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1 Introduction 

1.1 Planning permission (ref P/2024/0205) has been granted for a new primary substation and 
associated fencing at Building 7, Ispen Biopharm Ltd, Ash Road North, Wrexham Industrial Estate, 
Wrexham, LL13 9UF subject to conditions. Conditions 6 and 7 of the permission relate to the noise 
impact of the substation.  

1.2 This report provides full details of an assessment of noise from the substation in line with the 
requirements of planning conditions 6 and 7. The potential impact of vibration from the substation 
has also been considered in line with condition 6. 

1.3 The report is necessarily technical in nature, however every effort has been made to make it as 
clear as possible. In this regard, the Glossary of Acoustics Terms attached as Appendix A gives 
further explanation on relevant acoustics terminology used within the report. 

2 Site Description 

2.1 The proposed development site is located within Wrexham Industrial Estate off Ash Road North. 
The site is to be located within the existing car park of the proposed NDPF development site. 

2.2 The site location is shown below: 
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NDPF Site Residential Commercial Substation Site  

Imagery @2023 Airbus, Bluesky, Bluesky, Infoterra Ltd & COWI A/S, CNES / Airbus, Getmapping plc, Infoterra Ltd & Bluesky, Maxar Tchnologies, Map Data @2023 

  
 

F1 Site Location 

2.3 Ash Road North runs along the western boundary of the site. Ash Road South runs along the 
northern boundary. To the east of site is a small wooded area and office buildings. To the south 
of the site are industrial uses.  

2.4 The nearest dwellings to the site are located to the southeast on Erlas Lane. 

3 Planning Conditions 

3.1 General 

3.1.1 Planning permission (ref P/2024/0205) has been granted for the Installation of primary substation 
and associated fencing  at building 7, Ash Road North, Wrexham, subject to conditions. 
Conditions 6 and 7 consider the noise and vibration impact of the development and are 
reproduced below:  

3.2 Condition 6 

3.2.1 Condition 6 considers the impact of noise and vibration from the substation at the nearest 
dwellings and commercial uses. The condition is reproduced below:  
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Prior to the first use of any electricity substation installed in connection with the development 
hereby approved, an acoustic report assessing its impact upon amenity shall be submitted to, 
and approved in writing by, the Local Planning Authority. The report shall address the issue of 
noise (including low frequency noise) and vibration from the station to ensure that there is no 
loss of amenity to residential or commercial properties. The measures as are approved shall be 
fully implemented in strict accordance with the scheme prior to first use of the development and 
shall thereafter be retained as such. 

3.3 Condition 7 

3.3.1 Condition 7 sets noise limits for any and all proposed equipment to be installed as part of the 
development at the nearest dwellings based on the existing noise climate. The condition is 
reproduced below: 

The rating level of any noise generated by reason of this development shall not exceed the pre-
existing background level at any time. The noise levels shall be determined at nearby noise 
sensitive premises, and measurements and assessment shall be made in accordance with 
BS4142:2014 Methods for Rating and Assessing Industrial and Commercial Sound (or any 
Guidance revoking or re-enacting that Guidance with or without modification). 

4 Noise Limits 

4.1 General 

4.1.1 To comply with the requirements of Condition 6 and 7 above it is necessary to set noise limits at 
the existing commercial and residential buildings.  

4.2 Residential 

BS4142:2014+A1 

4.2.1 Noise limits at the nearest dwellings have been set based on guidance within BS4142:2014+A1 
Methods for Rating and Assessing Industrial and Commercial Sound, and a noise survey 
undertaken at the site, as required by Condition 7. 

4.2.2 A noise survey has previously been undertaken at the nearest noise sensitive dwellings on Erlas 
Road. Full details of the survey and limits set are provided within report ref 20230902-0 R1 
attached as Appendix C to this report.  

4.2.3 Noise limits for mechanical services plant have been set equal to the background noise level at 
the nearest dwellings as required by condition 7. This are reproduced below: 
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Location Noise Limit, LAr dB 

 
Daytime 

(0700-2300 only) 
Night time 

(2300-0700) 

Nearest noise sensitive properties 44 42 

   

T1 Plant noise limits at the nearest residential properties. 

4.2.4 The above limits apply to the cumulative noise emissions from all new plant items under normal 
operating conditions, and apply at 1 m from the outside of the windows of the worst-affected 
noise sensitive receptors within the vicinity of the site. 

Low Frequency Noise 

4.2.5 Noise from transformers is generally characterised by a low frequency noise which is often 

Information on the assessment of low frequency noise is 
 

4.2.6 NANR45 provides criteria for the assessment of low frequency noise disturbance and provides a 
procedure for the assessment of low frequency noise complaints.  

4.2.7 The procedure provided is intended for use where complaints have been received about an 
existing low frequency noise. The methodology allows a suitably qualified person to identify 
whether the noise is present within a dwelling at a level that could reasonably give rise to 
disturbance to some individuals. It does not necessarily follow that the presence of the noise at 
such a level will in fact give rise to disturbance. 

4.2.8 Although the DEFRA document states that the procedure would not be reliable if used to predict 
the likelihood of complaints at the planning stage, when the noise source and receptors are often 
not yet present, we believe that it represents a good means of indicating whether a low frequency 
problem may occur when the substation is installed. 

4.2.9 The DEFRA standard is only applicable to internal noise levels within dwellings. Due to this the 
performance of the building façade and ventilation system must be considered. 

4.2.10 We highlight that we are aware that UK Power Networks have historically advised during CPD 
presentations specifically given to members of the Institute of Acoustics1 that they look to the 
NANR45 standard when they are asked to review schemes with residential noise sensitive 
receptors that might be affected by transformer noise. 

4.2.11 NANR 45 presents a criterion curve as reproduced below: 

   

 Third-Octave Band with Centre Frequency, Hz 

 10 12.5 16 20 25 31.5 40 50 63 80 100 125 160 

dB, Leq 92 87 83 74 64 56 49 43 42 40 38 36 34 
   

 

1 IOA Central Branch presentation on 'Transformer Hum - Planning for Low Frequency Noise' (26 May 2022) 
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DEFRA NANR45 Criterion Curve 

4.2.12 For noise sources present during the day-time period only, a relaxation of 5dB on the above 
criterion curve should be taken. For sources that are steady, i.e. not fluctuating, the criterion curve 
may also be relaxed by 5dB. In this regard, the guidance states: 

Fluctuating sounds are known to be more disturbing than steady sounds by an equivalent of 
about 5dB. The criterion curve should be relaxed by 5dB for steady sounds to take account of 
this.  

4.2.13 The following criteria can be used to determine whether the source is considered fluctuating: 

• L10 - L90 < 5: no penalty 
• L10 -  

4.2.14 Whilst this process relates to the determination of low-frequency disturbance from an existing 
source (and more commonly from sources such as machinery and equipment), the general 
process outlined above is considered to remain relevant in terms of prediction of nuisance from 
proposed sources with strong low-frequency content (such as electrical substations) on 
occupants of a premises. 

4.2.15 The substation will operate 24 hours a day and so no relaxation for daytime only operation can 
be taken into account, From Acoustics Central experience noise from substations is consistent 
and so does not fluctuate. Due to this the +5 dB relaxation for steady sources can be applied. This 
is consistent with UKPN advice, as discussed earlier. 

4.3 Commercial Properties 

4.3.1 BS 4142 only provides guidance for the assessment of noise at residential properties and so does 
not consider the noise limits at commercial properties which are generally considered to be less 
sensitive.  

4.3.2 To the north of the site there is an office/reception area for a warehouse and to the east of site 
there are office buildings. These are considered to be the nearest commercial buildings that 
planning condition 6 would apply to.  

4.3.3 When considering the noise impact at commercial properties it is considered appropriate to set 
noise limits inside rooms of the development, as external noise levels are not of concern. 

4.3.4 Guidance for internal noise levels within offices are provided in various documents including 
BS8233:2014, British Council for Office Guide to Specification 2019 and CIBSE Guide A. Based on 
these guidance documents and standards as well as our experience of other buildings with similar 
uses the following noise limits are proposed within offices: 

• Cellular offices/meeting rooms: NR35 Leq 
• Open plan offices/breakout spaces: NR40 Leq 

4.3.5 The limits above are expressed as Noise Rating Curves (NR) which is common for the assessment 
of mechanical services noise within offices. NR Curves are frequency dependant as they compare 
the noise levels at each octave bands to the NR curve. The assess NR value for the measured noise 
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is the lowest curve which is not exceeded in any octave band is then the measured. Due to this 
low frequency noise from the substation is taken into account within the proposed criteria. 

4.3.6 Assuming a loss of 10 dB through a partially open windows noise limits at the façade of the offices 
are set at NR 45 Leq. This is based on the nearest rooms within the offices are the most noise 
sensitive cellular offices/meeting rooms.  
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5 Plant Noise Assessment 

5.1 General 

5.1.1 To compare noise from the proposed transformers to the noise limits an atmospheric plant noise 
assessment has been carried out.  

5.1.2 The assessment process involves calculating the noise levels from the proposed plant at the noise 
sensitive locations and comparing the resultant levels with the plant noise limits established in the 
previous section. 

5.1.3 Our calculations take into account propagation losses such as distance and, where relevant, 
screening from building, roof and wall edges where these obscure the plant from direct view.  

5.2 Assessment Receiver Locations 

5.2.1 The closest residential premises to the transformers are located on Erias Lane to the south west 
of site. The closest office buildings are located off Ash Road South to the north and east of site. 

5.2.2 Three assessment positions have been selected to represent the noise sensitive properties, these 
are described and shown below: 

• AP1  Closest dwellings on Erias Lane, approximately 400m from the development site. 
• AP2  Offices to the north of site on Ash Road South, approximately 50m from the development 

site 
• AP3  Closest office buildings to the east of site on Ash Road South, approximately 80m from the 

development site. 

  

 
Imagery @2023 Airbus, Bluesky, Bluesky, Infoterra Ltd & COWI A/S, CNES / Airbus, Getmapping plc, Infoterra Ltd & Bluesky, Maxar Tchnologies, Map Data @2023 

  
 

T2 Assessment Positions 

AP1 

AP3 

AP2 
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5.3 Proposed Scheme 

5.3.1 It is proposed to install two new RT 10000-33 transformers at the site as shown in the layout 
below: 

  

 
Lovelock Mitchell Proposed General Arrangement Drawing 

  
 

T3 Site Layout 

5.3.2 Manufacturers noise data for the transformers has been provided by the Client. The data provided 
is A weighted sound power levels with no frequency data. The manufacturers data is included in 
Appendix E and shows that each transformer has a sound power level of 75.8 dB(A). 

5.3.3 Electrical substations generally generate significant noise at 100Hz and 200Hz. Other spikes in 
noise level can be noted at higher harmonics of 100Hz but these are generally masked by other 
noise sources generated by the substation. 

5.3.4 To take account of the low frequency noise generated by the substation a typical third octave 
-

 attached to this report as Appendix D. 
 

             
Typical Transformer Noise Spectrum, dB 

Freq 50 63 80 100 125 160 200 250 315 400 500 630 

Leq 58 60 60 79 60 56 75 61 72 73 69 65 

Freq 800 1k 1250 1600 2k 2500 3150 4000 5000 6300 8000 10000 

Leq 58 57 51 49 46 44 41 42 44 42 42 58 

             

T4 Typical Transformer Noise Spectrum 

5.3.5 The spectrum above shows a 19 dB increase at 100Hz compared to 80 Hz and 19 dB increase at 
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with other large scale electrical transformers. The spectra has been utilised in our assessment by 
shifting it to match the overall 75.8dBA sound power level as noted by the manufacturer. 

5.4 Residential Assessment Results 

BS 4142 assessment 

5.4.1 By utilising the methodology set out above the calculated noise levels at AP1 are shown below. 
These are the specific noise levels and so do not include a penalty correction as this will be applied 
at the receptor. 

   
Assessment Position Noise Limit, dB(A) 

Calculated specific noise 
level, dB(A) 

AP1 42 14 

   

T5 BS 4142 Assessment results 

5.4.2 The calculated noise level at the dwellings is 28 dB(A) below the existing background noise levels. 
Due to this it is expected that any low frequency character from the transformers will not be 
noticeable at the dwellings and so no acoustic penalties are required. 

5.4.3 Based on the above the requirements of condition 7 are considered to be achievable without any 
mitigation. 

NANR 45 assessment 

5.4.4 The calculated external low frequency noise levels from the units, between 50 Hz and 160 Hz are 
shown below along with the NANR 45 criteria (including the +5 dB relaxation for steady state 
noise): 

   

 Third-Octave Band with Centre Frequency, Leq (dB) 

 10 12.5 16 20 25 31.5 40 50 63 80 100 125 160 

NANR 45 97 92 88 79 69 61 54 48 47 45 43 41 39 

Substation 
Noise 

- - - - - - - -2 0 0 19 0 -4 

   

DEFRA NANR45 Criterion Curve 

5.4.5 The results above show that the transformers are 24 dB below the criteria at its worst case 
frequency of 100Hz and so meets the criteria. It is noted that the calculated levels above are 
external and so noise levels within rooms, where NANR 45 is to be applied, would be lower than 
those shown above. 

5.4.6 Based on the above residential noise requirements condition 6 are considered to be achievable 
on site without any mitigation. 
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5.5 Office Assessment Results 

5.5.1 The calculated external noise levels at the proposed offices, compared to the criteria are shown 
in the table below: 

   
Assessment Position Noise Limit, NR, dB Calculated noise level, NR, dB 

AP2 45 37 

AP3 45 31 

   

T6 Office Assessment results (External) 

5.5.2 The calculated noise levels are 8 dB to 14 dB below the noise limits and so meets the criteria. 

5.5.3 It is noteworthy that the noise level predicted at 100Hz at AP2 is 42 dB which is below the 43 dB 
NANR45 criteria for within dwellings at night. Whilst NANR45 is not a relevant standard for 
assessing low frequency noise in commercial properties, as it is significantly more onerous than 
required, meeting the criteria is a clear demonstration that the resultant noise levels are 
acceptable. 

5.5.4 Based on the above, the commercial noise requirements for condition 6 are considered to be 
achievable without any mitigation. 

5.5.5 Calculation sheets are available for all of the assessments undertaken above on request. 

6 Vibration 

6.1 Condition 6 requires an assessment of vibration from the transformer. No vibration data has been 
provided for the transformer and so a full assessment cannot be undertaken. The transformer 
must be installed as per the  instructions to control vibration. 

6.2 It is noted that transformers do not have any moving parts which would generate any vibration 
and are generally installed on rubber mounts which would further reduce the transmission of any 
potential vibration. The substation is located 50m from the nearest commercial receptor. At this 
distance vibration is not considered to be significant.   

7 Conclusion 

7.1 Planning permission has been granted for a new primary substation and associated fencing at 
Building 7, Ispen Biopharm Ltd, Ash Road North, Wrexham Industrial Estate, Wrexham, LL13 9UF 
subject to conditions. Conditions 6 and 7 of the condition relate to the noise impact of the 
substation.  

7.2 Assessments have been undertaken to calculate the noise impact of the proposed transformers 
on the nearest dwellings and offices as required by the conditions. The assessments have shown 
that suitable noise levels are achieved at the nearest noise sensitive locations without the need 
for any mitigation and so the noise requirements of the conditions are achievable on site. 
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7.3 The likelihood of significant vibration from the transformers has also been considered in line with 
Condition 6. As the nearest sensitive receptors from the transformers are approximately 50m 
away vibration is not considered to be likely to be significant.  

7.4 We therefore suggest that condition 6 and 7 should be discharged with regards to the proposed 
transformers. 
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Appendix A 

Glossary of Acoustics Terms  Noise Levels 

Single Figures and Spectra 

Generally speaking, the human ear is capable of hearing noise within the frequency range 20Hz 
to 20kHz. To make handling of data more meaningful and manageable, the range is often divided 

 

For most acoustics applications, either octave or third-octave bands are used. Each band has a 
specific centre frequency which is used to identify it. When reported, the band centre frequency 
is given, along with the associated noise level, e.g. 63dB Leq at 500Hz. 

Noise levels can also be reported as single figure values where all energy contained within the 
measured frequency range is summed to provide a single figure. However, as the human ear does 
not hear noise at different frequencies with equal loudness, a weighting curve is often applied to 
levels before summing to account for this fact.  

The most common curve is the A-weighting curve, and its use is denoted by including the letter 
LAeq, or with the decibel suffix (if the index is described 

LZeq. 

Noise Level Indices  

Noise level measurements can be made and reported in a variety of indices. The index is reported 
using the letter L to indicate Level, followed by, for example, abbreviations to represent the 
specifics of the index, and time intervals where applicable. The most commonly used are given 
below.  

Leq,T, (dB) - Equivalent Continuous Sound Pressure Level 

The Leq,T value is the sound pressure level in decibels of a continuous steady sound that within a 
specified time interval, T, has the same mean-squared sound pressure as a sound that varies with 
time. It is often used as a descriptor of the ambient noise climate, and commonly seen as a single 
A-weighted figure LAeq,T. 

Lmax, (dB) - Maximum Sound Pressure Level 

The Lmax value is the highest recorded sound pressure level in decibels averaged across a specified 
time constant during a noise measurement of certain duration. Two time constants are used, Fast 
and Slow, where the time constants are 0.125s and 1s respectively. The time constant is denoted 
in the index, Lmax,F for Fast and Lmax,S for Slow. It is often used to identify transient events that have 
a high-level relative to the ambient noise climate, and commonly seen as a single A-weighted 
figure LAmax. 
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L10,T, (dB) - Equivalent Continuous Sound Pressure Level 

The L10,T, value is the sound pressure level in decibels that is exceeded for 10% of a given time 
interval, T. It is often used as a measurement of noise from transportation sources such as road 
and rail. It is commonly seen as a single A-weighted figure LA10,T. 

L90,T, (dB) - Equivalent Continuous Sound Pressure Level 

The L90,T, value is the sound pressure level in decibels that is exceeded for 90% of a given time 
interval, T. It is often used as a descriptor of the background noise climate, and commonly seen 
as a single A-weighted figure LA90,T.  
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Appendix B 

Document Naming and Version Control Policy 

All documents are issued with a unique number which comprises the principle 8-digit project and 
1-digit subsection numbers, for example 20151203-0, and a reference indicting iteration of 
document type, for example R1 for Report 1, M2 for Memorandum 2 etc.  

All documents employ version control through the use of a unique version number. The version 
numbers employ two levels of hierarchy, and use the format illustrated below:  

V 1  .  2  
 Major Minor 

 
Major 

A major revision occurs when the report is revised to reflect significant changes in design strategy. 
For example, wide scale changes to building footprint or general arrangements, changes to 
principle construction type (e.g. masonry to lightweight), reselection of mechanical services plant 
etc. A change in strategy that takes place within the same RIBA work stage for example will prompt 
a major revision to a document. 

Minor 

A minor revision occurs when the report is revised to reflect minor changes to the design 
implementation. For example a change in the type of natural vent, extract fan, surface finish etc. 
to be used, on the project. Minor revisions will also occur when there is a change in wording of 
the report text. 

Reporting 

The Document History and Version Control table on the second page of each report identifies 
the versions through which the document has moved, along with the date, author that produced 
the version, and a description of its purpose or change.  

Electronic File Naming 

Reports issued electronically use the following format: 

2012xxxx    - x   Rx    Noise Assessment Report  v1.0   yyyy.mm.dd.pdf 

Project Number Subsection Report Number Report Name    Version Date        File Extension 
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Appendix C 

Noise Survey Report 
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Appendix D 

Paper Number 23, Proceedings of Acoustics 2011, Low-frequency and Tonal Characteristics of 
Transformer Noise.  

  



Paper Number 23, Proceedings of ACOUSTICS 2011                                                          2-4 November 2011, Gold Coast, Australia 

Acoustics 2011 1 

Low-frequency and Tonal Characteristics of 
Transformer Noise 

Michael Gange 
Senior Engineer, Renzo Tonin & Associates, Sydney, Australia 

ABSTRACT 
Electricity substations and their associated transformers are necessary for community power needs.  In NSW these 
substations are often located in rural areas where background noise is low.  Noise ‘hum’ from the transformers can be 
an issue for residents located nearby to the substation, and the tonal and low-frequency nature of the noise can add to 
the annoyance.  The NSW Industrial Noise Policy applies penalties for these noise characteristics when assessing 
such sources. This paper analyses noise measurements of substations in rural areas.  One-third octave band noise 
measurements were conducted both close up to the transformers, and also in the residential community.  The meas-
urement results show that although tonal and low frequency characteristics might be evident close up to the trans-
formers, these characteristics dissipate over distance and the INP penalties do not necessarily apply at the residential 
receiver. 

INTRODUCTION 

The electricity used by households and businesses in NSW is 
generated at power stations then transmitted through high 
voltage transmission lines to substations.  The substation 
performs the task of stepping down the voltage suitable for 
domestic and commercial distribution.  There are approxi-
mately 91 large zone substations in NSW and many more 
smaller distribution substations.   

Since substations are often located in rural areas, the nearest 
residential receivers are commonly isolated dwellings on 
large lots.  Background noise is therefore usually very low 
due to the lack of other industrial development and low levels 
of traffic noise. Occasionally medium density residential 
areas on the edge of towns abut the substation land holding. 

Since transformers generate noise emissions with a distinct 
tone at a relatively low frequency, it is sometimes assumed 
that these characteristics will also be evident at the residential 
receiver, to the point that a tonality penalty and/or a low-
frequency penalty is automatically applied during an assess-
ment.  Particularly when utilising noise modelling say during 
the planning phase of a substation, the tones and harmonics 
the substation source are strongly evident in the predicted 
results at the receiver. 

However, since tonality is assessed by determining the emer-
gence of a particular tone above the noise level of the adja-
cent frequency bands, the background noise in an area plays a 
significant part in determining whether a noise source will be 
tonal or not.  Even where the tone of a substation may still be 
somewhat audible, it may be that the tone has ‘blended’ 
enough with the background noise so that the tone is no long-
er inherently annoying.  

This paper analyses the results of noise measurements con-
ducted in rural areas, in the vicinity of substations, with the 
aim of determining typical distances from substations beyond 
which tonal and low-frequency penalties would no longer 
apply according to the INP. 

ELECTRICITY SUBSTATION TRANSFORMERS  

Zone substations typically contain at least two step-down 
transformers.  These transformers operate with a distinct 
‘hum’ which is generated by the periodic mechanical defor-
mation of the transformer core and the winding coils, under 
the influence of fluctuating electromagnetic flux.   The vibra-
tion of the core is at twice the frequency of the alternating 
magnetic flux. Since the line supply frequency is 50Hz, the 
noise emissions from these transformers are typically charac-
terised by tonal spikes at 100Hz, and also at the 200Hz and 
400Hz harmonic frequencies. 

 

Figure 1 Typical substation transformer 
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During a transformer’s operation, the vibrations from its core 
and windings get transmitted to the transformer tank surface 
through air-borne transmission (the air surrounding the core), 
and by structure-borne transmission at points where the 
mounting of the core structure is attached to the tank. The 
vibrating tank surface eventually radiates noise into the exte-
rior air. 

Some of the other sources of noise associated with trans-
former operation, such as cooling fans and pumps, are usual-
ly negligible contributors to the far-field noise. 

 

NSW INDUSTRIAL NOISE POLICY 

General Criteria 

The NSW Industrial Noise Policy (INP) is generally used for 
setting noise goals in substation noise assessments in NSW. 

The assessment procedure for the Industrial Noise Policy has 
two components: 

• Controlling intrusive noise impacts in the short term for 
residences 

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

In setting the project specific noise levels, the more stringent 
of the intrusive and amenity criteria is adopted.  In general, 
the intrusive criterion tends to be the controlling criterion for 
substations as there is often little other industrial develop-
ment in the regional areas where the substation is located. 

Penalties for Low-frequency and Tonal Sources 

Where a noise source contains certain characteristics (i.e. if it 
has an inherently tonal, low frequency, impulsive or intermit-
tent character), then it can cause greater annoyance than other 
noise at the same level.  According to the INP an adjustment 
of 5dBA for each annoyance aspect, up to a total of 10dBA, 
is to be added to the measured value to penalise the noise for 
the additional annoyance caused. 

The INP provides definitive procedures for determining 
whether a penalty or adjustment should be applied for in-
creased annoyance.   

Tonal noise is defined as noise containing a prominent fre-
quency and characterised by a definite pitch.  A one-third 
octave (or narrow band analysis) is required and a 5dBA 
penalty is applied to the measured or predicted level when the 
level of one-third octave band exceeds the level of the adja-
cent bands on both sides by: 

 5dB or more if the centre frequency of the band contain-
ing the tone is above 400 Hz 

 8dB or more if the centre frequency of the band contain-
ing the tone is 160 to 400 Hz inclusive 

 15dB or more if the centre frequency of the band con-
taining the tone is below 160 Hz. 

 

 

Low frequency noise is defined as noise containing major 
components within the low frequency range of 20Hz – 
250Hz.  Low frequency noise is considered to be evident 
where the difference between the measured A and C 
weighted levels is 15dB or more, and another 5dBA penalty 
may be applied. 

 

MEASURED TRANSFORMER NOISE LEVELS 

Near Field Noise Levels 

Australian Standard 60076.10.1-2009 “Power transformers – 
Determination of sound levels” is the current standard for 
quantifying noise levels from transformers.  The procedure in 
this standard calls for noise levels to be measured at a series 
of points around the tank of the transformer. 

One-third octave band noise measurements have been con-
ducted in accordance with the standard for the near field 
noise levels presented in this paper.  A typical noise spectrum 
for these near field measurements is presented in Figure 2.  
The tone at 100Hz is distinct, being two times the electrical 
supply line frequency.  There is also significant energy at the 
200Hz and 400Hz harmonic frequencies. 

 

 

Figure 2. Typical Transformer Noise Spectrum 

 

Noise Levels in the Community 

The following three case studies are examples of where resi-
dences are affected by audible substation noise.  Noise meas-
urements have been conducted late at night at the residential 
boundaries in a low background noise environment to quanti-
fy noise emission levels and to determine whether tonal or 
low frequency characteristics exist.  In each case, noise 
measurements have also been conducted close up to the 
transformers in the switchyard to quantify the character of the 
source. 
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Case 1 

The substation was located in a rural area surrounded by 
grassy fields and farmland, and is approximately 2km from 
the main highway.  Background noise levels were around 
30dBA, although slightly less than 30dBA at some residential 
locations. 

The graph in Figure 3 presents a comparison of measured 
noise levels both close up to the transformer in the substation, 
at the substation boundary, and at the residential boundary.  
The results are in one-third octave bands to enable analysis of 
tonality.  

 

Figure 3. Measured Noise Levels (Case 1) 

As shown by the arrowed notations, the following conclu-
sions can be drawn for Case 1 according to the annoyance 
test procedures outlined in the INP 

• Close up to the transformers, noise emissions are 
clearly tonal, with the obvious tones being at 
100Hz, and at the 200Hz harmonic. 

• Noise is still considered tonal at both the boundary 
locations (35m and 60m away), however the tones 
are only evident at 200Hz, but no longer at 100Hz. 

• At the residential boundary 440m away, tonality 
was determined at 400Hz, but not at 100Hz or 
200Hz 

• At the residential boundary 570m away, noise from 
the substation was not considered tonal according 
to the INP procedures 

Comparison of the A-weighted and C-weighted overall noise 
levels confirmed that a penalty for low frequency noise 
would not need to be applied at any residence. 

 

Case 2 

The substation was located in an area with farmland and 
some industry, and is approximately 400m from the main 
highway.  Background noise levels were between 30 - 32dBA 
at night and truck traffic from the highway was audible at 
night. 

The graph in Figure 4 presents a comparison of measured 
noise levels both close up to the transformer in the substation, 
at the substation boundary, and at the residential boundary.   

 

 

 

Figure 4. Transformer Noise (Case 2) 

The following conclusions can be drawn for Case 2: 

• Close up to the transformers, noise emissions are 
clearly tonal, with the obvious tones being at 
100Hz and 200Hz. 

• Noise is not considered tonal according to the INP 
at residences 120m, 180m or 260m away in any 
frequency. 

Comparison of the A-weighted and C-weighted overall noise 
levels confirmed that a penalty for low frequency noise 
would not need to be applied at any residence. 

 

Case 3 

The substation was located in a rural residential with no in-
dustry. The nearest main road was approximately 1km away, 
and the nearest highway many kilometres away.  Background 
noise levels were less than 30dBA at night. 

The graph in Figure 5 presents a comparison of measured 
noise levels both close up to the transformer in the substation, 
at the substation boundary, and at the residential boundary.   

 

Figure 5. Transformer Noise (Case 3) 

The following conclusions can be drawn for Case 3: 

• Close up to the transformers, noise emissions are 
tonal at 100Hz, 200Hz and 315Hz.   

• Tonality still exists at 100Hz at 40m and 90m.  It is 
not calculated at 250m but is just triggered at 
350m. 

Comparison of the A-weighted and C-weighted overall noise 
levels confirmed that a penalty for low frequency noise 
would not need to be applied at any residence. 
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AUDIBILITY VERSUS INP PENALTIES 

At each residential measurement location referenced in this 
paper, transformer hum could be described as being ‘clearly 
audible’ within the ambient noise.  However, according to the 
INP procedures, penalties for tonality would not apply at all 
locations. 

Table 1 summarises where tonality is evident for each case 
scenario, according to the INP procedures. 

Table 1. Application of INP Tonality Penalty 
Case Receiver 

Distance 
INP Penalty 
Applicable 

Audibility of 
substation 

‘hum’ 
1 440m Yes, tonal at 

400Hz 
Clearly audible 

 570m No Clearly audible 
2 260m No Clearly audible 
 180m No Clearly audible 
 120m No Clearly audible 
3 90m Yes, tonal at 

100Hz 
Clearly audible 

 250m No Clearly audible 
 350m Yes, tonal at 

100Hz 
Clearly audible 

Where a penalty for tonality is not required to be applied, the 
INP’s ‘background + 5dB’ intrusiveness criterion is the re-
maining instrument for limiting noise impacts. 

  

CONCLUSION 

When acoustic engineers are planning for new substation 
installations in accordance with the NSW Industrial Noise 
Policy, the set of measured data in this paper suggests that: 

• Where background noise levels are around 30dBA 
at night, application of the tonality penalty is ap-
propriate for residences within about 500m of the 
transformers if the aim is simply to comply with 
the INP.  

• Transformer hum can be clearly audible at a resi-
dential location without the INP procedures neces-
sarily identifying that noise as being tonal.  For ad-
ditional protection of residences, particularly where 
background noise levels are below 30dBA at night, 
application of the tonality penalty for all receivers 
in the surrounding area may be appropriate, gener-
ating a more conservative outcome and additional 
mitigation measures so that that audible noise from 
the substation is reduced.   

• Where receivers are exposed to existing traffic or 
industrial noise, or where background noise levels 
are greater than 30dBA, the INP penalty for tonali-
ty may not be triggered even for residences within 
a few hundred meters of the transformers. 

• According to the INP procedures, an additional 
penalty for low-frequency noise is not warranted 
for substation installations. 
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