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1 Introduction 
1.1 Background 

Sundown Solar Pty Ltd (Sundown Solar) proposes to develop a large-scale solar photovoltaic (PV) generation and 
battery energy storage system (BESS) facility in Spring Mountain, approximately 30 km east of Inverell in the New 
England Tablelands region of northern NSW (Figure 1.1). 

The project will be assessed as a State Significant Development (SSD) under State Environmental Planning Policy 
(State and Regional Development) 2011 (SRD SEPP). Accordingly, an Environmental Impact Statement (EIS) for the 
project is required under the NSW Environmental Planning and Assessment Act 1979 (EP&A Act). Secretary’s 
Environmental Assessment Requirements (SEARs) were issued in 2017, and re-issued in August 2020. Sundown 
Solar has engaged EMM Consulting Pty Limited (EMM) to prepare the EIS and supporting technical assessments. 
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Figure 1.1

Regional context
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1.2 Purpose of this report 

The key objectives of this report are to: 

• describe the applicable noise and vibration regulatory framework; 

• describe and characterise the existing noise and vibration environment relevant to the project; 

• identify and assess potential noise and vibration impacts of the project construction and operation; and 

• identify appropriate mitigation and management measures for the project. 

1.3 Other relevant reports 

This assessment has taken into consideration the results of the traffic impact assessment.  

1.4 Key terminology 

The following definitions have been adopted throughout this report (Table 1.1). 

Table 1.1 Key terminology 

Terminology Description 

The project The Sundown Solar Farm. This refers to all elements that comprise the project for which approval is 
sought. 

The site The area proposed to be developed as Sundown Solar Farm. 

Project area Comprises the three lots on which the project will be developed. The project area comprises the 
development footprint as well as the areas that will remain undeveloped.  
The project area comprises an area of approximately 2,097 hectares (ha). 

Development footprint The extent of surface area within the project area that will comprise project-related infrastructure 
(such as the PV panels, BESS, substation, switchroom, internal access roads, etc).  
The development footprint comprises an area of approximately 651 ha. 

Disturbance footprint The extent of surface area within the project area that will be disturbed to facilitate the construction 
of the project plus the extent of surface area associated with the access road that will be disturbed to 
facilitate the construction of the access road and associated intersection.  
The disturbance footprint comprises an area of approximately 729 ha (including approximately 7.6 ha 
associated with the access road). 

1.5 Legislation 

This assessment has been prepared in accordance with: 

• Environmental Planning and Assessment Act 1979; and 

• Protection of the Environment Operations Act 1997 (POEO Act). 
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1.6 Guidelines 

The following guidelines apply to project related operational and construction noise and vibration: 

• NSW Noise Policy for Industry (NPFI) 2017, Environmental Protection Authority1; 

• NSW Interim Construction Noise Guideline (ICNG) 2009, Department of Environment and Climate Change; 

• NSW Road Noise Policy (RNP), Department of Environment 2011, Climate Change and Water; 

• NSW Assessing Vibration – a technical guideline (AVTG) 2006, Department of Environment and 
Conservation; 

• NSW Noise Criteria Guideline (NCG) 2015, Roads and Maritime Services; 

• NSW Noise Mitigation Guideline (NMG) 2015, Roads and Maritime Services; 

• Construction noise and vibration guideline (CNVG) 2016, Roads and Maritime Services; 

• Australian Standard AS/NZS 2107:2000 ‘Acoustics – Recommended design sound levels and reverberation 
times for building interiors’; 

• Australian Standard 2834–1995 Computer Accommodation, Chapter 2.9 Vibration; 

• Australian Standard AS 2187.2 Explosives - Storage and use - Part 2 Use of explosives; 

• Australian Standard AS2436-1981 Guide to Noise Control on Construction, Maintenance and Demolition 
Sites; 

• British Standard BS 6472–2008, Evaluation of human exposure to vibration in buildings (1–80Hz’; 

• British Standard 7385: Part 2–1993 Evaluation and measurement of vibration in buildings; 

• German Standard DIN4150–2016 Structural vibration Part 3: Effects of vibration on Structures; 

• Roadway construction noise model user’s guide, Federal Highway Administration 2006 (FHWA), US 
Department of Transportation; and 

• Environmental Noise Management Manual (ENMM) 2001, Roads and Traffic Authority. 

 
1 This document has since been superseded by the NSW Noise Policy for Industry (NPfI) 2017. However, the INP remains the relevant policy in 

accordance with the project’s Instrument of Approval and NPfI transitional requirements. 
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2 Project description 
2.1 Project overview  

The project involves the development, construction and operation of a solar PV electricity generation facility and 
associated BESS.  

Key infrastructure is shown in Figure 2.1 and comprises:  

• a network of approximately 660,000 panels and associated mounting infrastructure; 

• a 150 MW battery energy storage system (BESS); 

• 330 kV onsite substation; 

• electrical collection and conversion systems, including inverter and transformer units, switchyard and 
control room; 

• underground and aboveground cables; 

• a management hub, including demountable offices and amenities and equipment sheds;  

• onsite creek crossings; 

• security fencing;  

• temporary laydown areas (during construction and decommissioning);  

• parking and internal access roads;  

• lighting; and  

• firefighting infrastructure. 

The project will also include the upgrade of the access road (Spring Mountain Road and Sturmans Road) and the 
Gwydir Highway/Spring Mountain Road intersection.  

During the preparation of the EIS, the development footprint within the project boundary has been refined to 
consider any environmental constraints identified, outcomes of stakeholder engagement, community consultation 
and design of project infrastructure with the objective of developing an efficient project that avoids and minimises 
environmental impacts. 

The project’s targeted generating capacity is up to 360 MW (AC) and up to 150 MW (AC) four‐hours of energy 
storage. The final number of PV modules will be dependent on detailed design, availability, and commercial 
considerations at the time of construction. 

Electricity generated by the project will be injected into the grid via a new onsite substation connected to 
TransGrid’s 330 kV transmission line that traverses the site. 
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Conceptual site layout
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2.1.1 Construction traffic 

The project would require a peak construction workforce of up to 400 people. Peak construction would be 
experienced during stage 2 work and more precisely during delivery and installation of solar arrays, which is 
expected to be 8–10 weeks in duration. 

During construction, there will be a preference for employment of local and regional residents where they are 
able to demonstrate relevant skills and experience. 

Sundown Solar will run a shuttle bus service from Inverell and Glen Innes for most of its construction workforce. 

Sundown Solar has consulted with Inverell Shire Council and Glen Innes Severn Council with regards to potential 
pick up/muster points for shuttle bus services operating to and from Inverell and Glen Innes. The exact locations 
of these muster points will be determined in consultation with the relevant Councils prior to the commencement 
of construction. 

All construction traffic from both towns would use Gwydir Highway, Spring Mountain Road, and Sturmans Road to 
enter and exit the site.  

In addition to the shuttle bus service, some of the construction workforce may instead travel via light vehicle 
from Glen Innes or Inverell, via Gwydir Highway. Some workers may travel from further locations and all will 
travel through Glen Innes or Inverell. 

For the purposes of this assessment, it is assumed that 50% of the workforce would travel by shuttle buses 
whereas the remaining 50% would travel by private vehicles. Assumptions also include capacity of 20 passengers 
per shuttle bus and 1 worker traveling per private vehicle. 

B-doubles will be used during the construction phase (up to 26 m in length). Over Size Over Mass (OSOM) vehicles 
will also be required to access the site during construction.  

The predicted peak daily and hourly light and heavy vehicle movements for each type of vehicle during the peak 
construction stage of the project are provided in Table 2.1. 

Table 2.1 Construction trips 

Peak construction stage Daily movements Peak hour movements 

Light vehicles 200 80 

Shuttle buses 28 14 

Heavy vehicles 200 16 

Total 428 110 

Note: A ‘movement’ is defined as a vehicle entering or exiting the site.  
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2.2 Operation 

The key activities during the operation phase will comprise:  

• operation of the solar arrays and BESS; 

• maintenance of all electrical and mechanical equipment, including tracker system, cabling, PV modules, 
switchgear, BESS and communication systems; 

• management of vegetation, weeds and pests; 

• fence and access road management; 

• landscaping; 

• panel cleaning, repair and replacement; and  

• site security. 

2.2.1 Operational traffic 

During the 35 year operational life, there will be a maximum of 2 to 3 staff which will potentially generate 6 traffic 
movements (3 incoming and 3 outgoing movements) per day. As the site operational traffic is expected to be 
significantly lower than the construction traffic, operational traffic impacts have not been assessed in any detail in 
this assessment. 
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3 Existing environment  
3.1 Land use  

Land use in Spring Mountain consists largely of rural farmland and with activities typically limited to daytime 
hours.  

There are 21 potentially sensitive receptors (residential properties) within a 4 km radius of the project area 
boundary (Table 3.1 and Figure 3.1). This excludes the two associated properties located within the project area. 
Throughout this report, potentially sensitive receptors are referred to as noise assessment locations.  

There are no schools, child-care centres, hospitals, or other potentially sensitive land uses within 2 km of the site 
boundary. 

Table 3.1 Noise assessment locations 

ID Address Classification Easting Northing 

R1 Lachlana, 122 Cooks Rd, Newstead NSW 2360 Residential 345292 6696323 

R2 St Lawrence, 2312 Elsmore Rd, Newstead NSW 2360 Residential 342345 6696911 

R3 Newstead, 4157 Gwydir Hwy, Newstead NSW 2360 Residential 342016 6700484 

R4 3692 Gwydir Hwy, Swan Vale NSW 2370 Residential 345796 6704993 

R5 3598 Gwydir Hwy, Swan Vale NSW 2370 Residential 347626 6705096 

R6a1 3382 Gwydir Hwy, Swan Vale NSW 2370 Residential 348719 6705178 

R6b 3382 Gwydir Hwy, Swan Vale NSW 2370 Residential 351401 6705475 

R7 77 Inverness Rd, Swan Vale NSW 2370  Residential 349204 6704581 

R8 3236 Gwydir Hwy, Swan Vale NSW 2370 Residential 350061 6706299 

R9 3163 Gwydir Hwy, Swan Vale NSW 2370 Residential 350603 6705951 

R10 3112 Gwydir Hwy, Swan Vale NSW 2370 Residential 351037 6706073 

R11 32 Spring Mountain Rd, Swan Vale NSW 2370 Residential 351677 6705176 

R12 3018 Gwydir Hwy, Swan Vale NSW 2370 Residential 352063 6705874 

R13 2963 Gwydir Hwy, Swan Vale NSW 2370 Residential 352499 6705604 

R14 155 Spring Mountain Rd, Swan Vale NSW 2370 Residential 352552 6704570 

R15 489 Spring Mountain Rd, Swan Vale NSW 2370 Residential 352567 6701774 

R16 170 Northcotts Rd, Spring Mountain NSW 2360 Residential 352480 6699255 

R17 Kokoda, 934 Spring Mountain Road, Spring Mountain NSW 2360 Residential 355787 6699536 

R18 2929 Elsmore Road, Paradise NSW 2360 Residential 346924 6693507 

R19 Yarrawa Park, 3382 Gwydir Hwy, Swan Vale NSW 2370 Residential 348460 6705714 

R20 Alkoomie, 2962 Gwydir Hwy, Swan Vale NSW 2370 Residential 352981 6706030 

R21 Pieta, 2861 Gwydir Hwy, Swan Vale NSW 2370 Residential 353570 6705097 

1. R6a and R6b share the same postal address but the property has two separate residential properties, approximately 2–3 km apart from each 

other.  



!!!!
!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!
!

!
!

!
!

!

!

!

!

!

!
!

!
! ! ! ! ! ! ! !

!
!

! !
!

!
!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!
!

!
!

!
!

!
!

!
!

!
!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!
!

!!!!!!!
!

!
!!

"

"

"

"

""
"

"

"

""

"

"

)

)

)

)

))
)

)

)

))

)

)

"

"

"

"

"
"

"

"

)

)

)

)

)
)

)

)

!!

!!

!!

!!

!!

!!

!!

!!
!! !!

!!

!!

!!

!!
!!

!!

!!

!!

!!

!!

!!

!!

!!

!!

SPRING

M OUNTAIN ROAD

4 km

Sp ring Creek

Newste a d Creek

M acintyre River

Warrigo Creek

L ittle
Oaky Creek

Wet Creek

Paradise Creek

Gle
nal

l en
Cr

eek

Kings Creek

Kateys Creek
Jessie Creek

Redbank C reek

Swan Brook

Walls Gully

Lambing Creek

Oaky G u lly
PARADISE ROAD

ELSMORE ROAD

GWYDIR HIGHWAY

R18

R19
R21

R20

R1

R2

R3

R4 R5
R6a

R6b

R7

R8
R9

R10

R11

R12
R13

R14

R15

R16 R17

´

\\e
mm

svr
1\E

MM
3\2

021
\J2

100
75 

- Su
nd

ow
n S

ola
r Fa

rm
\GI

S\0
2_

Ma
ps\

_N
VIA

\N0
01_

No
ise

Ass
ess

me
nt_

202
301

13
_06

.mx
d 1

3/0
1/2

023

0 1 2
km

KEY
Proposed Sundown Solar Farm
(Project area)

! !

!! Proposed Sundown Solar Farm
(Project area) - 4 km buffer

!! Noise assessment location
!! Associated property

Major road
Minor road
Named watercourse
Cadastral boundary

Existing overhead transmission line
Armidale to Dumaresq (330 kV)
Glen Innes to Inverell (132 kV)

Development footprint
Access road
330 kV OHL easment (60 m)
Internal access road
BESS/switchroom/substation
Construction and laydown
Potential PV area

Potential water crossing
") Named watercourse
") Drainage line

Source: EMM (2023); Canadian Solar (2022); ESRI (2023); DFSI (2017)
GDA2020 MGA Zone 56

DRAFT
Sundown Solar Farm

Noise and Vibration Impact Assessment
Figure 3.1

Noise assessment locations



 

 

J210075 | RP1 | v3   11 

 

3.2 Ambient noise levels 

Given the rural nature of the locality and based on historical noise data collected in the vicinity, existing ambient 
noise levels are at or below the minimum levels provided in the Noise Policy for Industry (NPfI) (EPA 2017). The 
minimum rating background level for daytime is 35 decibels (dB) and for evening and night is 30 dB, as per the 
NPfI.  

3.3 Meteorology 

The NPfI requires assessment of noise under standard and noise enhancing weather conditions. The NPfI defines 
these conditions as follows: 

• Standard meteorological conditions: defined by stability categories A through to D with wind speeds up to 
0.5 metres per second (m/s) at 10 m above ground level (AGL) for day, evening and night periods. 

• Noise-enhancing meteorological conditions: defined by stability categories A through to D with light winds 
(up to 3 m/s at 10 m AGL) for the day and evening periods; and stability categories A through to D with light 
winds (up to 3 m/s at 10 m AGL) and/or stability category F with winds up to 2 m/s at 10 m AGL. 

The NPfI specifies the following two options to consider meteorological effects: 

• adopt the noise-enhancing meteorological conditions for all assessment periods for noise impact 
assessment purposes without an assessment of how often these conditions occur – a conservative 
approach that considers source-to-receiver wind vectors for all assessment locations and F class 
temperature inversions with wind speeds up to 2 m/s at night; or 

• determine the significance of noise-enhancing conditions. This involves assessing the significance of 
temperature inversions (F and G class stability categories) for the night-time period and the significance of 
light winds up to and including 3 m/s for all assessment periods during stability categories other than E, F 
or G. Significance is based on a threshold of occurrence of 30% determined in accordance with the 
provisions in this policy. Where noise-enhancing meteorological conditions occur for less than 30% of the 
time, standard meteorological conditions may be adopted for the assessment. 

3.3.1 Noise enhancing conditions 

A conservative approach has been selected for the consideration of potentially noise-enhancing weather 
conditions with reference to Fact Sheet D of the NPfI. Noise emissions from the proposed solar farm have been 
predicted for noise-enhancing conditions, as this is expected to represent the upper range of noise emissions 
from the proposed solar farm. 
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4 Assessment criteria 
4.1 Construction noise 

The Interim Construction Noise Guideline (ICNG) (DECC 2009) promotes a clear understanding of ways to identify 
and minimise noise from construction and to identify ‘feasible’ and ‘reasonable’ work practices. The ICNG 
recommends standard construction hours where noise from construction activities is audible at residential 
premises (ie assessment locations), as follows: 

• Monday to Friday – 7.00 am to 6.00 pm; 

• Saturday – 8.00 am to 1.00 pm; and 

• Sundays or public holidays – no construction work. 

The ICNG acknowledges that works outside standard hours may be necessary, with justification provided to the 
relevant authorities. 

The ICNG provides two methodologies to assess construction noise emissions. The first is a quantitative approach 
that is suited to major construction projects with typical durations of more than three weeks. This method 
requires noise emission predictions from construction activities at the nearest assessment locations and 
assessment against ICNG recommended noise levels. 

The second is a qualitative approach, which is a simplified assessment process that relies more on noise 
management strategies. This method is suited to short-term infrastructure and maintenance projects of less than 
three weeks. 

4.1.1 Construction noise management levels 

Table 4.1 provides ICNG noise management levels (NML) which apply to residential assessment locations. 

Table 4.1 ICNG construction noise management levels for residences 

Time of day NML LAeq,15min Application 

Recommended standard 
hours: Monday to Friday 
7.00 am to 6.00 pm, 
Saturday 8.00 am to 
1.00 pm, no work on 
Sundays or public holidays. 

Noise-affected RBL 
+ 10 dB 

The noise-affected level represents the point above which there may be some 
community reaction to noise. 
Where the predicted or measured Leq(15-min) is greater than the noise-affected 
level, the proponent should apply all feasible and reasonable work practices 
to meet the noise affected level. 
The proponent should also inform all potentially impacted residents of the 
nature of works to be carried out, the expected noise levels and duration, as 
well as contact details. 
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Table 4.1 ICNG construction noise management levels for residences 

Time of day NML LAeq,15min Application 

Highly noise 
affected 75 dBA 

The highly noise-affected level represents the point above which there may 
be strong community reaction to noise. 
Where noise is above this level, the relevant authority (consent, determining 
or regulatory) may require respite periods by restricting the hours that the 
very noisy activities can occur, taking into account: 
• times identified by the community when they are less sensitive to noise 

(such as before and after school for works near schools, or mid-morning or 
mid-afternoon for works near residences); and 

• if the community is prepared to accept a longer period of construction in 
exchange for restrictions on construction times. 

Outside recommended 
standard hours. 

Noise-affected RBL 
+ 5 dB 

A strong justification would typically be required for works outside the 
recommended standard hours. 
The proponent should apply all feasible and reasonable work practices to 
meet the noise affected level. 
Where all feasible and reasonable practices have been applied and noise is 
more than 5 dBA above the noise-affected level, the proponent should 
negotiate with the community. 
For guidance on negotiating agreements see Section 7.2.2 of the ICNG. 

Source:  ICNG (EPA, 2009). 

Table 4.2 summarises the ICNG recommendations and provides NML for other land uses. 

Table 4.2 ICNG noise levels at other land use 

Land use Management level, LAeq,15 minute 

Industrial premises External noise level 75 dB (when in use) 

Offices, retail outlets External noise level 70 dB (when in use) 

Classrooms at schools and other educational institutions Internal noise level 45 dB (when in use) 

Hospital wards and operating theatres Internal noise level 45 dB (when in use) 

Places of worship Internal noise level 45 dB (when in use) 

Active recreation areas External noise level 65 dB (when in use) 

Passive recreation areas External noise level 60 dB (when in use) 

Source:  ICNG (DECC, 2009). 

The project construction NMLs for recommended standard and out of hour periods are presented in  
Table 4.3 for all assessment locations. However, it is acknowledged that construction of the project would be 
during daytime hours only. 
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Table 4.3 Construction noise management levels – all assessment locations 

Assessment location  Period Adopted RBL1 NML LAeq,15min, dB 

Residential assessment 
locations 

Day (standard ICNG hours) 35 45 

Evening (out of hours) 30 35 

Night (out of hours)  30 35 

1. The RBLs adopted from minimum background as described in Section 3.2. 

4.2 Construction vibration 

4.2.1 Human perception of vibration 

Humans can detect vibration levels which are well below those causing any risk of damage to a building or its 
contents. 

The actual perception of motion or vibration may not in itself be disturbing or annoying. An individual’s response 
to that perception, and whether the vibration is “normal” or “abnormal”, depends very strongly on previous 
experience and expectations, and on other connotations associated with the perceived source of the vibration. 
For example, the vibration that a person responds to as “normal” in a car, bus or train is considerably higher than 
what is perceived as “normal” in a shop, office or dwelling. 

Human tactile perception of random motion, as distinct from human comfort considerations, was investigated by 
Diekmann and subsequently updated in German Standard DIN 4150-2. On this basis, the resulting degrees of 
perception for humans are suggested by the vibration level categories given in Table 4.4. 

Table 4.4 suggests that people will just be able to feel floor vibration at levels of approximately 0.15 millimetres 
per second (mm/s) and that the motion becomes “noticeable” at a level of approximately 1 mm/s. 

Table 4.4 Peak vibration levels and human perception of motion 

Approximate vibration level Degree of perception 

0.10 mm/s Not felt 

0.15 mm/s Threshold of perception 

0.35 mm/s Barely noticeable 

1 mm/s Noticeable 

2.2 mm/s Easily noticeable 

6 mm/s Strongly noticeable 

14 mm/s Very strongly noticeable 

Note: These approximate vibration levels (in floors of building) are for vibration having a frequency content in the range of 8 Hertz (Hz) to 80 Hz. 

i Assessing vibration - a technical guideline  

Environmental Noise Management – Assessing Vibration: a technical guideline (DEC 2006) (the guideline) is based 
on BS 6472 – 2008, Evaluation of human exposure to vibration in buildings (1–80Hz). 
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The guideline presents preferred and maximum vibration values for the use in assessing human responses to 
vibration and provides recommendations for measurement and evaluation techniques. At vibration values below 
the preferred values, there is a low probability of adverse comment or disturbance to building occupants. Where 
all feasible and reasonable mitigation measures have been applied and vibration values are still beyond the 
maximum value, it is recommended that the operator negotiate directly with the affected community. 

The guideline defines three vibration types and provides direction for assessing and evaluating the applicable 
criteria. Table 2.1 of the guideline provides examples of the three vibration types and has been reproduced in  
Table 4.5. 

Table 4.5 Examples of types of vibration 

Continuous vibration Impulsive vibration Intermittent vibration 

Machinery, steady road 
traffic, continuous 
construction activity 
(such as tunnel boring 
machinery). 

Infrequent: Activities that create up to 3 
distinct vibration events in an assessment 
period, eg occasional dropping of heavy 
equipment, occasional loading and unloading. 
Blasting is assessed using ANZEC (1990). 

Trains, intermittent nearby construction activity, 
passing heavy vehicles, forging machines, impact pile 
driving, jack hammers. Where the number of vibration 
events in an assessment period is three or fewer these 
would be assessed against impulsive vibration criteria. 

The most relevant to the proposed construction activities are continuous and intermittent vibration and these are 
discussed further in the following sections. 

4.2.2 Continuous vibration 

Appendix B of the guideline outlines acceptable criteria for human exposure to continuous vibration (1 Hz80 Hz). 
The criteria are dependent on both the time of activity (usually daytime or night-time) and the occupied place 
being assessed. Table 4.6 reproduces the preferred and maximum criteria relating to measured peak velocity. 

Table 4.6 Criteria for exposure to continuous vibration 

Place Time Peak velocity2 (mm/s) 

Preferred Maximum 

Critical working areas (eg 
hospital operating theatres, 
precision laboratories)  

Day or night-time 0.14 0.28 

Residences Day 0.28 0.56 

 Night-time 0.20 0.40 

Offices Day or night-time 0.56 1.1 

1. Root Mean Square (RMS) velocity (mm/s) and vibration velocity value (dB re 10 -9 mm/s). 
2. Values given for most critical frequency >8 Hz assuming sinusoidal motion. 

4.2.3 Intermittent vibration 

Intermittent vibration (as defined in Section 2.1 of the guideline) is assessed using the vibration dose concept 
which relates to vibration magnitude and exposure time. 

Intermittent vibration is representative of heavy vehicle pass-bys and construction activities such as impact 
hammering, rolling or general excavation work. 
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Section 2.4 of the guideline provides acceptable values for intermittent vibration in terms of vibration dose values 
(VDV) which requires the measurement of the overall weighted rms (root mean square) acceleration levels over 
the frequency range 1 Hz to 80 Hz. 

To calculate VDV the following formula is used (refer to Section 2.4.1 of the guideline): 

 

Where VDV is the vibration dose value in m/s1.75, a (t) is the frequency-weighted rms of acceleration in m/s2 and T 
is the total period of the day (in seconds) during which vibration may occur. 

The acceptable VDV for intermittent vibration are reproduced in Table 4.7. 

Table 4.7 Acceptable vibration values for intermittent vibration 

Location Daytime Night-time 

Preferred value, 
m/s1.75 

Maximum value, 
m/s1.75 

Preferred value, 
m/s1.75 

Maximum value, 
m/s1.75 

Critical areas 0.10 0.20 0.10 0.20 

Residences 0.20 0.40 0.13 0.26 

Offices, schools, educational institutions and 
places of worship 

0.40 0.80 0.40 0.80 

Workshops 0.80 1.60 0.80 1.60 

1. Daytime is 7.00 am to 10.00 pm and night-time is 10.00 pm to 7.00 am.  

2. These criteria are indicative only, and there may be a need to assess intermittent values against continuous or impulsive criteria for critical 

areas. 

There is a low probability of adverse comment or disturbance to building occupants at vibration values below the 
preferred values. Adverse comment or complaints may be expected if vibration values approach the maximum 
values. The guideline recommends that activities should be designed to meet the preferred values where an area 
is not already exposed to vibration. 

4.2.4 Cosmetic vibration 

i Australian Standard AS 2187.2 – 2006 

In terms of the most recent relevant vibration damage criteria, Australian Standard AS 2187.2 – 2006 Explosives - 
Storage and Use – Use of Explosives recommends that the frequency dependent guideline values and assessment 
methods given in BS 7385 Part 2-1993 Evaluation and measurement for vibration in buildings Part 2 be used as 
they are “applicable to Australian conditions”. 

The standard sets guide values for building vibration based on the lowest vibration levels above which damage 
has been credibly demonstrated. These levels are judged to give a minimum risk of vibration induced damage, 
where minimal risk for a named effect is usually taken as a 95% probability of no effect. 

Sources of vibration that are considered in the standard include demolition, blasting (carried out during mineral 
extraction or construction excavation), piling, ground treatments (eg compaction), construction equipment, 
tunnelling, road and rail traffic and industrial machinery. 
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The recommended limits (guide values) for transient vibration to manage minimal risk of cosmetic damage to 
residential and industrial buildings are presented numerically in Table 4.8 and graphically in Figure 4.1. 

Table 4.8 Transient vibration guide values - minimal risk of cosmetic damage 

Line1 Type of Building Peak component particle velocity in frequency range of 
predominant pulse 

4 Hz to 15 Hz 15 Hz and above 

1 Reinforced or framed structures Industrial and 
heavy commercial buildings 

50 mm/s 50 mm/s  

2 Unreinforced or light framed structures Residential 
or light commercial type buildings 

15 mm/s at 4 Hz increasing to 
20 mm/s at 15 Hz 

20 mm/s at 15 Hz increasing 
to 50 mm/s at 40 Hz and 
above 

Notes:  Refers to the “Line” in Figure 4.1 

The standard notes that the guide values in Table 4.8 relate predominantly to transient vibration which does not 
give rise to resonant responses in structures and low-rise buildings. 

Where the dynamic loading caused by continuous vibration is such as to give rise to dynamic magnification due to 
resonance, especially at the lower frequencies where lower guide values apply, then the guide values in Table 4.8 
may need to be reduced by up to 50%. 

 

Figure 4.1 Graph of transient vibration guide values for cosmetic damage 

In the lower frequency region where strains associated with a given vibration velocity magnitude are higher, the 
guide values for building types corresponding to Line 2 are reduced. Below a frequency of 4 Hz where a high 
displacement is associated with the relatively low peak component particle velocity value, a maximum 
displacement of 0.6 mm (zero to peak) is recommended. This displacement is equivalent to a vibration velocity of 
3.7 mm/s at 1 Hz (as shown in Figure 4.1). 

Fatigue considerations are also addressed in the standard and it is concluded that unless calculation indicates that 
the magnitude and number of load reversals is significant (in respect of the fatigue life of building materials) then 
the guide values in Table 4.8 should not be reduced for fatigue considerations. 
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In order to assess the likelihood of cosmetic damage due to vibration, AS2187 specifies that vibration 
measurements should be undertaken at the base of the building and the highest of the orthogonal vibration 
components (transverse, longitudinal and vertical directions) should be compared with the criteria curves 
presented in Table 4.8. 

It is noteworthy that in addition to the guide values nominated in Table 4.8 the standard states that: 

Some data suggests that the probability of damage tends towards zero at 12.5 mm/s peak component 
particle velocity. This is not inconsistent with an extensive review of the case history information available 
in the UK. 

ii German Standard DIN 4150-3:1999 

The German Standard DIN 4150 – Part 3: 1999, provides the strictest guideline levels of vibration velocity for 
evaluating the effects of vibration in structures. The limits presented in this standard are generally recognised to 
be conservative. 

The DIN 4150 values (maximum levels measured in any direction at the foundation, or maximum levels measured 
in (x) or (y) horizontal directions, in the plane of the uppermost floor), are summarised in Table 4.9 and shown 
graphically in Figure 4.1. 

For residential and commercial type structures, the standard recommends safe limits as low as 5 mm/s and 
20 mm/s respectively. These limits increase with frequency values above 10 Hz. The operational frequency of 
construction plant typically ranges between 10 Hz to 30 Hz, and hence according to DIN 4150, the safe vibration 
guide limit range for dwellings is 5 to 15 mm/s. For reinforced commercial type buildings, the limit is as low as 
20 mm/s, while for heritage or sensitive structures the lower limit is 3 mm/s. 

Table 4.9 Structural (cosmetic) damage guideline values of vibration velocity – DIN4150 

Line* Type of structure Vibration Velocity in mm/s 

At foundation at a frequency of Plane of floor of 
uppermost storey 

1 Hz to 
10 Hz 

10 Hz to 
50 Hz 

50 Hz to 
100 Hz 

All frequencies 

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

20 20 to 40 40 to 50 40 

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

5 5 to 15 5 to 20 15 

3 Structures that because of their particular 
sensitivity to vibration do not correspond to 
those listed in Lines 1 or 2 and have intrinsic 
value (eg buildings that are under a 
preservation order). 

3 3 to 8 8 to 10 8 

Notes: 1. “Line*” refers to curves in Figure 1 of DIN4150. 

 2. For frequencies above 100 Hz the higher values in the 50 Hz to 100 Hz column should be used. 

These levels are “safe limits”, for which damage due to vibration effects is unlikely to occur. “Damage” is defined 
in DIN 4150 to include even minor non-structural effects such as superficial cracking in cement render, the 
enlargement of cracks already present, and the separation of partitions or intermediate walls from load bearing 
walls. 
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Should such damage be observed without vibration levels exceeding the “safe limits” then it is likely to be 
attributable to other causes. DIN 4150 also states that when vibration levels higher than the “safe limits” are 
present, it does not necessarily follow that damage will occur. 

As indicated by the guide levels from DIN 4150 in Table 4.9, high frequency vibration has less potential to cause 
damage than lower frequencies. Furthermore, the “point source” nature of vibration from plant causes the 
vibratory disturbances to arrive at different parts of nearby large structures in an out-of-phase manner, thereby 
reducing its potential to excite in-phase motion of the low order modes of vibration in such structures. 

 

Figure 4.2 DIN4150 structural (cosmetic) damage guideline values of vibration velocity 

The potential effect of vibration on particular structures can vary depending on many factors including their 
existing structural/cosmetic integrity and use. 

4.3 Operational noise  

Operational noise will largely comprise noise from tracker motors, inverter, transformers and the BESS. 

Noise from industrial operations or processes (eg onsite truck movements or material processing, fabrication, 
manufacture, etc) in NSW is regulated by the local council, DPE and/or the EPA, and generally have a licence 
and/or development consent conditions stipulating noise limits. These limits are typically derived from project 
noise trigger or operational noise levels predicted at assessment locations. They are based on EPA guidelines (ie 
NPfI) or noise levels that can be achieved by a specific site following the application of all feasible and reasonable 
noise mitigation. 

The objectives of noise trigger levels for industry established in accordance with the NPfI are to protect the 
community from excessive intrusive noise and preserve amenity for specific land uses. It should be noted that the 
audibility of a noise source does not necessarily equate to disturbance at an assessment location. 

To ensure these objectives are met, the EPA provides project specific noise trigger levels, namely intrusiveness 
and amenity. 
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4.3.1 Intrusiveness noise levels  

The intrusiveness noise levels require that LAeq,15min noise levels from the site during the relevant operational 
periods do not exceed the RBL by more than 5 dB. It is noted that intrusiveness noise levels are only applicable at 
residential assessment locations. 

The NPfI (Table 2.2 notes) states: 

For isolated residences within an industrial zone as defined in a local environment plan (LEP) the 
industrial amenity level is usually applied. 

Table 4.10 presents the intrusiveness noise levels determined for the site based on the adopted RBLs. Where 
assessment locations have been grouped together in the following tables, it has been assumed that the ambient 
noise environment at these assessment locations is similar. 

Table 4.10 Project intrusiveness noise levels 

Residential assessment 
location1 

Assessment period2 Adopted RBL, dBA Project intrusiveness noise level (RBL 
+ 5 dB), LAeq,15min, dB 

R1–R21 Day 35 40 

Evening 30 35 

Night 30 35 

1. Residential assessment locations only. 

2. Day: 7.00 am to 6.00 pm Monday to Saturday; 8.00 am to 6.00 pm Sundays and public holidays; evening: 6.00 pm to 10.00 pm; 6.00 am to 

7.00 am Monday to Saturday, 6.00 am to 8.00 am Sundays and public holidays; night: remaining periods. 

4.3.2 Amenity noise levels 

The assessment of amenity is based on noise levels specific to the land use. The noise levels relate only to 
industrial noise and exclude road or rail traffic noise.  

To ensure that industrial noise levels (existing plus new) remain within the recommended amenity noise levels for 
an area, the project amenity noise level for a new industrial development is the recommended amenity noise 
level (outlined in Table 2.2 of the NPfI) minus 5 dB. It is noted that this approach is based on a receiver being 
impacted by multiple industrial sites (or noise sources) and in this instance is unlikely but has conservatively been 
adopted. 

Noise assessment locations are shown in Figure 3.1. The project amenity noise levels for these locations are 
presented in Table 4.11.  
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Table 4.11 Project amenity noise levels 

Residential assessment location Time period1 Indicative area Project amenity noise level2 dB, LAeq,period 

R1–R21 Day Rural  45 

Evening 40 

Night 35 

Source: NPfI (EPA 2017) 

1. Day: 7.00 am to 6.00 pm Monday to Saturday; 8.00 am to 6.00 pm Sundays and public holidays; evening: 6.00 pm to 10.00 pm; night: 10.00 pm 

to 7.00 am Monday to Saturday; 10.00 pm to 8.00 am Sundays and public holidays. 

2. Project amenity noise level is Amenity noise level (Table 2.2 of NPfI) -5dB in accordance with NPfI Section 2.4.2. 

4.3.3 Project noise trigger level  

The project noise trigger level (PNTL) is the lower of the calculated intrusiveness or amenity noise levels. Taking 
account of the measured background noise levels, project intrusive noise levels and project amenity levels for 
residential assessment locations, a summary of the project noise trigger levels (PNTL) for the assessment of 
operational noise from the project is presented in Table 4.12. 

Table 4.12 Project noise trigger levels 

Residential assessment location Assessment period1 Intrusiveness noise 
level, LAeq,15min, dB 

Amenity noise level2, 
LAeq,15min, dB 

PNTL3, 
LAeq,15min, dB 

R1–R21 Day 40 48 40 

Evening 35 43 35 

Night 35 38 35 

1. Day: 7.00 am to 6.00 pm Monday to Saturday; 8.00 am to 6.00 pm Sundays and public holidays; evening: 6.00 pm to 10.00 pm; night: remaining 

periods. 

2. Project amenity LAeq,15min noise level is the recommended amenity noise level LAeq,period +3 dB as per the NPfI. 

3. PNTL is the lower of the calculated intrusiveness or amenity noise levels. 

4.4 Road traffic noise 

Construction and operational traffic require assessment for potential noise impacts. The principle guidance to 
assess the impact of the road traffic noise on assessment locations is in the Road Noise Policy (2011) (RNP).  
Table 4.13 presents the road noise assessment criteria for residential land uses (ie assessment locations), 
reproduced from Table 3 of the RNP for road categories relevant to the project.  
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Table 4.13 Road traffic noise assessment criteria for residential land uses 

Road category Type of project/development Assessment criteria – dBA 

Day (7 am to 10 pm) Night (10 pm to 7 am) 

Freeway/arterial/ 
sub-arterial roads  

Existing residences affected by additional traffic 
on existing freeway/arterial/sub-arterial roads 
generated by land use developments. 

Leq,15hr 60 (external) Leq,9hr 55 (external) 

Local roads Existing residences affected by additional traffic 
on existing local roads generated by land use 
developments.  

Leq,1hr 55 (external) Leq,1hr 50 (external) 

Notes: 1. Assessment criteria façade corrected. 

Additionally, the RNP states that where existing road traffic noise criteria are already exceeded, any additional 
increase in total traffic noise level should be limited to an increase of up to 2 dB. 

In addition to meeting the assessment criteria in Table 4.13 any significant increase in total traffic noise at the 
relevant residential assessment locations must be considered. Residential assessment locations experiencing 
increases in total traffic noise levels above those presented in Table 4.14 should be considered for mitigation. 

Table 4.14 Road traffic relative increase criteria for residential land uses 

Road category Type of project/development Total traffic noise level increase – dBA 

Day (7.00 am to 
10.00 pm) 

Night (10.00 pm to 
7.00 am) 

Freeway/arterial/ 
sub-arterial roads and 
transit ways 

New road corridor/redevelopment of existing 
road/land use development with the potential 
to generate additional traffic on existing road. 

Existing traffic 
Leq(15-hr)+12 dB (external) 

Existing traffic 
Leq(9-hr)+ 12 dB (external) 

Appendix B of the RNP, states that noise levels shall be rounded to the nearest integer, whilst difference between 
two noise levels are to be rounded to a single decimal place. 
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5 Assessment methodology 
5.1 Noise modelling 

This section presents the methods and base parameters used to model operational and construction noise and 
vibration emissions from the proposed solar farm. 

Operational and construction noise levels were predicted using a computer-generated model using DGMR 
Software proprietary modelling software, iNoise. The model utilised international standard ISO 9613-2:1996 
Acoustics – Attenuation of sound during propagation outdoors. As per Section 1 of the Standard: 

The method predicts the equivalent continuous A-weighted sound pressure level (as described in parts 1 
to 3 of ISO 1996) under meteorological conditions favourable to propagation from sources of known 
sound emission. 

These conditions are for downwind propagation, as specified in 5.4.3.3 of ISO 1996-2:1987 or, 
equivalently, propagation under a well-developed moderate ground-based temperature inversion, such 
as commonly occurs at night. 

The model calculates total noise levels at assessment locations from concurrent operation of multiple noise 
sources. It considers factors that influence noise propagation such as the lateral and vertical location of plant, 
source-to-receptor distances, ground effects, atmospheric absorption, topography of the site and surrounding 
area and applicable meteorological conditions. 

The model was populated with 3-D topography of the project and surrounding area, extending out past nearest 
assessment locations. Plant and equipment representing the range of proposed construction and operation 
scenarios was placed at locations which would represent worst case noise levels throughout the construction and 
operational scenarios. 

5.1.1 Single point predictions  

In order to assess a potential worst-case scenario, the assessment has considered the identified plant and 
equipment operating continuously over a 15 minute period or greater. Noise levels during both operational and 
construction phases were predicted to the assessment locations listed in Table 3.1 and Figure 3.1. 

5.1.2 Noise enhancing meteorology 

A conservative approach has been selected for the consideration of potentially noise-enhancing weather 
conditions with reference to Fact Sheet D of the NPfI. Noise emissions have been predicted for source to receiver 
noise-enhancing conditions. This provides a conservative approach since the noise emissions predicted under 
noise-enhancing conditions are expected to represent the upper range of noise emissions from the solar farm 
construction and operation. 

5.2 Construction noise 

5.2.1 Times 

Construction of the solar farm would be during daytime hours only and has an envisaged duration of up to 
21 months. 
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5.2.2 Construction activities  

Construction of the project would be undertaken in three distinct stages over a period of approximately 
21 months. The timeframes are indicative only and reflect a conservative upper limit of potential impacts from 
the project. 

Table 5.1 Construction activities by stage  

Stage Construction activities Duration 

Stage 1: 
Site 
establishment  

Due to the development footprint’s relatively flat terrain and predominantly cleared landscape, it 
is expected that limited site preparation and civil works will be required. Site establishment works 
and preparation for construction are expected to include: 
• upgrade of the Gwydir Highway/Spring Mountain Road to include a right turn traffic lane (type 

(CHR(S))) at the eastbound approach; 
• upgrade the site access road (Spring Mountain Road and Sturmans Road) to accommodate 

26 m B-double trucks; 
• widen access road to 8.7 m; 
• compact and gravel road; 
• upgrade/replace existing box culvert over Swan Brook Creek;  
• upgrade/replace bridge over Kings Creek; 
• remove internal fencing; 
• relocation of one project-related house and one shearing shed to a location agreed with the 

landowners; 
• scrub, grade and minor cut/fill as required to prepare the site surface; 
• establish secured temporary construction laydown areas comprising a site office, containers 

for storage and parking areas; 
• survey to confirm infrastructure positioning; 
• geotechnical investigations to confirm foundation requirements for infrastructure, as 

applicable; 
• install project perimeter fencing; and 
• first deliveries of construction materials and equipment. 

3 months 
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Table 5.1 Construction activities by stage  

Stage Construction activities Duration 

Stage 2: 
Civil, 
mechanical 
and electrical 
works and 
deliveries 

Delivery of construction materials and infrastructure will occur throughout the construction 
period. Materials, including the BESS, will likely be shipped to the nearest port and then 
transported to the site via road. Consistent with the vehicle length allowances of the designated 
B-Double route for Gwydir Highway, heavy vehicles up to 26 m in length will require access to the 
site.  
The following construction material and infrastructure will be delivered to site: 
• solar panels, piles, tracker mounting structures and frames; 
• electrical equipment and infrastructure including cabling, inverters, transformers, switchgear 

and the onsite substation; 
• construction and permanent buildings and associated infrastructure; and 
• earthworks and lifting machinery and equipment. 
Key activities during the civil/mechanical/electrical works stage are outlined below:  
• drive piles into the ground to support the solar panel mounting structure; 
• assemble tracker frames and solar panels on top of the piles; 
• install underground cabling between the solar panels and the inverters, and to the onsite 

substation; 
• prepare foundations for the inverter blocks, switchyard and management hub structures; 
• install combiner boxes, inverters, onsite substation, switchgear and BESS; 
• construct the management hub; 
• construct internal access tracks; 
• construct transmission infrastructure between the project electrical switchyard and the 

existing overhead transmission line; and 
• install external and internal security fencing and CCTV.  

14 months 

Stage 3: 
Commissioning 
and testing 

The commissioning and testing stage includes cold commissioning, hot commissioning and testing 
of the power plant. This includes testing of all equipment and circuits, including inverters, cabling, 
tracker systems, earthing, SCADA and grid-compliance testing according to the transmission 
network operator and the Australian Energy Market Operator requirements. 

4 months 

5.2.3 Construction equipment sound power levels 

The construction noise impact assessment has adopted sound power levels from Department of Environment, 
Food and Rural Affairs (DEFRA) and EMM’s noise database for plant and equipment items used on similar 
projects. Plant and equipment items, sound power levels and quantities adopted in the noise modelling are 
summarised in Table 5.2. 

Note, as no noise intensive equipment is expected to be used during the commissioning and testing stage 
(stage 3), there are no anticipated construction noise impacts during this stage.  
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Table 5.2 Construction noise source sound power levels      

 
Equipment Quantity Item LAeq,15min, (dB) Overall LAeq,15min, (dB) 

Stage 1: 
Site establishment  

Vibratory roller (>18 tonnes) 5 112 124 

Dozer  5 117 

Grader 5 97 

Scraper 4 110 

Flat bed floats 5 99 

Excavator  5 110 

Bobcat 5 103 

Concrete truck 5 105 

Crane 3 108 

Trenching equipment 1 108 

Water trucks1 1 111 

Stage 2: 
Civil, mechanical and 
electrical works and 
deliveries 

Vibratory roller (>18 tonnes) 5 112 126 

Hydraulic hammer 2 117 

Pile driver 15 97 

Dozer 5 110 

Grader 5 99 

Scraper 4 110 

Flat bed floats 5 103 

Excavator 5 105 

Bobcat 5 108 

Concrete truck 5 108 

Drilling rig 10 111 

Crane 3 94 

Forklift 30 80 

Water trucks1 1 111 

1. Plant and equipment items have been assumed to operate continuously in any 15-minute period unless otherwise specified. 

5.3 Operational noise 

The acoustic assessment has been based on concept design drawings and details listed below. 
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5.3.1 Plant and equipment 

Noise impact from the general operation of the project was considered at assessment locations outlined in  
Table 3.1 and Figure 3.1. 

As part of the detailed design process, the final locations for potential noise-generating infrastructure, in 
particular the quantity of tracker motors, inverters and power conversion unit (PCU) would be reviewed to 
minimise operational noise impacts, where practicable.  

Noise sources considered during the operational phase of the project include tracker motors (PV modules), 
inverters with integrated transformers and PCU. It is noted that noise from the inverters with integrated 
transformers can be tonal in nature and therefore a 5 dB penalty has been applied to the predicted noise 
contributions from this source in accordance with Table C.1 of the NPfI (EPA 2017). Operational noise sources are 
shown in Table 5.3. 

Table 5.3 Operational noise source sound power levels      

Noise source LAeq,15min sound power level per unit, dB 

Tracker motor (NEXtracker or similar) x 1940 78 

Inverters x 72 991 

Power Conversion Unit (PCU) x 72 87 

BESS 101 

Light vehicle 76 

LV-MV transformer 68 

MV-HV transformer (200 MVA) 98 

Grid transformer (450 MVA) 103 

1. This includes a 5 dB adjustment for tonal characteristics as per the NSW NPfI (ie 94 dB + 5 dB = 99 dB). 

5.4 Construction vibration 

5.4.1 Mobile plant and equipment 

Safe working distances for typical items of vibration intensive plant are listed in Table 5.4. The safe working 
distances are quoted for both “Cosmetic Damage” (refer British Standard BS 7385) and “Human Comfort” (refer 
British Standard BS 6472-1). 
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Table 5.4 Recommended safe working distances for vibration intensive plant 

Plant item Rating/description Safe working distance 

Cosmetic damage 
(BS 7385) 

Human response 
(comfort)(BS 6472) 

Large hydraulic hammer (1,600 kg – 18 to 34 t 
excavator) 

22 m 73 m 

Vibratory pile driver Sheet piles 2 m to 20 m 20 m 

Vibratory rollers >300 kilonewtons (kN) 
(>18 tonnes)  

25 m 100 m 

Source: From Transport Infrastructure Development Corporation Construction’s Construction Noise Strategy (Rail Projects), November 2007 
– based on residential building.  

Safe work distances relate to continuous vibration. For most construction activity, vibration emissions are intermittent in nature. The 
safe working distances are therefore conservative. 

The safe working distances presented in Table 5.2 are indicative and will vary depending on the item of plant and 
local geotechnical conditions. They apply to cosmetic damage of typical buildings under typical geotechnical 
conditions. 

The safe working distances have been used to assess the potential for vibration impacts based on proposed 
construction activities. 

5.5 Road traffic noise 

Traffic volumes in the region were found to be relatively low (<200 vehicles per hour). As the United States EPA 
Federal Highways (FHWA) procedures are more sensitive to low traffic volumes, the FHWA algorithm was used in 
the modelling of traffic noise impacts for this assessment. The NSW EPA refers to the US FHWA method in its RNP 
as an acceptable calculation tool. A summary of the road sections and assessment methodology is provided in 
Table 5.5 and Figure 4.1. 

Table 5.5 Road segments considered in noise assessment 

Road  Description of road Approximate 
daily existing 
traffic volume 

Gwydir Highway State road between Grafton (east) and Castlereagh Highway (west) near Walgett 1,450 

Spring Mountain Road Local road between Gwydir Highway (north) and site (south) <50 

Sturmans Road Local road between site (west) and Spring Mountain Road (east) <50 

Road traffic movements associated with construction of the solar farm have been referenced from the Traffic 
Impact Assessment (EMM 2022) and adapted to suit RNP assessment requirements (Section 4.4). 
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Road traffic noise levels from the project have been assessed by calculating existing and existing plus project 
traffic at representative residential assessment locations using the FHWA method. The following assumptions 
have been adopted: 

• speed limit for Gwydir Highway signposted as 100 km/h;  

• speed limit for Spring Mountain Road as 100 km/h;  

• speed limit for Sturmans Road as 100 km/h; 

• there are no buildings or other intervening objects that will act as a noise barrier between the road and the 
noise assessment point; and  

• a facade reflection has been added to predicted noise levels as appropriate for each calculation method. 
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6 Impact assessment 
6.1 Construction noise  

6.1.1 Single point predictions 

In accordance with procedures outlined in Section 5.2, predictions of construction noise levels are provided in 
Table 6.1 for standard day periods under ISO9613-2 conditions. The predictions for each assessment location 
represent the energy-average noise level over a 15-minute period and assumes all plant operating concurrently. 
The predicted exceedance of the ICNG noise affected NML at each assessment location is also provided. 

Construction noise levels are predicted to exceed NMLs at up to 11 assessment locations, namely R6b, R9–R16 
(inclusive), R20 and R21, during standard day construction hours. These assessment locations are in close 
proximity to the intersection and the access road. The proposed mitigation measures for these assessment 
locations are outlined in Table 7.1. 

 All remaining assessment locations are predicted to satisfy the NMLs.  

All assessment locations are predicted to comply with the EPA’s highly noise affected level of 75 dB. 

Where work outside of standard hours is unavoidable, noise should be managed in accordance with the noise 
limits of the ICNG. Works outside of standard hours would typically require approval from the relevant regulatory 
authority and be justified with specialist acoustic assessment of the proposed works to be undertaken. 

Table 6.1 Predicted construction noise levels 

Assessment 
location 

Classification Period Noise 
affected 
NML, dB 

Highly 
noise 

affected 
NML, dB 

Predicted construction 
noise level, dB LAeq,15min 

Stage 1/Stage 2 

Compliance with NML 
Stage 1/Stage 2 

R1 Residential Standard 45 75 39/41 Yes/yes 

R2 Residential Standard 45 75 36/38 Yes/yes 

R3 Residential Standard 45 75 38/39 Yes/yes 

R4 Residential Standard 45 75 39/40 Yes/yes 

R5 Residential Standard 45 75 40/42 Yes/yes 

R6a Residential Standard 45 75 41/43 Yes/yes 

R6b Residential Standard 45 75 51/53 No/no (+6/+8) 

R7 Residential Standard 45 75 42/44 Yes/yes 

R8 Residential Standard 45 75 41/43 Yes/yes 

R9 Residential Standard 45 75 45/47 Yes/no (+2) 

R10 Residential Standard 45 75 44/46 Yes/no (/+1) 

R11 Residential Standard 45 75 57/59 No/no (+12/+14) 

R12 Residential Standard 45 75 53/55 No/no (+8/+10) 

R13 Residential Standard 45 75 52/53 No/no (+7/+8) 

R14 Residential Standard 45 75 61/63 No/no (+16/+18) 
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Table 6.1 Predicted construction noise levels 

Assessment 
location 

Classification Period Noise 
affected 
NML, dB 

Highly 
noise 

affected 
NML, dB 

Predicted construction 
noise level, dB LAeq,15min 

Stage 1/Stage 2 

Compliance with NML 
Stage 1/Stage 2 

R15 Residential Standard 45 75 66/67 No/no (+21/+22) 

R16 Residential Standard 45 75 45/46 Yes/no (/+1) 

R17 Residential Standard 45 75 39/40 Yes/yes 

R18 Residential Standard 45 75 34/35 Yes/yes 

R19 Residential Standard 45 75 40/42 Yes/yes 

R20 Residential Standard 45 75 45/46 Yes/no (/+1) 

R21 Residential Standard 45 75 47/49 No/no (+2/+4) 

6.2 Construction vibration  

The assessment shows that construction vibration levels associated with work within the project area are highly 
unlikely to impact any of the potentially sensitive receptors. The nearest residence (R16) to the project area is 
approximately 1 km from the site boundary. R16 is beyond the safe working distances for human comfort and 
cosmetic damage for all listed plant.  

There are two residences (R14 and R15) within 100 m of the access road.  As such vibration impacts associated 
with road works require consideration for these residences.  

6.2.1 Human comfort 

In relation to human comfort, the safe working distances in Table 5.4 relate to continuous vibration and apply to 
residential assessment locations. For most construction activities, vibration emissions are intermittent in nature 
and for this reason, higher vibration levels, occurring over shorter periods are allowed, as discussed in BS 6472-1. 

The nearest residences to the access road (R14 and R15) are located approximately 50 m and 45 m respectively to 
the closest proposed construction activities. These assessment locations are beyond the safe working distances 
for cosmetic damage however, subject to size of vibratory roller required (greater than 6 t), vibration levels may 
be above the levels for human comfort (Table 4.6).  

6.2.2 Cosmetic damage  

The safe working distances for cosmetic damage should be monitored throughout the construction process. 
Based on the safe working distances guide in Table 5.4, if construction is within 25 m of sensitive structures, then 
work practices should be reviewed so that the safe working distance in Table 5.4  are followed. 

If safe working distances need to be encroached, real time vibration monitoring with audible and visual alarms 
should be installed at vibration sensitive structures so actual vibration levels can be monitored and managed 
appropriately in real-time. 

The number of receptors with potential to exceed relevant vibration criteria at each site is summarised in  
Table 6.2.  
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Table 6.2 Potential vibration impacts for R14 and R15 

Equipment item Construction stage Number of receptors with potential to exceed vibration criteria1 

Human comfort (residences) Cosmetic damage 

Large vibratory roller (>6 t) 1 2 (R14, R15) 0 

Small vibratory roller (<6 t) 1 0 0 

6.3 Operational noise 

6.3.1 Single point predictions 

In accordance with procedures outlined in Section 5.1, prediction of single point operational noise levels is 
provided in Table 6.3 for day and evening/night periods. The levels presented for each assessment location 
represents the energy-average noise level over a 15-minute period and assumes all plant operating concurrently 
under ISO9613-2 noise enhancing conditions. As shown in Table 6.3, no exceedances have been predicted at any 
assessment location. 

Table 6.3 Predicted operational noise levels 

Assessment 
location 

Classification Period PNTL, dB Predicted noise level, dB 
LAeq,15min 
 

R1 Residential Day 40 <30 

Evening/night 35 

R2 Residential Day 40 <30 

Evening/night 35 

R3 Residential Day 40 <30 

Evening/night 35 

R4 Residential Day 40 <30 

Evening/night 35 

R5 Residential Day 40 <30 

Evening/night 35 

R6 Residential Day 40 <30 

Evening/night 35 

R7 Residential Day 40 <30 

Evening/night 35 

R8 Residential Day 40 <30 

Evening/night 35 
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Table 6.3 Predicted operational noise levels 

Assessment 
location 

Classification Period PNTL, dB Predicted noise level, dB 
LAeq,15min 
 

R9 Residential Day 40 <30 

Evening/night 35 

R10 Residential Day 40 <30 

Evening/night 35 

R11 Residential Day 40 <30 

Evening/night 35 

R12 Residential Day 40 <30 

Evening/night 35 

R13 Residential Day 40 <30 

Evening/night 35 

R14 Residential Day 40 <30 

Evening/night 35 

R15 Residential Day 40 <30 

Evening/night 35 

R16 Residential Day 40 <30 

Evening/night 
 

35 
 

R17 Residential Day 40 <30 

Evening/night 35 

R18 Residential Day 40 <30 

Evening/night 35 

R19 Residential Day 40 <30 

Evening/night 35 

R20 Residential Day 40 <30 

Evening/night 35 

R21 Residential Day 40 <30 

Evening/night 35 
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6.4 Road traffic noise – construction 

Road traffic noise level predictions for construction traffic during the day are provided in Table 6.4 . For residences 
on Gwydir Highway, the EPA’s RNP criterion is 60 dB LAeq,15hour applies. For all other residential locations (local 
roads) the EPA’s RNP criterion of 55 dB LAeq,1hour applies. Traffic volumes were collected by EMM between  
2–4 June 2021. The survey represents the peak generation of light vehicles (LV) and heavy vehicles (HV) 
associated with the busiest construction stage (PV installation) of the project. 

Table 6.4 Road traffic noise calculations (construction), day (7.00 am to 10.00 pm) 

Road 
name 

Approximate 
distance from 
nearest 
carriageway 

Road segments Existing movements1 Existing plus project 
movements 

Noise 
level 
increase 
due to the 
Project, 
LAeq,15hour, 
dB 

Total %HV Calculated 
level, 
LAeq,15hour, 
dB 

Total %HV Predicted 
level, 
LAeq,15hour, 
dB 

Gwydir 
Highway 

30 m State road between 
Inverell (west) and Spring 
Mountain Road  

1,346 15 62 1774 12 61 0 

170 m State road between Glen 
Innes (east) and Spring 
Mountain Road 

Spring 
Mountain 
Road 

60 m - <50 <10 39 460 17 50 11 

Sturmans 
Road 

1,720m - <50 <10 20 460 17 30 10 

Notes: 1. Existing movements are based on 2018/2019 long-term road traffic counts. Refer TIA (EMM 2022) for detail. 

Assessment of day traffic predictions demonstrate that all road segments likely to be used by vehicles associated 
with construction of the project comply with the relevant absolute or relative increase criterion. As the existing 
traffic volumes on Gwydir Highway were found to be above the RNP’s absolute criterion of 60 dBA, additional 
traffic volumes were assessed against the relative increase in traffic noise generated by the project. The relative 
traffic increase on Gwydir Highway was found to be negligible (0 dB) and as such the ≤2 dB allowance criterion is 
met for both road segments likely to be used by vehicles associated with construction of the project. Traffic 
associated with operations is relatively minor compared to construction periods and furthermore, traffic noise 
generation will meet the RNP requirements. 

6.5 Decommissioning 

Decommissioning activities are expected to be limited to removal of plant and equipment during standard day 
hours in accordance with the ICNG. Noise from these activities would be substantially less than levels predicted 
for construction activities (Section 6.1) as the proposed decommissioning would not include further roadworks 
(which are the main cause of noise impacts during the construction phase. As a result, decommissioning activities 
are not anticipated to result in any adverse noise impacts at the identified assessment locations. 

Vehicle movements associated with decommissioning activities would be significantly lower than that generated 
by the project construction and therefore will satisfy RNP requirements. 
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7 Management of impacts 
7.1 Mitigation and management measures  

During construction (particularly during access road upgrades in Stage 1) up to 11 assessment locations are 
expected to experience noise above relevant NMLs and two assessment locations are predicted to experience 
vibration impacts relating to human comfort criteria. No assessment locations are predicted to experience 
vibration impacts relating to structural (cosmetic) criteria.   

Operational noise levels and maximum event noise levels are predicted to be well below the relevant criteria at all 
assessment locations.  

This section outlines the recommended noise and vibration mitigation and management measures.  

The project’s construction environmental management plan (CEMP) will include a suite of best practice noise and 
vibration management and mitigation measures, as outlined in Table 7.1. 

Table 7.1 Noise and vibration mitigation measures 

Reference Mitigation measure Responsibility When 

Universal work practices 

N1 Ensure the importance of minimising noise and vibration is reinforced at 
toolbox meetings.  

Construction 
contractors 

Construction 

N2 Minimise unnecessary metal-on-metal contact. Construction 
contractors 

Construction  

N3 Minimise the need for vehicle reversing for example, by arranging for one-way 
site traffic routes where possible. 

All staff At all times  

N4 Ensure access road is maintained.  All staff At all times 

Plant and equipment 

N5 Ensure potentially noisy plant and equipment is maintained in accordance with 
manufacturer specifications. 

All staff At all times 

N6 Where practical, use quieter plant and equipment. All staff  At all times 

N7 Minimise unnecessary movement of equipment/material/plant. All staff At all times 

N8 Operate plant and equipment in the quietest and most efficient manner. All staff At all times 

N9 Undertake regular inspections/maintenance of plant and equipment to ensure 
that all noise reduction devices are operating effectively. 

All staff At all times 

Work scheduling 

N10 Construction work to be limited to standard construction hours, including 
delivery of plant and equipment. Exceptions to these hours may be required on 
limited occasions. Regulatory authorities (including the Inverell Shire Council) 
and surrounding landholders will be notified of any exceptions prior to any 
works being undertaken. 

Construction 
contractors 

Construction 
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Table 7.1 Noise and vibration mitigation measures 

Reference Mitigation measure Responsibility When 

Specific assessment locations (noise) 

N11 Ensure the following mitigation measures are undertaken for R6b, R11, R12, 
R14 and R15: 
• verification; and  
• notification. 
See Section 7.2 for further details.  

Construction 
contractor 

Pre-construction  
Construction 

Vibration  

N12 Wherever practicable, ensure that vibration intensive activities are undertaken 
outside of the safe working distances. Where this is not practicable: 
• use less vibration intensive methods of construction or equipment where 

practicable;  
• limit vibration intensive works to the least sensitive times of the day, in 

consultation with the relevant sensitive receivers; and/or 
• undertake vibration monitoring to ensure compliance with DIN-4150 criteria.  

Construction 
contractor 

Construction 

N13 If ongoing works are required1, and where monitoring has confirmed actual 
vibration levels are nearing the DIN-4150 criteria, consider installation of a 
monitoring system to warn operators when vibration levels are approaching the 
cosmetic damage criteria (eg flashing light, audible alarm etc). 

Construction 
contractor 

Construction 

N14 Ensure the following mitigation measures are undertaken for R14 and R15: 
• verification;   
• notification; and  
• respite offer. 
See Section 7.3 for further details. 

Construction 
contractor 

Pre-construction  
Construction 

Notes 1. Ongoing works are defined by long-term works occurring for a period greater than 3 weeks.  

The relative effectiveness of various forms of noise control is outlined in Table 7.2. 

Table 7.2 Relative effectiveness of various forms of noise control 

Noise control Nominal noise reduction possible, in total A-weighted 
sound pressure level, dB 

Increase source to receiver distance1 Approximately 6 dB for each doubling of distance 

Reduce equipment operating times or turn off idling machinery 2 Approximately 3 dB per halving of operating time 

Operating training on quiet operation2 Up to 3 to 5 dB 

Screening (eg. noise barrier)1 Normally 5dB to 10 dB, maximum 15 dB 

Enclosure (eg. shed/building)1 Normally 15 dB to 25 dB, maximum 50 dB 

Silencing (eg exhaust mufflers) 1 Normally 5 dB to 10 dB, maximum 20 dB 

1. Sourced from AS2436-2010. 

2. Based on EMM’s measurement experience at construction and mining sites. 
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7.2 Additional noise mitigation measures 

A number of assessment locations will require additional mitigation measures during the construction stage, 
according to the CNVG (Table 7.3). 

Table 7.3 Assessment locations requiring additional noise mitigation 

CNVG perception category No. of assessment locations 
during Stage 1 

No. of assessment locations 
during Stage 2 

CNVG additional mitigation 
measures 
 

Moderately intrusive  
(NML + 10) 

2 
(R11, R14)  

3 
(R11, R12, R14) 

Verification 
Notification drop 

Highly intrusive 
(NML + 20) 

2 
(R6b, R15) 

2 
(R6b, R15) 

Verification 
Notification drop 

Highly noise affected  
(75 dBA or greater1) 

0 0 Verification 
Notification drop 
Respite offer 

1. This count of highly affected residences is independent of the highly and moderately intrusive counts. Ie the highly affected residences are 
also captured in the moderately and highly intrusive counts. 

Table 7.3 defines a total of five assessment locations which are predicted to experience moderate to high 
intrusive noise impacts. As such, these locations should have the following mitigation measures undertaken prior 
to construction of the access road: 

1. Notification (letterbox drop or equivalent): 

- Advanced warning of works and potential disruptions can assist in reducing the impact on the 
community. The notification may consist of a letterbox drop (or equivalent) detailing work activities, 
time periods over which these will occur, impacts and mitigation measures. Notification should be a 
minimum of 5 working days prior to the start of works.  

2. Verification: 

- Verification should include measurement of the background noise level and construction noise. Note 
this is not required for projects less than three weeks unless to assist in managing complaints. 

7.3 Additional vibration mitigation measures  

Additional mitigation measures with respect to human response (human comfort) to vibration will be applied in 
accordance with the CNVG as presented in Table 7.4. 

Table 7.4 Additional mitigation measures matrix – construction vibration 

Predicted human comfort vibration levels Additional mitigation measures 

Type1 Apply to 

Standard hours: Monday – Friday (7.00 am – 6.00 pm), Saturday (8.00 am – 1.00 pm), Sunday/public holiday (Nil) 

Predicted vibration exceeds maximum human comfort levels V, N, RO R14, R15 

Notes: 1. The following abbreviations are used: Alternative Accommodation (AA), Respite Offer (RO), Respite Period 1 (R1), Validation of 
predicted noise levels (V), Specific Notifications (SN), Notification drops (N), Respite Period 2 (R2), Duration respite (DR).  
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Table 7.4 defines a total of two assessment locations (R14 and R15) which exceed the maximum human comfort 
levels. As such, these locations should have the following mitigation measures undertaken prior to construction of 
the access road: 

1. Notification (letterbox drop or equivalent): 

- Advanced warning of works and potential disruptions can assist in reducing the impact on the 
community. The notification may consist of a letterbox drop (or equivalent) detailing work activities, 
time periods over which these will occur, impacts and mitigation measures. Notification should be a 
minimum of 5 working days prior to the start of works.  

2. Verification: 

- Verification should include measurement of the background noise level and construction noise. Note 
this is not required for projects less than three weeks unless to assist in managing complaints. 

3. Respite offer: 

- Respite offers should be considered due to vibration generating activities near receivers. As a guide 
work should be carried out in continuous blocks that do not exceed 3 hours each, with a minimum 
respite period of one hour between each block. The actual duration of each block of work and 
respite should be flexible to accommodate the usage of and amenity at nearby receivers. 
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8 Conclusion 
This NVIA outlines the predicted noise and vibration impacts associated with the proposed Sundown Solar Farm.  

Construction noise levels are predicted to exceed NMLs at up to 11 assessment locations in relation to the 
upgrade of the site access road and the intersection. No exceedance of the ‘Highly Noise Affected’ level is 
expected.  

Construction vibration levels are predicted to exceed acceptable human comfort thresholds at two assessment 
locations, depending on the size of vibratory rollers used during the upgrade of the site access road. These can be 
managed by employing the mitigation measures outlined in Chapter 7. 

Operational noise is predicted to satisfy the NPfI PNTLs for all assessment locations. 

During peak construction, increases in road traffic noise will occur along the Gwydir Highway, Spring Mountain 
Road and Sturmans Road. Assessed road traffic noise levels indicate that predicted levels will remain below the 
thresholds provided in the Road Noise Policy (RNP) (DECCW 2011). 

Decommissioning phase noise and vibration are expected to satisfy all applicable criteria.  

By applying the proposed mitigation measures outlined in Chapter 7, the project is not anticipated to generate 
significant noise or vibration impacts.  
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Glossary 

Table 8.1 Glossary of acoustic terms 

Term Description 

dB Noise is measured in units called decibels (dB). There are several scales for describing noise, the 
most common being the ‘A-weighted’ scale. This attempts to closely approximate the frequency 
response of the human ear. 

LA1 The 'A-weighted' noise level which is exceeded 1% of the time. 

LA10
 The 'A-weighted' noise level which is exceeded 10% of the time. It is approximately equivalent to 

the average of maximum noise level. 

LA90 Commonly referred to as the background noise level. The 'A-weighted' noise level exceeded 90% of 
the time. 

LAeq The energy average noise from a source. This is the equivalent continuous 'A-weighted' sound 
pressure level over a given period. 

LAeq,15min
 This is the equivalent continuous 'A-weighted' sound pressure level over a 15-minute period. The 

LAeq,15min descriptor refers to an LAeq noise level measured over a 15-minute period. 

LAmin The minimum 'A-weighted' noise level received during a measuring interval. 

LAmax The maximum root mean squared 'A-weighted' sound pressure level (or maximum noise level) 
received during a measuring interval. 

LCeq This is the equivalent continuous 'C-weighted' sound pressure level over a given period. The 
LCeq,15min descriptor refers to an LCeq noise level measured over a 15-minute period. C-weighting can 
be used to measure low frequency noise. 

Day period Monday – Saturday: 7.00 am to 6.00 pm, on Sundays and public holidays: 9.00 am to 6.00 pm at a 
sensitive place and 7.00 am to 6.00 pm at a commercial place. 

Evening period All days: 6.00 pm to 10.00 pm. 

Night period Monday – Saturday: 10.00 pm to 7.00 am, on Sundays and public holidays: 10.00 pm to 9.00 am at 
a sensitive place and 10.00 pm to 7.00 am at a commercial place. 

It is useful to have an appreciation of decibels (dB), the unit of noise measurement. Table 8.1 gives an indication 
as to what an average person perceives about changes in noise levels. Examples of common noise levels are 
provided in Table 8.2. 

Table 8.2 Perceived change in noise 

Change in sound pressure level (dB) Perceived change in noise 

3 Just perceptible 

5 Noticeable difference 

10 Twice (or half) as loud 

15 Large change 

20 Four times (or quarter) as loud 
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Source: Noise Measurement Manual (Department of Environment and Heritage Protection 2013). 

Figure 8.1 Common noise levels 
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[bookmark: _Toc113446053][bookmark: _Toc113446227][bookmark: _Toc117001506][bookmark: _Toc117775032]Introduction

[bookmark: _Toc113446054][bookmark: _Toc113446228][bookmark: _Toc117001507][bookmark: _Toc117775033]Background

Sundown Solar Pty Ltd (Sundown Solar) proposes to develop a large-scale solar photovoltaic (PV) generation and battery energy storage system (BESS) facility in Spring Mountain, approximately 30 km east of Inverell in the New England Tablelands region of northern NSW (Figure 1.1).

The project will be assessed as a State Significant Development (SSD) under State Environmental Planning Policy (State and Regional Development) 2011 (SRD SEPP). Accordingly, an Environmental Impact Statement (EIS) for the project is required under the NSW Environmental Planning and Assessment Act 1979 (EP&A Act). Secretary’s Environmental Assessment Requirements (SEARs) were issued in 2017, and re-issued in August 2020. Sundown Solar has engaged EMM Consulting Pty Limited (EMM) to prepare the EIS and supporting technical assessments.




[bookmark: _Toc113434254][bookmark: _Toc113446275][bookmark: _Toc113446361][bookmark: _Toc117775101]Figure 1.1	Regional context




[bookmark: _Toc81316469][bookmark: _Toc113446055][bookmark: _Toc113446229][bookmark: _Toc117001508][bookmark: _Toc117775034]Purpose of this report

[bookmark: _Hlk81303354]The key objectives of this report are to:

describe the applicable noise and vibration regulatory framework;

describe and characterise the existing noise and vibration environment relevant to the project;

identify and assess potential noise and vibration impacts of the project construction and operation; and

identify appropriate mitigation and management measures for the project.

[bookmark: _Toc81316470][bookmark: _Toc113446056][bookmark: _Toc113446230][bookmark: _Toc117001509][bookmark: _Toc117775035]Other relevant reports

This assessment has taken into consideration the results of the traffic impact assessment. 

[bookmark: _Toc113446057][bookmark: _Toc113446145][bookmark: _Toc113446285][bookmark: _Toc113446058][bookmark: _Toc113446146][bookmark: _Toc113446286][bookmark: _Toc105156005][bookmark: _Toc107928217][bookmark: _Toc113446059][bookmark: _Toc113446232][bookmark: _Toc117001510][bookmark: _Toc117775036]Key terminology

The following definitions have been adopted throughout this report (Table 1.1).

		[bookmark: _Ref117757835][bookmark: _Toc113434238][bookmark: _Toc113446190][bookmark: _Toc113446330][bookmark: _Toc117775069]Table 1.1	Key terminology



		Terminology

		Description



		The project

		The Sundown Solar Farm. This refers to all elements that comprise the project for which approval is sought.



		The site

		The area proposed to be developed as Sundown Solar Farm.



		Project area

		Comprises the three lots on which the project will be developed. The project area comprises the development footprint as well as the areas that will remain undeveloped. 

The project area comprises an area of approximately 2,097 hectares (ha).



		Development footprint

		The extent of surface area within the project area that will comprise project-related infrastructure (such as the PV panels, BESS, substation, switchroom, internal access roads, etc). 

The development footprint comprises an area of approximately 651 ha.



		Disturbance footprint

		The extent of surface area within the project area that will be disturbed to facilitate the construction of the project plus the extent of surface area associated with the access road that will be disturbed to facilitate the construction of the access road and associated intersection. 

The disturbance footprint comprises an area of approximately 729 ha (including approximately 7.6 ha associated with the access road).





[bookmark: _Toc875672][bookmark: _Toc27397313][bookmark: _Toc27737079][bookmark: _Toc30663315][bookmark: _Toc106970077][bookmark: _Toc108696751][bookmark: _Toc108704807][bookmark: _Toc113446060][bookmark: _Toc113446233][bookmark: _Toc117001511][bookmark: _Toc117775037]Legislation

This assessment has been prepared in accordance with:

Environmental Planning and Assessment Act 1979; and

Protection of the Environment Operations Act 1997 (POEO Act).




[bookmark: _Toc875673][bookmark: _Toc27397314][bookmark: _Toc27737080][bookmark: _Toc30663316][bookmark: _Toc106970078][bookmark: _Toc108696752][bookmark: _Toc108704808][bookmark: _Toc113446061][bookmark: _Toc113446234][bookmark: _Toc117001512][bookmark: _Toc117775038]Guidelines

The following guidelines apply to project related operational and construction noise and vibration:

[bookmark: _Hlk113531468]NSW Noise Policy for Industry (NPFI) 2017, Environmental Protection Authority[footnoteRef:2]; [2:  This document has since been superseded by the NSW Noise Policy for Industry (NPfI) 2017. However, the INP remains the relevant policy in accordance with the project’s Instrument of Approval and NPfI transitional requirements.] 


NSW Interim Construction Noise Guideline (ICNG) 2009, Department of Environment and Climate Change;

NSW Road Noise Policy (RNP), Department of Environment 2011, Climate Change and Water;

NSW Assessing Vibration – a technical guideline (AVTG) 2006, Department of Environment and Conservation;

NSW Noise Criteria Guideline (NCG) 2015, Roads and Maritime Services;

NSW Noise Mitigation Guideline (NMG) 2015, Roads and Maritime Services;

Construction noise and vibration guideline (CNVG) 2016, Roads and Maritime Services;

Australian Standard AS/NZS 2107:2000 ‘Acoustics – Recommended design sound levels and reverberation times for building interiors’;

Australian Standard 2834–1995 Computer Accommodation, Chapter 2.9 Vibration;

Australian Standard AS 2187.2 Explosives - Storage and use - Part 2 Use of explosives;

Australian Standard AS2436-1981 Guide to Noise Control on Construction, Maintenance and Demolition Sites;

British Standard BS 6472–2008, Evaluation of human exposure to vibration in buildings (1–80Hz’;

British Standard 7385: Part 2–1993 Evaluation and measurement of vibration in buildings;

German Standard DIN4150–2016 Structural vibration Part 3: Effects of vibration on Structures;

Roadway construction noise model user’s guide, Federal Highway Administration 2006 (FHWA), US Department of Transportation; and

Environmental Noise Management Manual (ENMM) 2001, Roads and Traffic Authority.

[bookmark: _Toc72774723][bookmark: _Toc73625354][bookmark: _Toc74151870][bookmark: _Toc109141982][bookmark: _Toc113446062][bookmark: _Toc113446235][bookmark: _Toc117001513][bookmark: _Toc117775039]Project description

[bookmark: _Toc113446063][bookmark: _Toc113446236][bookmark: _Ref113447708][bookmark: _Toc117001514][bookmark: _Toc117775040][bookmark: _Toc72774725][bookmark: _Toc73625356][bookmark: _Toc74151872]Project overview 

[bookmark: _Hlk108503864]The project involves the development, construction and operation of a solar PV electricity generation facility and associated BESS. 

[bookmark: _Hlk113358371]Key infrastructure is shown in Figure 2.1 and comprises: 

a network of approximately 660,000 panels and associated mounting infrastructure;

a 150 MW battery energy storage system (BESS);

330 kV onsite substation;

electrical collection and conversion systems, including inverter and transformer units, switchyard and control room;

underground and aboveground cables;

a management hub, including demountable offices and amenities and equipment sheds; 

onsite creek crossings;

security fencing; 

temporary laydown areas (during construction and decommissioning); 

parking and internal access roads; 

lighting; and 

firefighting infrastructure.

The project will also include the upgrade of the access road (Spring Mountain Road and Sturmans Road) and the Gwydir Highway/Spring Mountain Road intersection. 

During the preparation of the EIS, the development footprint within the project boundary has been refined to consider any environmental constraints identified, outcomes of stakeholder engagement, community consultation and design of project infrastructure with the objective of developing an efficient project that avoids and minimises environmental impacts.

The project’s targeted generating capacity is up to 360 MW (AC) and up to 150 MW (AC) four‐hours of energy storage. The final number of PV modules will be dependent on detailed design, availability, and commercial considerations at the time of construction.

Electricity generated by the project will be injected into the grid via a new onsite substation connected to TransGrid’s 330 kV transmission line that traverses the site.




[bookmark: _Ref116981464][bookmark: _Toc113361328][bookmark: _Toc113434255][bookmark: _Toc113446276][bookmark: _Toc113446362][bookmark: _Toc117775102]Figure 2.1	Conceptual site layout




Construction traffic

The project would require a peak construction workforce of up to 400 people. Peak construction would be experienced during stage 2 work and more precisely during delivery and installation of solar arrays, which is expected to be 8–10 weeks in duration.

During construction, there will be a preference for employment of local and regional residents where they are able to demonstrate relevant skills and experience.

Sundown Solar will run a shuttle bus service from Inverell and Glen Innes for most of its construction workforce.

Sundown Solar has consulted with Inverell Shire Council and Glen Innes Severn Council with regards to potential pick up/muster points for shuttle bus services operating to and from Inverell and Glen Innes. The exact locations of these muster points will be determined in consultation with the relevant Councils prior to the commencement of construction.

All construction traffic from both towns would use Gwydir Highway, Spring Mountain Road, and Sturmans Road to enter and exit the site. 

In addition to the shuttle bus service, some of the construction workforce may instead travel via light vehicle from Glen Innes or Inverell, via Gwydir Highway. Some workers may travel from further locations and all will travel through Glen Innes or Inverell.

For the purposes of this assessment, it is assumed that 50% of the workforce would travel by shuttle buses whereas the remaining 50% would travel by private vehicles. Assumptions also include capacity of 20 passengers per shuttle bus and 1 worker traveling per private vehicle.

B-doubles will be used during the construction phase (up to 26 m in length). Over Size Over Mass (OSOM) vehicles will also be required to access the site during construction. 

The predicted peak daily and hourly light and heavy vehicle movements for each type of vehicle during the peak construction stage of the project are provided in Table 2.1.

		[bookmark: _Ref113447721][bookmark: _Toc113434239][bookmark: _Toc113446191][bookmark: _Toc113446331][bookmark: _Toc117775070]Table 2.1	Construction trips



		Peak construction stage

		Daily movements

		Peak hour movements



		Light vehicles

		200

		80



		Shuttle buses

		28

		14



		Heavy vehicles

		200

		16



		Total

		428

		110





Note: A ‘movement’ is defined as a vehicle entering or exiting the site. 




[bookmark: _Toc113446064][bookmark: _Toc113446246][bookmark: _Toc117001515][bookmark: _Toc117775041]Operation

The key activities during the operation phase will comprise: 

operation of the solar arrays and BESS;

maintenance of all electrical and mechanical equipment, including tracker system, cabling, PV modules, switchgear, BESS and communication systems;

management of vegetation, weeds and pests;

fence and access road management;

landscaping;

panel cleaning, repair and replacement; and 

site security.

[bookmark: _Ref77667963][bookmark: _Toc77670570]Operational traffic

During the 35 year operational life, there will be a maximum of 2 to 3 staff which will potentially generate 6 traffic movements (3 incoming and 3 outgoing movements) per day. As the site operational traffic is expected to be significantly lower than the construction traffic, operational traffic impacts have not been assessed in any detail in this assessment.

[bookmark: _Toc58501476][bookmark: _Ref85640419][bookmark: _Toc109141983][bookmark: _Toc113446065][bookmark: _Toc113446247][bookmark: _Toc117001516][bookmark: _Toc117775042]Existing environment 

[bookmark: _Toc113446066][bookmark: _Toc113446248][bookmark: _Toc117001517][bookmark: _Toc117775043]Land use 

Land use in Spring Mountain consists largely of rural farmland and with activities typically limited to daytime hours. 

[bookmark: _Hlk87866929]There are 21 potentially sensitive receptors (residential properties) within a 4 km radius of the project area boundary (Table 3.1 and Figure 3.1). This excludes the two associated properties located within the project area. Throughout this report, potentially sensitive receptors are referred to as noise assessment locations. 

There are no schools, child-care centres, hospitals, or other potentially sensitive land uses within 2 km of the site boundary.

		[bookmark: _Ref113435751][bookmark: _Toc113434240][bookmark: _Toc113446192][bookmark: _Toc113446332][bookmark: _Toc117775071][bookmark: _Hlk124414673]Table 3.1	Noise assessment locations



		ID

		Address

		Classification

		Easting

		Northing



		R1

		Lachlana, 122 Cooks Rd, Newstead NSW 2360

		Residential

		345292

		6696323



		R2

		St Lawrence, 2312 Elsmore Rd, Newstead NSW 2360

		Residential

		342345

		6696911



		R3

		Newstead, 4157 Gwydir Hwy, Newstead NSW 2360

		Residential

		342016

		6700484



		R4

		3692 Gwydir Hwy, Swan Vale NSW 2370

		Residential

		345796

		6704993



		R5

		3598 Gwydir Hwy, Swan Vale NSW 2370

		Residential

		347626

		6705096



		R6a1

		3382 Gwydir Hwy, Swan Vale NSW 2370

		Residential

		348719

		6705178



		R6b

		3382 Gwydir Hwy, Swan Vale NSW 2370

		Residential

		351401

		6705475



		R7

		77 Inverness Rd, Swan Vale NSW 2370	

		Residential

		349204

		6704581



		R8

		3236 Gwydir Hwy, Swan Vale NSW 2370

		Residential

		350061

		6706299



		R9

		3163 Gwydir Hwy, Swan Vale NSW 2370

		Residential

		350603

		6705951



		R10

		3112 Gwydir Hwy, Swan Vale NSW 2370

		Residential

		351037

		6706073



		R11

		32 Spring Mountain Rd, Swan Vale NSW 2370

		Residential

		351677

		6705176



		R12

		3018 Gwydir Hwy, Swan Vale NSW 2370

		Residential

		352063

		6705874



		R13

		2963 Gwydir Hwy, Swan Vale NSW 2370

		Residential

		352499

		6705604



		R14

		155 Spring Mountain Rd, Swan Vale NSW 2370

		Residential

		352552

		6704570



		R15

		489 Spring Mountain Rd, Swan Vale NSW 2370

		Residential

		352567

		6701774



		R16

		170 Northcotts Rd, Spring Mountain NSW 2360

		Residential

		352480

		6699255



		R17

		Kokoda, 934 Spring Mountain Road, Spring Mountain NSW 2360

		Residential

		355787

		6699536



		R18

		2929 Elsmore Road, Paradise NSW 2360

		Residential

		346924

		6693507



		R19

		Yarrawa Park, 3382 Gwydir Hwy, Swan Vale NSW 2370

		Residential

		348460

		6705714



		R20

		Alkoomie, 2962 Gwydir Hwy, Swan Vale NSW 2370

		Residential

		352981

		6706030



		R21

		Pieta, 2861 Gwydir Hwy, Swan Vale NSW 2370

		Residential

		353570

		6705097





1.	R6a and R6b share the same postal address but the property has two separate residential properties, approximately 2–3 km apart from each other.


[bookmark: _Ref113447797][bookmark: _Toc113434256][bookmark: _Toc113446277][bookmark: _Toc113446363][bookmark: _Toc117775103]Figure 3.1	Noise assessment locations




[bookmark: _Toc78791177][bookmark: _Ref85640427][bookmark: _Toc113446067][bookmark: _Toc113446249][bookmark: _Toc117001518][bookmark: _Ref117772160][bookmark: _Toc117775044]Ambient noise levels

Given the rural nature of the locality and based on historical noise data collected in the vicinity, existing ambient noise levels are at or below the minimum levels provided in the Noise Policy for Industry (NPfI) (EPA 2017). The minimum rating background level for daytime is 35 decibels (dB) and for evening and night is 30 dB, as per the NPfI. 

[bookmark: _Toc78791178][bookmark: _Toc113446068][bookmark: _Toc113446250][bookmark: _Toc117001519][bookmark: _Toc117775045]Meteorology

The NPfI requires assessment of noise under standard and noise enhancing weather conditions. The NPfI defines these conditions as follows:

Standard meteorological conditions: defined by stability categories A through to D with wind speeds up to 0.5 metres per second (m/s) at 10 m above ground level (AGL) for day, evening and night periods.

Noise-enhancing meteorological conditions: defined by stability categories A through to D with light winds (up to 3 m/s at 10 m AGL) for the day and evening periods; and stability categories A through to D with light winds (up to 3 m/s at 10 m AGL) and/or stability category F with winds up to 2 m/s at 10 m AGL.

The NPfI specifies the following two options to consider meteorological effects:

adopt the noise-enhancing meteorological conditions for all assessment periods for noise impact assessment purposes without an assessment of how often these conditions occur – a conservative approach that considers source-to-receiver wind vectors for all assessment locations and F class temperature inversions with wind speeds up to 2 m/s at night; or

determine the significance of noise-enhancing conditions. This involves assessing the significance of temperature inversions (F and G class stability categories) for the night-time period and the significance of light winds up to and including 3 m/s for all assessment periods during stability categories other than E, F or G. Significance is based on a threshold of occurrence of 30% determined in accordance with the provisions in this policy. Where noise-enhancing meteorological conditions occur for less than 30% of the time, standard meteorological conditions may be adopted for the assessment.

Noise enhancing conditions

A conservative approach has been selected for the consideration of potentially noise-enhancing weather conditions with reference to Fact Sheet D of the NPfI. Noise emissions from the proposed solar farm have been predicted for noise-enhancing conditions, as this is expected to represent the upper range of noise emissions from the proposed solar farm.

[bookmark: _Toc19189838][bookmark: _Toc58501480][bookmark: _Toc109141984][bookmark: _Toc113446069][bookmark: _Toc113446251][bookmark: _Toc117001520][bookmark: _Toc117775046]Assessment criteria

0. [bookmark: _Toc16361627][bookmark: _Toc16361753][bookmark: _Toc18483604][bookmark: _Toc58501481][bookmark: _Toc113446070][bookmark: _Toc113446252][bookmark: _Toc117001521][bookmark: _Toc117775047]Construction noise

The Interim Construction Noise Guideline (ICNG) (DECC 2009) promotes a clear understanding of ways to identify and minimise noise from construction and to identify ‘feasible’ and ‘reasonable’ work practices. The ICNG recommends standard construction hours where noise from construction activities is audible at residential premises (ie assessment locations), as follows:

Monday to Friday – 7.00 am to 6.00 pm;

Saturday – 8.00 am to 1.00 pm; and

Sundays or public holidays – no construction work.

The ICNG acknowledges that works outside standard hours may be necessary, with justification provided to the relevant authorities.

The ICNG provides two methodologies to assess construction noise emissions. The first is a quantitative approach that is suited to major construction projects with typical durations of more than three weeks. This method requires noise emission predictions from construction activities at the nearest assessment locations and assessment against ICNG recommended noise levels.

The second is a qualitative approach, which is a simplified assessment process that relies more on noise management strategies. This method is suited to short-term infrastructure and maintenance projects of less than three weeks.

0. [bookmark: _Toc16361628][bookmark: _Toc16361754][bookmark: _Toc18483605]Construction noise management levels

Table 4.1 provides ICNG noise management levels (NML) which apply to residential assessment locations.

		[bookmark: _Ref16360172][bookmark: _Toc58501516][bookmark: _Toc19189857][bookmark: _Toc18483654][bookmark: _Toc16361803][bookmark: _Toc16361677][bookmark: _Toc113361335][bookmark: _Toc113434241][bookmark: _Toc113446193][bookmark: _Toc113446333][bookmark: _Toc117775072]Table 4.1	ICNG construction noise management levels for residences



		Time of day

		NML LAeq,15min

		Application



		Recommended standard hours: Monday to Friday 7.00 am to 6.00 pm, Saturday 8.00 am to 1.00 pm, no work on Sundays or public holidays.

		Noise-affected RBL + 10 dB

		The noise-affected level represents the point above which there may be some community reaction to noise.

Where the predicted or measured Leq(15-min) is greater than the noise-affected level, the proponent should apply all feasible and reasonable work practices to meet the noise affected level.

The proponent should also inform all potentially impacted residents of the nature of works to be carried out, the expected noise levels and duration, as well as contact details.



		

		Highly noise affected 75 dBA

		The highly noise-affected level represents the point above which there may be strong community reaction to noise.

Where noise is above this level, the relevant authority (consent, determining or regulatory) may require respite periods by restricting the hours that the very noisy activities can occur, taking into account:

times identified by the community when they are less sensitive to noise (such as before and after school for works near schools, or mid-morning or mid-afternoon for works near residences); and

if the community is prepared to accept a longer period of construction in exchange for restrictions on construction times.



		Outside recommended standard hours.

		Noise-affected RBL + 5 dB

		A strong justification would typically be required for works outside the recommended standard hours.

The proponent should apply all feasible and reasonable work practices to meet the noise affected level.

Where all feasible and reasonable practices have been applied and noise is more than 5 dBA above the noise-affected level, the proponent should negotiate with the community.

For guidance on negotiating agreements see Section 7.2.2 of the ICNG.





Source: 	ICNG (EPA, 2009).

Table 4.2 summarises the ICNG recommendations and provides NML for other land uses.

		[bookmark: _Ref16360249][bookmark: _Toc58501517][bookmark: _Toc19189858][bookmark: _Toc18483655][bookmark: _Toc16361804][bookmark: _Toc16361678][bookmark: _Toc113361336][bookmark: _Toc113434242][bookmark: _Toc113446194][bookmark: _Toc113446334][bookmark: _Toc117775073]Table 4.2	ICNG noise levels at other land use



		Land use

		Management level, LAeq,15 minute



		Industrial premises

		External noise level 75 dB (when in use)



		Offices, retail outlets

		External noise level 70 dB (when in use)



		Classrooms at schools and other educational institutions

		Internal noise level 45 dB (when in use)



		Hospital wards and operating theatres

		Internal noise level 45 dB (when in use)



		Places of worship

		Internal noise level 45 dB (when in use)



		Active recreation areas

		External noise level 65 dB (when in use)



		Passive recreation areas

		External noise level 60 dB (when in use)





Source: 	ICNG (DECC, 2009).

The project construction NMLs for recommended standard and out of hour periods are presented in 
Table 4.3 for all assessment locations. However, it is acknowledged that construction of the project would be during daytime hours only.




		[bookmark: _Ref16360312][bookmark: _Toc58501518][bookmark: _Toc19189859][bookmark: _Toc18483656][bookmark: _Toc16361805][bookmark: _Toc16361679][bookmark: _Toc113361337][bookmark: _Toc113434243][bookmark: _Toc113446195][bookmark: _Toc113446335][bookmark: _Toc117775074]Table 4.3	Construction noise management levels – all assessment locations



		Assessment location 

		Period

		Adopted RBL1

		NML LAeq,15min, dB



		Residential assessment locations

		Day (standard ICNG hours)

		35

		45



		

		Evening (out of hours)

		30

		35



		

		Night (out of hours) 

		30

		35





1. The RBLs adopted from minimum background as described in Section 3.2.

0. [bookmark: _3jtnz0s][bookmark: _2y3w247][bookmark: _3x8tuzt][bookmark: _Toc58501482][bookmark: _Toc18483606][bookmark: _Toc16361755][bookmark: _Toc16361629][bookmark: _Toc14264969][bookmark: _Toc519503524][bookmark: _Toc519257545][bookmark: _Toc519257322][bookmark: _Toc517254725][bookmark: _Toc516216744][bookmark: _Toc113446071][bookmark: _Toc113446253][bookmark: _Toc117001522][bookmark: _Toc117775048]Construction vibration

1. [bookmark: _heading=h.2afmg28][bookmark: _2ce457m][bookmark: _Toc18483607][bookmark: _Toc16361756][bookmark: _Toc16361630][bookmark: _Toc15241345][bookmark: _Toc14264970]Human perception of vibration

Humans can detect vibration levels which are well below those causing any risk of damage to a building or its contents.

The actual perception of motion or vibration may not in itself be disturbing or annoying. An individual’s response to that perception, and whether the vibration is “normal” or “abnormal”, depends very strongly on previous experience and expectations, and on other connotations associated with the perceived source of the vibration. For example, the vibration that a person responds to as “normal” in a car, bus or train is considerably higher than what is perceived as “normal” in a shop, office or dwelling.

Human tactile perception of random motion, as distinct from human comfort considerations, was investigated by Diekmann and subsequently updated in German Standard DIN 4150-2. On this basis, the resulting degrees of perception for humans are suggested by the vibration level categories given in Table 4.4.

Table 4.4 suggests that people will just be able to feel floor vibration at levels of approximately 0.15 millimetres per second (mm/s) and that the motion becomes “noticeable” at a level of approximately 1 mm/s.

		[bookmark: _rjefff][bookmark: _Ref112924534][bookmark: _Ref16360373][bookmark: _Ref17210207][bookmark: _Ref12095397][bookmark: _Toc58501519][bookmark: _Toc19189860][bookmark: _Toc18483657][bookmark: _Toc16361806][bookmark: _Toc16361680][bookmark: _Toc14264989][bookmark: _Toc530998260][bookmark: _Toc527381341][bookmark: _Toc519503608][bookmark: _Toc519503574][bookmark: _Toc519257629][bookmark: _Toc519257595][bookmark: _Toc519257405][bookmark: _Toc519257371][bookmark: _Toc113361338][bookmark: _Toc113434244][bookmark: _Toc113446196][bookmark: _Toc113446336][bookmark: _Toc117775075][bookmark: _heading=h.pkwqa1]Table 4.4	Peak vibration levels and human perception of motion



		Approximate vibration level

		Degree of perception



		0.10 mm/s

		Not felt



		0.15 mm/s

		Threshold of perception



		0.35 mm/s

		Barely noticeable



		1 mm/s

		Noticeable



		2.2 mm/s

		Easily noticeable



		6 mm/s

		Strongly noticeable



		14 mm/s

		Very strongly noticeable





Note:	These approximate vibration levels (in floors of building) are for vibration having a frequency content in the range of 8 Hertz (Hz) to 80 Hz.

0. [bookmark: _heading=h.39kk8xu][bookmark: _Toc15241346][bookmark: _Toc14264971][bookmark: _Ref12096100]Assessing vibration - a technical guideline 

Environmental Noise Management – Assessing Vibration: a technical guideline (DEC 2006) (the guideline) is based on BS 6472 – 2008, Evaluation of human exposure to vibration in buildings (1–80Hz).

The guideline presents preferred and maximum vibration values for the use in assessing human responses to vibration and provides recommendations for measurement and evaluation techniques. At vibration values below the preferred values, there is a low probability of adverse comment or disturbance to building occupants. Where all feasible and reasonable mitigation measures have been applied and vibration values are still beyond the maximum value, it is recommended that the operator negotiate directly with the affected community.

The guideline defines three vibration types and provides direction for assessing and evaluating the applicable criteria. Table 2.1 of the guideline provides examples of the three vibration types and has been reproduced in 
Table 4.5.

		[bookmark: _3bj1y38][bookmark: _Ref16360438][bookmark: _Ref12095436][bookmark: _Toc58501520][bookmark: _Toc19189861][bookmark: _Toc18483658][bookmark: _Toc16361807][bookmark: _Toc16361681][bookmark: _Toc14264990][bookmark: _Toc530998261][bookmark: _Toc527381342][bookmark: _Toc519503609][bookmark: _Toc519503575][bookmark: _Toc519257630][bookmark: _Toc519257596][bookmark: _Toc519257406][bookmark: _Toc519257372][bookmark: _Toc113361339][bookmark: _Toc113434245][bookmark: _Toc113446197][bookmark: _Toc113446337][bookmark: _Toc117775076][bookmark: _heading=h.1opuj5n]Table 4.5	Examples of types of vibration



		Continuous vibration

		Impulsive vibration

		Intermittent vibration



		Machinery, steady road traffic, continuous construction activity (such as tunnel boring machinery).

		Infrequent: Activities that create up to 3 distinct vibration events in an assessment period, eg occasional dropping of heavy equipment, occasional loading and unloading. Blasting is assessed using ANZEC (1990).

		Trains, intermittent nearby construction activity, passing heavy vehicles, forging machines, impact pile driving, jack hammers. Where the number of vibration events in an assessment period is three or fewer these would be assessed against impulsive vibration criteria.





[bookmark: _Toc468444903][bookmark: _Toc468697778][bookmark: _Toc468711378][bookmark: _Toc468713877][bookmark: _Toc469500707][bookmark: _Toc469561391][bookmark: _Toc470082188][bookmark: _Toc470086411][bookmark: _Toc472694772][bookmark: _Toc473273026][bookmark: _Toc473273164][bookmark: _Toc473273242][bookmark: _Toc473541498][bookmark: _Toc473541622][bookmark: _Toc473640878][bookmark: _Toc473640960][bookmark: _Toc473641786][bookmark: _Toc473887428][bookmark: _Toc474402537][bookmark: _Toc474402764][bookmark: _Toc474746802][bookmark: _Toc478028683][bookmark: _Toc504402358][bookmark: _Toc504402388][bookmark: _Toc504402668][bookmark: _Toc507600529][bookmark: _Toc513808664][bookmark: _Toc524966263][bookmark: _Toc525035784][bookmark: _Toc525138857][bookmark: _Toc525139612]The most relevant to the proposed construction activities are continuous and intermittent vibration and these are discussed further in the following sections.

Continuous vibration

Appendix B of the guideline outlines acceptable criteria for human exposure to continuous vibration (1 Hz80 Hz). The criteria are dependent on both the time of activity (usually daytime or night-time) and the occupied place being assessed. Table 4.6 reproduces the preferred and maximum criteria relating to measured peak velocity.

		[bookmark: _Ref117773418][bookmark: _Ref113356750][bookmark: _Toc113361340][bookmark: _Toc113434246][bookmark: _Toc113446198][bookmark: _Toc113446338][bookmark: _Toc117775077]Table 4.6	Criteria for exposure to continuous vibration



		Place

		Time

		Peak velocity2 (mm/s)



		

		

		Preferred

		Maximum



		Critical working areas (eg hospital operating theatres, precision laboratories) 

		Day or night-time

		0.14

		0.28



		Residences

		Day

		0.28

		0.56



		

		Night-time

		0.20

		0.40



		Offices

		Day or night-time

		0.56

		1.1





1. Root Mean Square (RMS) velocity (mm/s) and vibration velocity value (dB re 10 -9 mm/s).

2. Values given for most critical frequency >8 Hz assuming sinusoidal motion.

[bookmark: _Toc432678522][bookmark: _Toc432679924][bookmark: _Toc432680949][bookmark: _Toc432687993][bookmark: _Toc435178672][bookmark: _Toc435181669][bookmark: _Toc435183442][bookmark: _Toc468360553][bookmark: _Toc468360630][bookmark: _Toc468360679][bookmark: _Toc468444904][bookmark: _Toc468697779][bookmark: _Toc468711379][bookmark: _Toc468713878][bookmark: _Toc469500708][bookmark: _Toc469561392][bookmark: _Toc470082189][bookmark: _Toc470086412][bookmark: _Toc472694773][bookmark: _Toc473273027][bookmark: _Toc473273165][bookmark: _Toc473273243][bookmark: _Toc473541499][bookmark: _Toc473541623][bookmark: _Toc473640879][bookmark: _Toc473640961][bookmark: _Toc473641787][bookmark: _Toc473887429][bookmark: _Toc474402538][bookmark: _Toc474402765][bookmark: _Toc474746803][bookmark: _Toc478028684][bookmark: _Toc504402359][bookmark: _Toc504402389][bookmark: _Toc504402669][bookmark: _Toc507600530][bookmark: _Toc513808665][bookmark: _Toc524966264][bookmark: _Toc525035785][bookmark: _Toc525138858][bookmark: _Toc525139613]Intermittent vibration

Intermittent vibration (as defined in Section 2.1 of the guideline) is assessed using the vibration dose concept which relates to vibration magnitude and exposure time.

Intermittent vibration is representative of heavy vehicle pass-bys and construction activities such as impact hammering, rolling or general excavation work.

Section 2.4 of the guideline provides acceptable values for intermittent vibration in terms of vibration dose values (VDV) which requires the measurement of the overall weighted rms (root mean square) acceleration levels over the frequency range 1 Hz to 80 Hz.

To calculate VDV the following formula is used (refer to Section 2.4.1 of the guideline):

[image: Shape

Description automatically generated with medium confidence]

Where VDV is the vibration dose value in m/s1.75, a (t) is the frequency-weighted rms of acceleration in m/s2 and T is the total period of the day (in seconds) during which vibration may occur.

The acceptable VDV for intermittent vibration are reproduced in Table 4.7.

		[bookmark: _1qoc8b1][bookmark: _Ref16360489][bookmark: _Ref12095482][bookmark: _Toc58501521][bookmark: _Toc19189862][bookmark: _Toc18483659][bookmark: _Toc16361808][bookmark: _Toc16361682][bookmark: _Toc14264991][bookmark: _Toc530998262][bookmark: _Toc527381343][bookmark: _Toc519503610][bookmark: _Toc519503576][bookmark: _Toc519257631][bookmark: _Toc519257597][bookmark: _Toc519257407][bookmark: _Toc519257373][bookmark: _Toc113361341][bookmark: _Toc113434247][bookmark: _Toc113446199][bookmark: _Toc113446339][bookmark: _Toc117775078][bookmark: _heading=h.48pi1tg]Table 4.7	Acceptable vibration values for intermittent vibration



		Location

		Daytime

		Night-time



		

		Preferred value, m/s1.75

		Maximum value, m/s1.75

		Preferred value, m/s1.75

		Maximum value, m/s1.75



		Critical areas

		0.10

		0.20

		0.10

		0.20



		Residences

		0.20

		0.40

		0.13

		0.26



		Offices, schools, educational institutions and places of worship

		0.40

		0.80

		0.40

		0.80



		Workshops

		0.80

		1.60

		0.80

		1.60





1. Daytime is 7.00 am to 10.00 pm and night-time is 10.00 pm to 7.00 am. 

2. These criteria are indicative only, and there may be a need to assess intermittent values against continuous or impulsive criteria for critical areas.

There is a low probability of adverse comment or disturbance to building occupants at vibration values below the preferred values. Adverse comment or complaints may be expected if vibration values approach the maximum values. The guideline recommends that activities should be designed to meet the preferred values where an area is not already exposed to vibration.

1. [bookmark: _Toc516216746][bookmark: _Toc517254727][bookmark: _Toc519257324][bookmark: _Toc519257547][bookmark: _Toc519503526][bookmark: _Toc14264972][bookmark: _Toc15241347][bookmark: _Toc16361631][bookmark: _Toc16361757][bookmark: _Toc18483608]Cosmetic vibration

1. Australian Standard AS 2187.2 – 2006

In terms of the most recent relevant vibration damage criteria, Australian Standard AS 2187.2 – 2006 Explosives - Storage and Use – Use of Explosives recommends that the frequency dependent guideline values and assessment methods given in BS 7385 Part 2-1993 Evaluation and measurement for vibration in buildings Part 2 be used as they are “applicable to Australian conditions”.

The standard sets guide values for building vibration based on the lowest vibration levels above which damage has been credibly demonstrated. These levels are judged to give a minimum risk of vibration induced damage, where minimal risk for a named effect is usually taken as a 95% probability of no effect.

[bookmark: _Int_Z1XdSaOG]Sources of vibration that are considered in the standard include demolition, blasting (carried out during mineral extraction or construction excavation), piling, ground treatments (eg compaction), construction equipment, tunnelling, road and rail traffic and industrial machinery.

The recommended limits (guide values) for transient vibration to manage minimal risk of cosmetic damage to residential and industrial buildings are presented numerically in Table 4.8 and graphically in Figure 4.1.

		[bookmark: _2pta16n][bookmark: _Ref16360569][bookmark: _Ref12095578][bookmark: _Toc58501522][bookmark: _Toc19189863][bookmark: _Toc18483660][bookmark: _Toc16361809][bookmark: _Toc16361683][bookmark: _Toc14264992][bookmark: _Toc530998263][bookmark: _Toc527381344][bookmark: _Toc519503611][bookmark: _Toc519503577][bookmark: _Toc519257632][bookmark: _Toc519257598][bookmark: _Toc519257408][bookmark: _Toc519257374][bookmark: _Toc113361342][bookmark: _Toc113434248][bookmark: _Toc113446200][bookmark: _Toc113446340][bookmark: _Toc117775079][bookmark: _heading=h.3mzq4wv][bookmark: bookmark=id.1302m92]Table 4.8	Transient vibration guide values - minimal risk of cosmetic damage



		Line1

		Type of Building

		Peak component particle velocity in frequency range of predominant pulse



		

		

		4 Hz to 15 Hz

		15 Hz and above



		1

		Reinforced or framed structures Industrial and heavy commercial buildings

		50 mm/s

		50 mm/s 



		2

		Unreinforced or light framed structures Residential or light commercial type buildings

		15 mm/s at 4 Hz increasing to 20 mm/s at 15 Hz

		20 mm/s at 15 Hz increasing to 50 mm/s at 40 Hz and above





1. Notes: 	Refers to the “Line” in Figure 4.1

The standard notes that the guide values in Table 4.8 relate predominantly to transient vibration which does not give rise to resonant responses in structures and low-rise buildings.

Where the dynamic loading caused by continuous vibration is such as to give rise to dynamic magnification due to resonance, especially at the lower frequencies where lower guide values apply, then the guide values in Table 4.8 may need to be reduced by up to 50%.

[image: Graphical user interface, application, Teams
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[bookmark: _heading=h.2250f4o][bookmark: _3oy7u29][bookmark: _Ref113448044][bookmark: _Ref16360640][bookmark: _Toc58501548][bookmark: _Toc14265003][bookmark: _Ref12283438][bookmark: _Toc19189885][bookmark: _Toc18483681][bookmark: _Toc16361843][bookmark: _Toc16361705][bookmark: _Toc113361329][bookmark: _Toc113434257][bookmark: _Toc113446278][bookmark: _Toc113446364][bookmark: _Toc117775104]Figure 4.1	Graph of transient vibration guide values for cosmetic damage

In the lower frequency region where strains associated with a given vibration velocity magnitude are higher, the guide values for building types corresponding to Line 2 are reduced. Below a frequency of 4 Hz where a high displacement is associated with the relatively low peak component particle velocity value, a maximum displacement of 0.6 mm (zero to peak) is recommended. This displacement is equivalent to a vibration velocity of 3.7 mm/s at 1 Hz (as shown in Figure 4.1).

Fatigue considerations are also addressed in the standard and it is concluded that unless calculation indicates that the magnitude and number of load reversals is significant (in respect of the fatigue life of building materials) then the guide values in Table 4.8 should not be reduced for fatigue considerations.

In order to assess the likelihood of cosmetic damage due to vibration, AS2187 specifies that vibration measurements should be undertaken at the base of the building and the highest of the orthogonal vibration components (transverse, longitudinal and vertical directions) should be compared with the criteria curves presented in Table 4.8.

It is noteworthy that in addition to the guide values nominated in Table 4.8 the standard states that:

Some data suggests that the probability of damage tends towards zero at 12.5 mm/s peak component particle velocity. This is not inconsistent with an extensive review of the case history information available in the UK.

1. [bookmark: _heading=h.haapch][bookmark: _Toc532306519][bookmark: _Toc531352020]German Standard DIN 4150-3:1999

The German Standard DIN 4150 – Part 3: 1999, provides the strictest guideline levels of vibration velocity for evaluating the effects of vibration in structures. The limits presented in this standard are generally recognised to be conservative.

The DIN 4150 values (maximum levels measured in any direction at the foundation, or maximum levels measured in (x) or (y) horizontal directions, in the plane of the uppermost floor), are summarised in Table 4.9 and shown graphically in Figure 4.1.

[bookmark: _heading=h.319y80a][bookmark: _Hlk529977246]For residential and commercial type structures, the standard recommends safe limits as low as 5 mm/s and 20 mm/s respectively. These limits increase with frequency values above 10 Hz. The operational frequency of construction plant typically ranges between 10 Hz to 30 Hz, and hence according to DIN 4150, the safe vibration guide limit range for dwellings is 5 to 15 mm/s. For reinforced commercial type buildings, the limit is as low as 20 mm/s, while for heritage or sensitive structures the lower limit is 3 mm/s.

		[bookmark: _Ref16360747][bookmark: _Ref518034400][bookmark: _Toc250047602][bookmark: _Toc58501523][bookmark: _Toc19189864][bookmark: _Toc18483661][bookmark: _Toc16361810][bookmark: _Toc16361684][bookmark: _Toc523491540][bookmark: _Toc523491522][bookmark: _Toc523491449][bookmark: _Toc523491429][bookmark: _Toc523491306][bookmark: _Toc523491286][bookmark: _Toc523148941][bookmark: _Toc523148925][bookmark: _Toc522878307][bookmark: _Toc522878291][bookmark: _Toc522872898][bookmark: _Toc522872882][bookmark: _Toc522864655][bookmark: _Toc522864640][bookmark: _Toc522000046][bookmark: _Toc522000026][bookmark: _Toc521999637][bookmark: _Toc521999617][bookmark: _Toc521686766][bookmark: _Toc521686747][bookmark: _Toc521676781][bookmark: _Toc521676762][bookmark: _Toc521501995][bookmark: _Toc521501976][bookmark: _Toc521500816][bookmark: _Toc521500797][bookmark: _Toc521500394][bookmark: _Toc521425319][bookmark: _Toc521424901][bookmark: _Toc521424881][bookmark: _Toc521424803][bookmark: _Toc521424783][bookmark: _Toc521424705][bookmark: _Toc521424685][bookmark: _Toc521424607][bookmark: _Toc521424587][bookmark: _Toc521415614][bookmark: _Toc521333009][bookmark: _Toc521332886][bookmark: _Toc521332862][bookmark: _Toc521332696][bookmark: _Toc521332672][bookmark: _Toc521049496][bookmark: _Toc520901381][bookmark: _Toc520896937][bookmark: _Toc520896913][bookmark: _Toc520895789][bookmark: _Toc519151436][bookmark: _Toc519148946][bookmark: _Toc519002416][bookmark: _Toc518893247][bookmark: _Toc518579667][bookmark: _Toc518579627][bookmark: _Toc518579598][bookmark: _Toc518579375][bookmark: _Toc518579346][bookmark: _Toc518575484][bookmark: _Toc518575458][bookmark: _Toc518573469][bookmark: _Toc518573444][bookmark: _Toc518465670][bookmark: _Toc518032936][bookmark: _Toc517869339][bookmark: _Toc517869200][bookmark: _Toc517869187][bookmark: _Toc288560242][bookmark: _Toc288560228][bookmark: _Toc283978411][bookmark: _Toc283978397][bookmark: _Toc283978005][bookmark: _Toc283977991][bookmark: _Toc283977407][bookmark: _Toc283977393][bookmark: _Toc283725993][bookmark: _Toc283725979][bookmark: _Toc283108373][bookmark: _Toc283108359][bookmark: _Toc283105157][bookmark: _Toc283105143][bookmark: _Toc283104711][bookmark: _Toc283104697][bookmark: _Toc113361343][bookmark: _Toc113434249][bookmark: _Toc113446201][bookmark: _Toc113446341][bookmark: _Toc117775080][bookmark: _heading=h.1gf8i83]Table 4.9	Structural (cosmetic) damage guideline values of vibration velocity – DIN4150



		Line*

		Type of structure

		Vibration Velocity in mm/s



		

		

		At foundation at a frequency of

		Plane of floor of uppermost storey



		

		

		1 Hz to 10 Hz

		10 Hz to 50 Hz

		50 Hz to 100 Hz

		All frequencies



		1

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

		20

		20 to 40

		40 to 50

		40



		2

		Dwellings and buildings of similar design and/or use.

		5

		5 to 15

		5 to 20

		15



		3

		Structures that because of their particular sensitivity to vibration do not correspond to those listed in Lines 1 or 2 and have intrinsic value (eg buildings that are under a preservation order).

		3

		[bookmark: _Toc20236805]3 to 8

		8 to 10

		8





Notes:	1. “Line*” refers to curves in Figure 1 of DIN4150.

	2. For frequencies above 100 Hz the higher values in the 50 Hz to 100 Hz column should be used.

[bookmark: _heading=h.40ew0vw][bookmark: _Hlk529977323]These levels are “safe limits”, for which damage due to vibration effects is unlikely to occur. “Damage” is defined in DIN 4150 to include even minor non-structural effects such as superficial cracking in cement render, the enlargement of cracks already present, and the separation of partitions or intermediate walls from load bearing walls.

Should such damage be observed without vibration levels exceeding the “safe limits” then it is likely to be attributable to other causes. DIN 4150 also states that when vibration levels higher than the “safe limits” are present, it does not necessarily follow that damage will occur.

As indicated by the guide levels from DIN 4150 in Table 4.9, high frequency vibration has less potential to cause damage than lower frequencies. Furthermore, the “point source” nature of vibration from plant causes the vibratory disturbances to arrive at different parts of nearby large structures in an out-of-phase manner, thereby reducing its potential to excite in-phase motion of the low order modes of vibration in such structures.
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[bookmark: _heading=h.2fk6b3p][bookmark: _Toc117775105][bookmark: _Ref16360842][bookmark: _Toc58501549][bookmark: _Toc14265004][bookmark: _Toc532306569][bookmark: _Ref529179086][bookmark: _Toc19189886][bookmark: _Toc18483682][bookmark: _Toc16361844][bookmark: _Toc16361706][bookmark: _Toc113361330][bookmark: _Toc113434258][bookmark: _Toc113446279][bookmark: _Toc113446365]Figure 4.2	DIN4150 structural (cosmetic) damage guideline values of vibration velocity

The potential effect of vibration on particular structures can vary depending on many factors including their existing structural/cosmetic integrity and use.

0. [bookmark: _heading=h.upglbi][bookmark: _Toc58501483][bookmark: _Toc113446072][bookmark: _Toc113446254][bookmark: _Toc117001523][bookmark: _Toc117775049]Operational noise 

[bookmark: _Hlk57105128]Operational noise will largely comprise noise from tracker motors, inverter, transformers and the BESS.

[bookmark: _Int_Fe1ze0ew][bookmark: _Int_EGXmgHcS]Noise from industrial operations or processes (eg onsite truck movements or material processing, fabrication, manufacture, etc) in NSW is regulated by the local council, DPE and/or the EPA, and generally have a licence and/or development consent conditions stipulating noise limits. These limits are typically derived from project noise trigger or operational noise levels predicted at assessment locations. They are based on EPA guidelines (ie NPfI) or noise levels that can be achieved by a specific site following the application of all feasible and reasonable noise mitigation.

The objectives of noise trigger levels for industry established in accordance with the NPfI are to protect the community from excessive intrusive noise and preserve amenity for specific land uses. It should be noted that the audibility of a noise source does not necessarily equate to disturbance at an assessment location.

[bookmark: _Hlk57105191]To ensure these objectives are met, the EPA provides project specific noise trigger levels, namely intrusiveness and amenity.

2. [bookmark: _Ref55823484]Intrusiveness noise levels 

[bookmark: _Hlk57105204]The intrusiveness noise levels require that LAeq,15min noise levels from the site during the relevant operational periods do not exceed the RBL by more than 5 dB. It is noted that intrusiveness noise levels are only applicable at residential assessment locations.

The NPfI (Table 2.2 notes) states:

[bookmark: _Hlk57105232]For isolated residences within an industrial zone as defined in a local environment plan (LEP) the industrial amenity level is usually applied.

Table 4.10 presents the intrusiveness noise levels determined for the site based on the adopted RBLs. Where assessment locations have been grouped together in the following tables, it has been assumed that the ambient noise environment at these assessment locations is similar.

		[bookmark: _Ref58501666][bookmark: _Toc58501524][bookmark: _Toc19189854][bookmark: _Toc18483651][bookmark: _Toc16361800][bookmark: _Toc16361674][bookmark: _Toc113361344][bookmark: _Toc113434250][bookmark: _Toc113446202][bookmark: _Toc113446342][bookmark: _Toc117775081][bookmark: _Hlk57105293]Table 4.10	Project intrusiveness noise levels



		Residential assessment location1

		Assessment period2

		Adopted RBL, dBA

		Project intrusiveness noise level (RBL + 5 dB), LAeq,15min, dB



		R1–R21

		Day

		35

		40



		

		Evening

		30

		35



		

		Night

		30

		35





[bookmark: _Hlk57105379]1. Residential assessment locations only.

2. Day: 7.00 am to 6.00 pm Monday to Saturday; 8.00 am to 6.00 pm Sundays and public holidays; evening: 6.00 pm to 10.00 pm; 6.00 am to 7.00 am Monday to Saturday, 6.00 am to 8.00 am Sundays and public holidays; night: remaining periods.

2. [bookmark: _Ref55823470]Amenity noise levels

[bookmark: _Hlk57105421]The assessment of amenity is based on noise levels specific to the land use. The noise levels relate only to industrial noise and exclude road or rail traffic noise. 

[bookmark: _Hlk57105443]To ensure that industrial noise levels (existing plus new) remain within the recommended amenity noise levels for an area, the project amenity noise level for a new industrial development is the recommended amenity noise level (outlined in Table 2.2 of the NPfI) minus 5 dB. It is noted that this approach is based on a receiver being impacted by multiple industrial sites (or noise sources) and in this instance is unlikely but has conservatively been adopted.

[bookmark: _Hlk57105481]Noise assessment locations are shown in Figure 3.1. The project amenity noise levels for these locations are presented in Table 4.11.


		[bookmark: _Ref16359811][bookmark: _Toc58501525][bookmark: _Toc113361345][bookmark: _Toc113434251][bookmark: _Toc113446203][bookmark: _Toc113446343][bookmark: _Toc117775082][bookmark: _Hlk57105499]Table 4.11	Project amenity noise levels



		Residential assessment location

		Time period1

		Indicative area

		Project amenity noise level2 dB, LAeq,period



		R1–R21

		Day

		Rural



		45



		

		Evening

		

		40



		

		Night

		

		35





[bookmark: _Hlk57105512]Source:	NPfI (EPA 2017)

1. Day: 7.00 am to 6.00 pm Monday to Saturday; 8.00 am to 6.00 pm Sundays and public holidays; evening: 6.00 pm to 10.00 pm; night: 10.00 pm

to 7.00 am Monday to Saturday; 10.00 pm to 8.00 am Sundays and public holidays.

2. Project amenity noise level is Amenity noise level (Table 2.2 of NPfI) -5dB in accordance with NPfI Section 2.4.2.

2. Project noise trigger level 

[bookmark: _Hlk113531507][bookmark: _Hlk57105533]The project noise trigger level (PNTL) is the lower of the calculated intrusiveness or amenity noise levels. Taking account of the measured background noise levels, project intrusive noise levels and project amenity levels for residential assessment locations, a summary of the project noise trigger levels (PNTL) for the assessment of operational noise from the project is presented in Table 4.12.

		[bookmark: _Ref56526029][bookmark: _Ref16359877][bookmark: _Toc58501526][bookmark: _Toc113361346][bookmark: _Toc113434252][bookmark: _Toc113446204][bookmark: _Toc113446344][bookmark: _Toc117775083][bookmark: _Hlk57105541]Table 4.12	Project noise trigger levels



		Residential assessment location

		Assessment period1

		Intrusiveness noise level, LAeq,15min, dB

		Amenity noise level2, LAeq,15min, dB

		PNTL3, LAeq,15min, dB



		R1–R21

		Day

		40

		48

		40



		

		Evening

		35

		43

		35



		

		Night

		35

		38

		35





[bookmark: _Hlk57105625]1. Day: 7.00 am to 6.00 pm Monday to Saturday; 8.00 am to 6.00 pm Sundays and public holidays; evening: 6.00 pm to 10.00 pm; night: remaining periods.

2. Project amenity LAeq,15min noise level is the recommended amenity noise level LAeq,period +3 dB as per the NPfI.

3. PNTL is the lower of the calculated intrusiveness or amenity noise levels.

0. [bookmark: _heading=h.3ep43zb][bookmark: _Toc58501484][bookmark: _Toc18483610][bookmark: _Toc113446073][bookmark: _Toc113446255][bookmark: _Ref113448076][bookmark: _Toc117001524][bookmark: _Toc117775050]Road traffic noise

Construction and operational traffic require assessment for potential noise impacts. The principle guidance to assess the impact of the road traffic noise on assessment locations is in the Road Noise Policy (2011) (RNP). 
Table 4.13 presents the road noise assessment criteria for residential land uses (ie assessment locations), reproduced from Table 3 of the RNP for road categories relevant to the project.
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		Road category

		Type of project/development

		Assessment criteria – dBA



		

		

		Day (7 am to 10 pm)

		Night (10 pm to 7 am)



		Freeway/arterial/
sub-arterial roads 

		Existing residences affected by additional traffic on existing freeway/arterial/sub-arterial roads generated by land use developments.

		Leq,15hr 60 (external)

		Leq,9hr 55 (external)



		Local roads

		Existing residences affected by additional traffic on existing local roads generated by land use developments. 

		Leq,1hr 55 (external)

		Leq,1hr 50 (external)





Notes:	1. Assessment criteria façade corrected.

Additionally, the RNP states that where existing road traffic noise criteria are already exceeded, any additional increase in total traffic noise level should be limited to an increase of up to 2 dB.

In addition to meeting the assessment criteria in Table 4.13 any significant increase in total traffic noise at the relevant residential assessment locations must be considered. Residential assessment locations experiencing increases in total traffic noise levels above those presented in Table 4.14 should be considered for mitigation.
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		Road category

		Type of project/development

		Total traffic noise level increase – dBA



		

		

		Day (7.00 am to 10.00 pm)

		Night (10.00 pm to 7.00 am)



		Freeway/arterial/
sub-arterial roads and transit ways

		New road corridor/redevelopment of existing road/land use development with the potential to generate additional traffic on existing road.

		Existing traffic

Leq(15-hr)+12 dB (external)

		Existing traffic

Leq(9-hr)+ 12 dB (external)
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This section presents the methods and base parameters used to model operational and construction noise and vibration emissions from the proposed solar farm.

Operational and construction noise levels were predicted using a computer-generated model using DGMR Software proprietary modelling software, iNoise. The model utilised international standard ISO 9613-2:1996 Acoustics – Attenuation of sound during propagation outdoors. As per Section 1 of the Standard:

The method predicts the equivalent continuous A-weighted sound pressure level (as described in parts 1 to 3 of ISO 1996) under meteorological conditions favourable to propagation from sources of known sound emission.

These conditions are for downwind propagation, as specified in 5.4.3.3 of ISO 1996-2:1987 or, equivalently, propagation under a well-developed moderate ground-based temperature inversion, such as commonly occurs at night.

The model calculates total noise levels at assessment locations from concurrent operation of multiple noise sources. It considers factors that influence noise propagation such as the lateral and vertical location of plant, source-to-receptor distances, ground effects, atmospheric absorption, topography of the site and surrounding area and applicable meteorological conditions.

The model was populated with 3-D topography of the project and surrounding area, extending out past nearest assessment locations. Plant and equipment representing the range of proposed construction and operation scenarios was placed at locations which would represent worst case noise levels throughout the construction and operational scenarios.

Single point predictions 

In order to assess a potential worst-case scenario, the assessment has considered the identified plant and equipment operating continuously over a 15 minute period or greater. Noise levels during both operational and construction phases were predicted to the assessment locations listed in Table 3.1 and Figure 3.1.

4. Noise enhancing meteorology

A conservative approach has been selected for the consideration of potentially noise-enhancing weather conditions with reference to Fact Sheet D of the NPfI. Noise emissions have been predicted for source to receiver noise-enhancing conditions. This provides a conservative approach since the noise emissions predicted under noise-enhancing conditions are expected to represent the upper range of noise emissions from the solar farm construction and operation.
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5. [bookmark: _Toc16361642][bookmark: _Toc16361768][bookmark: _Toc18483622]Times

Construction of the solar farm would be during daytime hours only and has an envisaged duration of up to 21 months.

5. [bookmark: _Toc16361643][bookmark: _Toc16361769][bookmark: _Toc18483623]Construction activities 

[bookmark: _Ref14162578][bookmark: _Toc16361644][bookmark: _Toc16361770][bookmark: _Toc18483624]Construction of the project would be undertaken in three distinct stages over a period of approximately 21 months. The timeframes are indicative only and reflect a conservative upper limit of potential impacts from the project.
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		Stage

		Construction activities

		Duration



		Stage 1:

Site establishment 

		Due to the development footprint’s relatively flat terrain and predominantly cleared landscape, it is expected that limited site preparation and civil works will be required. Site establishment works and preparation for construction are expected to include:

[bookmark: _Hlk104975200]upgrade of the Gwydir Highway/Spring Mountain Road to include a right turn traffic lane (type (CHR(S))) at the eastbound approach;

upgrade the site access road (Spring Mountain Road and Sturmans Road) to accommodate 26 m B-double trucks;

widen access road to 8.7 m;

compact and gravel road;

upgrade/replace existing box culvert over Swan Brook Creek; 

upgrade/replace bridge over Kings Creek;

remove internal fencing;

relocation of one project-related house and one shearing shed to a location agreed with the landowners;

scrub, grade and minor cut/fill as required to prepare the site surface;

establish secured temporary construction laydown areas comprising a site office, containers for storage and parking areas;

survey to confirm infrastructure positioning;

geotechnical investigations to confirm foundation requirements for infrastructure, as applicable;

install project perimeter fencing; and

first deliveries of construction materials and equipment.

		3 months



		Stage 2:

Civil, mechanical and electrical works and deliveries

		Delivery of construction materials and infrastructure will occur throughout the construction period. Materials, including the BESS, will likely be shipped to the nearest port and then transported to the site via road. Consistent with the vehicle length allowances of the designated B-Double route for Gwydir Highway, heavy vehicles up to 26 m in length will require access to the site. 

The following construction material and infrastructure will be delivered to site:

solar panels, piles, tracker mounting structures and frames;

electrical equipment and infrastructure including cabling, inverters, transformers, switchgear and the onsite substation;

construction and permanent buildings and associated infrastructure; and

earthworks and lifting machinery and equipment.

Key activities during the civil/mechanical/electrical works stage are outlined below: 

drive piles into the ground to support the solar panel mounting structure;

assemble tracker frames and solar panels on top of the piles;

install underground cabling between the solar panels and the inverters, and to the onsite substation;

prepare foundations for the inverter blocks, switchyard and management hub structures;

install combiner boxes, inverters, onsite substation, switchgear and BESS;

construct the management hub;

construct internal access tracks;

construct transmission infrastructure between the project electrical switchyard and the existing overhead transmission line; and

install external and internal security fencing and CCTV. 

		14 months



		Stage 3:

Commissioning and testing

		The commissioning and testing stage includes cold commissioning, hot commissioning and testing of the power plant. This includes testing of all equipment and circuits, including inverters, cabling, tracker systems, earthing, SCADA and grid-compliance testing according to the transmission network operator and the Australian Energy Market Operator requirements.

		4 months





5. Construction equipment sound power levels

The construction noise impact assessment has adopted sound power levels from Department of Environment, Food and Rural Affairs (DEFRA) and EMM’s noise database for plant and equipment items used on similar projects. Plant and equipment items, sound power levels and quantities adopted in the noise modelling are summarised in Table 5.2.

Note, as no noise intensive equipment is expected to be used during the commissioning and testing stage (stage 3), there are no anticipated construction noise impacts during this stage. 
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		Equipment

		Quantity

		Item LAeq,15min, (dB)

		Overall LAeq,15min, (dB)



		Stage 1:

Site establishment



		Vibratory roller (>18 tonnes)

		5

		112

		124



		

		Dozer 

		5

		117

		



		

		Grader

		5

		97

		



		

		Scraper

		4

		110

		



		

		Flat bed floats

		5

		99

		



		

		Excavator 

		5

		110

		



		

		Bobcat

		5

		103

		



		

		Concrete truck

		5

		105

		



		

		Crane

		3

		108

		



		

		Trenching equipment

		1

		108

		



		

		Water trucks1

		1

		111

		



		Stage 2:

Civil, mechanical and electrical works and deliveries

		Vibratory roller (>18 tonnes)

		5

		112

		126



		

		Hydraulic hammer

		2

		117

		



		

		Pile driver

		15

		97

		



		

		Dozer

		5

		110

		



		

		Grader

		5

		99

		



		

		Scraper

		4

		110

		



		

		Flat bed floats

		5

		103

		



		

		Excavator

		5

		105

		



		

		Bobcat

		5

		108

		



		

		Concrete truck

		5

		108

		



		

		Drilling rig

		10

		111

		



		

		Crane

		3

		94

		



		

		Forklift

		30

		80

		



		

		Water trucks1

		1

		111

		





1. Plant and equipment items have been assumed to operate continuously in any 15-minute period unless otherwise specified.
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The acoustic assessment has been based on concept design drawings and details listed below.
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[bookmark: _Ref14163656][bookmark: _Toc16361639][bookmark: _Toc16361765][bookmark: _Toc18483619]Noise impact from the general operation of the project was considered at assessment locations outlined in 
Table 3.1 and Figure 3.1.

As part of the detailed design process, the final locations for potential noise-generating infrastructure, in particular the quantity of tracker motors, inverters and power conversion unit (PCU) would be reviewed to minimise operational noise impacts, where practicable. 

Noise sources considered during the operational phase of the project include tracker motors (PV modules), inverters with integrated transformers and PCU. It is noted that noise from the inverters with integrated transformers can be tonal in nature and therefore a 5 dB penalty has been applied to the predicted noise contributions from this source in accordance with Table C.1 of the NPfI (EPA 2017). Operational noise sources are shown in Table 5.3.
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		Noise source

		LAeq,15min sound power level per unit, dB



		Tracker motor (NEXtracker or similar) x 1940

		78



		Inverters x 72

		991



		Power Conversion Unit (PCU) x 72

		87



		BESS

		101



		Light vehicle

		76



		LV-MV transformer

		68



		MV-HV transformer (200 MVA)

		98



		Grid transformer (450 MVA)

		103





1. 1. This includes a 5 dB adjustment for tonal characteristics as per the NSW NPfI (ie 94 dB + 5 dB = 99 dB).
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Safe working distances for typical items of vibration intensive plant are listed in Table 5.4. The safe working distances are quoted for both “Cosmetic Damage” (refer British Standard BS 7385) and “Human Comfort” (refer British Standard BS 6472-1).
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		Plant item

		Rating/description

		Safe working distance



		

		

		Cosmetic damage
(BS 7385)

		Human response (comfort)(BS 6472)



		Large hydraulic hammer

		(1,600 kg – 18 to 34 t excavator)

		22 m

		73 m



		Vibratory pile driver

		Sheet piles

		2 m to 20 m

		20 m



		Vibratory rollers

		>300 kilonewtons (kN) (>18 tonnes) 

		25 m

		100 m





Source:	From Transport Infrastructure Development Corporation Construction’s Construction Noise Strategy (Rail Projects), November 2007 – based on residential building. 

Safe work distances relate to continuous vibration. For most construction activity, vibration emissions are intermittent in nature. The safe working distances are therefore conservative.

The safe working distances presented in Table 5.2 are indicative and will vary depending on the item of plant and local geotechnical conditions. They apply to cosmetic damage of typical buildings under typical geotechnical conditions.

The safe working distances have been used to assess the potential for vibration impacts based on proposed construction activities.
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Traffic volumes in the region were found to be relatively low (<200 vehicles per hour). As the United States EPA Federal Highways (FHWA) procedures are more sensitive to low traffic volumes, the FHWA algorithm was used in the modelling of traffic noise impacts for this assessment. The NSW EPA refers to the US FHWA method in its RNP as an acceptable calculation tool. A summary of the road sections and assessment methodology is provided in Table 5.5 and Figure 4.1.
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		Road 

		Description of road

		Approximate daily existing traffic volume



		Gwydir Highway

		State road between Grafton (east) and Castlereagh Highway (west) near Walgett

		1,450



		Spring Mountain Road

		Local road between Gwydir Highway (north) and site (south)

		<50



		Sturmans Road

		Local road between site (west) and Spring Mountain Road (east)

		<50





Road traffic movements associated with construction of the solar farm have been referenced from the Traffic Impact Assessment (EMM 2022) and adapted to suit RNP assessment requirements (Section 4.4).




Road traffic noise levels from the project have been assessed by calculating existing and existing plus project traffic at representative residential assessment locations using the FHWA method. The following assumptions have been adopted:

1. speed limit for Gwydir Highway signposted as 100 km/h; 

speed limit for Spring Mountain Road as 100 km/h; 

speed limit for Sturmans Road as 100 km/h;

there are no buildings or other intervening objects that will act as a noise barrier between the road and the noise assessment point; and 

a facade reflection has been added to predicted noise levels as appropriate for each calculation method.
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9. [bookmark: _Toc16361659][bookmark: _Toc16361785][bookmark: _Toc18483635]Single point predictions

In accordance with procedures outlined in Section 5.2, predictions of construction noise levels are provided in Table 6.1 for standard day periods under ISO9613-2 conditions. The predictions for each assessment location represent the energy-average noise level over a 15-minute period and assumes all plant operating concurrently. The predicted exceedance of the ICNG noise affected NML at each assessment location is also provided.

Construction noise levels are predicted to exceed NMLs at up to 11 assessment locations, namely R6b, R9–R16 (inclusive), R20 and R21, during standard day construction hours. These assessment locations are in close proximity to the intersection and the access road. The proposed mitigation measures for these assessment locations are outlined in Table 7.1.

 All remaining assessment locations are predicted to satisfy the NMLs. 

All assessment locations are predicted to comply with the EPA’s highly noise affected level of 75 dB.

Where work outside of standard hours is unavoidable, noise should be managed in accordance with the noise limits of the ICNG. Works outside of standard hours would typically require approval from the relevant regulatory authority and be justified with specialist acoustic assessment of the proposed works to be undertaken.
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		Assessment location

		Classification

		Period

		Noise affected NML, dB

		Highly noise affected NML, dB

		Predicted construction noise level, dB LAeq,15min

Stage 1/Stage 2

		Compliance with NML

Stage 1/Stage 2



		R1

		Residential

		Standard

		45

		75

		39/41

		Yes/yes



		R2

		Residential

		Standard

		45

		75

		36/38

		Yes/yes



		R3

		Residential

		Standard

		45

		75

		38/39

		Yes/yes



		R4

		Residential

		Standard

		45

		75

		39/40

		Yes/yes



		R5

		Residential

		Standard

		45

		75

		40/42

		Yes/yes



		R6a

		Residential

		Standard

		45

		75

		41/43

		Yes/yes



		R6b

		Residential

		Standard

		45

		75

		51/53

		No/no (+6/+8)



		R7

		Residential

		Standard

		45

		75

		42/44

		Yes/yes



		R8

		Residential

		Standard

		45

		75

		41/43

		Yes/yes



		R9

		Residential

		Standard

		45

		75

		45/47

		Yes/no (+2)



		R10

		Residential

		Standard

		45

		75

		44/46

		Yes/no (/+1)



		R11

		Residential

		Standard

		45

		75

		57/59

		No/no (+12/+14)



		R12

		Residential

		Standard

		45

		75

		53/55

		No/no (+8/+10)



		R13

		Residential

		Standard

		45

		75

		52/53

		No/no (+7/+8)



		R14

		Residential

		Standard

		45

		75

		61/63

		No/no (+16/+18)



		R15

		Residential

		Standard

		45

		75

		66/67

		No/no (+21/+22)



		R16

		Residential

		Standard

		45

		75

		45/46

		Yes/no (/+1)



		R17

		Residential

		Standard

		45

		75

		39/40

		Yes/yes



		R18

		Residential

		Standard

		45

		75

		34/35

		Yes/yes



		R19

		Residential

		Standard

		45

		75

		40/42

		Yes/yes



		R20

		Residential

		Standard

		45

		75

		45/46

		Yes/no (/+1)



		R21

		Residential

		Standard

		45

		75

		47/49

		No/no (+2/+4)
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The assessment shows that construction vibration levels associated with work within the project area are highly unlikely to impact any of the potentially sensitive receptors. The nearest residence (R16) to the project area is approximately 1 km from the site boundary. R16 is beyond the safe working distances for human comfort and cosmetic damage for all listed plant. 

There are two residences (R14 and R15) within 100 m of the access road.  As such vibration impacts associated with road works require consideration for these residences. 

Human comfort

In relation to human comfort, the safe working distances in Table 5.4 relate to continuous vibration and apply to residential assessment locations. For most construction activities, vibration emissions are intermittent in nature and for this reason, higher vibration levels, occurring over shorter periods are allowed, as discussed in BS 6472-1.

The nearest residences to the access road (R14 and R15) are located approximately 50 m and 45 m respectively to the closest proposed construction activities. These assessment locations are beyond the safe working distances for cosmetic damage however, subject to size of vibratory roller required (greater than 6 t), vibration levels may be above the levels for human comfort (Table 4.6). 

Cosmetic damage 

The safe working distances for cosmetic damage should be monitored throughout the construction process. Based on the safe working distances guide in Table 5.4, if construction is within 25 m of sensitive structures, then work practices should be reviewed so that the safe working distance in Table 5.4	 are followed.

If safe working distances need to be encroached, real time vibration monitoring with audible and visual alarms should be installed at vibration sensitive structures so actual vibration levels can be monitored and managed appropriately in real-time.

The number of receptors with potential to exceed relevant vibration criteria at each site is summarised in 
Table 6.2. 

		[bookmark: _Ref113448128][bookmark: _Toc527542311][bookmark: _Toc526191732][bookmark: _Toc526191702][bookmark: _Toc524942421][bookmark: _Toc524942393][bookmark: _Toc524941293][bookmark: _Toc521589319][bookmark: _Toc519151480][bookmark: _Toc519151449][bookmark: _Toc519148959][bookmark: _Toc519002427][bookmark: _Toc518893260][bookmark: _Toc518579680][bookmark: _Toc518579640][bookmark: _Toc518579611][bookmark: _Toc518579388][bookmark: _Toc518579359][bookmark: _Toc518575496][bookmark: _Toc518575470][bookmark: _Toc518573480][bookmark: _Toc518573455][bookmark: _Toc518465682][bookmark: _Toc110000956][bookmark: _Toc110001031][bookmark: _Toc111198954][bookmark: _Toc113361355][bookmark: _Toc113446213][bookmark: _Toc113446353][bookmark: _Toc117775092]Table 6.2	Potential vibration impacts for R14 and R15



		Equipment item

		Construction stage

		Number of receptors with potential to exceed vibration criteria1



		

		

		Human comfort (residences)

		Cosmetic damage



		Large vibratory roller (>6 t)

		1

		2 (R14, R15)

		0



		Small vibratory roller (<6 t)

		1

		0

		0





[bookmark: _Toc113446090][bookmark: _Toc113446178][bookmark: _Toc113446318][bookmark: _Toc113446091][bookmark: _Toc113446179][bookmark: _Toc113446319][bookmark: _Ref13916063][bookmark: _Toc16361650][bookmark: _Toc16361776][bookmark: _Toc18483630][bookmark: _Toc58501494][bookmark: _Toc113446092][bookmark: _Toc113446265][bookmark: _Toc117001534][bookmark: _Toc117775060]Operational noise

[bookmark: _Toc16361651][bookmark: _Toc16361777][bookmark: _Toc18483631]Single point predictions

In accordance with procedures outlined in Section 5.1, prediction of single point operational noise levels is provided in Table 6.3 for day and evening/night periods. The levels presented for each assessment location represents the energy-average noise level over a 15-minute period and assumes all plant operating concurrently under ISO9613-2 noise enhancing conditions. As shown in Table 6.3, no exceedances have been predicted at any assessment location.

		[bookmark: _Ref113448137][bookmark: _Ref113442709][bookmark: _Ref13932602][bookmark: _Toc16361694][bookmark: _Toc16361820][bookmark: _Toc18483671][bookmark: _Toc19189874][bookmark: _Toc58501535][bookmark: _Toc113361356][bookmark: _Toc113446214][bookmark: _Toc113446354][bookmark: _Toc117775093]Table 6.3	Predicted operational noise levels



		Assessment location

		Classification

		Period

		PNTL, dB

		Predicted noise level, dB LAeq,15min





		R1

		Residential

		Day

		40

		<30



		

		

		Evening/night

		35

		



		R2

		Residential

		Day

		40

		<30



		

		

		Evening/night

		35

		



		R3

		Residential

		Day

		40

		<30



		

		

		Evening/night

		35

		



		R4

		Residential

		Day

		40

		<30



		

		

		Evening/night

		35

		



		R5

		Residential

		Day

		40

		<30



		

		

		Evening/night

		35

		



		R6

		Residential

		Day

		40

		<30



		

		

		Evening/night

		35

		



		R7

		Residential

		Day

		40

		<30



		

		

		Evening/night

		35

		



		R8

		Residential

		Day

		40

		<30



		

		

		Evening/night

		35

		



		R9

		Residential

		Day

		40

		<30



		

		

		Evening/night

		35

		



		R10

		Residential

		Day

		40

		<30



		

		

		Evening/night

		35

		



		R11

		Residential

		Day

		40

		<30



		

		

		Evening/night

		35

		



		R12

		Residential

		Day

		40

		<30



		

		

		Evening/night

		35

		



		R13

		Residential

		Day

		40

		<30



		

		

		Evening/night

		35

		



		R14

		Residential

		Day

		40

		<30



		

		

		Evening/night

		35

		



		R15

		Residential

		Day

		40

		<30



		

		

		Evening/night

		35

		



		R16

		Residential

		Day

		40

		<30



		

		

		Evening/night



		35



		



		R17

		Residential

		Day

		40

		<30



		

		

		Evening/night

		35

		



		R18

		Residential

		Day

		40

		<30



		

		

		Evening/night

		35

		



		R19

		Residential

		Day

		40

		<30



		

		

		Evening/night

		35

		



		R20

		Residential

		Day

		40

		<30



		

		

		Evening/night

		35

		



		R21

		Residential

		Day

		40

		<30



		

		

		Evening/night

		35

		





[bookmark: _Toc16361662][bookmark: _Toc16361788][bookmark: _Ref17884753][bookmark: _Toc18483638][bookmark: _Toc58501495][bookmark: _Toc113446093][bookmark: _Toc113446266][bookmark: _Toc117001535][bookmark: _Toc117775061]


Road traffic noise – construction

[bookmark: _Hlk16863538]Road traffic noise level predictions for construction traffic during the day are provided in Table 6.4	. For residences on Gwydir Highway, the EPA’s RNP criterion is 60 dB LAeq,15hour applies. For all other residential locations (local roads) the EPA’s RNP criterion of 55 dB LAeq,1hour applies. Traffic volumes were collected by EMM between 
2–4 June 2021. The survey represents the peak generation of light vehicles (LV) and heavy vehicles (HV) associated with the busiest construction stage (PV installation) of the project.

		[bookmark: _Ref12114526][bookmark: _Toc16361698][bookmark: _Toc16361824][bookmark: _Toc18483674][bookmark: _Toc19189877][bookmark: _Toc58501536][bookmark: _Toc113361357][bookmark: _Toc113446215][bookmark: _Toc113446355][bookmark: _Toc117775094][bookmark: _Hlk57110282]Table 6.4	Road traffic noise calculations (construction), day (7.00 am to 10.00 pm)



		Road name

		Approximate distance from nearest carriageway

		Road segments

		Existing movements1

		Existing plus project movements

		Noise level increase due to the Project, LAeq,15hour, dB



		

		

		

		Total

		%HV

		Calculated level, LAeq,15hour, dB

		Total

		%HV

		Predicted level, LAeq,15hour, dB

		



		Gwydir Highway

		30 m

		State road between Inverell (west) and Spring Mountain Road 

		1,346

		15

		62

		1774

		12

		61

		0



		

		170 m

		State road between Glen Innes (east) and Spring Mountain Road

		

		

		

		

		

		

		



		Spring Mountain Road

		60 m

		-

		<50

		<10

		39

		460

		17

		50

		11



		Sturmans Road

		1,720m

		-

		<50

		<10

		20

		460

		17

		30

		10





[bookmark: _Hlk57110551]Notes:	1. Existing movements are based on 2018/2019 long-term road traffic counts. Refer TIA (EMM 2022) for detail.

[bookmark: _Hlk57110565]Assessment of day traffic predictions demonstrate that all road segments likely to be used by vehicles associated with construction of the project comply with the relevant absolute or relative increase criterion. As the existing traffic volumes on Gwydir Highway were found to be above the RNP’s absolute criterion of 60 dBA, additional traffic volumes were assessed against the relative increase in traffic noise generated by the project. The relative traffic increase on Gwydir Highway was found to be negligible (0 dB) and as such the ≤2 dB allowance criterion is met for both road segments likely to be used by vehicles associated with construction of the project. Traffic associated with operations is relatively minor compared to construction periods and furthermore, traffic noise generation will meet the RNP requirements.

[bookmark: _Toc58501496][bookmark: _Toc113446094][bookmark: _Toc113446267][bookmark: _Toc117001536][bookmark: _Toc117775062]Decommissioning

Decommissioning activities are expected to be limited to removal of plant and equipment during standard day hours in accordance with the ICNG. Noise from these activities would be substantially less than levels predicted for construction activities (Section 6.1) as the proposed decommissioning would not include further roadworks (which are the main cause of noise impacts during the construction phase. As a result, decommissioning activities are not anticipated to result in any adverse noise impacts at the identified assessment locations.

Vehicle movements associated with decommissioning activities would be significantly lower than that generated by the project construction and therefore will satisfy RNP requirements.

[bookmark: _Toc113446095][bookmark: _Toc113446268][bookmark: _Ref113448226][bookmark: _Ref113448229][bookmark: _Toc117001537][bookmark: _Ref117774091][bookmark: _Toc117775063][bookmark: _Ref118882753][bookmark: _Ref118882763]Management of impacts

[bookmark: _Toc117001538][bookmark: _Toc117775064]Mitigation and management measures 

During construction (particularly during access road upgrades in Stage 1) up to 11 assessment locations are expected to experience noise above relevant NMLs and two assessment locations are predicted to experience vibration impacts relating to human comfort criteria. No assessment locations are predicted to experience vibration impacts relating to structural (cosmetic) criteria.  

Operational noise levels and maximum event noise levels are predicted to be well below the relevant criteria at all assessment locations. 

This section outlines the recommended noise and vibration mitigation and management measures. 

The project’s construction environmental management plan (CEMP) will include a suite of best practice noise and vibration management and mitigation measures, as outlined in Table 7.1.

		[bookmark: _Ref118882646][bookmark: _Toc117775095][bookmark: _Hlk113450035]Table 7.1	Noise and vibration mitigation measures



		Reference

		Mitigation measure

		Responsibility

		When



		Universal work practices



		N1

		Ensure the importance of minimising noise and vibration is reinforced at toolbox meetings. 

		Construction contractors

		Construction



		N2

		Minimise unnecessary metal-on-metal contact.

		Construction contractors

		Construction 



		N3

		Minimise the need for vehicle reversing for example, by arranging for one-way site traffic routes where possible.

		All staff

		At all times 



		N4

		Ensure access road is maintained. 

		All staff

		At all times



		Plant and equipment



		N5

		Ensure potentially noisy plant and equipment is maintained in accordance with manufacturer specifications.

		All staff

		At all times



		N6

		Where practical, use quieter plant and equipment.

		All staff 

		At all times



		N7

		Minimise unnecessary movement of equipment/material/plant.

		All staff

		At all times



		N8

		Operate plant and equipment in the quietest and most efficient manner.

		All staff

		At all times



		N9

		Undertake regular inspections/maintenance of plant and equipment to ensure that all noise reduction devices are operating effectively.

		All staff

		At all times



		Work scheduling



		N10

		Construction work to be limited to standard construction hours, including delivery of plant and equipment. Exceptions to these hours may be required on limited occasions. Regulatory authorities (including the Inverell Shire Council) and surrounding landholders will be notified of any exceptions prior to any works being undertaken.

		Construction contractors

		Construction



		Specific assessment locations (noise)



		N11

		Ensure the following mitigation measures are undertaken for R6b, R11, R12, R14 and R15:

verification; and 

notification.

See Section 7.2 for further details. 

		Construction contractor

		Pre-construction 

Construction



		Vibration 



		N12

		Wherever practicable, ensure that vibration intensive activities are undertaken outside of the safe working distances. Where this is not practicable:

use less vibration intensive methods of construction or equipment where practicable; 

limit vibration intensive works to the least sensitive times of the day, in consultation with the relevant sensitive receivers; and/or

undertake vibration monitoring to ensure compliance with DIN-4150 criteria. 

		Construction contractor

		Construction



		N13

		[bookmark: _Int_vUl51txr]If ongoing works are required1, and where monitoring has confirmed actual vibration levels are nearing the DIN-4150 criteria, consider installation of a monitoring system to warn operators when vibration levels are approaching the cosmetic damage criteria (eg flashing light, audible alarm etc).

		Construction contractor

		Construction



		N14

		Ensure the following mitigation measures are undertaken for R14 and R15:

verification;  

notification; and 

respite offer.

See Section 7.3 for further details.

		Construction contractor

		Pre-construction 

Construction





Notes	1. Ongoing works are defined by long-term works occurring for a period greater than 3 weeks. 

The relative effectiveness of various forms of noise control is outlined in Table 7.2.

		[bookmark: _Toc117775096]Table 7.2	Relative effectiveness of various forms of noise control



		Noise control

		Nominal noise reduction possible, in total A-weighted sound pressure level, dB



		Increase source to receiver distance1

		Approximately 6 dB for each doubling of distance



		Reduce equipment operating times or turn off idling machinery [footnoteRef:3] [3: ] 


		Approximately 3 dB per halving of operating time



		Operating training on quiet operation2

		Up to 3 to 5 dB



		[bookmark: _Int_wxO1KHna]Screening (eg. noise barrier)1

		Normally 5dB to 10 dB, maximum 15 dB



		[bookmark: _Int_QQrc4lXc]Enclosure (eg. shed/building)1

		Normally 15 dB to 25 dB, maximum 50 dB



		[bookmark: _Int_HoRsV8yg]Silencing (eg exhaust mufflers) 1

		Normally 5 dB to 10 dB, maximum 20 dB





1. Sourced from AS2436-2010.

[bookmark: _Toc113446096][bookmark: _Toc113446184][bookmark: _Toc113446324]2. Based on EMM’s measurement experience at construction and mining sites.

[bookmark: _Toc116994057][bookmark: _Toc116994172][bookmark: _Toc116994258][bookmark: _Toc116994058][bookmark: _Toc116994173][bookmark: _Toc116994259][bookmark: _Ref108703211][bookmark: _Toc110000935][bookmark: _Toc110001010][bookmark: _Toc111198933][bookmark: _Toc117001539][bookmark: _Ref117773671][bookmark: _Toc117775065]Additional noise mitigation measures

A number of assessment locations will require additional mitigation measures during the construction stage, according to the CNVG (Table 7.3).

		[bookmark: _Ref117773920][bookmark: _Ref116652748][bookmark: _Ref113448196][bookmark: _Ref113437214][bookmark: _Toc110000960][bookmark: _Toc110001035][bookmark: _Toc111198958][bookmark: _Toc113361359][bookmark: _Toc113446217][bookmark: _Toc113446357][bookmark: _Toc117775097]Table 7.3	Assessment locations requiring additional noise mitigation



		CNVG perception category

		No. of assessment locations during Stage 1

		No. of assessment locations during Stage 2

		CNVG additional mitigation measures





		Moderately intrusive 

(NML + 10)

		2

(R11, R14) 

		3

(R11, R12, R14)

		Verification

Notification drop



		Highly intrusive

(NML + 20)

		2

(R6b, R15)

		2

(R6b, R15)

		Verification

Notification drop



		Highly noise affected 

(75 dBA or greater1)

		0

		0

		Verification

Notification drop

Respite offer





1. This count of highly affected residences is independent of the highly and moderately intrusive counts. Ie the highly affected residences are also captured in the moderately and highly intrusive counts.

Table 7.3 defines a total of five assessment locations which are predicted to experience moderate to high intrusive noise impacts. As such, these locations should have the following mitigation measures undertaken prior to construction of the access road:

Notification (letterbox drop or equivalent):

Advanced warning of works and potential disruptions can assist in reducing the impact on the community. The notification may consist of a letterbox drop (or equivalent) detailing work activities, time periods over which these will occur, impacts and mitigation measures. Notification should be a minimum of 5 working days prior to the start of works. 

Verification:

Verification should include measurement of the background noise level and construction noise. Note this is not required for projects less than three weeks unless to assist in managing complaints.

[bookmark: _Toc116981458][bookmark: _Toc117001540][bookmark: _Ref117773695][bookmark: _Toc117775066][bookmark: _Toc113452404][bookmark: _Toc113457129][bookmark: _Toc116981459][bookmark: _Toc116994061][bookmark: _Toc116994176][bookmark: _Toc116994262][bookmark: _Toc116994063][bookmark: _Toc116994178][bookmark: _Toc116994264]Additional vibration mitigation measures 

Additional mitigation measures with respect to human response (human comfort) to vibration will be applied in accordance with the CNVG as presented in Table 7.4.

		[bookmark: _Ref117774054][bookmark: _Ref116654272][bookmark: _Ref113439873][bookmark: _Toc527542318][bookmark: _Toc526191739][bookmark: _Toc526191709][bookmark: _Toc524942428][bookmark: _Toc524942400][bookmark: _Toc524941300][bookmark: _Toc110000961][bookmark: _Toc110001036][bookmark: _Toc111198959][bookmark: _Toc113361360][bookmark: _Toc113446218][bookmark: _Toc113446358][bookmark: _Toc117775098]Table 7.4	Additional mitigation measures matrix – construction vibration



		Predicted human comfort vibration levels

		Additional mitigation measures



		

		Type1

		Apply to



		Standard hours: Monday – Friday (7.00 am – 6.00 pm), Saturday (8.00 am – 1.00 pm), Sunday/public holiday (Nil)



		Predicted vibration exceeds maximum human comfort levels

		V, N, RO

		R14, R15





1. Notes:	1. The following abbreviations are used: Alternative Accommodation (AA), Respite Offer (RO), Respite Period 1 (R1), Validation of predicted noise levels (V), Specific Notifications (SN), Notification drops (N), Respite Period 2 (R2), Duration respite (DR).


Table 7.4 defines a total of two assessment locations (R14 and R15) which exceed the maximum human comfort levels. As such, these locations should have the following mitigation measures undertaken prior to construction of the access road:

1. Notification (letterbox drop or equivalent):

Advanced warning of works and potential disruptions can assist in reducing the impact on the community. The notification may consist of a letterbox drop (or equivalent) detailing work activities, time periods over which these will occur, impacts and mitigation measures. Notification should be a minimum of 5 working days prior to the start of works. 

Verification:

Verification should include measurement of the background noise level and construction noise. Note this is not required for projects less than three weeks unless to assist in managing complaints.

Respite offer:

Respite offers should be considered due to vibration generating activities near receivers. As a guide work should be carried out in continuous blocks that do not exceed 3 hours each, with a minimum respite period of one hour between each block. The actual duration of each block of work and respite should be flexible to accommodate the usage of and amenity at nearby receivers.

1. 

[bookmark: _Toc113457131][bookmark: _Toc116981461][bookmark: _Toc116994065][bookmark: _Toc116994180][bookmark: _Toc116994266][bookmark: _Toc113446100][bookmark: _Toc113446273][bookmark: _Toc117001541][bookmark: _Toc117775067]Conclusion

This NVIA outlines the predicted noise and vibration impacts associated with the proposed Sundown Solar Farm. 

Construction noise levels are predicted to exceed NMLs at up to 11 assessment locations in relation to the upgrade of the site access road and the intersection. No exceedance of the ‘Highly Noise Affected’ level is expected. 

Construction vibration levels are predicted to exceed acceptable human comfort thresholds at two assessment locations, depending on the size of vibratory rollers used during the upgrade of the site access road. These can be managed by employing the mitigation measures outlined in Chapter 7.

Operational noise is predicted to satisfy the NPfI PNTLs for all assessment locations.

During peak construction, increases in road traffic noise will occur along the Gwydir Highway, Spring Mountain Road and Sturmans Road. Assessed road traffic noise levels indicate that predicted levels will remain below the thresholds provided in the Road Noise Policy (RNP) (DECCW 2011).

Decommissioning phase noise and vibration are expected to satisfy all applicable criteria. 

By applying the proposed mitigation measures outlined in Chapter 7, the project is not anticipated to generate significant noise or vibration impacts. 





[bookmark: _Toc113446101][bookmark: _Toc113446274][bookmark: _Toc117001542][bookmark: _Toc117775068]Glossary

		[bookmark: _Ref113448274][bookmark: _Toc113446219][bookmark: _Toc113446359][bookmark: _Toc117775099]Table 8.1	Glossary of acoustic terms



		Term

		Description



		dB

		Noise is measured in units called decibels (dB). There are several scales for describing noise, the most common being the ‘A-weighted’ scale. This attempts to closely approximate the frequency response of the human ear.



		LA1

		The 'A-weighted' noise level which is exceeded 1% of the time.



		LA10

		The 'A-weighted' noise level which is exceeded 10% of the time. It is approximately equivalent to the average of maximum noise level.



		LA90

		Commonly referred to as the background noise level. The 'A-weighted' noise level exceeded 90% of the time.



		LAeq

		The energy average noise from a source. This is the equivalent continuous 'A-weighted' sound pressure level over a given period.



		LAeq,15min

		This is the equivalent continuous 'A-weighted' sound pressure level over a 15-minute period. The LAeq,15min descriptor refers to an LAeq noise level measured over a 15-minute period.



		LAmin

		The minimum 'A-weighted' noise level received during a measuring interval.



		LAmax

		The maximum root mean squared 'A-weighted' sound pressure level (or maximum noise level) received during a measuring interval.



		LCeq

		This is the equivalent continuous 'C-weighted' sound pressure level over a given period. The LCeq,15min descriptor refers to an LCeq noise level measured over a 15-minute period. C‑weighting can be used to measure low frequency noise.



		Day period

		Monday – Saturday: 7.00 am to 6.00 pm, on Sundays and public holidays: 9.00 am to 6.00 pm at a sensitive place and 7.00 am to 6.00 pm at a commercial place.



		Evening period

		All days: 6.00 pm to 10.00 pm.



		Night period

		Monday – Saturday: 10.00 pm to 7.00 am, on Sundays and public holidays: 10.00 pm to 9.00 am at a sensitive place and 10.00 pm to 7.00 am at a commercial place.





It is useful to have an appreciation of decibels (dB), the unit of noise measurement. Table 8.1 gives an indication as to what an average person perceives about changes in noise levels. Examples of common noise levels are provided in Table 8.2.

		[bookmark: _Ref113448281][bookmark: _Toc113361362][bookmark: _Toc113446220][bookmark: _Toc113446360][bookmark: _Toc117775100]Table 8.2	Perceived change in noise



		Change in sound pressure level (dB)

		Perceived change in noise



		3

		Just perceptible



		5

		Noticeable difference



		10

		Twice (or half) as loud



		15

		Large change



		20

		Four times (or quarter) as loud







[image: Diagram, timeline

Description automatically generated]

[bookmark: _Toc113361331][bookmark: _Toc113446280][bookmark: _Toc113446366]Source: Noise Measurement Manual (Department of Environment and Heritage Protection 2013).

[bookmark: _Toc117775106]Figure 8.1	Common noise levels
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