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1 Low Frequency Noise (LFN) – An Overview 

1.1 What is LFN 

Low Frequency Noise or infrasound is basically the same phenomenon as audible noise except 
that it is at a frequency below the normal threshold of hearing.  Microphones have no difficulty 
in measuring this noise, but the human ear does not respond at these low frequencies and 
perception is usually through the secondary effects caused by LFN or, in extreme cases through 
direct physiological effects. 

All sound and noise is a measure of dynamic air 
pressure and is usually described as a wave.  This 
is not a transverse wave like the ripples in a 
disturbed pond, but regions of compression and 
expansion radiating out from the source.  The 
maximum difference between the compression 
and expansion pressures gives the loudness of 
the sound and the distance between two 
compression peaks gives the wavelength.  The 
product of the sound frequency and the 
wavelength is a constant, the speed of sound in air (around 350 m/s).  A low frequency sound 
at, say, 15 Hz  implies a wavelength of over 23 m, whereas an audible sound at 262 Hz (middle 
C) would have a wavelength of about 1.3 m.  This difference is important when considering 
transmission of sound as will be discussed later.  

1.2 Generating LFN 

Some disturbance is required to initiate a sound.  Excluding explosive sources, this usually 
involves a vibrating surface that interacts with the air around it.  The larger the vibration, the 
louder the sound and the frequency of vibration matches that of the sound.  It can be shown 
that the pressure generated is directly proportional to the surface velocity and the constant of 
proportionality is known as the acoustic impedance.  Most machinery has vibrating surfaces, 
but mostly at frequencies in the audible range with any surface velocities below 20 Hz being 
rather low.  This is not the case for processing screens 
which are designed to run at low frequencies with a high 
surface vibration.  In pure pressure terms, they produce far 
more LFN than audible noise.  As well as surface velocity, 
the strength of a sound source depends on the total area of 
the vibrating surface and the source strength can be 
calculated as a sound power.  Processing screens have 
large vibrating areas so the sound power is high.  
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1.3 Transmitting LFN 

When viewed at a large scale, a 
processing screen can be considered a 
point source of LFN.  As the distance from 
the source increases, the sound energy is 
spread over an increasing area and so its 
intensity drops.  The relationship is that 
the pressure reduces with the square of 
the distance from the source.  This is 
dispersion of the sound.  Additionally, 
there is an energy loss associated with 
each wavelength.  After about 100 
wavelengths, the energy loss is 
significant, so for a tone at middle C, at 
130 m (100 wavelengths), the sound level 
is greatly reduced.  At 15 Hz LFN, 100 
wavelengths represent 2.3 km and so the 
equivalent damping occurs over a much greater distance.  Further complicating LFN 
transmission is diffraction where the sound bends around physical barriers and reflection 
where LFN can bounce back from upper air temperature layers.  The problems of transmission 
of LFN are sufficiently great that maximum effort should be applied to reducing it from getting 
into the environment in the first place.  

1.4 Measuring LFN 

Measuring sound pressure is straightforward at the instrument level.  It is simply the dynamic 
pressure in the air.  Oscillating positive and negative about a mean zero level, the pressure 
magnitude is represented by the root mean square (rms) value using the SI unit of Pa.  Sound 
data are not usually presented in pure pressure terms because this is not particularly 
representative of the way that the human auditory system works.  Humans perceive the 
loudness of a sound to be closer to the logarithm of pressure and there is a strong dependence 
on the frequency of the sound.  For this reason, the decibel (dB) scale is used for sound 
pressure levels.  This is defined as 

 𝑆𝑃𝐿 = 20𝑙𝑜𝑔10 (
𝑃

20×10−6
) dB 

Where P is the rms pressure in Pa.  The 20 x 10-6 is the pressure at the threshold of human 
detection.  A pressure at this value gives 0 dB.  A pressure which is a million times larger at 20 
Pa in the audible spectrum gives 120 dB and would be painful to experience. 

The mechanics of the human hearing mechanism are such that, even if the pressure levels are 
unchanged, we detect some frequencies with greater sensitivity than others.  Below 20 Hz, 
sensitivity has almost disappeared and above 20 kHz, there is similar drop-off, although the 
upper limit is more affected by age and health.  We have our greatest sensitivity around 1 kHz 
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(frequencies found in speech).  Microphones 
do not make this frequency distinction and 
so to convert the signal picked up 
electronically to a form that represents 
human hearing, a frequency weighting is 
applied.  The most commonly used 
weighting function is known as “A” 
weighting and when a measurement has had 
this applied, it is denoted as dBA or dB(A).  
When making assessments for noise 
nuisance or hearing damage, it is the dBA 
measure that is used. 

The problem for using dBA for LFN is that 
even a substantial air pressure at these low 
frequencies is reduced to suggest that it 
would not constitute a noise nuisance.  In a strict sense, this is true because LFN is not directly 
detected as audible noise and needs to be addressed in a different way.  Researchers in LFN use 
a mix of three measures to assess levels.  “Z” weighting is the same as no weighting (dBZ) and 
two other weighting functions “C” and “G” (dBC and dBG) are biased towards LFN.  

1.5 Effect on people of LFN 

LFN causes two main types of disturbance.  The dynamic air pressure can cause rattles in 
flexible surfaces like doors and windows.  Since it is not 
apparent that the cause is airborne, many assume that some 
ground vibration is responsible and this can cause alarm and 
exacerbate concerns.  There is also evidence that fluctuating 
pressure for long periods will give rise to headaches and fatigue 
in some people.  Perception is heightened when the level of 
LFN rises and falls slowly with time.  Constant exposure 
increases sensitivity to LFN and can lead to a belief of 
disturbance when there is no LFN present. 

1.6 Setting limits for LFN 

When considering appropriate limit levels of LFN, it is instructive to review how guidelines have 
developed for audible noise.  The most commonly used metric here is the LAeq,T value.  This is 
the equivalent “A” weighted continuous sound pressure level over a period, T.  Different limits 
are used for day and night time periods and if the levels are exceeded, it is accepted that 
people can justifiably complain of a disturbance.  Because each individual has a different 
sensitivity to noise, there will be some people disturbed by lower levels and others who would 
accept higher levels.  Additionally, those living in a rural environment will notice noise at lower 
levels from those living in an urban environment.  Extensive research has been carried out to 
develop guidelines that are fair to all parties and the Standard BS 4142 sets these out when 
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considering industrial sources of noise close to residential developments.  Having a recognised 
and accepted methodology for setting audible noise limits allows local authorities to judge the 
fairness of complaints and take the appropriate action. 

The approach for setting limits for LFN has to take into account the different mechanisms for 
causing disturbance.  These include the direct effects on health, indirect effects of causing 
rattles in flexible objects and the character of the noise where, for example, a continuously 
changing sound pressure level is known to cause a greater disturbance than a steady level.  As 
with audible noise, any realistic limit would still be noticeable by some while others would not 
be able to detect it.  The recent dramatic increase in wind turbines which generate LFN has 
made it necessary to give greater thought to develop acceptable limits and the most 
appropriate frequency weighting to apply.  Countries around the world have worked separately 
and together to define limits.  In 2010, a paper by N Broner was published by The Journal of 
Low Frequency Noise, Vibration and Active Control entitled A Simple Criterion for Low 
Frequency Noise Emission Assessment.  This reviewed all the work on limits around the world 
and consolidated the guidelines into a simple to use set of values.  Broner recommended “C” 
weighting as the most appropriate for low frequency noise and suggested that the limit levels 
could be measured outside properties to avoid intrusions when making measurements.  The 
final guideline levels for residential properties where the source is operating throughout the 
daytime are desirably 65 dBC and a maximum of 70 dBC.  For night time, these levels should 
drop to 60 dBC and 65 dBC.  With a constant change in the level of sound pressure of at least 
±5 dBC, a further penalty of 5 dBC needs to be applied to reflect the extra disturbance this 
variation causes.  With multiple processing screens that are not phase locked, this penalty 
would have to be applied. 

1.7 Frequency content of LFN 

When deciding if a noise is above a limit, it is not necessary to examine the frequencies that 
make up the sound.  This is because the weighting function has already removed the frequency 
dependence.  However, if the source of the noise needs to be identified, knowing the 
predominant frequencies can help with that identification.  Many natural and man made 
sounds such as wind, chainsaws, traffic etc are made up from a broad spectrum of frequencies 
and so the sound is often broken down into wide bands of octaves or for a more refined 
analysis, third-octaves.  For most purposes, this division is adequate, but for LFN, particularly 
from processing screens, all the energy will be in a single third octave.  Each operating screen 
plus any background sounds will all contribute to this single value making the identification of 
sources impossible.  Fortunately, each screen runs at a slightly different, but unvarying speed.  
By taking a measurement lasting several minutes and carrying out a narrow band spectral 
analysis, each source can be clearly separated and the worst offenders identified.  It also allows 
the increase above the background level to be understood so that if the background level is 
already above the limit, it can be recognised that no mitigation by plant operators could reduce 
it to be acceptable. 

Narrow band analysis at the remote receptor locations is the most powerful way to diagnose 
LFN transmission from screens and to identify individual sources.  In terms of the acceptance 
criteria, however, it would still be the broadband level that would set the limit.  The figure 



EDR1147/3                                           

 

Page No. 6 

 

below shows the narrow band analysis of acoustic data measured at Sparkwell when the plant 
was running under Wolf Minerals. 

 

Floats 52.0 dB 

Scrubber - 

Primary Sinks 60.1 dB 

Secondary DMS 45.9 dB 

Product 63.5 dB 

DMS Feed Prep 52.6 dB 

Primary mill sizing 57.2 dB 

Total 66.2 dB 

 

2 Methodology to control LFN at the Hemerdon Mine 

The approach to be taken at the Hemerdon Mine is to mitigate the LFN at the source rather 
than constructing barriers around the building or site boundary.  Four methods are being 
investigated with experiments carried out to gauge the effectiveness of each.  The methods are: 

a) Reducing the efficiency of noise generation 
b) Cancelling the noise at source 
c) Isolating the noise 
d) Reducing the temporal variation 

Each method is described below. 

  

Floats

Primary Sinks

Secondary DMS

Product DMS Feed prep

Primary 
mill sizingScrubber
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2.1 Reducing the efficiency of noise generation 

A screen deck generates pressures of opposite phase above and below the deck surface.  Above 
the deck, the sound is free to propagate into the environment; below the deck, the air pressure 
is confined by the underpan.  This is the principle of a conventional loudspeaker and is efficient 
at generating sound providing the air masses are well separated.  Having a porous deck allows 
for partial cancellation of the pressure and the overall transmitted sound will be lower.  This 
was evident when the plant was run previously where the 
screen with the largest area had large open holes in the deck 
giving lower air pressures than a smaller screen where the deck 
was covered with product and no openings.  The experiments 
that are to be carried out will establish how much open area in 
the deck is required to achieve acceptable output of LFN.  This 
will then enable the appropriate screen to be selected.  A final 
check on the chosen screen will be undertaken to confirm the 
behaviour. 

Another air path can be exploited by maximising the gap 
between the screen and underpan.  Tests have already shown 
that this has a mitigating effect although it will not be sufficient 
alone to give the required reductions.  

2.2 Cancelling the noise at source 

The principle of noise cancellation is well developed for comfort in a noisy environment.  Noise 
cancelling headphones are in frequent use in air travel.  In practice, the control algorithms are 
more complex for cancelling broadband sounds in the audible range than for a single low 
frequency.  However, the sound power required for the infrasound generated by a processing 
screen is considerably larger.   

A trial of active noise cancelling was undertaken during the time that 
Wolf Minerals was operating.  A large loudspeaker was suspended 
above the Scrubber screen and driven at a frequency close to the 
running speed of the screen to cause beating. Measurements were 
made outside the building about 60 m away with the loudspeaker off 
and on.  The loudspeaker generated 15.6 dB lower air pressure than 
the screen giving a reduction at the measurement point of 6.4 dB. 
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2.3 Isolating the noise 

Isolating the noise involves constructing an enclosure around the source.  A conventional 
acoustic enclosure offers absorption as well as isolation, but with the long wavelengths of 
infrasound, absorption is not an option.  Isolation is a prevention of transmission through the 
enclosure walls.  To do this, the walls must be made massive enough or stiff enough not to 
vibrate under the action of the dynamic pressure and so re-transmit sound on the outside.  In 
practice, it is the stiffness that has the more significant effect and walls should have their first 
natural frequencies well above the air pressure frequency (around 15 Hz in the case of 
processing screens).  This idea was tested when Wolf Minerals was operating the plant by 
investigating the noise reduction inside a stiff 
enclosure (a shipping container) when the 
outside was subjected to infrasound from the 
process building nearby.  The air dynamic 
pressure was measured as the container door 
was closed in various steps.  The results 
showed that it is important to ensure that any 
enclosure is complete and that there are no 
openings which would allow transmission of 
the noise.  

2.4 Reducing the temporal variation 

When processing screens run at slightly different speeds, the air pressures generated move 
slowly from constructive to destructive interference.  This phenomenon is known as beating 
and it causes more annoyance than a steady level.  This is the reason for the 5 dBC penalty in 
the suggested guidelines.  To prevent beating, the screens must run at exactly the same speed.  
This is not possible to achieve without a feedback control where the screens are effectively 
locked in the same motion.  Modification to the drive electrics was tested with Wolf Minerals 
and it was shown that this locking was possible with commercially available hardware. 

3 Test procedures 

In assessing the various mitigation measures, meaningful tests must be carried out to rank each 
idea and to understand the effect in the surrounding environment.  The screen phase locking 
needs no further testing.  It has already been proved and is now simply a matter of 
implementation.  The other mitigations require tests to assess their effectiveness.  The tests 
divide into those aimed at quantifying the strength of the source and the other at measuring 
the attenuation through an enclosure. 
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3.1 Strength of the source 

For most sources of noise, the strength of the source is provided by the sound power and there 
are internationally recognised procedures for measurement.  The method would be difficult to 
use for a screen and so a different strength term has been developed for this application. 

Screen decks oscillate sinusoidally with a surface rms velocity of 𝑣 m/s.  If the deck surface was 
solid, the pressure generated is given by the fundamental acoustic relationship  

𝑝 = 𝑧𝑣 

Where 𝑝 is the rms air pressure in Pa and 𝑧 is the specific acoustic impedance of air in rayls.  
This has a value of 415 rayls at room temperature and 1 atmosphere of pressure. 

A processing screen has a porous surface and there will be other leaks so that the generated 
pressure will be lower.  This can be incorporated using the factor 𝜌 (the opacity) in the 
equation: 

𝑝 = 𝜌𝑧𝑣 

The far-field pressure will depend on the total area of the vibrating surface (𝐴 m2).  For each 
doubling of distance away from the source, the pressure drops by 6 dB.  To characterise a 
specific source, the pressure at a hypothetical distance of 1 m can be calculated by applying the 

factor 𝐴 4𝜋⁄ .  The characteristic pressure will be denoted as 𝑝𝑠𝑐 

𝑝𝑠𝑐 =
𝜌𝐴𝑧𝑣

4𝜋
 

To determine this value by experiment, the pressure close to the screen deck will be measured.  
It is not practicable to have the microphone at the deck surface, so for all tests, a standard 
distance of 1 m above the centre of the deck will be used.  A simultaneous measurement of 

surface velocity will be made using an accelerometer.  This allows the opacity term  to be 
calculated and using the deck area, the characteristic pressure can be determined.  The 
characteristic pressure allows the ranking of different screens in terms of infrasound output.  It 
does not, however, lead to a limit value that would ensure that the criteria at the sensitive 
receptors would be met.  For this reason, tests at the Hemerdon site will also include 
simultaneous measurements at a distance of at least 60 m from the screen and at 3 locations in 
the community that have experienced infrasound problems previously.  This should establish 
the relationship between characteristic pressure and far field levels so that a limit can be 
associated with the characteristic pressure.  With this limit, a screen can be tested in the 
factory to determine suitability before being installed on site. 

For final verification, the effects of a new screen would also be measured at the community 
receptors. 

This approach to assessing the strength of the source applies to changes in screen decks, 
underpan venting and active noise cancellation.   
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3.2 Enclosure attenuation 

No attempt will be made at sound absorption in an enclosure.  Transmission is therefore 
controlled by any free air paths and the vibration magnitude of the walls of the enclosure.  
Assuming that all air paths are removed, the calculation of the vibration response to the known 
air pressure is straightforward using finite element modelling.  There will be a high level of 
confidence in the predictions of transmission although it would be prudent to verify this with 
far field measurements when operational. 

 

  


