 30-35
376000 1362000 30-35
378000 1362000 45-50
380000 1362000 50-55
382000 1362000 50-55
384000 1362000 50-55
386000 1362000 45-50
388000 1362000 45-50
390000 1362000 45-50
392000 1362000 45-50
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394000 1362000 45-50
256000 1364000 15-20
258000 1364000 15-20
260000 1364000 15-20
262000 1364000 15-20
264000 1364000 15-20
266000 1364000 15-20
268000 1364000 15-20
270000 1364000 15-20
272000 1364000 15-20
274000 1364000 15-20
276000 1364000 20-25
278000 1364000 20-25
280000 1364000 20-25
282000 1364000 20-25
284000 1364000 20-25
286000 1364000 20-25
288000 1364000 15-20
290000 1364000 15-20
292000 1364000 15-20
294000 1364000 15-20
296000 1364000 15-20
298000 1364000 15-20
300000 1364000 15-20
302000 1364000 15-20
304000 1364000 20-25
306000 1364000 20-25
308000 1364000 15-20
310000 1364000 15-20
312000 1364000 15-20
314000 1364000 15-20
316000 1364000 15-20
318000 1364000 20-25
320000 1364000 15-20
322000 1364000 15-20
324000 1364000 15-20
326000 1364000 15-20
328000 1364000 20-25
330000 1364000 20-25
332000 1364000 20-25
334000 1364000 20-25
336000 1364000 20-25
338000 1364000 20-25
340000 1364000 20-25
342000 1364000 20-25
344000 1364000 25-30
346000 1364000 25-30
348000 1364000 25-30
350000 1364000 25-30
352000 1364000 15-20
354000 1364000 15-20
356000 1364000 15-20
358000 1364000 20-25
360000 1364000 25-30
362000 1364000 30-35
364000 1364000 40-45

366000 1364000 45-50
368000 1364000 40-45
370000 1364000 35-40
372000 1364000 35-40
374000 1364000 25-30
376000 1364000 25-30
378000 1364000 25-30
380000 1364000 35-40
382000 1364000 45-50
384000 1364000 50-55
386000 1364000 50-55
388000 1364000 45-50
390000 1364000 50-55
392000 1364000 45-50
394000 1364000 45-50
256000 1366000 15-20
258000 1366000 15-20
260000 1366000 15-20
262000 1366000 15-20
264000 1366000 15-20
266000 1366000 15-20
268000 1366000 15-20
270000 1366000 15-20
272000 1366000 15-20
274000 1366000 15-20
276000 1366000 20-25
278000 1366000 20-25
280000 1366000 20-25
282000 1366000 20-25
284000 1366000 20-25
286000 1366000 20-25
288000 1366000 20-25
290000 1366000 15-20
292000 1366000 15-20
294000 1366000 15-20
296000 1366000 15-20
298000 1366000 15-20
300000 1366000 15-20
302000 1366000 15-20
304000 1366000 20-25
306000 1366000 20-25
308000 1366000 15-20
310000 1366000 15-20
312000 1366000 15-20
314000 1366000 15-20
316000 1366000 15-20
318000 1366000 15-20
320000 1366000 15-20
322000 1366000 15-20
324000 1366000 15-20
326000 1366000 15-20
328000 1366000 20-25
330000 1366000 20-25
332000 1366000 20-25
334000 1366000 20-25
336000 1366000 20-25

338000 1366000 20-25
340000 1366000 20-25
342000 1366000 25-30
344000 1366000 25-30
346000 1366000 25-30
348000 1366000 25-30
350000 1366000 25-30
352000 1366000 20-25
354000 1366000 20-25
356000 1366000 20-25
358000 1366000 25-30
360000 1366000 25-30
362000 1366000 30-35
364000 1366000 35-40
366000 1366000 35-40
368000 1366000 40-45
370000 1366000 40-45
372000 1366000 35-40
374000 1366000 25-30
376000 1366000 30-35
378000 1366000 25-30
380000 1366000 25-30
382000 1366000 25-30
384000 1366000 30-35
386000 1366000 40-45
388000 1366000 50-55
390000 1366000 45-50
392000 1366000 45-50
394000 1366000 45-50
256000 1368000 15-20
258000 1368000 15-20
260000 1368000 15-20
262000 1368000 15-20
264000 1368000 15-20
266000 1368000 15-20
268000 1368000 15-20
270000 1368000 15-20
272000 1368000 15-20
274000 1368000 20-25
276000 1368000 20-25
278000 1368000 20-25
280000 1368000 20-25
282000 1368000 20-25
284000 1368000 15-20
286000 1368000 20-25
288000 1368000 15-20
290000 1368000 15-20
292000 1368000 15-20
294000 1368000 15-20
296000 1368000 15-20
298000 1368000 15-20
300000 1368000 15-20
302000 1368000 15-20
304000 1368000 20-25
306000 1368000 20-25
308000 1368000 20-25
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310000 1368000 15-20
312000 1368000 15-20
314000 1368000 15-20
316000 1368000 15-20
318000 1368000 15-20
320000 1368000 15-20
322000 1368000 15-20
324000 1368000 15-20
326000 1368000 20-25
328000 1368000 20-25
330000 1368000 20-25
332000 1368000 20-25
334000 1368000 20-25
336000 1368000 20-25
338000 1368000 20-25
340000 1368000 25-30
342000 1368000 25-30
344000 1368000 25-30
346000 1368000 25-30
348000 1368000 25-30
350000 1368000 25-30
352000 1368000 20-25
354000 1368000 20-25
356000 1368000 20-25
358000 1368000 25-30
360000 1368000 25-30
362000 1368000 30-35
364000 1368000 35-40
366000 1368000 40-45
368000 1368000 40-45
370000 1368000 35-40
372000 1368000 30-35
374000 1368000 30-35
376000 1368000 25-30
378000 1368000 25-30
380000 1368000 25-30
382000 1368000 25-30
384000 1368000 25-30
386000 1368000 25-30
388000 1368000 30-35
390000 1368000 40-45
392000 1368000 45-50
394000 1368000 45-50
256000 1370000 15-20
258000 1370000 15-20
260000 1370000 15-20
262000 1370000 15-20
264000 1370000 15-20
266000 1370000 15-20
268000 1370000 15-20
270000 1370000 15-20
272000 1370000 15-20
274000 1370000 20-25
276000 1370000 20-25
278000 1370000 20-25
280000 1370000 20-25

282000 1370000 15-20
284000 1370000 15-20
286000 1370000 15-20
288000 1370000 15-20
290000 1370000 15-20
292000 1370000 15-20
294000 1370000 15-20
296000 1370000 15-20
298000 1370000 15-20
300000 1370000 15-20
302000 1370000 20-25
304000 1370000 20-25
306000 1370000 20-25
308000 1370000 20-25
310000 1370000 15-20
312000 1370000 15-20
314000 1370000 15-20
316000 1370000 15-20
318000 1370000 15-20
320000 1370000 15-20
322000 1370000 15-20
324000 1370000 15-20
326000 1370000 20-25
328000 1370000 20-25
330000 1370000 20-25
332000 1370000 20-25
334000 1370000 20-25
336000 1370000 20-25
338000 1370000 20-25
340000 1370000 25-30
342000 1370000 25-30
344000 1370000 25-30
346000 1370000 25-30
348000 1370000 25-30
350000 1370000 25-30
352000 1370000 20-25
354000 1370000 20-25
356000 1370000 20-25
358000 1370000 25-30
360000 1370000 30-35
362000 1370000 30-35
364000 1370000 40-45
366000 1370000 35-40
368000 1370000 40-45
370000 1370000 35-40
372000 1370000 30-35
374000 1370000 25-30
376000 1370000 25-30
378000 1370000 25-30
380000 1370000 25-30
382000 1370000 25-30
384000 1370000 30-35
386000 1370000 30-35
388000 1370000 25-30
390000 1370000 25-30
392000 1370000 25-30

394000 1370000 30-35
256000 1372000 15-20
258000 1372000 15-20
260000 1372000 15-20
262000 1372000 15-20
264000 1372000 15-20
266000 1372000 15-20
268000 1372000 15-20
270000 1372000 15-20
272000 1372000 15-20
274000 1372000 20-25
276000 1372000 20-25
278000 1372000 20-25
280000 1372000 15-20
282000 1372000 15-20
284000 1372000 15-20
286000 1372000 15-20
288000 1372000 15-20
290000 1372000 15-20
292000 1372000 15-20
294000 1372000 15-20
296000 1372000 15-20
298000 1372000 15-20
300000 1372000 15-20
302000 1372000 15-20
304000 1372000 20-25
306000 1372000 20-25
308000 1372000 20-25
310000 1372000 20-25
312000 1372000 20-25
314000 1372000 15-20
316000 1372000 15-20
318000 1372000 15-20
320000 1372000 15-20
322000 1372000 15-20
324000 1372000 15-20
326000 1372000 20-25
328000 1372000 20-25
330000 1372000 20-25
332000 1372000 20-25
334000 1372000 20-25
336000 1372000 20-25
338000 1372000 20-25
340000 1372000 20-25
342000 1372000 25-30
344000 1372000 25-30
346000 1372000 25-30
348000 1372000 25-30
350000 1372000 25-30
352000 1372000 25-30
354000 1372000 25-30
356000 1372000 25-30
358000 1372000 25-30
360000 1372000 25-30
362000 1372000 30-35
364000 1372000 40-45
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366000 1372000 45-50
368000 1372000 35-40
370000 1372000 30-35
372000 1372000 30-35
374000 1372000 30-35
376000 1372000 25-30
378000 1372000 25-30
380000 1372000 25-30
382000 1372000 25-30
384000 1372000 30-35
386000 1372000 30-35
388000 1372000 30-35
390000 1372000 30-35
392000 1372000 25-30
394000 1372000 25-30
256000 1374000 15-20
258000 1374000 15-20
260000 1374000 15-20
262000 1374000 15-20
264000 1374000 15-20
266000 1374000 15-20
268000 1374000 15-20
270000 1374000 15-20
272000 1374000 20-25
274000 1374000 15-20
276000 1374000 20-25
278000 1374000 20-25
280000 1374000 15-20
282000 1374000 15-20
284000 1374000 15-20
286000 1374000 15-20
288000 1374000 15-20
290000 1374000 15-20
292000 1374000 15-20
294000 1374000 15-20
296000 1374000 15-20
298000 1374000 15-20
300000 1374000 15-20
302000 1374000 15-20
304000 1374000 20-25
306000 1374000 15-20
308000 1374000 20-25
310000 1374000 20-25
312000 1374000 20-25
314000 1374000 15-20
316000 1374000 20-25
318000 1374000 15-20
320000 1374000 15-20
322000 1374000 15-20
324000 1374000 20-25
326000 1374000 20-25
328000 1374000 20-25
330000 1374000 20-25
332000 1374000 20-25
334000 1374000 20-25
336000 1374000 20-25

338000 1374000 20-25
340000 1374000 20-25
342000 1374000 25-30
344000 1374000 25-30
346000 1374000 25-30
348000 1374000 25-30
350000 1374000 25-30
352000 1374000 35-40
354000 1374000 25-30
356000 1374000 25-30
358000 1374000 30-35
360000 1374000 25-30
362000 1374000 30-35
364000 1374000 40-45
366000 1374000 45-50
368000 1374000 40-45
370000 1374000 30-35
372000 1374000 25-30
374000 1374000 30-35
376000 1374000 35-40
378000 1374000 30-35
380000 1374000 25-30
382000 1374000 25-30
384000 1374000 25-30
386000 1374000 30-35
388000 1374000 30-35
390000 1374000 30-35
392000 1374000 35-40
394000 1374000 40-45
256000 1376000 15-20
258000 1376000 15-20
260000 1376000 15-20
262000 1376000 15-20
264000 1376000 15-20
266000 1376000 15-20
268000 1376000 15-20
270000 1376000 15-20
272000 1376000 15-20
274000 1376000 15-20
276000 1376000 15-20
278000 1376000 15-20
280000 1376000 15-20
282000 1376000 15-20
284000 1376000 15-20
286000 1376000 15-20
288000 1376000 15-20
290000 1376000 15-20
292000 1376000 15-20
294000 1376000 20-25
296000 1376000 15-20
298000 1376000 15-20
300000 1376000 15-20
302000 1376000 15-20
304000 1376000 20-25
306000 1376000 20-25
308000 1376000 20-25

310000 1376000 20-25
312000 1376000 20-25
314000 1376000 20-25
316000 1376000 20-25
318000 1376000 20-25
320000 1376000 20-25
322000 1376000 20-25
324000 1376000 20-25
326000 1376000 20-25
328000 1376000 20-25
330000 1376000 20-25
332000 1376000 25-30
334000 1376000 20-25
336000 1376000 20-25
338000 1376000 20-25
340000 1376000 25-30
342000 1376000 25-30
344000 1376000 25-30
346000 1376000 25-30
348000 1376000 25-30
350000 1376000 30-35
352000 1376000 35-40
354000 1376000 35-40
356000 1376000 25-30
358000 1376000 25-30
360000 1376000 30-35
362000 1376000 35-40
364000 1376000 40-45
366000 1376000 40-45
368000 1376000 40-45
370000 1376000 30-35
372000 1376000 30-35
374000 1376000 30-35
376000 1376000 35-40
378000 1376000 30-35
380000 1376000 25-30
382000 1376000 25-30
384000 1376000 25-30
386000 1376000 40-45
388000 1376000 35-40
390000 1376000 35-40
392000 1376000 40-45
394000 1376000 45-50
256000 1378000 15-20
258000 1378000 15-20
260000 1378000 15-20
262000 1378000 15-20
264000 1378000 15-20
266000 1378000 15-20
268000 1378000 15-20
270000 1378000 15-20
272000 1378000 15-20
274000 1378000 15-20
276000 1378000 15-20
278000 1378000 15-20
280000 1378000 15-20
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282000 1378000 15-20
284000 1378000 15-20
286000 1378000 15-20
288000 1378000 20-25
290000 1378000 15-20
292000 1378000 15-20
294000 1378000 20-25
296000 1378000 15-20
298000 1378000 15-20
300000 1378000 20-25
302000 1378000 20-25
304000 1378000 20-25
306000 1378000 20-25
308000 1378000 20-25
310000 1378000 20-25
312000 1378000 15-20
314000 1378000 20-25
316000 1378000 20-25
318000 1378000 20-25
320000 1378000 20-25
322000 1378000 20-25
324000 1378000 20-25
326000 1378000 20-25
328000 1378000 20-25
330000 1378000 25-30
332000 1378000 20-25
334000 1378000 20-25
336000 1378000 20-25
338000 1378000 20-25
340000 1378000 20-25
342000 1378000 20-25
344000 1378000 25-30
346000 1378000 25-30
348000 1378000 25-30
350000 1378000 25-30
352000 1378000 35-40
354000 1378000 35-40
356000 1378000 35-40
358000 1378000 35-40
360000 1378000 35-40
362000 1378000 25-30
364000 1378000 30-35
366000 1378000 25-30
368000 1378000 30-35
370000 1378000 25-30
372000 1378000 20-25
374000 1378000 25-30
376000 1378000 30-35
378000 1378000 30-35
380000 1378000 25-30
382000 1378000 25-30
384000 1378000 25-30
386000 1378000 40-45
388000 1378000 40-45
390000 1378000 45-50
392000 1378000 40-45

394000 1378000 45-50
256000 1380000 15-20
258000 1380000 15-20
260000 1380000 15-20
262000 1380000 15-20
264000 1380000 15-20
266000 1380000 15-20
268000 1380000 15-20
270000 1380000 15-20
272000 1380000 15-20
274000 1380000 15-20
276000 1380000 15-20
278000 1380000 15-20
280000 1380000 15-20
282000 1380000 15-20
284000 1380000 15-20
286000 1380000 15-20
288000 1380000 15-20
290000 1380000 15-20
292000 1380000 15-20
294000 1380000 15-20
296000 1380000 20-25
298000 1380000 20-25
300000 1380000 20-25
302000 1380000 20-25
304000 1380000 20-25
306000 1380000 20-25
308000 1380000 20-25
310000 1380000 20-25
312000 1380000 20-25
314000 1380000 20-25
316000 1380000 20-25
318000 1380000 20-25
320000 1380000 20-25
322000 1380000 20-25
324000 1380000 20-25
326000 1380000 20-25
328000 1380000 20-25
330000 1380000 25-30
332000 1380000 20-25
334000 1380000 20-25
336000 1380000 20-25
338000 1380000 20-25
340000 1380000 25-30
342000 1380000 25-30
344000 1380000 25-30
346000 1380000 25-30
348000 1380000 25-30
350000 1380000 25-30
352000 1380000 30-35
354000 1380000 25-30
356000 1380000 25-30
358000 1380000 35-40
360000 1380000 35-40
362000 1380000 30-35
364000 1380000 25-30

366000 1380000 25-30
368000 1380000 30-35
370000 1380000 30-35
372000 1380000 20-25
374000 1380000 20-25
376000 1380000 30-35
378000 1380000 25-30
380000 1380000 20-25
382000 1380000 25-30
384000 1380000 25-30
386000 1380000 30-35
388000 1380000 30-35
390000 1380000 40-45
392000 1380000 45-50
394000 1380000 45-50
256000 1382000 15-20
258000 1382000 15-20
260000 1382000 15-20
262000 1382000 15-20
264000 1382000 15-20
266000 1382000 15-20
268000 1382000 15-20
270000 1382000 15-20
272000 1382000 15-20
274000 1382000 15-20
276000 1382000 15-20
278000 1382000 15-20
280000 1382000 15-20
282000 1382000 15-20
284000 1382000 15-20
286000 1382000 15-20
288000 1382000 15-20
290000 1382000 15-20
292000 1382000 15-20
294000 1382000 15-20
296000 1382000 20-25
298000 1382000 20-25
300000 1382000 20-25
302000 1382000 20-25
304000 1382000 20-25
306000 1382000 15-20
308000 1382000 20-25
310000 1382000 20-25
312000 1382000 20-25
314000 1382000 20-25
316000 1382000 20-25
318000 1382000 20-25
320000 1382000 20-25
322000 1382000 20-25
324000 1382000 20-25
326000 1382000 20-25
328000 1382000 20-25
330000 1382000 25-30
332000 1382000 20-25
334000 1382000 20-25
336000 1382000 25-30
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338000 1382000 25-30
340000 1382000 30-35
342000 1382000 25-30
344000 1382000 25-30
346000 1382000 25-30
348000 1382000 25-30
350000 1382000 30-35
352000 1382000 30-35
354000 1382000 25-30
356000 1382000 30-35
358000 1382000 30-35
360000 1382000 25-30
362000 1382000 25-30
364000 1382000 25-30
366000 1382000 25-30
368000 1382000 30-35
370000 1382000 35-40
372000 1382000 25-30
374000 1382000 20-25
376000 1382000 25-30
378000 1382000 20-25
380000 1382000 20-25
382000 1382000 20-25
384000 1382000 30-35
386000 1382000 25-30
388000 1382000 35-40
390000 1382000 40-45
392000 1382000 40-45
394000 1382000 40-45
256000 1384000 15-20
258000 1384000 15-20
260000 1384000 15-20
262000 1384000 15-20
264000 1384000 15-20
266000 1384000 15-20
268000 1384000 20-25
270000 1384000 15-20
272000 1384000 15-20
274000 1384000 15-20
276000 1384000 15-20
278000 1384000 15-20
280000 1384000 15-20
282000 1384000 20-25
284000 1384000 15-20
286000 1384000 15-20
288000 1384000 15-20
290000 1384000 15-20
292000 1384000 15-20
294000 1384000 15-20
296000 1384000 15-20
298000 1384000 15-20
300000 1384000 15-20
302000 1384000 20-25
304000 1384000 20-25
306000 1384000 20-25
308000 1384000 20-25

310000 1384000 20-25
312000 1384000 20-25
314000 1384000 20-25
316000 1384000 20-25
318000 1384000 20-25
320000 1384000 20-25
322000 1384000 20-25
324000 1384000 20-25
326000 1384000 20-25
328000 1384000 20-25
330000 1384000 25-30
332000 1384000 25-30
334000 1384000 25-30
336000 1384000 25-30
338000 1384000 25-30
340000 1384000 30-35
342000 1384000 30-35
344000 1384000 20-25
346000 1384000 25-30
348000 1384000 25-30
350000 1384000 20-25
352000 1384000 20-25
354000 1384000 25-30
356000 1384000 30-35
358000 1384000 30-35
360000 1384000 25-30
362000 1384000 25-30
364000 1384000 25-30
366000 1384000 25-30
368000 1384000 30-35
370000 1384000 30-35
372000 1384000 25-30
374000 1384000 25-30
376000 1384000 20-25
378000 1384000 20-25
380000 1384000 20-25
382000 1384000 25-30
384000 1384000 25-30
386000 1384000 30-35
388000 1384000 25-30
390000 1384000 30-35
392000 1384000 35-40
394000 1384000 20-25
256000 1386000 15-20
258000 1386000 15-20
260000 1386000 15-20
262000 1386000 15-20
264000 1386000 15-20
266000 1386000 15-20
268000 1386000 15-20
270000 1386000 20-25
272000 1386000 15-20
274000 1386000 15-20
276000 1386000 15-20
278000 1386000 15-20
280000 1386000 15-20

282000 1386000 15-20
284000 1386000 15-20
286000 1386000 15-20
288000 1386000 15-20
290000 1386000 15-20
292000 1386000 15-20
294000 1386000 15-20
296000 1386000 15-20
298000 1386000 15-20
300000 1386000 20-25
302000 1386000 20-25
304000 1386000 20-25
306000 1386000 20-25
308000 1386000 20-25
310000 1386000 20-25
312000 1386000 20-25
314000 1386000 20-25
316000 1386000 20-25
318000 1386000 20-25
320000 1386000 20-25
322000 1386000 20-25
324000 1386000 20-25
326000 1386000 20-25
328000 1386000 25-30
330000 1386000 25-30
332000 1386000 25-30
334000 1386000 25-30
336000 1386000 20-25
338000 1386000 25-30
340000 1386000 25-30
342000 1386000 20-25
344000 1386000 25-30
346000 1386000 25-30
348000 1386000 20-25
350000 1386000 20-25
352000 1386000 20-25
354000 1386000 25-30
356000 1386000 30-35
358000 1386000 25-30
360000 1386000 25-30
362000 1386000 20-25
364000 1386000 20-25
366000 1386000 20-25
368000 1386000 30-35
370000 1386000 25-30
372000 1386000 20-25
374000 1386000 25-30
376000 1386000 20-25
378000 1386000 20-25
380000 1386000 25-30
382000 1386000 20-25
384000 1386000 25-30
386000 1386000 30-35
388000 1386000 25-30
390000 1386000 30-35
392000 1386000 25-30
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394000 1386000 20-25
256000 1388000 15-20
258000 1388000 15-20
260000 1388000 15-20
262000 1388000 15-20
264000 1388000 15-20
266000 1388000 15-20
268000 1388000 15-20
270000 1388000 20-25
272000 1388000 20-25
274000 1388000 15-20
276000 1388000 15-20
278000 1388000 15-20
280000 1388000 15-20
282000 1388000 15-20
284000 1388000 20-25
286000 1388000 15-20
288000 1388000 15-20
290000 1388000 15-20
292000 1388000 15-20
294000 1388000 15-20
296000 1388000 15-20
298000 1388000 15-20
300000 1388000 20-25
302000 1388000 20-25
304000 1388000 15-20
306000 1388000 15-20
308000 1388000 20-25
310000 1388000 20-25
312000 1388000 20-25
314000 1388000 20-25
316000 1388000 20-25
318000 1388000 20-25
320000 1388000 25-30
322000 1388000 20-25
324000 1388000 20-25
326000 1388000 25-30
328000 1388000 25-30
330000 1388000 25-30
332000 1388000 25-30
334000 1388000 25-30
336000 1388000 20-25
338000 1388000 25-30
340000 1388000 25-30
342000 1388000 25-30
344000 1388000 20-25
346000 1388000 20-25
348000 1388000 20-25
350000 1388000 20-25
352000 1388000 20-25
354000 1388000 25-30
356000 1388000 30-35
358000 1388000 25-30
360000 1388000 20-25
362000 1388000 20-25
364000 1388000 20-25

366000 1388000 20-25
368000 1388000 30-35
370000 1388000 25-30
372000 1388000 20-25
374000 1388000 20-25
376000 1388000 20-25
378000 1388000 20-25
380000 1388000 20-25
382000 1388000 20-25
384000 1388000 25-30
386000 1388000 25-30
388000 1388000 25-30
390000 1388000 30-35
392000 1388000 20-25
394000 1388000 20-25
256000 1390000 15-20
258000 1390000 15-20
260000 1390000 15-20
262000 1390000 15-20
264000 1390000 15-20
266000 1390000 15-20
268000 1390000 15-20
270000 1390000 15-20
272000 1390000 20-25
274000 1390000 20-25
276000 1390000 15-20
278000 1390000 15-20
280000 1390000 15-20
282000 1390000 20-25
284000 1390000 20-25
286000 1390000 15-20
288000 1390000 15-20
290000 1390000 15-20
292000 1390000 15-20
294000 1390000 15-20
296000 1390000 20-25
298000 1390000 20-25
300000 1390000 20-25
302000 1390000 20-25
304000 1390000 20-25
306000 1390000 20-25
308000 1390000 20-25
310000 1390000 20-25
312000 1390000 20-25
314000 1390000 20-25
316000 1390000 20-25
318000 1390000 20-25
320000 1390000 25-30
322000 1390000 25-30
324000 1390000 25-30
326000 1390000 25-30
328000 1390000 25-30
330000 1390000 25-30
332000 1390000 25-30
334000 1390000 25-30
336000 1390000 25-30

338000 1390000 25-30
340000 1390000 25-30
342000 1390000 25-30
344000 1390000 20-25
346000 1390000 20-25
348000 1390000 20-25
350000 1390000 20-25
352000 1390000 20-25
354000 1390000 25-30
356000 1390000 25-30
358000 1390000 20-25
360000 1390000 20-25
362000 1390000 15-20
364000 1390000 20-25
366000 1390000 25-30
368000 1390000 30-35
370000 1390000 30-35
372000 1390000 25-30
374000 1390000 20-25
376000 1390000 20-25
378000 1390000 20-25
380000 1390000 20-25
382000 1390000 25-30
384000 1390000 25-30
386000 1390000 30-35
388000 1390000 30-35
390000 1390000 20-25
392000 1390000 20-25
394000 1390000 20-25
256000 1392000 15-20
258000 1392000 20-25
260000 1392000 15-20
262000 1392000 15-20
264000 1392000 15-20
266000 1392000 20-25
268000 1392000 20-25
270000 1392000 20-25
272000 1392000 15-20
274000 1392000 20-25
276000 1392000 20-25
278000 1392000 15-20
280000 1392000 15-20
282000 1392000 20-25
284000 1392000 20-25
286000 1392000 15-20
288000 1392000 15-20
290000 1392000 15-20
292000 1392000 15-20
294000 1392000 15-20
296000 1392000 20-25
298000 1392000 20-25
300000 1392000 20-25
302000 1392000 20-25
304000 1392000 20-25
306000 1392000 20-25
308000 1392000 20-25
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310000 1392000 20-25
312000 1392000 20-25
314000 1392000 20-25
316000 1392000 20-25
318000 1392000 25-30
320000 1392000 25-30
322000 1392000 25-30
324000 1392000 25-30
326000 1392000 25-30
328000 1392000 25-30
330000 1392000 25-30
332000 1392000 25-30
334000 1392000 25-30
336000 1392000 25-30
338000 1392000 25-30
340000 1392000 20-25
342000 1392000 25-30
344000 1392000 20-25
346000 1392000 20-25
348000 1392000 20-25
350000 1392000 20-25
352000 1392000 20-25
354000 1392000 20-25
356000 1392000 20-25
358000 1392000 30-35
360000 1392000 20-25
362000 1392000 15-20
364000 1392000 20-25
366000 1392000 25-30
368000 1392000 25-30
370000 1392000 25-30
372000 1392000 25-30
374000 1392000 25-30
376000 1392000 25-30
378000 1392000 20-25
380000 1392000 20-25
382000 1392000 20-25
384000 1392000 25-30
386000 1392000 30-35
388000 1392000 30-35
390000 1392000 35-40
392000 1392000 25-30
394000 1392000 20-25
256000 1394000 20-25
258000 1394000 20-25
260000 1394000 15-20
262000 1394000 15-20
264000 1394000 15-20
266000 1394000 20-25
268000 1394000 20-25
270000 1394000 20-25
272000 1394000 20-25
274000 1394000 20-25
276000 1394000 20-25
278000 1394000 15-20
280000 1394000 20-25

282000 1394000 20-25
284000 1394000 20-25
286000 1394000 15-20
288000 1394000 15-20
290000 1394000 15-20
292000 1394000 15-20
294000 1394000 15-20
296000 1394000 20-25
298000 1394000 20-25
300000 1394000 20-25
302000 1394000 20-25
304000 1394000 20-25
306000 1394000 20-25
308000 1394000 20-25
310000 1394000 25-30
312000 1394000 25-30
314000 1394000 25-30
316000 1394000 25-30
318000 1394000 25-30
320000 1394000 25-30
322000 1394000 25-30
324000 1394000 25-30
326000 1394000 25-30
328000 1394000 25-30
330000 1394000 25-30
332000 1394000 20-25
334000 1394000 20-25
336000 1394000 20-25
338000 1394000 20-25
340000 1394000 20-25
342000 1394000 20-25
344000 1394000 20-25
346000 1394000 20-25
348000 1394000 20-25
350000 1394000 20-25
352000 1394000 20-25
354000 1394000 15-20
356000 1394000 25-30
358000 1394000 25-30
360000 1394000 20-25
362000 1394000 15-20
364000 1394000 20-25
366000 1394000 20-25
368000 1394000 25-30
370000 1394000 20-25
372000 1394000 20-25
374000 1394000 25-30
376000 1394000 30-35
378000 1394000 20-25
380000 1394000 20-25
382000 1394000 20-25
384000 1394000 20-25
386000 1394000 25-30
388000 1394000 25-30
390000 1394000 30-35
392000 1394000 25-30

394000 1394000 35-40
256000 1396000 20-25
258000 1396000 20-25
260000 1396000 20-25
262000 1396000 15-20
264000 1396000 15-20
266000 1396000 20-25
268000 1396000 20-25
270000 1396000 20-25
272000 1396000 20-25
274000 1396000 20-25
276000 1396000 20-25
278000 1396000 20-25
280000 1396000 20-25
282000 1396000 20-25
284000 1396000 20-25
286000 1396000 20-25
288000 1396000 15-20
290000 1396000 15-20
292000 1396000 20-25
294000 1396000 20-25
296000 1396000 20-25
298000 1396000 20-25
300000 1396000 20-25
302000 1396000 25-30
304000 1396000 25-30
306000 1396000 20-25
308000 1396000 20-25
310000 1396000 25-30
312000 1396000 25-30
314000 1396000 20-25
316000 1396000 25-30
318000 1396000 25-30
320000 1396000 25-30
322000 1396000 25-30
324000 1396000 25-30
326000 1396000 25-30
328000 1396000 25-30
330000 1396000 20-25
332000 1396000 20-25
334000 1396000 20-25
336000 1396000 20-25
338000 1396000 20-25
340000 1396000 20-25
342000 1396000 20-25
344000 1396000 20-25
346000 1396000 15-20
348000 1396000 15-20
350000 1396000 20-25
352000 1396000 20-25
354000 1396000 20-25
356000 1396000 25-30
358000 1396000 20-25
360000 1396000 20-25
362000 1396000 20-25
364000 1396000 20-25
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366000 1396000 20-25
368000 1396000 20-25
370000 1396000 20-25
372000 1396000 20-25
374000 1396000 20-25
376000 1396000 25-30
378000 1396000 20-25
380000 1396000 20-25
382000 1396000 20-25
384000 1396000 20-25
386000 1396000 20-25
388000 1396000 20-25
390000 1396000 30-35
392000 1396000 25-30
394000 1396000 30-35
256000 1398000 20-25
258000 1398000 20-25
260000 1398000 20-25
262000 1398000 20-25
264000 1398000 20-25
266000 1398000 20-25
268000 1398000 20-25
270000 1398000 20-25
272000 1398000 20-25
274000 1398000 20-25
276000 1398000 20-25
278000 1398000 20-25
280000 1398000 20-25
282000 1398000 20-25
284000 1398000 20-25
286000 1398000 20-25
288000 1398000 15-20
290000 1398000 20-25
292000 1398000 20-25
294000 1398000 20-25
296000 1398000 20-25
298000 1398000 20-25
300000 1398000 20-25
302000 1398000 25-30
304000 1398000 25-30
306000 1398000 25-30
308000 1398000 20-25
310000 1398000 20-25
312000 1398000 20-25
314000 1398000 20-25
316000 1398000 25-30
318000 1398000 25-30
320000 1398000 20-25
322000 1398000 25-30
324000 1398000 25-30
326000 1398000 25-30
328000 1398000 25-30
330000 1398000 20-25
332000 1398000 20-25
334000 1398000 20-25
336000 1398000 20-25

338000 1398000 20-25
340000 1398000 20-25
342000 1398000 20-25
344000 1398000 20-25
346000 1398000 20-25
348000 1398000 15-20
350000 1398000 20-25
352000 1398000 25-30
354000 1398000 25-30
356000 1398000 25-30
358000 1398000 20-25
360000 1398000 15-20
362000 1398000 20-25
364000 1398000 15-20
366000 1398000 20-25
368000 1398000 20-25
370000 1398000 20-25
372000 1398000 20-25
374000 1398000 20-25
376000 1398000 25-30
378000 1398000 20-25
380000 1398000 20-25
382000 1398000 15-20
384000 1398000 15-20
386000 1398000 15-20
388000 1398000 20-25
390000 1398000 25-30
392000 1398000 20-25
394000 1398000 25-30
256000 1400000 20-25
258000 1400000 20-25
260000 1400000 20-25
262000 1400000 20-25
264000 1400000 20-25
266000 1400000 20-25
268000 1400000 20-25
270000 1400000 20-25
272000 1400000 20-25
274000 1400000 20-25
276000 1400000 20-25
278000 1400000 20-25
280000 1400000 25-30
282000 1400000 20-25
284000 1400000 20-25
286000 1400000 20-25
288000 1400000 20-25
290000 1400000 20-25
292000 1400000 25-30
294000 1400000 25-30
296000 1400000 25-30
298000 1400000 25-30
300000 1400000 25-30
302000 1400000 20-25
304000 1400000 25-30
306000 1400000 25-30
308000 1400000 20-25

310000 1400000 20-25
312000 1400000 20-25
314000 1400000 20-25
316000 1400000 20-25
318000 1400000 20-25
320000 1400000 20-25
322000 1400000 20-25
324000 1400000 25-30
326000 1400000 25-30
328000 1400000 25-30
330000 1400000 25-30
332000 1400000 25-30
334000 1400000 20-25
336000 1400000 20-25
338000 1400000 20-25
340000 1400000 20-25
342000 1400000 20-25
344000 1400000 20-25
346000 1400000 20-25
348000 1400000 20-25
350000 1400000 25-30
352000 1400000 20-25
354000 1400000 25-30
356000 1400000 25-30
358000 1400000 25-30
360000 1400000 20-25
362000 1400000 20-25
364000 1400000 20-25
366000 1400000 20-25
368000 1400000 20-25
370000 1400000 20-25
372000 1400000 20-25
374000 1400000 20-25
376000 1400000 25-30
378000 1400000 20-25
380000 1400000 15-20
382000 1400000 15-20
384000 1400000 20-25
386000 1400000 20-25
388000 1400000 20-25
390000 1400000 25-30
392000 1400000 20-25
394000 1400000 20-25
256000 1402000 20-25
258000 1402000 20-25
260000 1402000 20-25
262000 1402000 20-25
264000 1402000 20-25
266000 1402000 20-25
268000 1402000 20-25
270000 1402000 25-30
272000 1402000 20-25
274000 1402000 20-25
276000 1402000 20-25
278000 1402000 20-25
280000 1402000 20-25
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282000 1402000 25-30
284000 1402000 20-25
286000 1402000 25-30
288000 1402000 25-30
290000 1402000 25-30
292000 1402000 25-30
294000 1402000 25-30
296000 1402000 25-30
298000 1402000 25-30
300000 1402000 25-30
302000 1402000 25-30
304000 1402000 25-30
306000 1402000 25-30
308000 1402000 25-30
310000 1402000 20-25
312000 1402000 20-25
314000 1402000 20-25
316000 1402000 20-25
318000 1402000 20-25
320000 1402000 20-25
322000 1402000 20-25
324000 1402000 25-30
326000 1402000 25-30
328000 1402000 20-25
330000 1402000 25-30
332000 1402000 25-30
334000 1402000 25-30
336000 1402000 20-25
338000 1402000 20-25
340000 1402000 20-25
342000 1402000 20-25
344000 1402000 15-20
346000 1402000 20-25
348000 1402000 20-25
350000 1402000 20-25
352000 1402000 20-25
354000 1402000 25-30
356000 1402000 20-25
358000 1402000 20-25
360000 1402000 20-25
362000 1402000 20-25
364000 1402000 20-25
366000 1402000 20-25
368000 1402000 20-25
370000 1402000 20-25
372000 1402000 25-30
374000 1402000 25-30
376000 1402000 20-25
378000 1402000 20-25
380000 1402000 20-25
382000 1402000 20-25
384000 1402000 20-25
386000 1402000 20-25
388000 1402000 20-25
390000 1402000 25-30
392000 1402000 20-25

394000 1402000 20-25
256000 1404000 20-25
258000 1404000 20-25
260000 1404000 20-25
262000 1404000 20-25
264000 1404000 20-25
266000 1404000 20-25
268000 1404000 25-30
270000 1404000 25-30
272000 1404000 20-25
274000 1404000 20-25
276000 1404000 20-25
278000 1404000 20-25
280000 1404000 25-30
282000 1404000 25-30
284000 1404000 25-30
286000 1404000 25-30
288000 1404000 25-30
290000 1404000 25-30
292000 1404000 25-30
294000 1404000 25-30
296000 1404000 25-30
298000 1404000 25-30
300000 1404000 25-30
302000 1404000 25-30
304000 1404000 25-30
306000 1404000 25-30
308000 1404000 25-30
310000 1404000 25-30
312000 1404000 20-25
314000 1404000 20-25
316000 1404000 20-25
318000 1404000 20-25
320000 1404000 20-25
322000 1404000 20-25
324000 1404000 20-25
326000 1404000 20-25
328000 1404000 20-25
330000 1404000 20-25
332000 1404000 20-25
334000 1404000 20-25
336000 1404000 20-25
338000 1404000 20-25
340000 1404000 20-25
342000 1404000 20-25
344000 1404000 15-20
346000 1404000 20-25
348000 1404000 20-25
350000 1404000 20-25
352000 1404000 20-25
354000 1404000 25-30
356000 1404000 20-25
358000 1404000 20-25
360000 1404000 20-25
362000 1404000 20-25
364000 1404000 20-25

366000 1404000 20-25
368000 1404000 20-25
370000 1404000 20-25
372000 1404000 25-30
374000 1404000 20-25
376000 1404000 20-25
378000 1404000 20-25
380000 1404000 20-25
382000 1404000 20-25
384000 1404000 20-25
386000 1404000 20-25
388000 1404000 20-25
390000 1404000 25-30
392000 1404000 20-25
394000 1404000 20-25
256000 1406000 20-25
258000 1406000 20-25
260000 1406000 20-25
262000 1406000 20-25
264000 1406000 20-25
266000 1406000 20-25
268000 1406000 25-30
270000 1406000 25-30
272000 1406000 25-30
274000 1406000 25-30
276000 1406000 25-30
278000 1406000 25-30
280000 1406000 25-30
282000 1406000 25-30
284000 1406000 25-30
286000 1406000 25-30
288000 1406000 25-30
290000 1406000 25-30
292000 1406000 25-30
294000 1406000 25-30
296000 1406000 25-30
298000 1406000 25-30
300000 1406000 25-30
302000 1406000 25-30
304000 1406000 25-30
306000 1406000 25-30
308000 1406000 25-30
310000 1406000 25-30
312000 1406000 25-30
314000 1406000 25-30
316000 1406000 20-25
318000 1406000 20-25
320000 1406000 20-25
322000 1406000 20-25
324000 1406000 20-25
326000 1406000 20-25
328000 1406000 20-25
330000 1406000 20-25
332000 1406000 20-25
334000 1406000 20-25
336000 1406000 20-25
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338000 1406000 20-25
340000 1406000 20-25
342000 1406000 20-25
344000 1406000 20-25
346000 1406000 20-25
348000 1406000 20-25
350000 1406000 20-25
352000 1406000 20-25
354000 1406000 25-30
356000 1406000 20-25
358000 1406000 20-25
360000 1406000 15-20
362000 1406000 15-20
364000 1406000 20-25
366000 1406000 20-25
368000 1406000 20-25
370000 1406000 20-25
372000 1406000 20-25
374000 1406000 20-25
376000 1406000 20-25
378000 1406000 20-25
380000 1406000 20-25
382000 1406000 20-25
384000 1406000 20-25
386000 1406000 20-25
388000 1406000 20-25
390000 1406000 25-30
392000 1406000 20-25
394000 1406000 20-25
256000 1408000 20-25
258000 1408000 20-25
260000 1408000 20-25
262000 1408000 20-25
264000 1408000 20-25
266000 1408000 20-25
268000 1408000 25-30
270000 1408000 25-30
272000 1408000 25-30
274000 1408000 25-30
276000 1408000 25-30
278000 1408000 25-30
280000 1408000 25-30
282000 1408000 25-30
284000 1408000 25-30
286000 1408000 25-30
288000 1408000 25-30
290000 1408000 25-30
292000 1408000 25-30
294000 1408000 25-30
296000 1408000 25-30
298000 1408000 25-30
300000 1408000 25-30
302000 1408000 25-30
304000 1408000 25-30
306000 1408000 25-30
308000 1408000 25-30

310000 1408000 25-30
312000 1408000 25-30
314000 1408000 25-30
316000 1408000 25-30
318000 1408000 20-25
320000 1408000 20-25
322000 1408000 20-25
324000 1408000 20-25
326000 1408000 20-25
328000 1408000 20-25
330000 1408000 20-25
332000 1408000 20-25
334000 1408000 20-25
336000 1408000 20-25
338000 1408000 20-25
340000 1408000 20-25
342000 1408000 20-25
344000 1408000 20-25
346000 1408000 20-25
348000 1408000 20-25
350000 1408000 20-25
352000 1408000 20-25
354000 1408000 25-30
356000 1408000 20-25
358000 1408000 20-25
360000 1408000 15-20
362000 1408000 20-25
364000 1408000 20-25
366000 1408000 20-25
368000 1408000 20-25
370000 1408000 20-25
372000 1408000 20-25
374000 1408000 20-25
376000 1408000 20-25
378000 1408000 20-25
380000 1408000 20-25
382000 1408000 20-25
384000 1408000 20-25
386000 1408000 15-20
388000 1408000 20-25
390000 1408000 25-30
392000 1408000 25-30
394000 1408000 20-25
256000 1410000 20-25
258000 1410000 20-25
260000 1410000 20-25
262000 1410000 20-25
264000 1410000 20-25
266000 1410000 25-30
268000 1410000 25-30
270000 1410000 25-30
272000 1410000 25-30
274000 1410000 25-30
276000 1410000 25-30
278000 1410000 25-30
280000 1410000 25-30

282000 1410000 25-30
284000 1410000 25-30
286000 1410000 25-30
288000 1410000 25-30
290000 1410000 25-30
292000 1410000 25-30
294000 1410000 25-30
296000 1410000 25-30
298000 1410000 25-30
300000 1410000 25-30
302000 1410000 25-30
304000 1410000 25-30
306000 1410000 25-30
308000 1410000 25-30
310000 1410000 25-30
312000 1410000 25-30
314000 1410000 25-30
316000 1410000 25-30
318000 1410000 20-25
320000 1410000 20-25
322000 1410000 20-25
324000 1410000 20-25
326000 1410000 20-25
328000 1410000 20-25
330000 1410000 20-25
332000 1410000 20-25
334000 1410000 20-25
336000 1410000 20-25
338000 1410000 20-25
340000 1410000 20-25
342000 1410000 20-25
344000 1410000 20-25
346000 1410000 20-25
348000 1410000 20-25
350000 1410000 20-25
352000 1410000 20-25
354000 1410000 20-25
356000 1410000 20-25
358000 1410000 20-25
360000 1410000 15-20
362000 1410000 15-20
364000 1410000 15-20
366000 1410000 20-25
368000 1410000 20-25
370000 1410000 20-25
372000 1410000 20-25
374000 1410000 20-25
376000 1410000 20-25
378000 1410000 20-25
380000 1410000 20-25
382000 1410000 20-25
384000 1410000 20-25
386000 1410000 15-20
388000 1410000 20-25
390000 1410000 25-30
392000 1410000 20-25
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394000 1410000 20-25
256000 1412000 20-25
258000 1412000 20-25
260000 1412000 20-25
262000 1412000 25-30
264000 1412000 20-25
266000 1412000 25-30
268000 1412000 25-30
270000 1412000 25-30
272000 1412000 25-30
274000 1412000 25-30
276000 1412000 25-30
278000 1412000 25-30
280000 1412000 25-30
282000 1412000 25-30
284000 1412000 25-30
286000 1412000 25-30
288000 1412000 25-30
290000 1412000 25-30
292000 1412000 25-30
294000 1412000 25-30
296000 1412000 25-30
298000 1412000 25-30
300000 1412000 25-30
302000 1412000 25-30
304000 1412000 25-30
306000 1412000 25-30
308000 1412000 25-30
310000 1412000 25-30
312000 1412000 25-30
314000 1412000 25-30
316000 1412000 25-30
318000 1412000 25-30
320000 1412000 20-25
322000 1412000 20-25
324000 1412000 20-25
326000 1412000 20-25
328000 1412000 20-25
330000 1412000 20-25
332000 1412000 20-25
334000 1412000 20-25
336000 1412000 20-25
338000 1412000 20-25
340000 1412000 20-25
342000 1412000 20-25
344000 1412000 20-25
346000 1412000 20-25
348000 1412000 20-25
350000 1412000 20-25
352000 1412000 25-30
354000 1412000 20-25
356000 1412000 20-25
358000 1412000 20-25
360000 1412000 15-20
362000 1412000 15-20
364000 1412000 20-25

366000 1412000 20-25
368000 1412000 20-25
370000 1412000 20-25
372000 1412000 20-25
374000 1412000 20-25
376000 1412000 20-25
378000 1412000 20-25
380000 1412000 20-25
382000 1412000 20-25
384000 1412000 20-25
386000 1412000 20-25
388000 1412000 20-25
390000 1412000 25-30
392000 1412000 20-25
394000 1412000 20-25
256000 1414000 20-25
258000 1414000 20-25
260000 1414000 25-30
262000 1414000 25-30
264000 1414000 25-30
266000 1414000 25-30
268000 1414000 25-30
270000 1414000 25-30
272000 1414000 25-30
274000 1414000 25-30
276000 1414000 20-25
278000 1414000 25-30
280000 1414000 25-30
282000 1414000 25-30
284000 1414000 25-30
286000 1414000 25-30
288000 1414000 25-30
290000 1414000 25-30
292000 1414000 25-30
294000 1414000 25-30
296000 1414000 25-30
298000 1414000 25-30
300000 1414000 25-30
302000 1414000 25-30
304000 1414000 25-30
306000 1414000 25-30
308000 1414000 25-30
310000 1414000 25-30
312000 1414000 25-30
314000 1414000 25-30
316000 1414000 20-25
318000 1414000 20-25
320000 1414000 25-30
322000 1414000 20-25
324000 1414000 15-20
326000 1414000 20-25
328000 1414000 20-25
330000 1414000 20-25
332000 1414000 20-25
334000 1414000 20-25
336000 1414000 20-25

338000 1414000 20-25
340000 1414000 20-25
342000 1414000 20-25
344000 1414000 20-25
346000 1414000 20-25
348000 1414000 20-25
350000 1414000 20-25
352000 1414000 20-25
354000 1414000 20-25
356000 1414000 20-25
358000 1414000 20-25
360000 1414000 20-25
362000 1414000 15-20
364000 1414000 20-25
366000 1414000 20-25
368000 1414000 20-25
370000 1414000 20-25
372000 1414000 20-25
374000 1414000 20-25
376000 1414000 20-25
378000 1414000 20-25
380000 1414000 20-25
382000 1414000 20-25
384000 1414000 20-25
386000 1414000 20-25
388000 1414000 20-25
390000 1414000 25-30
392000 1414000 20-25
394000 1414000 20-25
256000 1416000 20-25
258000 1416000 20-25
260000 1416000 20-25
262000 1416000 20-25
264000 1416000 25-30
266000 1416000 20-25
268000 1416000 20-25
270000 1416000 25-30
272000 1416000 25-30
274000 1416000 25-30
276000 1416000 25-30
278000 1416000 25-30
280000 1416000 25-30
282000 1416000 25-30
284000 1416000 25-30
286000 1416000 25-30
288000 1416000 25-30
290000 1416000 25-30
292000 1416000 25-30
294000 1416000 25-30
296000 1416000 30-35
298000 1416000 30-35
300000 1416000 25-30
302000 1416000 25-30
304000 1416000 25-30
306000 1416000 25-30
308000 1416000 25-30



NSW industrial noise policy

100

310000 1416000 25-30
312000 1416000 20-25
314000 1416000 25-30
316000 1416000 25-30
318000 1416000 20-25
320000 1416000 20-25
322000 1416000 20-25
324000 1416000 20-25
326000 1416000 20-25
328000 1416000 20-25
330000 1416000 15-20
332000 1416000 20-25
334000 1416000 20-25
336000 1416000 20-25
338000 1416000 20-25
340000 1416000 15-20
342000 1416000 20-25
344000 1416000 20-25
346000 1416000 20-25
348000 1416000 20-25
350000 1416000 20-25
352000 1416000 20-25
354000 1416000 20-25
356000 1416000 20-25
358000 1416000 20-25
360000 1416000 20-25
362000 1416000 15-20
364000 1416000 20-25
366000 1416000 20-25
368000 1416000 20-25
370000 1416000 20-25
372000 1416000 20-25
374000 1416000 20-25
376000 1416000 20-25
378000 1416000 20-25
380000 1416000 20-25
382000 1416000 20-25
384000 1416000 20-25
386000 1416000 20-25
388000 1416000 20-25
390000 1416000 20-25
392000 1416000 20-25
394000 1416000 20-25
256000 1418000 25-30
258000 1418000 25-30
260000 1418000 25-30
262000 1418000 25-30
264000 1418000 25-30
266000 1418000 20-25
268000 1418000 20-25
270000 1418000 25-30
272000 1418000 25-30
274000 1418000 25-30
276000 1418000 25-30
278000 1418000 25-30
280000 1418000 25-30

282000 1418000 25-30
284000 1418000 25-30
286000 1418000 25-30
288000 1418000 25-30
290000 1418000 30-35
292000 1418000 25-30
294000 1418000 30-35
296000 1418000 30-35
298000 1418000 30-35
300000 1418000 25-30
302000 1418000 25-30
304000 1418000 25-30
306000 1418000 25-30
308000 1418000 25-30
310000 1418000 20-25
312000 1418000 20-25
314000 1418000 20-25
316000 1418000 25-30
318000 1418000 20-25
320000 1418000 20-25
322000 1418000 20-25
324000 1418000 20-25
326000 1418000 20-25
328000 1418000 20-25
330000 1418000 20-25
332000 1418000 20-25
334000 1418000 20-25
336000 1418000 20-25
338000 1418000 20-25
340000 1418000 15-20
342000 1418000 20-25
344000 1418000 20-25
346000 1418000 20-25
348000 1418000 20-25
350000 1418000 20-25
352000 1418000 20-25
354000 1418000 20-25
356000 1418000 20-25
358000 1418000 20-25
360000 1418000 20-25
362000 1418000 20-25
364000 1418000 20-25
366000 1418000 20-25
368000 1418000 20-25
370000 1418000 20-25
372000 1418000 20-25
374000 1418000 20-25
376000 1418000 20-25
378000 1418000 20-25
380000 1418000 20-25
382000 1418000 20-25
384000 1418000 20-25
386000 1418000 20-25
388000 1418000 20-25
390000 1418000 20-25
392000 1418000 20-25

394000 1418000 15-20
256000 1420000 20-25
258000 1420000 25-30
260000 1420000 25-30
262000 1420000 20-25
264000 1420000 25-30
266000 1420000 25-30
268000 1420000 25-30
270000 1420000 25-30
272000 1420000 25-30
274000 1420000 25-30
276000 1420000 25-30
278000 1420000 25-30
280000 1420000 25-30
282000 1420000 25-30
284000 1420000 25-30
286000 1420000 25-30
288000 1420000 30-35
290000 1420000 30-35
292000 1420000 30-35
294000 1420000 30-35
296000 1420000 30-35
298000 1420000 30-35
300000 1420000 25-30
302000 1420000 25-30
304000 1420000 25-30
306000 1420000 25-30
308000 1420000 25-30
310000 1420000 25-30
312000 1420000 20-25
314000 1420000 20-25
316000 1420000 25-30
318000 1420000 25-30
320000 1420000 20-25
322000 1420000 20-25
324000 1420000 20-25
326000 1420000 20-25
328000 1420000 20-25
330000 1420000 20-25
332000 1420000 20-25
334000 1420000 20-25
336000 1420000 20-25
338000 1420000 20-25
340000 1420000 20-25
342000 1420000 20-25
344000 1420000 20-25
346000 1420000 20-25
348000 1420000 20-25
350000 1420000 20-25
352000 1420000 20-25
354000 1420000 20-25
356000 1420000 20-25
358000 1420000 20-25
360000 1420000 15-20
362000 1420000 15-20
364000 1420000 20-25
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366000 1420000 20-25
368000 1420000 20-25
370000 1420000 20-25
372000 1420000 20-25
374000 1420000 20-25
376000 1420000 20-25
378000 1420000 20-25
380000 1420000 20-25
382000 1420000 20-25
384000 1420000 20-25
386000 1420000 20-25
388000 1420000 20-25
390000 1420000 20-25
392000 1420000 20-25
394000 1420000 20-25
256000 1422000 20-25
258000 1422000 20-25
260000 1422000 20-25
262000 1422000 20-25
264000 1422000 25-30
266000 1422000 25-30
268000 1422000 25-30
270000 1422000 25-30
272000 1422000 25-30
274000 1422000 25-30
276000 1422000 25-30
278000 1422000 25-30
280000 1422000 25-30
282000 1422000 25-30
284000 1422000 25-30
286000 1422000 30-35
288000 1422000 30-35
290000 1422000 30-35
292000 1422000 35-40
294000 1422000 30-35
296000 1422000 30-35
298000 1422000 25-30
300000 1422000 25-30
302000 1422000 25-30
304000 1422000 25-30
306000 1422000 25-30
308000 1422000 25-30
310000 1422000 25-30
312000 1422000 20-25
314000 1422000 20-25
316000 1422000 20-25
318000 1422000 20-25
320000 1422000 20-25
322000 1422000 20-25
324000 1422000 20-25
326000 1422000 20-25
328000 1422000 20-25
330000 1422000 20-25
332000 1422000 15-20
334000 1422000 20-25
336000 1422000 20-25

338000 1422000 20-25
340000 1422000 20-25
342000 1422000 20-25
344000 1422000 20-25
346000 1422000 20-25
348000 1422000 20-25
350000 1422000 20-25
352000 1422000 20-25
354000 1422000 20-25
356000 1422000 15-20
358000 1422000 20-25
360000 1422000 15-20
362000 1422000 20-25
364000 1422000 20-25
366000 1422000 20-25
368000 1422000 20-25
370000 1422000 20-25
372000 1422000 20-25
374000 1422000 20-25
376000 1422000 20-25
378000 1422000 15-20
380000 1422000 20-25
382000 1422000 20-25
384000 1422000 20-25
386000 1422000 20-25
388000 1422000 20-25
390000 1422000 20-25
392000 1422000 20-25
394000 1422000 20-25
256000 1424000 20-25
258000 1424000 20-25
260000 1424000 20-25
262000 1424000 20-25
264000 1424000 20-25
266000 1424000 25-30
268000 1424000 25-30
270000 1424000 25-30
272000 1424000 25-30
274000 1424000 25-30
276000 1424000 25-30
278000 1424000 25-30
280000 1424000 25-30
282000 1424000 25-30
284000 1424000 25-30
286000 1424000 30-35
288000 1424000 30-35
290000 1424000 30-35
292000 1424000 30-35
294000 1424000 30-35
296000 1424000 25-30
298000 1424000 25-30
300000 1424000 25-30
302000 1424000 25-30
304000 1424000 25-30
306000 1424000 20-25
308000 1424000 25-30

310000 1424000 25-30
312000 1424000 20-25
314000 1424000 20-25
316000 1424000 20-25
318000 1424000 20-25
320000 1424000 20-25
322000 1424000 20-25
324000 1424000 20-25
326000 1424000 20-25
328000 1424000 20-25
330000 1424000 20-25
332000 1424000 15-20
334000 1424000 20-25
336000 1424000 20-25
338000 1424000 20-25
340000 1424000 20-25
342000 1424000 20-25
344000 1424000 20-25
346000 1424000 20-25
348000 1424000 20-25
350000 1424000 20-25
352000 1424000 15-20
354000 1424000 15-20
356000 1424000 15-20
358000 1424000 20-25
360000 1424000 20-25
362000 1424000 20-25
364000 1424000 20-25
366000 1424000 20-25
368000 1424000 20-25
370000 1424000 20-25
372000 1424000 15-20
374000 1424000 15-20
376000 1424000 20-25
378000 1424000 15-20
380000 1424000 20-25
382000 1424000 20-25
384000 1424000 20-25
386000 1424000 20-25
388000 1424000 20-25
390000 1424000 20-25
392000 1424000 20-25
394000 1424000 20-25
256000 1426000 20-25
258000 1426000 20-25
260000 1426000 20-25
262000 1426000 20-25
264000 1426000 20-25
266000 1426000 20-25
268000 1426000 25-30
270000 1426000 25-30
272000 1426000 25-30
274000 1426000 25-30
276000 1426000 25-30
278000 1426000 25-30
280000 1426000 25-30
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282000 1426000 25-30
284000 1426000 25-30
286000 1426000 25-30
288000 1426000 30-35
290000 1426000 30-35
292000 1426000 25-30
294000 1426000 30-35
296000 1426000 25-30
298000 1426000 25-30
300000 1426000 25-30
302000 1426000 25-30
304000 1426000 20-25
306000 1426000 20-25
308000 1426000 20-25
310000 1426000 25-30
312000 1426000 20-25
314000 1426000 20-25
316000 1426000 20-25
318000 1426000 20-25
320000 1426000 20-25
322000 1426000 20-25
324000 1426000 20-25
326000 1426000 20-25
328000 1426000 20-25
330000 1426000 20-25
332000 1426000 15-20
334000 1426000 15-20
336000 1426000 20-25
338000 1426000 20-25
340000 1426000 20-25
342000 1426000 20-25
344000 1426000 20-25
346000 1426000 20-25
348000 1426000 20-25
350000 1426000 20-25
352000 1426000 20-25
354000 1426000 15-20
356000 1426000 20-25
358000 1426000 20-25
360000 1426000 20-25
362000 1426000 20-25
364000 1426000 20-25
366000 1426000 20-25
368000 1426000 20-25
370000 1426000 20-25
372000 1426000 15-20
374000 1426000 15-20
376000 1426000 15-20
378000 1426000 20-25
380000 1426000 20-25
382000 1426000 20-25
384000 1426000 20-25
386000 1426000 20-25
388000 1426000 20-25
390000 1426000 20-25
392000 1426000 20-25

394000 1426000 15-20
256000 1428000 20-25
258000 1428000 20-25
260000 1428000 20-25
262000 1428000 20-25
264000 1428000 20-25
266000 1428000 25-30
268000 1428000 25-30
270000 1428000 25-30
272000 1428000 25-30
274000 1428000 25-30
276000 1428000 25-30
278000 1428000 25-30
280000 1428000 25-30
282000 1428000 25-30
284000 1428000 25-30
286000 1428000 25-30
288000 1428000 25-30
290000 1428000 25-30
292000 1428000 25-30
294000 1428000 25-30
296000 1428000 25-30
298000 1428000 25-30
300000 1428000 25-30
302000 1428000 25-30
304000 1428000 20-25
306000 1428000 20-25
308000 1428000 20-25
310000 1428000 20-25
312000 1428000 20-25
314000 1428000 20-25
316000 1428000 20-25
318000 1428000 20-25
320000 1428000 20-25
322000 1428000 20-25
324000 1428000 20-25
326000 1428000 20-25
328000 1428000 20-25
330000 1428000 20-25
332000 1428000 20-25
334000 1428000 20-25
336000 1428000 20-25
338000 1428000 20-25
340000 1428000 20-25
342000 1428000 20-25
344000 1428000 20-25
346000 1428000 20-25
348000 1428000 20-25
350000 1428000 20-25
352000 1428000 20-25
354000 1428000 15-20
356000 1428000 20-25
358000 1428000 20-25
360000 1428000 20-25
362000 1428000 20-25
364000 1428000 20-25

366000 1428000 20-25
368000 1428000 20-25
370000 1428000 15-20
372000 1428000 15-20
374000 1428000 20-25
376000 1428000 15-20
378000 1428000 20-25
380000 1428000 20-25
382000 1428000 20-25
384000 1428000 20-25
386000 1428000 20-25
388000 1428000 20-25
390000 1428000 20-25
392000 1428000 20-25
394000 1428000 15-20
256000 1430000 20-25
258000 1430000 20-25
260000 1430000 20-25
262000 1430000 20-25
264000 1430000 25-30
266000 1430000 20-25
268000 1430000 20-25
270000 1430000 25-30
272000 1430000 25-30
274000 1430000 25-30
276000 1430000 25-30
278000 1430000 25-30
280000 1430000 20-25
282000 1430000 20-25
284000 1430000 20-25
286000 1430000 25-30
288000 1430000 25-30
290000 1430000 25-30
292000 1430000 25-30
294000 1430000 25-30
296000 1430000 25-30
298000 1430000 25-30
300000 1430000 20-25
302000 1430000 25-30
304000 1430000 20-25
306000 1430000 20-25
308000 1430000 20-25
310000 1430000 20-25
312000 1430000 20-25
314000 1430000 20-25
316000 1430000 20-25
318000 1430000 20-25
320000 1430000 20-25
322000 1430000 20-25
324000 1430000 20-25
326000 1430000 15-20
328000 1430000 15-20
330000 1430000 20-25
332000 1430000 15-20
334000 1430000 20-25
336000 1430000 20-25
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338000 1430000 15-20
340000 1430000 15-20
342000 1430000 15-20
344000 1430000 20-25
346000 1430000 20-25
348000 1430000 20-25
350000 1430000 20-25
352000 1430000 15-20
354000 1430000 20-25
356000 1430000 20-25
358000 1430000 20-25
360000 1430000 20-25
362000 1430000 15-20
364000 1430000 20-25
366000 1430000 20-25
368000 1430000 20-25
370000 1430000 15-20
372000 1430000 15-20
374000 1430000 15-20
376000 1430000 15-20
378000 1430000 15-20
380000 1430000 20-25
382000 1430000 15-20
384000 1430000 20-25
386000 1430000 20-25
388000 1430000 20-25
390000 1430000 20-25
392000 1430000 20-25
394000 1430000 20-25
256000 1432000 20-25
258000 1432000 20-25
260000 1432000 20-25
262000 1432000 20-25
264000 1432000 20-25
266000 1432000 20-25
268000 1432000 20-25
270000 1432000 20-25
272000 1432000 20-25
274000 1432000 20-25
276000 1432000 20-25
278000 1432000 20-25
280000 1432000 20-25
282000 1432000 20-25
284000 1432000 20-25
286000 1432000 20-25
288000 1432000 20-25
290000 1432000 25-30
292000 1432000 25-30
294000 1432000 25-30
296000 1432000 20-25
298000 1432000 20-25
300000 1432000 20-25
302000 1432000 20-25
304000 1432000 20-25
306000 1432000 20-25
308000 1432000 20-25

310000 1432000 20-25
312000 1432000 20-25
314000 1432000 20-25
316000 1432000 20-25
318000 1432000 15-20
320000 1432000 20-25
322000 1432000 20-25
324000 1432000 20-25
326000 1432000 15-20
328000 1432000 15-20
330000 1432000 20-25
332000 1432000 15-20
334000 1432000 20-25
336000 1432000 20-25
338000 1432000 15-20
340000 1432000 15-20
342000 1432000 20-25
344000 1432000 20-25
346000 1432000 20-25
348000 1432000 20-25
350000 1432000 15-20
352000 1432000 20-25
354000 1432000 20-25
356000 1432000 20-25
358000 1432000 20-25
360000 1432000 15-20
362000 1432000 20-25
364000 1432000 20-25
366000 1432000 15-20
368000 1432000 15-20
370000 1432000 15-20
372000 1432000 15-20
374000 1432000 15-20
376000 1432000 15-20
378000 1432000 20-25
380000 1432000 20-25
382000 1432000 15-20
384000 1432000 20-25
386000 1432000 20-25
388000 1432000 20-25
390000 1432000 20-25
392000 1432000 20-25
394000 1432000 20-25
256000 1434000 20-25
258000 1434000 20-25
260000 1434000 20-25
262000 1434000 20-25
264000 1434000 20-25
266000 1434000 20-25
268000 1434000 20-25
270000 1434000 20-25
272000 1434000 20-25
274000 1434000 20-25
276000 1434000 20-25
278000 1434000 20-25
280000 1434000 20-25

282000 1434000 20-25
284000 1434000 20-25
286000 1434000 15-20
288000 1434000 20-25
290000 1434000 20-25
292000 1434000 25-30
294000 1434000 25-30
296000 1434000 20-25
298000 1434000 20-25
300000 1434000 20-25
302000 1434000 20-25
304000 1434000 20-25
306000 1434000 20-25
308000 1434000 20-25
310000 1434000 20-25
312000 1434000 20-25
314000 1434000 20-25
316000 1434000 15-20
318000 1434000 15-20
320000 1434000 15-20
322000 1434000 15-20
324000 1434000 15-20
326000 1434000 15-20
328000 1434000 15-20
330000 1434000 15-20
332000 1434000 15-20
334000 1434000 15-20
336000 1434000 20-25
338000 1434000 15-20
340000 1434000 15-20
342000 1434000 20-25
344000 1434000 15-20
346000 1434000 20-25
348000 1434000 20-25
350000 1434000 15-20
352000 1434000 20-25
354000 1434000 20-25
356000 1434000 15-20
358000 1434000 20-25
360000 1434000 20-25
362000 1434000 15-20
364000 1434000 20-25
366000 1434000 15-20
368000 1434000 15-20
370000 1434000 15-20
372000 1434000 15-20
374000 1434000 15-20
376000 1434000 20-25
378000 1434000 20-25
380000 1434000 20-25
382000 1434000 15-20
384000 1434000 15-20
386000 1434000 20-25
388000 1434000 20-25
390000 1434000 20-25
392000 1434000 15-20
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394000 1434000 15-20
256000 1436000 20-25
258000 1436000 20-25
260000 1436000 20-25
262000 1436000 20-25
264000 1436000 20-25
266000 1436000 20-25
268000 1436000 20-25
270000 1436000 20-25
272000 1436000 20-25
274000 1436000 20-25
276000 1436000 20-25
278000 1436000 20-25
280000 1436000 20-25
282000 1436000 20-25
284000 1436000 20-25
286000 1436000 20-25
288000 1436000 20-25
290000 1436000 20-25
292000 1436000 20-25
294000 1436000 20-25
296000 1436000 20-25
298000 1436000 20-25
300000 1436000 20-25
302000 1436000 20-25
304000 1436000 20-25
306000 1436000 20-25
308000 1436000 20-25
310000 1436000 20-25
312000 1436000 20-25
314000 1436000 20-25
316000 1436000 20-25
318000 1436000 20-25
320000 1436000 20-25
322000 1436000 15-20
324000 1436000 15-20
326000 1436000 15-20
328000 1436000 15-20
330000 1436000 15-20
332000 1436000 15-20
334000 1436000 15-20
336000 1436000 20-25
338000 1436000 20-25
340000 1436000 15-20
342000 1436000 15-20
344000 1436000 15-20
346000 1436000 20-25
348000 1436000 20-25
350000 1436000 15-20
352000 1436000 20-25
354000 1436000 15-20
356000 1436000 15-20
358000 1436000 20-25
360000 1436000 15-20
362000 1436000 15-20
364000 1436000 15-20

366000 1436000 15-20
368000 1436000 15-20
370000 1436000 15-20
372000 1436000 15-20
374000 1436000 15-20
376000 1436000 15-20
378000 1436000 20-25
380000 1436000 20-25
382000 1436000 15-20
384000 1436000 15-20
386000 1436000 20-25
388000 1436000 20-25
390000 1436000 20-25
392000 1436000 15-20
394000 1436000 15-20
256000 1438000 20-25
258000 1438000 20-25
260000 1438000 20-25
262000 1438000 20-25
264000 1438000 20-25
266000 1438000 20-25
268000 1438000 20-25
270000 1438000 20-25
272000 1438000 20-25
274000 1438000 20-25
276000 1438000 20-25
278000 1438000 20-25
280000 1438000 20-25
282000 1438000 20-25
284000 1438000 20-25
286000 1438000 20-25
288000 1438000 20-25
290000 1438000 20-25
292000 1438000 20-25
294000 1438000 20-25
296000 1438000 20-25
298000 1438000 20-25
300000 1438000 20-25
302000 1438000 20-25
304000 1438000 20-25
306000 1438000 20-25
308000 1438000 20-25
310000 1438000 20-25
312000 1438000 20-25
314000 1438000 20-25
316000 1438000 20-25
318000 1438000 20-25
320000 1438000 15-20
322000 1438000 20-25
324000 1438000 15-20
326000 1438000 15-20
328000 1438000 15-20
330000 1438000 15-20
332000 1438000 15-20
334000 1438000 20-25
336000 1438000 15-20

338000 1438000 20-25
340000 1438000 15-20
342000 1438000 15-20
344000 1438000 20-25
346000 1438000 20-25
348000 1438000 15-20
350000 1438000 15-20
352000 1438000 15-20
354000 1438000 15-20
356000 1438000 20-25
358000 1438000 20-25
360000 1438000 15-20
362000 1438000 15-20
364000 1438000 15-20
366000 1438000 10-15
368000 1438000 15-20
370000 1438000 15-20
372000 1438000 15-20
374000 1438000 15-20
376000 1438000 15-20
378000 1438000 15-20
380000 1438000 20-25
382000 1438000 15-20
384000 1438000 20-25
386000 1438000 20-25
388000 1438000 20-25
390000 1438000 20-25
392000 1438000 20-25
394000 1438000 15-20
256000 1440000 20-25
258000 1440000 20-25
260000 1440000 20-25
262000 1440000 20-25
264000 1440000 20-25
266000 1440000 20-25
268000 1440000 20-25
270000 1440000 20-25
272000 1440000 20-25
274000 1440000 15-20
276000 1440000 20-25
278000 1440000 20-25
280000 1440000 20-25
282000 1440000 20-25
284000 1440000 20-25
286000 1440000 20-25
288000 1440000 20-25
290000 1440000 20-25
292000 1440000 20-25
294000 1440000 20-25
296000 1440000 20-25
298000 1440000 20-25
300000 1440000 20-25
302000 1440000 20-25
304000 1440000 20-25
306000 1440000 20-25
308000 1440000 20-25
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310000 1440000 20-25
312000 1440000 20-25
314000 1440000 20-25
316000 1440000 20-25
318000 1440000 15-20
320000 1440000 15-20
322000 1440000 15-20
324000 1440000 15-20
326000 1440000 15-20
328000 1440000 15-20
330000 1440000 15-20
332000 1440000 15-20
334000 1440000 15-20
336000 1440000 15-20
338000 1440000 15-20
340000 1440000 15-20
342000 1440000 15-20
344000 1440000 15-20
346000 1440000 15-20
348000 1440000 15-20
350000 1440000 15-20
352000 1440000 15-20
354000 1440000 20-25
356000 1440000 20-25
358000 1440000 20-25
360000 1440000 15-20
362000 1440000 15-20
364000 1440000 15-20
366000 1440000 15-20
368000 1440000 15-20
370000 1440000 15-20
372000 1440000 15-20
374000 1440000 15-20
376000 1440000 15-20
378000 1440000 15-20
380000 1440000 15-20
382000 1440000 15-20
384000 1440000 20-25
386000 1440000 20-25
388000 1440000 20-25
390000 1440000 20-25
392000 1440000 20-25
394000 1440000 15-20
256000 1442000 20-25
258000 1442000 20-25
260000 1442000 20-25
262000 1442000 20-25
264000 1442000 20-25
266000 1442000 20-25
268000 1442000 20-25
270000 1442000 20-25
272000 1442000 20-25
274000 1442000 15-20
276000 1442000 15-20
278000 1442000 15-20
280000 1442000 20-25

282000 1442000 20-25
284000 1442000 20-25
286000 1442000 20-25
288000 1442000 20-25
290000 1442000 20-25
292000 1442000 20-25
294000 1442000 20-25
296000 1442000 20-25
298000 1442000 20-25
300000 1442000 20-25
302000 1442000 20-25
304000 1442000 20-25
306000 1442000 20-25
308000 1442000 20-25
310000 1442000 20-25
312000 1442000 20-25
314000 1442000 20-25
316000 1442000 20-25
318000 1442000 15-20
320000 1442000 15-20
322000 1442000 15-20
324000 1442000 15-20
326000 1442000 15-20
328000 1442000 15-20
330000 1442000 15-20
332000 1442000 15-20
334000 1442000 15-20
336000 1442000 15-20
338000 1442000 15-20
340000 1442000 15-20
342000 1442000 15-20
344000 1442000 15-20
346000 1442000 15-20
348000 1442000 15-20
350000 1442000 15-20
352000 1442000 15-20
354000 1442000 15-20
356000 1442000 15-20
358000 1442000 15-20
360000 1442000 15-20
362000 1442000 15-20
364000 1442000 15-20
366000 1442000 15-20
368000 1442000 15-20
370000 1442000 15-20
372000 1442000 15-20
374000 1442000 15-20
376000 1442000 15-20
378000 1442000 15-20
380000 1442000 15-20
382000 1442000 15-20
384000 1442000 20-25
386000 1442000 20-25
388000 1442000 20-25
390000 1442000 20-25
392000 1442000 15-20

394000 1442000 15-20
256000 1444000 20-25
258000 1444000 20-25
260000 1444000 20-25
262000 1444000 20-25
264000 1444000 20-25
266000 1444000 20-25
268000 1444000 20-25
270000 1444000 20-25
272000 1444000 20-25
274000 1444000 15-20
276000 1444000 15-20
278000 1444000 15-20
280000 1444000 20-25
282000 1444000 20-25
284000 1444000 20-25
286000 1444000 20-25
288000 1444000 20-25
290000 1444000 20-25
292000 1444000 20-25
294000 1444000 20-25
296000 1444000 20-25
298000 1444000 20-25
300000 1444000 20-25
302000 1444000 20-25
304000 1444000 20-25
306000 1444000 20-25
308000 1444000 20-25
310000 1444000 20-25
312000 1444000 20-25
314000 1444000 20-25
316000 1444000 20-25
318000 1444000 15-20
320000 1444000 15-20
322000 1444000 15-20
324000 1444000 15-20
326000 1444000 15-20
328000 1444000 10-15
330000 1444000 15-20
332000 1444000 15-20
334000 1444000 15-20
336000 1444000 15-20
338000 1444000 15-20
340000 1444000 15-20
342000 1444000 15-20
344000 1444000 15-20
346000 1444000 15-20
348000 1444000 15-20
350000 1444000 15-20
352000 1444000 15-20
354000 1444000 15-20
356000 1444000 15-20
358000 1444000 15-20
360000 1444000 15-20
362000 1444000 15-20
364000 1444000 10-15
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366000 1444000 15-20
368000 1444000 15-20
370000 1444000 15-20
372000 1444000 15-20
374000 1444000 15-20
376000 1444000 15-20
378000 1444000 15-20
380000 1444000 15-20
382000 1444000 20-25
384000 1444000 20-25
386000 1444000 20-25
388000 1444000 20-25
390000 1444000 20-25
392000 1444000 20-25
394000 1444000 20-25
256000 1446000 20-25
258000 1446000 20-25
260000 1446000 20-25
262000 1446000 20-25
264000 1446000 20-25
266000 1446000 20-25
268000 1446000 20-25
270000 1446000 20-25
272000 1446000 20-25
274000 1446000 15-20
276000 1446000 20-25
278000 1446000 20-25
280000 1446000 20-25
282000 1446000 20-25
284000 1446000 20-25
286000 1446000 20-25
288000 1446000 20-25
290000 1446000 20-25
292000 1446000 20-25
294000 1446000 20-25
296000 1446000 20-25
298000 1446000 20-25
300000 1446000 20-25
302000 1446000 20-25
304000 1446000 20-25
306000 1446000 20-25
308000 1446000 20-25
310000 1446000 20-25
312000 1446000 20-25
314000 1446000 20-25
316000 1446000 20-25
318000 1446000 20-25
320000 1446000 20-25
322000 1446000 15-20
324000 1446000 15-20
326000 1446000 15-20
328000 1446000 15-20
330000 1446000 15-20
332000 1446000 15-20
334000 1446000 15-20
336000 1446000 15-20

338000 1446000 15-20
340000 1446000 10-15
342000 1446000 15-20
344000 1446000 15-20
346000 1446000 15-20
348000 1446000 10-15
350000 1446000 15-20
352000 1446000 15-20
354000 1446000 10-15
356000 1446000 10-15
358000 1446000 10-15
360000 1446000 15-20
362000 1446000 10-15
364000 1446000 15-20
366000 1446000 15-20
368000 1446000 15-20
370000 1446000 15-20
372000 1446000 10-15
374000 1446000 15-20
376000 1446000 15-20
378000 1446000 15-20
380000 1446000 15-20
382000 1446000 15-20
384000 1446000 15-20
386000 1446000 20-25
388000 1446000 20-25
390000 1446000 20-25
392000 1446000 20-25
394000 1446000 20-25
256000 1448000 20-25
258000 1448000 20-25
260000 1448000 20-25
262000 1448000 20-25
264000 1448000 20-25
266000 1448000 20-25
268000 1448000 20-25
270000 1448000 20-25
272000 1448000 20-25
274000 1448000 20-25
276000 1448000 20-25
278000 1448000 20-25
280000 1448000 20-25
282000 1448000 20-25
284000 1448000 20-25
286000 1448000 20-25
288000 1448000 20-25
290000 1448000 20-25
292000 1448000 20-25
294000 1448000 20-25
296000 1448000 20-25
298000 1448000 20-25
300000 1448000 20-25
302000 1448000 20-25
304000 1448000 20-25
306000 1448000 20-25
308000 1448000 20-25

310000 1448000 20-25
312000 1448000 20-25
314000 1448000 15-20
316000 1448000 15-20
318000 1448000 15-20
320000 1448000 15-20
322000 1448000 15-20
324000 1448000 15-20
326000 1448000 15-20
328000 1448000 15-20
330000 1448000 10-15
332000 1448000 15-20
334000 1448000 15-20
336000 1448000 10-15
338000 1448000 15-20
340000 1448000 10-15
342000 1448000 15-20
344000 1448000 10-15
346000 1448000 15-20
348000 1448000 10-15
350000 1448000 10-15
352000 1448000 10-15
354000 1448000 10-15
356000 1448000 10-15
358000 1448000 10-15
360000 1448000 15-20
362000 1448000 10-15
364000 1448000 15-20
366000 1448000 15-20
368000 1448000 15-20
370000 1448000 15-20
372000 1448000 15-20
374000 1448000 15-20
376000 1448000 20-25
378000 1448000 15-20
380000 1448000 15-20
382000 1448000 15-20
384000 1448000 20-25
386000 1448000 20-25
388000 1448000 20-25
390000 1448000 20-25
392000 1448000 20-25
394000 1448000 20-25
256000 1450000 20-25
258000 1450000 20-25
260000 1450000 20-25
262000 1450000 20-25
264000 1450000 20-25
266000 1450000 20-25
268000 1450000 20-25
270000 1450000 20-25
272000 1450000 20-25
274000 1450000 20-25
276000 1450000 20-25
278000 1450000 20-25
280000 1450000 20-25
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282000 1450000 20-25
284000 1450000 20-25
286000 1450000 20-25
288000 1450000 20-25
290000 1450000 20-25
292000 1450000 20-25
294000 1450000 20-25
296000 1450000 20-25
298000 1450000 20-25
300000 1450000 20-25
302000 1450000 20-25
304000 1450000 20-25
306000 1450000 20-25
308000 1450000 20-25
310000 1450000 20-25
312000 1450000 15-20
314000 1450000 15-20
316000 1450000 15-20
318000 1450000 15-20
320000 1450000 15-20
322000 1450000 10-15
324000 1450000 10-15
326000 1450000 15-20
328000 1450000 15-20
330000 1450000 15-20
332000 1450000 15-20
334000 1450000 15-20
336000 1450000 10-15
338000 1450000 10-15
340000 1450000 10-15
342000 1450000 10-15
344000 1450000 10-15
346000 1450000 10-15
348000 1450000 10-15
350000 1450000 10-15
352000 1450000 10-15
354000 1450000 10-15
356000 1450000 10-15
358000 1450000 10-15
360000 1450000 15-20
362000 1450000 15-20
364000 1450000 15-20
366000 1450000 15-20
368000 1450000 15-20
370000 1450000 15-20
372000 1450000 15-20
374000 1450000 15-20
376000 1450000 20-25
378000 1450000 20-25
380000 1450000 20-25
382000 1450000 20-25
384000 1450000 20-25
386000 1450000 20-25
388000 1450000 20-25
390000 1450000 20-25
392000 1450000 20-25

394000 1450000 20-25
256000 1452000 20-25
258000 1452000 20-25
260000 1452000 20-25
262000 1452000 20-25
264000 1452000 20-25
266000 1452000 20-25
268000 1452000 20-25
270000 1452000 20-25
272000 1452000 20-25
274000 1452000 20-25
276000 1452000 15-20
278000 1452000 20-25
280000 1452000 20-25
282000 1452000 20-25
284000 1452000 20-25
286000 1452000 20-25
288000 1452000 20-25
290000 1452000 20-25
292000 1452000 20-25
294000 1452000 20-25
296000 1452000 20-25
298000 1452000 20-25
300000 1452000 20-25
302000 1452000 20-25
304000 1452000 20-25
306000 1452000 20-25
308000 1452000 20-25
310000 1452000 15-20
312000 1452000 15-20
314000 1452000 15-20
316000 1452000 15-20
318000 1452000 15-20
320000 1452000 15-20
322000 1452000 15-20
324000 1452000 10-15
326000 1452000 10-15
328000 1452000 10-15
330000 1452000 15-20
332000 1452000 15-20
334000 1452000 15-20
336000 1452000 15-20
338000 1452000 10-15
340000 1452000 10-15
342000 1452000 10-15
344000 1452000 10-15
346000 1452000 10-15
348000 1452000 10-15
350000 1452000 10-15
352000 1452000 10-15
354000 1452000 10-15
356000 1452000 10-15
358000 1452000 10-15
360000 1452000 15-20
362000 1452000 15-20
364000 1452000 15-20

366000 1452000 15-20
368000 1452000 15-20
370000 1452000 15-20
372000 1452000 20-25
374000 1452000 15-20
376000 1452000 20-25
378000 1452000 20-25
380000 1452000 20-25
382000 1452000 20-25
384000 1452000 20-25
386000 1452000 20-25
388000 1452000 20-25
390000 1452000 20-25
392000 1452000 20-25
394000 1452000 20-25
256000 1454000 20-25
258000 1454000 20-25
260000 1454000 20-25
262000 1454000 20-25
264000 1454000 20-25
266000 1454000 20-25
268000 1454000 20-25
270000 1454000 20-25
272000 1454000 20-25
274000 1454000 20-25
276000 1454000 15-20
278000 1454000 20-25
280000 1454000 20-25
282000 1454000 20-25
284000 1454000 20-25
286000 1454000 20-25
288000 1454000 20-25
290000 1454000 20-25
292000 1454000 20-25
294000 1454000 20-25
296000 1454000 20-25
298000 1454000 20-25
300000 1454000 20-25
302000 1454000 20-25
304000 1454000 20-25
306000 1454000 20-25
308000 1454000 20-25
310000 1454000 20-25
312000 1454000 20-25
314000 1454000 15-20
316000 1454000 15-20
318000 1454000 10-15
320000 1454000 10-15
322000 1454000 10-15
324000 1454000 10-15
326000 1454000 15-20
328000 1454000 15-20
330000 1454000 15-20
332000 1454000 15-20
334000 1454000 10-15
336000 1454000 10-15
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338000 1454000 10-15
340000 1454000 10-15
342000 1454000 10-15
344000 1454000 10-15
346000 1454000 10-15
348000 1454000 10-15
350000 1454000 10-15
352000 1454000 10-15
354000 1454000 15-20
356000 1454000 15-20
358000 1454000 15-20
360000 1454000 15-20
362000 1454000 10-15
364000 1454000 15-20
366000 1454000 15-20
368000 1454000 15-20
370000 1454000 15-20
372000 1454000 15-20
374000 1454000 15-20
376000 1454000 20-25
378000 1454000 20-25
380000 1454000 20-25
382000 1454000 20-25
384000 1454000 20-25
386000 1454000 20-25
388000 1454000 20-25
390000 1454000 20-25
392000 1454000 20-25
394000 1454000 20-25
256000 1456000 20-25
258000 1456000 20-25
260000 1456000 20-25
262000 1456000 20-25
264000 1456000 20-25
266000 1456000 20-25
268000 1456000 20-25
270000 1456000 20-25
272000 1456000 20-25
274000 1456000 20-25
276000 1456000 20-25
278000 1456000 20-25
280000 1456000 20-25
282000 1456000 20-25
284000 1456000 20-25
286000 1456000 20-25
288000 1456000 20-25
290000 1456000 20-25
292000 1456000 20-25
294000 1456000 20-25
296000 1456000 20-25
298000 1456000 20-25
300000 1456000 20-25
302000 1456000 20-25
304000 1456000 20-25
306000 1456000 20-25
308000 1456000 20-25
310000 1456000 20-25

312000 1456000 20-25
314000 1456000 20-25
316000 1456000 15-20
318000 1456000 15-20
320000 1456000 15-20
322000 1456000 15-20
324000 1456000 15-20
326000 1456000 15-20
328000 1456000 15-20
330000 1456000 15-20
332000 1456000 15-20
334000 1456000 15-20
336000 1456000 10-15
338000 1456000 10-15
340000 1456000 10-15
342000 1456000 10-15
344000 1456000 10-15
346000 1456000 10-15
348000 1456000 10-15
350000 1456000 10-15
352000 1456000 10-15
354000 1456000 10-15
356000 1456000 10-15
358000 1456000 15-20
360000 1456000 15-20
362000 1456000 15-20
364000 1456000 15-20
366000 1456000 15-20
368000 1456000 20-25
370000 1456000 15-20
372000 1456000 15-20
374000 1456000 15-20
376000 1456000 20-25
378000 1456000 15-20
380000 1456000 15-20
382000 1456000 20-25
384000 1456000 20-25
386000 1456000 20-25
388000 1456000 20-25
390000 1456000 20-25
392000 1456000 20-25
394000 1456000 20-25
256000 1458000 20-25
258000 1458000 20-25
260000 1458000 20-25
262000 1458000 20-25
264000 1458000 20-25
266000 1458000 20-25
268000 1458000 20-25
270000 1458000 20-25
272000 1458000 15-20
274000 1458000 20-25
276000 1458000 20-25
278000 1458000 20-25
280000 1458000 20-25
282000 1458000 20-25

284000 1458000 20-25
286000 1458000 20-25
288000 1458000 20-25
290000 1458000 20-25
292000 1458000 20-25
294000 1458000 20-25
296000 1458000 20-25
298000 1458000 20-25
300000 1458000 20-25
302000 1458000 20-25
304000 1458000 20-25
306000 1458000 20-25
308000 1458000 20-25
310000 1458000 20-25
312000 1458000 20-25
314000 1458000 20-25
316000 1458000 15-20
318000 1458000 15-20
320000 1458000 20-25
322000 1458000 20-25
324000 1458000 15-20
326000 1458000 15-20
328000 1458000 15-20
330000 1458000 15-20
332000 1458000 15-20
334000 1458000 15-20
336000 1458000 10-15
338000 1458000 10-15
340000 1458000 10-15
342000 1458000 10-15
344000 1458000 10-15
346000 1458000 10-15
348000 1458000 10-15
350000 1458000 10-15
352000 1458000 10-15
354000 1458000 15-20
356000 1458000 15-20
358000 1458000 15-20
360000 1458000 15-20
362000 1458000 15-20
364000 1458000 15-20
366000 1458000 15-20
368000 1458000 20-25
370000 1458000 15-20
372000 1458000 15-20
374000 1458000 20-25
376000 1458000 15-20
378000 1458000 15-20
380000 1458000 15-20
382000 1458000 20-25
384000 1458000 20-25
386000 1458000 20-25
388000 1458000 20-25
390000 1458000 20-25
392000 1458000 20-25
394000 1458000 20-25
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