
Many modern sewage 
processing 
technologies require 
large volumes of air to 

be forced under high pressure 
through mixtures of sludge and 
water to provide oxygen for active 
benefi cial microbes and to 
backwash fi lter media. This air is 
provided by blowers, which 
generate much higher levels of 
acoustic energy than fans because 
they provide the required airfl ow 
at a much higher pressure 
(typically between 100 and 1,000 
times greater than a fan).

As a result, the blowers are 
usually supplied with acoustic 
enclosures and/or installed 
inside acoustically well insulated 
buildings. However, they also 
introduce pressure pulses into 
the air, which then fl ows through 
extensive networks of exposed, 
often elevated, pipework. 

Because of the high pressures 
involved, the pipe network is 
e� ectively directly connected to the 
blower because, even if a ‘fl exible’ 
connection is fi tted, it will be rigid at 
these operating pressures. Acoustic 
energy is therefore transmitted by the 
blower to the pipework both via the 
pulses in the air and vibration of the 
blower itself. This acoustic energy is 
then radiated as sound from both the 
blowers (whether enclosed or not) 
and the pipe network.
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Sewage works are necessarily 
located close to centres of 
population and have often been in 
the same location for many years 
with houses subsequently being 
built around them. This means 
that numerous dwellings may be 
in relatively close proximity to the 
works, which can result in many 
noise-related complaints.

The problem
Blowers typically produce high 
levels of tonal sound in the 
upper part of the low frequency 
range i.e. the 80 to 315 Hz one-
third octave bands. The tones 
generally have a harsh character 
with many harmonics. The load 
on the blowers varies depending 
on sewage fl ow rates through the 
works and the requirements of each 
stage of the process. These load 
changes are accommodated by 
operating units at variable speeds 
and bringing additional units on/
o� -line as and when required. 
As a result, the sound emitted by 
an installation can contain tones 
at several di� erent frequencies 
at once; including harmonics. 
In addition to the prominence 
of the tones, their variation in 
frequency with time increases their 
potential intrusiveness.

Below:
Figure 1: A blower 
installation with an 
operator designed 
rudimentary 
acoustic screen 

When two or more blowers 
operate at the same nominal 
speed, there will inevitably be 
slight di� erences in the actual 
speed of each. This can result in 
amplitude modulation, ‘beating’, in 
the combined sound from multiple 
blowers. For two blowers, the 
modulation is simple harmonic, 
rising and falling regularly; 
typically over a few seconds. 
For three or more blowers the 
modulation is more complex, rising 
and falling to di� ering levels with 
a less apparent pattern, often 
over longer periods of time. The 
amplitude modulation increases 
the perceptibility and potential 
intrusiveness of the sound.

Figure 2 shows A-weighted time 
histories of the overall level and 
four adjacent third octave bands 
measured over a four-minute period 
at a point 25 m from a group of 
fi ve blowers. Tones can be seen 
to track through the four bands as 
the blower speeds vary. The levels 
also modulate with several di� erent 
periods at the same time.

Tones in the range of frequencies 
produced by the blowers present a 
particular problem with residential 
buildings because typical domestic 
thermal double glazing has its 

Below:
Figure 2: Typical varying and modulating tones
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Below:
Figure 3: Low 
frequency tonal 
sound in a bedroom

lowest sound reduction index 
values between about 160 and  
200 Hz and the sound reduction 
through a partially open window 
is at its lowest between around 
125 Hz and 315 Hz. In fact, both 
arrangements typically result in 
similar levels of sound reduction 
in these frequency ranges, in the 
mid-teens dB.

Figure 3 shows three A-weighted 
third octave spectra measured at 
the house shown in the background 
on Figure 1. The red spectrum was 
measured immediately outside the 
house, the black spectrum was 
measured in an upstairs bedroom 
with the window partially open and 
the blue spectrum was measured 
with the double-glazed window 
fully closed.

The blowers on this site were 
emitting several tones evident 
on Figure 3 in the 160 Hz band. 

The tones apparent in higher 
frequency bands were emitted 
by other items of plant on the site 
and were the most audible sound 
outdoors. However, the frequency-
dependent nature of the sound 
reduction into the room meant that 
with the window partially open; 
the tone from the blowers became 
relatively more signifi cant and with 
the window closed became the only 
sound audible in the room.

There is also the possibility 
of standing waves caused by 
coincidence of room dimensions 
with multiples of half wavelengths 
(for 80 Hz ≈ 2 m and 160 Hz ≈ 1 m 
etc.), which might further increase 
the level and noticeability of the 
sound indoors.

The standard method for the 
assessment of this type of sound 
is BS 4142. However, this standard 
should be applied with great care in 
this situation. The BS 4142 method 
is based on outdoor measurements 
and the character corrections used 
to derive the rating level are based 
on how the sound is experienced 
outdoors.

As BS 4142 notes, BS 8233 
provides more relevant guidance 
for indoor sound levels. However, 
this is for ‘innocuous’ sound so will 
underestimate the impact ofthe 
blower sound for the reasons 
noted above. The character of the 
sound experienced indoors can be 
considerably less “innocuous” than 
that experienced outdoors.

Therefore, a BS 4142 initial 
estimate of impact based solely on 
the di� erence between the rating 
and background sound levels 

outdoors is unlikely to give a good 
representation of the real impact 
and must be reviewed to take 
account of the context in which the 
sound is actually experienced.

As a result, guidance from other 
standards, contextual analysis 
and subjective assessments will 
always form an essential part of the 
evaluation of potential blower noise 
impacts and complaints. 

Proving the absence 
of something
In many cases; the sound produced 
by the blowers is clearly audible at 
the sewage works’ site boundary, 
particularly at sites which do not 
have residences very close. The 
sites are often large, very evident 
and may already be the focus of 
community discord due to odours, 
lengthy construction projects and 
sewage (sludge) delivery vehicles. 
This can lead to the blowers being 
put forward as the potential source 
of unexplained or generalised 
drones, hums and community noise 
a� ecting areas some distance from 
them. This puts water companies 
and their consultants in the di�  cult 
position of trying to establish 
whether the blowers are actually 
contributing signifi cantly to the 
sound at these remote locations or, 
even more problematically, trying to 
prove the absence of a connection.

At one large sewage works on the 
outskirts of a city, a long series of 
complaints had been received from 
homes over 2 km away. The area is 
criss-crossed with major roads and 
there are numerous other industrial, 
commercial and distribution facilities 
surrounding the site. 

Figure 4 shows third octave 
spectra measured simultaneously 
close to the blowers and inside 
the complainant’s bedroom over 
a half hour period during which he 
claimed that the disturbing sound 
was present. He described the sound 
as “a low rumbling...roaring”. The 
measurements inside the house 
were made in an upstairs bedroom 
on the side of the house facing 
towards the sewage treatment works 
(STW) with the window partially 
open, as these were the conditions 
under which the complainant 
claimed that the sound was at its 
worst. The survey night was chosen 
to so that there was a gentle wind 
blowing directly from the STW 
site to the house, giving optimum 
propagation conditions. P34

Below:
Figure 4: Third octave spectra measured simultaneously on site and 
at the complaint locationat the complaint location
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Subjectively the sound inside 
the room contained contributions 
from many sources, including major 
and minor roads, industry and 
occasional trains and aircraft. The 
distinctive sound of the blowers was 
not perceptible to the acoustician 
making the measurements, but the 
complainant was adamant that he 
could hear it.

Figure 4 shows signifi cant peaks 
in the on-site blower sound in 
the 125, 1000 and 1600 Hz third 
octave bands. The sound inside the 
house appears to be dominated by 
mid-frequency broadband sound 
that correlates with the subjective 
experience, which was dominated by 
road tra�  c noise. There is evidence 
of a minor peak in the 125 Hz band, 
although it does not appear to meet 
the BS 4142 criterion for a prominent 
tone and has an absolute level 
below the appropriate NANR45 low 
frequency noise criterion. However, 
this needed to be investigated 
further to establish whether the 
blowers could be its cause.

Long-term, unattended monitoring 
was put forward as a potential 
method of investigation. However, 
this would be unlikely to yield 
meaningful results in a soundscape 
with many potential sources. In 
complex soundscapes there is no 
substitute for ears on the ground. 
What was required was targeted, 
attended measurements made in 
very carefully managed propagation 
and plant operation conditions.

This necessitated waiting for ideal 
weather conditions for propagation 
from site to receptor and controlling 
fl ows through the STW to create a 
range of loads on the blower system.

One potential method to would 
be simultaneous narrow band 
(FFT) measurements. However, the 
tones produced by the blowers are 
not constant in frequency and the 
distances involved would result in 
a six second delay between the 
sound leaving the STW and arriving 
at the house. As a result, narrow 
band analysis would be likely to 
require extensive processing of 
large data sets without yielding any 
conclusive information due to the 
various uncertainties associated 
with the site conditions.

The most appropriate method of 
establishing a potential connection 
was to look for evidence of the 
large level variations in the tones 
produce by the blowers in the 
sound measured at the house using 

simultaneous third octave time 
histories. The use of third octaves 
kept the data set to a manageable 
size and avoided the potential 
complications resulting from the 
continuous small frequency changes. 

Figure 5 shows synchronised time 
histories of the 125 Hz third octave 
band levels measured at the site 
(red) and inside the house (blue), 
along with the overall A-weighted 
sound level inside the house (black) 
and the 125 Hz band NANR45 
criterion for low frequency sound 
(A-weighted).

The red line shows several 
periods when the levels measured 
in the 125 Hz band on site increased 
signifi cantly. These features are not 
evident in the blue line measured in 
the house. There are possible, very 
subtle, increases of around one 
or two dB at 23:52, 00:05, 00:10 
and 00:00. But there are similar 
increases at other times when 
the level measured on site was 
reactively low. A similar exercise 
was also carried out for the other 
third octave bands of potential 

Right:
Figure 5: 
Comparison of 
simultaneous 
125 Hz third octave 
band time histories

Right:
Figure 6: 
Comparison of 
125 Hz band 
prominence time 
histories at site 
and house

concern to test for any correlation 
as the operating speed and 
frequency of the blowers’ changes.

Further conclusions can 
be drawn by comparing the 
prominence of the third octave 
band (the amount by which the 
band level exceeds the average 
of its two neighbours) at the two 
locations. Figure 6 shows time 
histories of the prominence of the 
125 Hz third octave band in the 
measurements made on site and 
inside the house. P36
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Below:
Figure 7:
A-original pipe. 
B-fi breglass 
decoupling layer. 
C-clad with 
sheet steel.
D-additional 
damping/mass 
layer applied

There appear to be very subtle 
potential correlations in the 
prominence time histories around 
23:52 and 00:22 and these coincide 
with on-site sound pressure level 
increases visible on Figure 5. 
However, there is no apparent 
correlation during the other 
signifi cant on-site level increases at 
around 00:05 and 00:10. 

From the two fi gures it can be 
concluded that the very highest 
sound levels generated on site 
in the 125 Hz band resulted in 
contributions inside house no 
higher than around 10 dB below the 
residual sound. This would indicate 
a contribution of around 6-8 dB LA

at these times and lower than -15 dB 
LA at other times. It is therefore 
clear that blowers are not making a 
signifi cant contribution to the sound 
which is disturbing the resident.

What to do about it
At another site, new blowers were 
installed, having been selected 
primarily for their e� ective inlet air 
fi ltration, which was required due to 
the characteristics of the site. Once 
they were operational, complaints 
were received from residents 
approximately 125 m away. An 
acoustic survey was undertaken, but 
it was not possible to gain access to 
the complainants’ dwellings so the 
level and character of the sound in 

the sensitive bedrooms to the rear 
of the houses had to be estimated 
from measurements made outdoors.

This data, together with analysis 
of measurements made close 
to the blowers and elevated 
pipework indicated that the most 
signifi cant source of sound at the 
dwellings was probably radiation 
from the pipework rather than 
from the blowers themselves. The 
most signifi cant radiation came 
from larger manifold piping and 
the numerous tee connections in 
that area. The smaller diameter 
branch pipes above the tanks were 
radiating much lower levels. It was 
therefore decided to attenuate the 
sound from the most signifi cant 
sections of pipework and see 
whether this resolved the problem. 
If the overall reduction in sound at 
the dwellings was not su�  cient to 
address the complaints, then the 
next stage would be to improve the 
attenuation applied to the blowers 
themselves. However, the work 
carried out on the pipework would 
be an essential fi rst step, without 
which the blower attenuation would 
have little e� ect at the dwellings.

To e� ectively attenuate the sound 
being radiated by pipework, it is 
necessary to clad it with an external 
mass layer that is decoupled 
from the pipework itself. Applying 
damping material directly to the 

pipework may reduce some ‘ringing’ 
but cladding can be more e� ective 
and, perhaps surprisingly, may be 
more straightforward to install. For 
this application the most suitable 
cladding system was decided to be 
an outer case of galvanised sheet 
steel separated from the pipework 
by a 50 mm layer of moderate 
density glass fi bre. To optimise the 
performance of the outer ‘mass 
layer’ this comprised a combination 
of sheet steel (1.2 mm thick with a 
surface density of 10 kg/m²), and 
a bonded mass loaded polymer 
sheet to increase the overall mass 
and provide damping to the steel 
to control any resonance that may 
otherwise occur.

Ordinarily the mass/damping 
layer would be applied to the inner 
surface of the sheet steel so that 
the steel protects the damping layer 
from mechanical damage. However, 
in this case the surface of the pipes 
was hot, to the extent that pipework 
at ground level had already been 
thermally lagged to prevent injury. 
It was therefore likely that the 
mass/damping layer would start 
to melt if it was enclosed by the 
steel, so it was applied to the outer 
surface instead, with a reinforced 
foil outer surface to provide some 
additional protection against 
mechanical damage.

A B C D
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Due to the variable nature of 
operation of the blowers it is not 
practicable to directly compare 
sound level measurements before 
and after treatment to assess 
the e� ectiveness of the cladding 
system. A similar arrangement has 
previously been used to reduce 
noise radiated by the body of a 
generator exhaust silencer. Figure 8 
shows the sound intensity level 
emitted by the exhaust silencer 
body before and after being clad in 
the frequencies of interest.

Figure 8 shows a reduction of 
around 5 dB in most frequency 
bands, but a signifi cant reduction in 
the previous peaks at around 100 
and 200 Hz.

At a third site, which is in a 
coastal location, the acoustic 
enclosures originally fi tted to the 
blowers had corroded relatively 
quickly and become ine� ective. A 
more durable replacement system 
was required. A site investigation 
showed that the original acoustic 
enclosures probably provided 
more attenuation than was really 
necessary to achieve suitable on 
and o� -site sound levels. This is 
consistent with the observation 
that the blowers have been 
operating for some time with 
missing enclosure panels without 
generating complaints. 

It was decided to avoid using 
materials that could repeat the 
corrosion problem, such as pre-
galvanised or stainless-steel sheet, 
and a system based on glass 
reinforced plastic (GRP) panels in 
a hot dipped galvanised frame has 
been developed to provide P38

Below:
Figure 8: 
Comparison of 
intensity radiated 
by pipe with and 
without cladding

Below:
Figure 9: The 
corrosion damaged 
blower enclosure
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su�  cient mass to control sound 
breakout from the enclosures to 
a suitable level whilst providing 
good access for maintenance and 
appropriate corrosion protection.

Summary
Modern sewage treatment 
processes often require the 
installation of high volume/pressure 
air blowers at locations relatively 
close to populated areas. Blowers 
emit high levels of acoustic energy 

with many characteristics which 
increase its potential impact on 
residential receptors. 

The signifi cant ‘visibility’ of 
sewage works sites means that they 
are often identifi ed as the source 
of community noise issues with 
and without justifi cation. This can 
lead to complex investigation and 
assessment exercises to establish 
connections between source and 
perceived sound, and evaluate 
appropriate reductions.

The acoustic energy radiates 
from both the blowers themselves 
and their associated pipework. So 
e� ective solutions often require 
treatment to the pipework as well 
as directly to the blower units.

However, the design of any noise 
control applied needs to take into 
account the damp and potentially 
corrosive nature of the sewage 
works environment. 
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