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1 Introduction 

It is known that Low Frequency Noise (LFN) from the Hemerdon Mine has the potential to cause 
a disturbance to residents in nearby communities.  Various mitigation options have been 
investigated and should be sufficient to keep the pressure levels to be below human detection.  
To ensure an optimum solution, a method of modelling the sound output from multiple sources 
at any location around the mine must be developed. 

2 Mapping Sound Pressure Levels (SPLs) 

The most common way of representing SPLs is as an rms pressure.  A sample of environmental 
sound is taken over a representative period of time and its rms level calculated.  This can be 
stated directly in pressure units such as Pa or as a dB value by reference to a base pressure 

(20 Pa).  The human ear is not equally sensitive across the frequency range, and so it is 
common to apply a frequency weighting to match human hearing.  For audible noise, this is 
generally the “A” weighting.  Adding the content from two sources can then be carried out 
using the square root of the sum of the squares method. 

The SPL drops with distance from the source for several reasons.  The sound energy is dispersed 
over an increasing area and so the pressure will drop with the square of the distance from the 
source.  Obstructions cause sound shadows and reduce transmission; non-reflecting surfaces 
such as trees absorb sound energy.  Sophisticated sound mapping tools have been developed to 
generate contours of sound levels from multiple sources in an environment that include 
geographic topography and surface damping effects and these tools are widely used for 
predicting audible noise. 

Standard noise mapping tools, however, are not suitable for predicting LFN in the environment, 
especially for a number of sources at close frequencies.  This is because the individual sources 
combine to give a slowly changing amplitude and this “beating” effect adds to the disturbance.  
The long wavelengths reduce the damping caused by the environment surface and the 
shadowing of hills is less because the long wavelengths allow diffraction over the curved 
surfaces.   

This means that an LFN model must take a different approach where the pressure waveforms 
are represented explicitly as function of time and distance from source.  At each receptor 
location, the waveforms combine in a unique way to give a pressure function that can be 
further processed for maximum levels and the fluctuating levels. 
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3 Mapping LFN 

The LFN mapping model is divided into 4 parts: 

1. Characterising a source 
2. Transmission into the environment 
3. Combining sources 
4. Assessing the effect at a receptor location 

3.1 Characterising a 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 velocity of 𝑣 × 𝑠𝑖𝑛(2𝜋𝑓𝑡) m/s where 𝑓 is the 
screen running frequency in Hz. If the deck surface was solid, the pressure generated is given by 
the fundamental acoustic relationship  

𝑝(𝑡) = 𝑧𝑣(𝑡) 

Where 𝑝(𝑡) is the air pressure as a function of time 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 acoustic efficiency) in 
the equation: 

𝑝(𝑡) = 𝜌𝑧𝑣(𝑡) 

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×12
.  The characteristic pressure will be denoted as 𝑝𝑠𝑐(𝑡) 

𝑝𝑠𝑐(𝑡) =
𝜌𝐴𝑧𝑣(𝑡)

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 acoustic efficiency 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.   

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 Transmission into the environment 

The mapping model of the surrounding environment extends far enough that the screen can be 
considered as a point source.  The intensity of the pressure will reduce as the square of the 
distance between the source and the point of calculation so that the pressure reduces linearly 
with distance.  In addition, the phase of the waveform relative to the source will change with 
distance from the source.  This gives the pressure waveform at a receptor location, distance 
𝑟 from the source of 𝑝𝑟(𝑡, 𝑟) where: 

𝑝𝑟(𝑡, 𝑟) =
𝜌𝐴𝑧𝑣 × 𝑠𝑖𝑛(2𝜋𝑓𝑡 − 𝛼𝑟)

4𝜋𝑟
 

A phase change of 2𝜋 will take one wavelength, 𝜆.  The speed of sound in air, 𝑐, relates the 

frequency to the wavelength as: 𝜆 =
𝑐

𝑓
, so when 𝑟 = 𝜆, 𝛼𝑟 = 2𝜋 giving 𝛼 =

2𝜋𝑓

𝑐
. 

The pressure waveform is thus: 

𝑝𝑟(𝑡, 𝑟) =
𝜌𝐴𝑧𝑣 × 𝑠𝑖𝑛 (2𝜋𝑓𝑡 −

2𝜋𝑓𝑟
𝑐 )

4𝜋𝑟
 

3.3 Combining sources 

Individual pressure waveforms will combine in a linear manner at any receptor point.  The 
parameters that characterise each source will vary and will have an additional variable which is 
the phase at time zero, 𝜙.  An expression for the total pressure at any point, at any time from 𝑛 
sources is given by 𝑝�̂�(𝑡, 𝑟): 

𝑝�̂�(𝑡, 𝑟) = ∑
𝜌𝑖𝐴𝑖𝑧𝑣𝑖 × 𝑠𝑖𝑛 (2𝜋𝑓𝑖𝑡 −

2𝜋𝑓𝑖𝑟
𝑐 + 𝜙𝑖)

4𝜋𝑟

𝑛

𝑖=1

 

3.4 Assessing the effect at a receptor location 

The expression in 3.3 gives a pressure waveform as could be measured by a microphone.  The 
time history could be processed to give any of the standard outputs that an instrument could 
measure.  A sufficient length of time would have to be analysed to give maximum levels and 
fluctuations, and if this is to be carried out for many mapping positions, there is a significant 
computational overhead.  It is possible to obtain a more efficient result for the extreme values 
by noting that at some point in time, all pressure contributions will be in phase to give the 
maximum level and at another time, the combinations will be such that the pressure level is a 
minimum.  Obtaining the maximum is straightforward: 

(𝑝�̂�)𝑚𝑎𝑥(𝑡, 𝑟) = ∑
𝜌𝑖𝐴𝑖𝑧𝑣𝑖

4𝜋𝑟

𝑛

𝑖=1
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Calculating the minimum absolute pressure is not so straightforward because the phase 
differences cannot be assumed in the calculation.  For an approximation, if it is assumed that 
the phase is either zero or 𝜋, the summation of pressure values will have 2𝑛−1 possible 
combinations and finding the minimum of these is computationally efficient. 

For an exact result, the time series of the total absolute pressure must be evaluated for a 
sufficient time period to extract the minimum. 

 

 


