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Abstract
A progressive noise mitigation programme has been implemented at Boyne Smelters Limited (BSL) over the last three

years.  Sixteen (16) new impellers were designed and retrofitted into the existing Gas Treatment Centre (GTC) fan casings.
This retrofit was a challenge in its own right as the smelter is unable to be shut down and the retrofit had to occur with the
plant running. Additionally, eight (8) new rectiformers, specified to be quieter than existing units, were purchased and
installed to replace existing rectiformers on Reduction Lines 1 and 2 (L1 & L2).  The latest works include the installation of 
trial noise mitigation schemes on the five (5) Reduction Line 3 (L3) rectiformers including a sound wall on one unit.  The 
paper will outline the possible future paths that may be required to ensure that BSL continues to meet community
expectations regarding noise emissions.
Introduction
Boyne Smelters Limited (BSL) has been producing

primary aluminium since 1982 using Reduction Lines 1 
and 2 (L1 & L2). In 1997, an expansion program with a 
new Reduction Line 3 (L3), initially increased production
to a total of 490 000 tonnes/annum.  Current production
is around 540 000 tonnes/annum.  As part of the 1997
expansion program, BSL planned to carry out some noise
mitigation works to the reduction L1 and L2 Gas
Treatment Centre (GTC) fans.  There are four fans per
GTC and two GTCs at each end (east and west) of L1
and L2.  These fans produce low frequency, tonal noise
that under certain meteorological conditions can be
audible and impact adversely onto the neighbouring
community.

The 1993 EIS for the L3 expansion set a 
LAmax,adj,15minutes noise objective of 42 dB(A).

Due to various constraints and technical hurdles, a
number of noise mitigation initiatives that were proposed
in 1998 (which included the installation of stack 
silencers) were not pursued.  The main technical hurdle
was the lack of available pressure drop within the system
to allow for the stack silencers.

Starting in 2001, BSL undertook a complete
reassessment of the noise emissions from the plant and 
mitigation program.  The purpose of the paper is to
present the projects that have been conducted to date.

Gas Treatment Centre Fan Noise 
The noise emissions from the GTCs associated with 

L1 & L2 of BSL have been suspected to be the dominant
noise source from the smelter for some time.  A local 
area plan showing the locations of the GTCs and the
local noise monitoring locations is presented in Figure 1.

The opportunity to ‘shut-down’ some or all of these
fans is rare and in recent times, has only occurred three
times.  On 12 June 1992, all the fans (4 GTCs in total) on
L1 and L2 were shut down.  The October 1992 report [1]
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Figure 1 – Locality Plan

he effect of shutting down the GTCs can be
lated by comparing narrow band frequency spectra

n under “favourable” and adverse meteorological
itions as shown in Figure 2 [2].  Favourable
itions occur when noise from the smelter is directed



away (or diminished) from sensitive receivers.  Adverse
conditions occur when noise from the smelter is directed
towards (or enhanced) sensitive receivers.

Figure 2 – Spectral comparison at Position N3 -
10/05/01 and 17/05/01 measurements

In 2001 there were two partial shut downs where one
GTC was shut down.  GTC 2B (southwestern L1/L2
GTC) and GTC 2A (southeastern L1/L2 GTC) were shut
down for around 3 hours on 26 October 2001 and 1
November 2001 respectively.  Measurements were taken
in the community and at the GTC stacks.

In the subsequent report [3], it was concluded that
shutting down one GTC reduced overall LAeq noise levels
at the GTC stack by 1.4 to 2.9 dB(A) depending on the
measurement location (maximum expected could be
argued to be 3 dB(A) since there are two GTC per stack). 
There was little or no difference in community noise
levels when GTC 2B was shut down but a difference of
3.6 to 7.3 dB(A) in the LA10 and LA90 levels at community
locations when GTC 2A was shut down.  The reduction
in noise levels was principally achieved between the 63
and 630 Hz octave bands. The report went on to argue
that the effective reduction in the community from the
shut down of one southeastern GTC should be considered
to be 3 dB(A) and that a 5 to 6 dB(A) reduction was
achievable at community locations with the treatment of
both GTC 2A & 2B.

QLD EPA Noise Objective 
In February 2002, negotiations between BSL and the

Queensland Environmental Protection Agency
culminated in an agreed noise objective for the BSL
Operations, as follows:-

BSL plant noise emissions expressed as
LAmax,adj,15minutes at the community locations N1, N3, N5,
K4 and N18 are to be less than or equal to 42 dB(A) over
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Narrow Band Residential Noise Monitoring - N3
Spectral comparison between 10/5/01 and 17/05/01 

147.8 Hz

292.5 Hz

0
5

10
15

20
25
30
35
40
45
50

0

50
0

10
0

0

15
0

0

20
00

25
00

Frequency (Hz)

So
un

d 
Pr

es
su

re
 L

ev
el

 (d
B

A)

17 May 01

10 May 01

The increase in noise at low frequencies 
is due to adver se meterological 
conditions and in most cases  is BSL 
plant related

Lo
Stu

I
were
as fo

T
com
follo

T
stati
(nois
the n
and 

T
that,
oper
loca
such
spee
315°
mete
K4
Stree
com
oper
Boy
appe
nois
mon
sum
incre
sum
24 hour period for 90% of the year. Instantaneous
plant noise emissions expressed as LAmax at the same

munity locations are to be less than or equal to 55 
) over any 24 hour period for 90% of the year.
here LAmax,adj,15minutes is the adjusted average

imum A-weighted sound pressure level and LAmax is
aximum instantaneous A-weighted sound pressure

l.

ng Term Environmental Noise 
dy

n August 2001, two environmental noise loggers
 installed in the Boyne Island/Tannum Sands area, 
llows:-
Location K4 - a location where attended noise
monitoring has taken place for some years and
which is relatively close to the BSL plant; and,
18 Neptune Street, Tannum Sands – a location
remote from the BSL plant but still representative of 
a community location similar to that at K4.
he data was collected for three (3) months and

pared to weather data collected at two locations, as
ws:-
Radar Hill – Bureau of Meteorology (BOM)
weather station 
BSL – BSL weather station
he February 2002 study [4] contained various

stical analyses and of interest were the 3D surfaces
e level, wind speed and wind direction) obtained for
ight time LA90,15minutes period as shown in Figures 3

4. 
he long term noise monitoring project concluded

 with respect to the BSL noise objective, BSL
ations have the potential to adversely impact on the
l community under a number of weather conditions, 
 as most calm conditions, and low to medium wind
ds (less than 5 m/s) from about 202.5° (SSW) to

(NW).  The noise impact under adverse
orological conditions show that the noise levels at
can be 6 to 10 dB(A) above those at 18 Neptune
t.  These results are consistent with attended

munity measurements. At the time of the study, BSL 
ations were shown to adversely impact on the nearest
ne Island community around 25% of the time.  There
ared to be little seasonal variation, apart from some
e increase occurring in the evening and nighttime, as
itoring progressed from late winter into early
mer.  It is likely that this variation is attributable to
ased insect, frog or bird activity in the spring and 

mer months.



Figure 3 – Long Term Noise Monitoring at 18
Neptune St, Tannum Sands

 Figure 4 – Long Term Noise Monitoring at 
Location K4

GTC Impeller Design Study
In late 2001, Howden Australia was commissioned by

BSL to undertake ¼ scaled model fan noise and
performance testing of (a) the existing GTC fan design
(Flakt design) and (b) two configurations of the proposed
new impeller.  The March 2002 report [5] found that the 
Flakt impeller was performing below the original
predicted performance by approximately 5% on volume,
10% on pressure and 15% on efficiency.  The tests
showed that replacing the Flakt impeller with a new
impeller would allow the original specified performance
to be obtained, but that the power consumed, with three
fans operating would be close to the motor capacity. 
Further, the new impeller model showed an overall noise
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ction of just under 10 dB(A). Figure 5 shows the
ve band noise results of the scaled testing. 
he advantages of the new impeller design were
fore the ability to provide additional flow and

sure, as well as reduced noise levels. Thus in terms
ise, there were two advantages, reduced noise levels

the ability to design and install stack silencers should
 be required.

Acoustic Comparison
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Figure 5 – Noise Comparison of Different
Impeller Designs (¼ Model Test)

st Installation of modified 
ellers

n 2002, the eastern L1 and L2 GTC impellers were
ced with the new impeller.  Impellers had to be
lled one at a time and with the inability to shut down 
melting process, operations continued with 3 out of
s running at full capacity.
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Stack noise testing [6] to ISO10494 [7] before and
after the installation of the new impellers on the eastern 
GTC stacks showed the following:-

Significant reductions (5 to 10 dB(A)) in broad
band energy from 250 Hz to 2.5 kHz;
A 6 dB(A) overall reduction in sound power level at 
the stack outlets; T
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An increase of up to 5 dB(A) in the 200 Hz
octave band due to the change in Blade Pass
Frequency (BPF) of the fans; and,
A reduction in BPF harmonics generated by the new
impellers as compared to the previous impellers.

Figure 6 presents the change in narrowband
frequency noise spectra at one position on an eastern
GTC stack.
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Figure 6 – Narrow band spectrum for Position 1
(modified and original impellers)

Further community noise measurements showed that
the influence of the western GTC fans on the community
noise remained significant.  Given the successful noise
reduction at the eastern GTC fans, the decision was made
to retrofit the modified impellers on the western GTC
fans as well.  This work was finalised in early 2004. 

Narrow band spectra - Position 1
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Community noise surveys are being undertaken to
assess the effect of the change in the GTC fans and to 
determine if additional noise reductions are necessary.  It
is expected that this assessment will be completed by the 
end of 2004.

Rectiformers
Other noise sources with the potential for adverse

impact on the community include the rectiformers for L1,
L2 and L3.  In 2000, BSL initiated a $80 million
replacement program for the L1 and L2 rectiformers.
Following an assessment study [8], BSL requested a
$400,000 design improvement for reduced noise levels
from the new Fuji rectiformers. A subsequent study [9]
showed that the new L1 and L2 rectiformers do not have
the potential to adversely impact on community noise
levels or character.
he L3 rectiformers have an adverse impact on some
munity locations in terms of noise levels and 
acter. A current study is ongoing [10], with the
ssment of a trial 4.5 m noise wall and a design
stigation into noise absorption lining of the
osure.
he L3 rectiformers are located on the northern side

he L3 reduction line.  They are located within
rete enclosures with an open frontage that is in the
ral direction of sensitive receivers. 50 Hz and 
onic tones are detectable at these receivers, as 
n in Figure 7. A previous study [8] has shown that
 is a strong likelihood of reinforcement (standing

es) of 50 Hz and other harmonics within the existing
osure.

igure 7 presents the variability in the noise spectra
arious locations within a rectiformer (RF33) bay.  At 
ear of the rectiformer there is more high frequency
ent which controls the overall noise levels. However,
w frequencies the distribution is more uniform and
presence of standing waves is confirmed by noise
ping of octaves (Figure 8).

Figure 7 – Third octave spectra comparison at 
various rectiformer (RF33) locations 
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Figure 8 – 100 Hz contour map for rectiformer
(RF33) at height of 4m

[3]

[4]The 4.5m wall has been designed to provide shielding
to sensitive receivers but also has the effect of directing
the noise upwards given that the enclosure becomes
effectively four-sided.  The additional wall also has some
effects on the standing wave environment.  Figure 9
shows the effect of the wall on the overall noise levels
within the enclosure for RF33.

[5]

[6]

Decrease 
in noise 
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levels 

[7]

[8]
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Figure 9 – 100 Hz contour map for rectiformer
(RF33) at height of 4m

It is expected that under neutral meteorological
conditions, the noise impact of the L3 rectiformers would
be reduced.  There is however the risk that under 
“adverse” meteorological conditions the noise impact of
the L3 rectiformers would remain.  An ongoing study is 
looking at using an absorptive lining within the enclosure
to reduce the “reverberant” noise levels and “detune” the 
geometric reinforcement (standing waves).  This design
study is expected to be completed by the end of 2004.
nclusions
his paper has demonstrated the ongoing efforts by
 to reduce environmental noise impacts.  The
plexity of some of the noise mechanisms has
ired sophisticated analysis techniques to develop a
ation strategy. Already there is anecdotal evidence

suggests that there has been a reduction of impact at
community sensitive receivers. Additional noise
itoring over the winter months will allow the 
ssment of that reduction.
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