Acoustic Noise Primer.
Jon Laver 
1.0 Introduction

Acoustic noise is not an easy subject to explain to a non-technical person. However, this document is an attempt to do so. It is unlikely to be totally complete or entirely accurate, but it will endeavour to be a “best effort”. It will probably be subject to revision and reissue.

2.0 The decibel

The human ear is sensitive to an extremely wide range of sound levels, from a faint whisper to a nearby deafening clap of thunder. Thus a convenient method of covering this wide range of sensitivities must be used.

2.1 Logarithms

All noise, especially acoustic noise, is measured in decibels (dB). This is a logarithmic scale using ratios. The reason for this is that the scale encompasses several orders of magnitude in range. In a linear scale this produces an inconveniently large range of values. Use of a logarithmic scale means that the numerical dynamic range is vastly compressed.

e.g. A ratio of 10,000:1 may be expressed in scientific format as 104:1 but in logarithmic notation it is simply Log10 4.0. The Log10 notation means that logs to the base 10 are being use (as opposed to Natural Logarithms using a base of e). The base 10 notation will be dropped in subsequent usage.

2.2 Reference Level

As indicated above, the decibel is used to indicate a ratio, hence there must be some sort of reference to ratio a measured level against.

The absolute reference level is 10-12 Wm-2. However, most sound levels refer to a Weighted Curve (see later). So all sound measurements are basically just comparisons against some form of standard.

2.3 Averaging

Noise, by its very nature, is random with time. Hence taking a snapshot measurement may not result in a valid or repeatable measurement. As a result, sound-level meters usually average sound over a 125 ms period. With some of the Weighted Curves (see later) sound processing is more sophisticated than simple averaging.

Note that averaging reduces the effects of short high spikes on sound level figures!

2.4 The decibel

The Bel is simply the logarithmic ration of the sound power levels being compared, i.e.
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The Bel itself is a bit too crude to use directly. So the deci-Bel (a tenth of a Bel) is used in practice.
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Note that sounds louder than the reference (gain) are +dB (usually just dB) whereas sounds quieter than the reference (loss) are given as –dB.

N.B. A level change of +3dB is an approximate doubling of perceived intensity.

3.0 Human hearing.

Human hearing is at its most sensitive around speech frequencies (200 Hz – 3.5 kHz).

The full hearing range for a fit young person runs from about 20 Hz (20 cycles per second) to almost 20 kHz (20,000 cps). However, the high frequency response falls off rapidly with age, most adults can’t hear much above 8 – 10 kHz. Many industrial workers and pop music fans, etc., will have permanently damaged hearing and thus a greatly reduced hearing response (i.e. be somewhat deaf!).

Temporary exposure to loud sounds, but not loud enough to cause damage, will reduce hearing sensitivity for a short while (temporary threshold shift). This is part of the human body’s self-protection systems.

At lower and higher frequencies than the speech range, human hearing is not very sensitive. This is demonstrated in that some ICE (In Car Entertainment) devices, stereo stacks, etc have a “Loudness” control in order to attempt to overcome this problem (Fletcher-Munson effect).

Below 20 Hz, sound is referred to as Infrasound, as it is really sensed as a vibration rather than heard by the ear.

The term “octave” is frequently used in acoustics. It means the same as the musical term, i.e. a doubling of the frequency.

There is an added complication, that of Signal to Noise Ratio (SNR). It is much harder to hear a specific sound if there is a significant level of other sound(s) present (masking noise). A lot of environmental statements quote figures of perceived sound over Background Levels (i.e. masking noise due to natural sounds, traffic noise, etc). It is one of the many ways of favourably manipulating noise-level figures.

3.1 Weighted Curves

In order to design an instrument to indicate relative sound levels, as perceived by humans, Weighted Curves are used to change absolute sound pressures to perceived equal-loudness levels. None of these is perfect for various reasons. 

They are based on the hearing response to pure tones, which are seldom found in normal life! They are also really only valid in a fairly quiet environment.

Most sound level meters allow a choice of three weightings, the A-weighting being the one usually used. The A-weighting is often used in order to determine environmental noise, especially in respect of risk of damage to hearing by loud noise.

A-weighting is only really valid for relatively quiet sounds (as used in Audiometry) and for pure tones as it is based on the 40-Phon Fletcher-Munson curves which represents an early determination of the equal-loudness contour for human hearing.

The B weighting curve has fallen into disuse, as most sound level meters only provide for A or C weighting, with some also provide D-weighting (which was specifically designed for use when measuring high level aircraft noise in accordance with the IEC 537 measurement standard). The large peak in the D-weighting curve is not a feature of the equal-loudness contours, but reflects the fact that we hear random noise differently from pure tones, an effect that is particularly pronounced around 6 kHz.

3.1.1 Normal Weighting Curves
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Note that the frequency scale is also logarithmic.

Sound measured using the A-weighted curve is quoted as dB(A) or dBA.

dB Sound Pressure Level (SPL) is referenced to a level of 20 microPascals = 0dB SPL.

3.1.2 Infrasound Weighting

G weighting purportedly reflects human response to infrasound. The curve is defined to have a gain of zero dB at 10Hz. Between 1Hz & 20Hz the slope is approximately 12dB per octave. The cut-off below 1Hz has a slope of 24dB per octave, and above 20Hz the slope is -24 dB per octave.
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This curve is difficult to define in a psychoacoustic manner, hence is considered to be somewhat academic rather than being based on the original pure tones of the Fletcher-Munson measurements in 1933. Currently there is no British Standard for measuring infrasound.

4.0 Intermediate summary

Environmental sound is usually measured as dB(A). This A-weighting is far from perfect, but at least has a legal basis. It isn’t very good for Wind Turbine noise, but we’re stuck with it. Use of the G-weighted response is not obligatory pending some further research and legislation.

The following table might give you some idea of what the figures mean:-

    Typical acoustic noise levels

Noise Source




Sound Pressure Level
 dB(A)

Jet takeoff from 25m (possible eardrum damage)
150

Aircraft carrier flight deck (painful)



140

Jet take-off from 100m (very loud indeed)

130

Rock band






110 – 120

Jet fly-by at 300m, car horn at 1m



100 – 110

Petrol grass mower – operator



  90 – 100

Food blender - operator, busy urban street

  80 – 90

Accelerating vehicle from 50kmhr-1 at 7.5m

  70 – 80

Vacuum cleaner – operator



  60 – 70

Light traffic at 30m





  50 – 60

Quiet residential area – daytime



  40 – 50

Quiet residential area – night time



  30 – 40

Wilderness, rustling leaves, whisper


  20 –30

Breathing






  10

Threshold of human hearing



    0

5.0 Wind Farm Noise

Wind turbines generate several different types of noise.

There’s a high frequency band of noise caused by air-flow splitting into two streams over blades leading edges (and more by vortex-shedding (wake turbulence) from the trailing edge of the blade). There’s a whine from the gearbox, which on modern turbines is hopefully minimal. There’s also a variety of noises from auxiliaries too.

It should be obvious that when moving air strikes the leading edge of the blade, it has to split into two streams. This splitting leads to “partition” noise which is a higher frequency noise. However, it is the airflow at the trailing edge of the blades that causes serious airflow induced noise. Air leaves the training edge in eddies (vortices) which tend to have a specific frequency (vortex shedding frequency). This can induce a resonance in blades, etc. It can also be exacerbated when it links to another wind turbine downwake. Destructive resonance from this effect was responsible for the destruction of the Tacoma Narrows bridge and the cooling towers at Ferrybridge power station.

There are two main types of obtrusive noise generation. Firstly; the “swish” (sometimes described as a “thunk” sound as each blade passes in front of the support tower (approximately once per second). Secondly; A very low frequency vibration which seems to originate in either the blades or the support tower (probably both!).

There’s little that can by done to reduce blade passing noise in the design. It can be extremely irritating to people, but due to the averaging, etc, sound-level meters usually don’t measure this effect (Amplitude Modulation - AM) at all well. In the case of a windfarm there are a number of turbines operating, the combined effect of all this AM can be quite significant.

The Low Frequency vibration is probably irreducible too, without some very costly design features. Part of the problem is that this infra-sound is preferentially transmitted through and along the ground rather than free space, and can travel quite long distances. Hence it tends to travel better than present calculations and computer modelling suggest.

Unsurprisingly, acoustic noise propagation is subject to topological effects. Calculations and computer modelling usually fail to successfully take such topological effects fully into consideration.

The acoustic noise specification for wind turbines (ETSU-R-97) currently used, is well out of date and in any case is seriously technically lacking. It is unlikely to be updated and reissued in the near future. This means that prospective developers can presently use the lack of a modern specification to their advantage.

Wind turbine noise is clearly subject both to wind speed and direction. With the noise levels downwind being enhanced over significant distances. A problem for those living nearby when downwind for the current wind direction favours them with higher noise levels.

Sound is assumed to travel isotropically away from a source in all directions, including upwards. For noise emitted above a surface and expanding freely, a particular sound intensity should fill a hemispherical shape, in theory.

Under normal meteorological conditions the atmosphere cools with altitude. However, under some conditions an inversion layer forms, where a layer of warmer air occurs at height. This often acts as a sound reflector, enhancing noise levels back at ground level.

In addition to the complex sounds associated with a collection of wind turbines, including down-wake effects at certain wind directions and speeds (a form of resonance), electricity transmission also generates some noise. Substations local to windfarms will probably contain a transmission transformer. This is used to raise the generated voltage to that of a standard transmission one in order to minimise losses. This will radiate acoustic noise because of magnetostriction in the iron core. This had a predominant frequency of 100 Hz (twice the transmission frequency), with a strong second component at 300 Hz (three-phase transmission). It is possible to fully enclose such transformers inside sound reduction chambers (but, of course, these cost money!).

One method of apparently reducing the noise figures adopted by some WF developers, is to average the noise over the 24-hour period, or longer. This tends to reduce apparent predicted noise, whilst also minimising the prediction of peak noise level periods. This is but one method of manipulating figures to make them seem acceptable, and of course relies on the technical ignorance of the general public.

Another method of “massaging” figures is to give a 90% figure, which takes an average over a period of time. It is claimed that a certain noise level is not exceeded for 90% of the time. What happens in the remaining 10% of the time is quietly ignored.

6.0 Psycho-acoustic problems

The main problem is that regulatory bodies, and hence developers, only seem to consider noise as a hearing problem. If one can’t hear it well, because background noise (masking noise) covers it up, or instruments don’t measure it very well, etc. etc., then it must be acceptable.

Psycho-acoustic problems ensue from noise levels that are technically below the threshold of hearing (however it is measured). But, however, this still affects humans and possibly animals too.

The approximately 1 per second blade-passing AM effect is virtually ignored by developers. However although it may be hardly noticeable, nevertheless, it causes serious mental health problems, and not only by sleep interference.

The low infrasound levels are known to cause mental health problems, but by mechanisms which are presently not well understood. 

Infrasound probably affects human vestibular organs (used for balance) directly. It is the stimulation of these that causes motion sickness. A number of states are using high levels of infrasound as crowd dispersal means. Hence it should be taken as read that significant levels of infrasound could affect mental health, whatever wind farm developers promulgate.

7.0 Discussion

Wind turbines are getting taller with modern developments, this improves efficiency as wind speeds normally increase with height. Anemometer masts typically measure wind speed at 10 m above ground level (50m for windfarms). At night wind speeds at 10 m may approach zero, whereas at 60 m (typical turbine hub height) there’s more than sufficient windspeed to drive the turbine. Hence it generates the usual acoustic noise, but is heard and obtrusive against very low night levels of natural (masking) background noise. Further, the formula used to calculate predicted noise has been shown (1) to be increasingly inaccurate as turbine height increases.  Hence engendering significant noise complaints from further afield than had been expected.

Reference 1 is a good general read in itself. It makes a firm recommendation that a minimum spacing of at least 2 km be maintained between turbines and dwellings. This figure should clearly be increased as WT heights and power levels continue to increase. It also goes on to demonstrate just how the state overrides the views of the population in order to meet “targets” and policies. Where WF developer’s noise predictions have been shown, in practice, to have been very optimistic, no mitigation has ever been offered.

There is an interesting critique of ETSU-R-97, the present WF noise standard (2). It has much to recommend it. There is a clear association between the need for public noise protection being made subservient to WF developer’s needs.

For those wishing to investigate the mechanism of WF noise further, there is (3) a good on-line paper.

There is a clear discrepancy between promises made by prospective WF developers, and the real world (4). This reference shows this very well indeed. It is clear that WF developers’ promises will have to have the form of a legal contract if they are to be acceptable to a community.

A recent conference “Wind turbine noise 2007” (5) is to publish its proceedings in the form of a CD-ROM, unfortunately this is likely to be expensive to purchase. However, it should provide an up to date source of information. Unfortunately, if the government ever get around to implementing any of it’s recommendations, one can expect it to have been after the passage of some years.

The ambivalence of government departments is clearly demonstrated in a sponsored report (6) by Salford University. In retrospect, their survey of local authorities required an almost immediate response (an unheard of reaction time for local authorities) and provided ample opportunity to go on record with a reduced number of noise complaints. A somewhat naïve approach, but looks good on paper! This was presented by the government (7) in a tone that seems to be indicative of a “whitewash”!

Country Guardian (8) provides some interesting anecdotes regarding noise (and other factors) and the effects on nearby properties. It should be made compulsory reading to WF developers.

An article in the “Scotsman” (9) shows that infrasound can be detected up to 10 km from WTs. This does not bode well if sub-audible noise is determined to cause mental health problems as seems quite likely.

Those interested in sound propagation might do well to consult the “Handbook for acoustic ecology” which has a useful extract (10) on-line.

The effects of thermal inversion are well explained (11) on one of the many WF protest groups websites.

Views of Scotland have published a very useful list of sources (12) called “Wind turbines and health”. It seems that Scotland is the leader in resistance to WFs, probably with good reason. Their list of sources contains much that is useful and quotable material.

Wikipedia provides some interesting material on Psychoacoustics (13) for those wishing to read further about the effects of sound on the human body and mind. It is also worthwhile accessing their entry on Noise Health Effects (14).

A source page WIND TURBINES Noise, Health and Human Rights Issues (15) also provides some useful support material.

There is a comprehensive, but somewhat dated, report on ”Low Frequency noise and its Effects”. It’s a DEFRA commissioned report (16), but it is still relevant for the basics. However, it is very dated in respect of modern research.

Some of the grosser effects of infrasound can be seen (17) & (18), but modern papers on infrasound can be found (19) & (20) are representative.

There is much other research that is valid, but of little use in pertinent British Standards, Planning Documents and legislation, as it can be so easily ignored by those with vested interests.

8.0 Overall summary

Wind farm noise is difficult to specify, measure and especially predict with any certainty. Further, the figures are frequently manipulated in such a manner to obfuscate them to the general public.

Assurances by potential wind farm developers are worthless, unless they are legally contracted. Where predictions are shown to be incorrect, no mitigation has ever been offered.

There are health effects caused by WF noise, not solely limited to those of acoustic perception or sleep deprivation. Clearly more research is needed in this area. The lacks of any standards for Infrasound, etc., are likely to be seized upon by potential WF developers in order to quickly capitalise upon their continued absence.

Several sources (including one wind turbine manufacturer!) quote minimum separation distances of 2 km to dwellings. Clearly this figure will be revised upwards as newer Wind Turbines  become taller and more powerful.

Much (all?) government sponsored research into Low Frequency and other WF noise clearly plays down the effects on humans, mainly by concentrating on audible noise. In the face of recent research they might actually have to change their opinions in due course (maybe pigs will fly!).
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