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Figure 12: Proposed location of BBPMP wharf (blue cross). The longitude bars shown are 146o E, the latitude 
bars are: top 41o 8’ S; and the horizontal line running through the image center is 41o 10’ S (taken off AUS chart 
168). 
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5.2 Modeling pile driving noise 
The most significant parameter of impulsive noise, such as pile driving, potentially resulting in 
physiological damage in fish is the rapid onset of a high positive or negative peak pressure, 
followed almost immediately by a high peak pressure of the opposite sign. Several workers have 
estimated exposures required to damage fish by converting unit systems (see Figure 4 above from 
Popper and Hastings, 2005 for exposures to injure fish or Table 4 of inferred exposures required to 
damage marine mammals from Richardson et al. 1995). An impulsive signal’s initial peak pressure, 
the onset or rise-time of this initial peak, and the reverse polarity peak immediately following the 
initial peak (ie. peak-peak pressure), are critical parameters to be calculated when attempting to 
assess the potential of a pile driving signal to cause physiological damage. Unfortunately the typical 
sound transmission models available do not readily calculate the peak-peak signal parameters of the 
way a source signal changes with range. The sound transmission models rather calculate a phase 
and amplitude correction for a given source location in a certain environment, at defined points in 
space and discrete frequencies. The absolute value of these corrections is termed the transmission 
loss at the respective spatial point and is a measure of the loss of energy from the source at that 
spatial point for that frequency. Thus by running models at set frequency intervals and assuming 
sound transmission loss to be similar across bands spaced about frequencies the model is run at, 
then measures of the energy loss of a real source with range can be calculated. These loss estimates 
can be applied to the source level energy estimate to give the received energy level at the specified 
spatial point using the modeled environment. 
 
Since here we are interested in evaluating peak signal parameters as well as estimating received 
energy levels, then a different approach was used. We use the phase and amplitude correction given 
by the sound transmission model at discrete frequencies and spatial points and apply this to the Fast 
Fourier Transform (FFT) of a representative source signal at the appropriate frequency. The source 
signal FFT phase and amplitude values are adjusted at the respective frequencies the model was run 
at, a process termed applying a transfer function to the source signal. This process is repeated for as 
many frequencies as possible and the modified source FFT converted back to the received signal 
(an inverse FFT). We have used 1 Hz frequency steps across the frequency band from 10 Hz to 1 
kHz (the model was thus run at 991 frequencies). Thus the process used here has reconstructed the 
pile driving signals at set spatial points about the pile and used the reconstructed signal to calculate 
the respective signal descriptors (primarily peak-peak levels).  
 
In order to be able to run a sound transmission model with sufficiently fine frequency resolution to 
enable a reasonable transform function to be applied to the source signature, some simplifications 
were required. Of several different types of sound transmission model available to us, the model 
SCOOTER has been found to be the most stable and reliable, whereas many of the other models we 
have (RAMS, RAMGEO, KRAKEN, Bellhop) either are not suited for the task or have pedantics 
and often give problems with particular scenarios. Since 991 runs of the model were required (one 
model run at each frequency) we have opted to use the model SCOOTER. This model requires a 
constant environment, hence a uniform depth profile, water column sound speed structure and 
seabed type. Thus we have used a uniform 18 m depth profile along a single track and assumed this 
as the bathymetry heading across the river from the wharf. While this is not the case it is a 
conservative (worst case) approximation as most piles will be driven in water depths of < 18 m 
which will involve slightly higher losses with range than would be the case if the pile were driven in 
at 18 m depth. The modeling output is also blurred slightly as the noise source from a pile being 
driven extends all along the pile, and may also extend into and below the seabed (ie. some noise 
energy of the pile being struck will radiate into the water column through shallow seabed layers). In 
order to run the model a single source location is required. Here we have placed the source at the 
seabed, or 18 m depth.  
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As mentioned above, the seabed layering near the wharf has been defined by Anon (2007) as being 
an almost equal mixture of fine sand and clay/silt with an unknown thickness across the river (“up 
to 40 m thick” near the wharf), lying over a dolerite rock base. We can assume this layer thins near 
the higher current areas of the river due to current scouring. Thus for the modeling we have 
assumed a uniform 20 m thickness of a mixture of fine sand, silt and clay sediment overlying the 
rock base. The geo-acoustic parameters used for the sediment layer were an average for sand and 
clay, and are listed in Table 3. The basement was considered to be rock with the geo-acoustic 
parameters of basalt. 
 
The water column properties have not been defined in any documentation so a profile as given by 
the mean 2005 WODA summer profile in the Tamar river mouth was used, giving a uniform 1507 
ms-1 sound speed profile with water depth. 
 
The full layering used in the underwater sound modeling for pile driving signature prediction is 
given in Table 3. 
 
Table 3: Layering used in setting up the underwater sound transmission model. The parameters are: 
Cp=  compressional wave speed ; Cs = shear waved speed ; ∝p = compressional wave attenuation; ∝s = shear 
wave attenuation 
Layer Thickness 

(m) 
Density 
kg / m3 

Cp ms-1 Cs ms-1 ∝p (dB / λ) ∝s (dB / λ) 

Water column 18  1000 1507 
(uniform) 

0 0 0 

Fine-sand / silt 
/ clay 

20 1700 1580 200 1.0 1.5 

basement  2600 5000 2500 0.1 0.2 

 
A further assumption was required in selection of a pile driving source waveform. The shortest 
range pile driving signal available to the authors was from 15 m range from a pile being driven. 
Here 17 signals were measured from steel piles being driven, in a uniform 13 m depth temperate 
environment over a fine mud/clay seabed. The signal from this batch with the greatest amplitude 
was selected as the source signal, with its waveform shown on Figure 13. Converting this signal 
back to a source level signal required knowing where the signal originated from along the pile. As 
this was not known and in reality the signal received at 15 m was most likely a combination of 
signals generated along the in-water pile length and a multitude of surface bounces, then the signal 
at 15 m was considered representative of the pile driving source signal shape. Only the initial 
impact pulse was used (first 0.2 s shown on Figure 13) and this adjusted for loss between the 
receiver and pile assuming spherical spreading (ie. multiply signal amplitude by range in m). While 
this was a further approximation in the modeling the resulting values are indicative of pile driving 
parameters with range. 
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Figure 13: Waveform of a pile driving signal measured at 15 m range by the authors. 
 
The reconstruction of pile driving signals was then carried out by: 
• Setting up the model SCOOTER with the seabed parameters listed above; 
• Placing the source (pile) depth at the seabed (18 m) 
• Using an 18 m uniform depth out to 500 m range sampled at 0.5 m increments (range and 

depth, giving 36 depth and 991 range steps) 
• Running the model for frequencies between 10 and 1000 Hz in 1 Hz steps (991 frequencies). 
• Applying the resulting phase and amplitude transform function to the source signal for the 991 

frequencies at each spatial point selected to give the estimated received signal 
• Characterising each calculated signal for a suite of impulse signal descriptors, as defined in 

McCauley et al (2003a). 
 
The resulting grids of estimated peak-peak and SEL levels through the water column out to 500 m 
are shown on Figure 14. The results show spatial differences in received levels, which may be often 
significant at small spatial scales. These differences in received level may occur vertically or 
horizontally, with variations of up to ten dB on the scale of a few m vertically and 20 dB over 10’s 
of m horizontally. This implies that the precise location of fish will impact their propensity for 
suffering different types of physiological damage, with the probability that two fish metres apart 
may receive quite different pile driving exposures. 
 
As a check on the accuracy of modeling the results for peak-peak and SEL values calculated at 5 m 
depth were compared with several sets of similar values for measurements of pile driving signals 
available to the author, as shown on Figure 15. The calculated values agree well with the measured 
values out to the limit of range overlap between the measurement sets (200 m).  
 
To further reinforce the potential for small scale spatial scale differences in position resulting in 
large differences in received pile driving signals the full ensemble of curves of calculated SEL  pile 
driving signals at each of the 36 depth increments are plotted with range on  Figure 16. An envelope 
of received levels can be seen at any one range, emphasizing that typically 5-7 dB differences in 
levels may be experienced throughout the water column depending on the animals vertical position, 
and in extreme cases this may reach 15 dB. The lower received peak-peak level curve was present 
just below the water surface (this trend is evident on Figure 14). The ensemble of estimated 
received SEL curves were averaged through the water column at each range point, over 1.5 m depth 
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to the seafloor (to avoid bias from the near surface sound shadow), and is shown on Figure 17 with 
the 95% confidence limit curves. 
 
 

 
Figure 14: Calculated underwater sound fields for pile driving noise across the river using the source waveform 
shown in Figure 13. The top panel is peak-peak levels and the lower panel sound exposure level units. 
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Figure 15: Calculated peak-peak  (top) and SEL (bottom) pile driving levels (blue curve) along with 
measurements available to the authors (note measurements show mean values with 95% confidence limits as 
error bars). 
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Figure 16: Calculated pile driving SEL signal levels along water depths from 0.5 to 18 m depth in 0.5 m depth 
increments. 

 
Figure 17: Mean trend (blue curve) of  calculated pile driving SEL signal levels averaged through the water 
column from 1.5 to 18 m depth, with 95% confidence limits shown (red curves). 
 
5.3 Estimated underwater noise levels at nearby aquaculture facility 
A commercial aquaculture facility exists across the river and slightly downstream of the proposed 
wharf construction site. At its closest point the boundary of the aquaculture farm was estimated at 
650 m from the wharf outer edge with an unobstructed deep water path between the wharf and 
aquaculture farm. At its most distant point of a reasonable transmission path (before the water 
shallowed to less than 10 m depth) the aquaculture boundary was around 960 m off the wharf. 
Extrapolating the trend of the predicted depth-averaged SEL curve (+95% confidence limits) with 
range using a fitted curve of the form: 
 
RL = -15.24*log10(R) – 0.0086*R + 196.7,  r2 = 0.9985 
 
where RL is the received level in dB re 1µPa2.s, R is range in m and r2  is the correlation 
coefficient, gave an estimated level of 148 and 143 dB re 1µPa2.s at the closest and most distant 
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boundaries respectively. To estimate cumulative sound loadings (CSEL) at the aquaculture 
operation from multiple pile strikes of the same intensity is simply: 
 
CSEL = RL + 10*log10(N) 
 
Where CSEL is the cumulative sound loading, RL is the received level of one pile strike and N is the 
number of strikes.   
 
5.4 Summary 
The impulse and vibratory pile driving equipment proposed for use in the Tamar River have most of 
their energy below 1 kHz (vibratory pile driving measured by authors but not reported here). The 
potential transmission of impact pile driving noise across the river was modeled using a worst case 
scenario where: 
• The highest level pile driving signal measured previously by the authors at the shortest range 

(15 m range in a uniform depth water of 13 m) was adjusted for spherical transmission loss 
and used as a source signature for pile driving 

• An environment of: constant 18 m water depth; a 20 m layer of fine sand / silt / clay overlying 
basement rock; and a uniform 1507 ms-1 sound speed through the water column was set up in 
the sound transmission model SCOOTER 

• The model SCOOTER was run to retrieve amplitude and phase corrections at frequencies from 
10 Hz to 1 kHz in 1 Hz steps, using a spatial grid of points encompassing 5-500 m in range at 
0.5 m resolution and 0.5 – 18 m depth at 0.5 m resolution 

• The appropriate amplitude and phase corrections were applied to the source pile driving signal 
at each spatial point in the grid to give an estimated received pile driving signal; 

• Signal descriptors for calculated received signals at each spatial point were obtained 
 
The resulting estimates of pile driving signal levels agreed well with measured results from slightly 
different environments (primarily different water depths and seabed layering). The estimated sound 
field across (and along the river) showed considerable variability with spatial location, vertically 
and horizontally with differences of up to 10 dB over a few m of vertical range and tens of m 
horizontal range. The estimated mean received level SEL, mean squared pressure and peak-peak 
curves with range were calculated by averaging through the water column from 1.5 m to the seabed. 
These curves have been used in estimating ranges for various impacts below.  
 

6 Assessment of Impacts  
6.1 Critical frequencies  
The frequency spectra from the pile driving example 257 m from the source at Twofolds Bay 
(NSW, Figure 9 and Figure 10) shows highest sound levels between 100 Hz and 300 Hz although a 
significant level of noise (above ambient) occurs to frequencies above 1 kHz (Figure 13). Thus the 
frequency content of pile driving overlaps the frequencies of greatest sensitivity of many fish 
species (ie. Figure 3 and Figure 8). For toothed whales and seals while the energy content of pile 
driving does not overlap the region of their greatest hearing sensitivity, the pile driving energy does 
still have a reasonable overlap (ie. Figure 6 and Figure 7).  
 
6.2 Serious physiological impacts 
For estimates of impacts of pile driving on fish the values given by Popper and Hastings (2005) are 
used to estimate the potential incidence of mortality. According to their predictions, fish of body 
mass over the range 10-1000 g will suffer 50% mortality when receiving a single impulse with SEL 
in the range 195-200 dB re 1µPa2.s. The expected maximum SEL to be received by any fish from 
the modeling work is less than 185 dB re 1µPa2.s (at 5 m from the pile, Figure 16), indicating a 
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single pile driving strike is unlikely to cause serious injury to any fish other than those possibly 
within 5-10 m of the pile (given uncertainties and assuming spherical spreading loss from 1 to 10 
m). This assumes that the source signature used, which was previously measured from a typical pile 
used in wharf construction, is indicative of the signals to be generated during the proposed Gunns 
wharf construction.   
 
To receive an equivalent sound loading from multiple pile strikes requires adding the cumulative 
energy of each pile driving signal and assuming that the cumulative sum of energy has a similar 
impact to a single pile strike. This was done with the modeled mean estimated SEL curve with 
corresponding 95% confidence limits added, to determine the number of pile strikes required to 
reach a 195 dB re 1µPa2.s signal level. The resulting calculations are shown on Figure 18. The 
typical impact hammer heads used in driving wharf piles have measured repetition rates of 3-6 s 
(authors data, for example see Figure 9). An impact pile driving event can vary in length, with 
measured times for a pile ranging from 10 to 30 minutes. Typically during construction a sequence 
of piles, perhaps as many as six, are set up together and hammered in sequentially, with time breaks 
for various tasks between piles, tea/meal breaks or breakdowns. Assuming a worst case scenario of 
a highly efficient team working a three hour stretch of continuous piling at a 4 s hammer interval 
and with a 50% hammering duty cycle, gives 1350 strikes. This equates to around a 120 m range 
from the pile for an animal to experience an equivalent sound loading of 195 dB re 1µPa2.s. This 
assumes the animal remains at the location over the three hour period, which is unlikely given the 
strong tidal streams in this part of the Tamar river. A more probable working scenario is for 30 
minutes of continuous work. Using a 3 s hammer rate this is 600 hammer events, giving a range out 
to around 80 m from the pile to experience a 195 dB re 1µPa2.s cumulative sound exposure.  
 
For mortality to occur from the cumulative sound energy of continuous piling assumes that an 
equivalent sound loading over an extended time period has the same impact as a single more intense 
impulse with the same total energy. Given the mechanics of the injury mechanism in fish from 
impulse signals this is considered unlikely, although we have calculated the number of piles 
required to produce these cumulative sound exposures.  
 

 
Figure 18: Estimate of number of pile strikes with range required to produce an equivalent sound loading of 195 
dB re 1µPa2.s, or that at which 50% mortality of fish in the range 10-1000 g may be expected.  Calculations 
based on depth averaged SEL levels encompassing 95% of estimated values.  
 
For a fish swimming past the wharf area (ie. migrating up or down the river) we can estimate 
cumulative sound loading with range from the pile. If we assume slack water, so that the fish swims 
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at its endurance speed un-assisted by current then we can use estimates from Blaxter (1969) of 
endurance fish swimming speeds of 2-3 body lengths/s for most fish. If we assume a small fish (100 
mm) migrating up or down the river then the trajectory in the river and a hammer rate can be used 
to estimate the total cumulative sound exposure received as it swims past the wharf area. This has 
been calculated for ranges from 10-400 m perpendicular to the wharf with each run starting 500 m 
from the closest point of approach (ie. a 1 km track), the fish assumed to swim on a constant 
heading and course, assuming a 3 s hammer rate and using the depth averaged (over 1.5 to 18 m 
depth) SEL experienced by 95% of fish throughout the water column. The results are shown on 
Figure 18. The swim times would range from 83 minutes for the slowest and smallest fish to 22 
minutes for the largest and fastest fish used. Based on the estimates of Figure 19 then we can 
assume that only the slower and smaller fish swimming past (at slack water) and within perhaps 50 
m of the pile driving event will receive cumulative sound loadings equivalent to that for a single 
event which is believed to cause 50% mortality.  
 
Note that increasing the start and end point ranges of the fish trajectory used in the above 
estimations will not change the results. For the high level impact types discussed it will only be a 
relatively small number of pile strikes about the shortest range to the pile which will contribute the 
bulk of the cumulative SEL received by the fish.  

 
Figure 19: Calculated cumulative sound exposures for fish swimming past a pile being driven (see text for 
assumptions). 
 
For marine mammals the speculative Damage Risk Criteria (DRC, as inferred from auditory DRC 
values for humans) given by Richardson et al. (2005) for impulsive signals for marine mammals has 
been used to estimate potential risk of some permanent hearing damage. These values are presented 
in Table 4, in units of mean squared pressure. Mean squared pressure (msp) is a poor metric for 
impulsive signals, as to calculate mean squared pressure one needs to define an averaging time over 
the impulse, which means defining its start and end. This is almost never done adequately or stated 
in the literature, hence it is difficult to compare values presented in msp for impulse measures.  
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Table 4: Inferred Auditory Damage Risk Criteria for marine mammals exposed to noise pulses underwater 
(from Richardson et al., 1995) in units of mean squared pressure. 

Number of pulses Speculative DRC (in dB re 1uPa) for marine mammals listening in water 

 Marine mammal with hearing 
threshold of 40 dB re 1uPa 

Marine mammal with hearing 
threshold of 70 dB re 1uPa 

100 long (>200 ms) 178 208 

10 long (>200 ms) 183 213 

1 long  (>200 ms) 188 218 

1 short (25 ms) 214 244 

 
Using similar rationales to that defined above for fish but using mean squared pressure units 
averaged over the time taken for 90% of the pile drive energy to pass, the calculated depth averaged 
mean squared pressure with range for a single pile strike is shown on Figure 20. This curve has a 
strange shape beyond 450 m due to the signal length changing at around 450 m which alters the way 
the mean squared pressure is calculated. The depth averaged curve of SEL shown on Figure 16 is 
more indicative of the energy delivered by the pile strike at any range. Using the values given in 
Table 4 and assuming only toothed whales (dolphins) enter the river, implying use of the higher 
threshold category (hearing threshold of 70 dB re 1µPa) then even for 100 pulses the DRC criteria 
are not exceeded, hence it is unlikely that dolphins in the river will experience any permanent harm 
from the pile driving, assuming the modeled pile strike source waveform is indicative of that to be 
used. 
 

 
Figure 20: Calculated depth averaged mean squared pressure with range for a single pile driving event. 
  
6.3 Temporary hearing impairment 
For estimating hearing impairment in fishes the data from McCauley et al (2003a & b), in which 
pink snapper exposed to seismic survey noise suffered hearing damage, has been used. In this 
exposure the total cumulative energy received by the fish in the exposure which caused the damage 
presented was 187.5 dB re 1µPa2.s with the maximum level experienced 181.2 dB re 1µPa2.s 
(authors data). The maximum peak-peak pressure reached was 202 dB re 1µPa.  
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Using these values then we can expect hearing damage to occur in fish out to 60 m range from an 
individual pile strike (approximate range at which a peak-peak level of 202 dB re 1µPa was 
predicted to be reached, Figure 15, top panel). Using the cumulative energy of 187.5 dB re 1µPa2.s 
from McCauley et al (2003a&b) then we can estimate the number of pile strikes to reach this level 
(calculations as for Figure 18), to get the curve shown on Figure 21. 

 
Figure 21: Estimated number of pile strikes to reach a cumulative sound exposure level of 187.5 dB re 1µPa2.s. 
Thus for a longer bout of hammering (30 minutes at 3 s hammer rate) we can expect stationary fish 
within 200 m to be at risk from hearing damage. 
 
Using the calculated cumulative exposures for fish swimming past at slack water perpendicular to 
the wharf (ie. Figure 19) we can expect some degree of temporary hearing impairment to occur for 
smaller fish passing within 300 m of the wharf assuming the pile driving continues over the pass-by 
(83 minutes for the full km swim but less for the critical period when maximum sound loading 
occurs). Larger fish swimming faster will need to be closer to the pile driving to experience the 
same cumulative sound loading. For example 250 mm long fish would need to be within 100-150 m 
to experience cumulative sound exposures sufficient to cause temporary hearing impairment. If the 
fish swim by assisted with a strong current then these ranges will drop to that for a single pile strike 
equivalent to 187.5 dB re 1µPa2.s, of 60 m, if the current assisted swim speed is fast enough. 
 
For marine mammals the current TTS onset criteria (which are only vaguely defined and in 
considerable dispute) are for temporary threshold shifts to occur from impulsive signals at mean 
squared pressure levels of 180 dB re 1µPa or above. From Figure 20 this would occur at < 50 m 
from a single pile strike. Applying a two-times safety margin we can assume a 100 m range for TTS 
onset for marine mammals. Since marine mammals are highly mobile and unlikely to linger near 
pile driving then calculations of the number of pile strikes required to reach an equivalent sound 
loading have not been made.  
 
6.4 Behavioural responses 
Behavioural responses to pile driving will occur at much greater ranges than for the hearing 
impairment defined above. The pile driving signals are likely to be above natural ambient levels for 
perhaps several km up or downstream for an animal in the channel with an unobstructed deep water 
path to the pile being driven. Thus any animal moving up or down the channel with a reasonable 
hearing capability will be aware of pile driving activities well before it becomes a threat to them, 
assuming the pile driving does not commence while the animal is in close proximity. 
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For fish McCauley et al (2003a) determined that caged fish began to show well defined behavioural 
responses to oncoming air gun impulses at 145 dB re 1µPa2.s and that by the time the signal level 
reached 150 dB re 1µPa2.s the fish had huddled in the cage center. Thus we can expect that pile 
driving will create strong behavioural responses all across the river and perhaps out to 500 m up or 
downstream, based on the estimated depth averaged SEL curve shown on Figure 17, which had 
decayed to just above 150 dB re 1µPa2.s at 500 m. 
 
For marine mammals and seals there may be some initial curiosity to pile driving noise. The fact 
that the noise source is stationary and so does not imply any collision threat to them and its poor 
overlap with their hearing threshold curves suggests that behavioural responses will be minimal, 
other than potentially keeping a comfortable distance (perhaps several hundred m) off. 
 
6.5 Impacts at nearby aquaculture farm 
The estimated pile driving levels received from a single pile strike were in the range 143-148 dB re 
1µPa2.s depending on where the cage was sited within the aquaculture lease. For a single strike 
these received levels are below those required to cause any physiological damage but are at the 
lower bounds of levels at which behavioural responses have been observed from caged fish 
(McCauley et al 2003a).  
 
For the scenario of three hours of continual impact pile driving at a 50% duty cycle and four s strike 
rate, the cumulative sound exposure (CSEL) received at the aquaculture cages would be of the order 
of 174-179 dB re 1µPa2.s, below the level required for known hearing loss damage to occur and 
well below that at which serious physical effects occur from a single pile strike. 
 
For 30 minutes of continual piling at a three s repetition rate the CSEL received would be in the 
range 171 – 176 dB re 1µPa2.s again below the level required for any physiological harm. 
 
Thus if the source pile driving signal used in modeling is comparable with that generated during 
piling, then continual pile driving at the proposed wharf will be unlikely to cause physical injury to 
any caged fish, but it may cause some behavioural responses. The fact that the pile driving source 
will be stationary will be a mitigating factor in any behavioural response as it will imply a distant 
threat.   
 
6.6 Summary 
• For a single pile strike most fish will need to be within perhaps 10 m from the pile to suffer 

any serious physiological trauma resulting in injury 
• For a worst scenarios of continual pile hammering (three hours of continual hammering at a 4 s 

hammer rate), stationary fish within 120 m of the pile will experience a cumulative sound 
loading equivalent to that from a single strike believed to cause serious physical trauma. Thus 
fish within 120 m may suffer some physical injury if exposed to three hours of continual 
hammering. 

• For a typical pile hammering scenario (30 minutes of continual hammering at a 3 s hammer 
rate), stationary fish within 80 m of the pile will experience a cumulative sound loading 
equivalent to that from a single strike believed to cause serious physical trauma. Thus 
stationary fish within 80 m of piling may suffer some physical injury if exposed to thirty 
minutes of continual hammering. 

• For fish swimming steadily past the wharf during pile hammering episodes at slack water, then 
cumulative sound loadings equivalent to that at which a single strike is believed to cause 
serious physical trauma, may occur for fish passing within 50 m of the wharf. Thus fish 
steadily swimming up or downstream at slack water within 50 m of piling may suffer some 
physical injury if exposed to continual hammering. The range for the equivalent sound loading 
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will decrease for current assisted fish or fish larger than 250 mm (the maximum size at which 
cumulative sound loadings were calculated). 

• It is unlikely that dolphins or seals will be exposed to pile driving sound intensities sufficient 
to cause any serious physiological damage 

• Fish within 60 m of a single pile strike may be exposed to a peak-peak intensity sufficient to 
cause temporary hearing loss.  

• Stationary fish within 200 m of continual piling may be exposed to a cumulative energy 
loading sufficient to cause temporary hearing loss.  

• Fish swimming steadily past the wharf during pile hammering episodes at slack water within 
100-300 m closest range to the wharf may receive sufficient sound loadings to cause temporary 
hearing loss. The degree or presence of any temporary threshold shifts will depend on the fish 
species, swim speed and proximity to the wharf. 

• Marine mammals within 50 m of pile driving  may receive a sufficient sound intensity to cause 
temporary hearing loss. Using an uncertainty margin of two we can assume a 100 m range for 
TTS onset. 

• Pile driving events will be audible to animals with reasonable hearing capability in the river for 
several km up and downstream of the wharf construction.  

• Marine mammals are unlikely to show overt responses to continual pile driving if they are 
more than a few hundred m off, and may show some initial curiosity. 

• Fish are likely to show strong behavioural responses to pile driving noise all the way across the 
river and for at least 500 m up or downstream. Such responses could include avoidance or 
huddling near the seabed.   

• Caged fish in a nearby aquaculture farm opposite the proposed wharf are unlikely to be 
exposed to single or cumulative sound loadings sufficient to cause any physical trauma or 
hearing damage. But the sound exposures received at the aquaculture farm will be within the 
bounds at which observable behavioural responses have been detected in caged fish.  

7 Recommended mitigation measures 
It is important to note that the findings here are indicative only, and the conclusions have been made 
based on the information available including an estimated source signature and sound transmission 
environment. There is a paucity of data on hearing sensitivity and impacts of noise on the 
physiology and behaviour of marine fauna and of pile driving measurements.  
 
The greatest potential impact from underwater noise during the BBPMP is likely to be from the 
continuous and long periods of impact pile driving (nominally set as longer than 30 minutes of 
continuous hammering, or 600 strikes assuming a 3 s hammer rate). Shorter periods of hammering 
will present less risk. The works should be managed appropriately (i.e. timed around sensitive 
periods for the most at-risk species, and other appropriate mitigation measures put in place). To 
minimize any impacts, the following mitigation procedures are recommended: 
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• An assessment of marine fauna that are economically or ecologically significant should be 

made to identify the timing of occurrence and critical periods (such as spawning, and 
migration near the wharf area) so that pile driving works can be scheduled to not coincide 
with these critical periods. 

• As a general guide, dredging and construction including pile driving should be avoided or 
suspended during sensitive periods for listed, protected or economically important species 
when a significant proportion of the population occurs or must pass through the Tamar River 
for critical spawning, or larval dispersal (and cannot do so due to noise construction). 

• Underwater noise produced by pile driving should be recorded during wharf construction for 
monitoring purposes, and these guidelines re-assessed as necessary.  

• If it is believed that marine mammals will frequent the area during operations then operations 
should be monitored by dedicated observers (working from land based platforms) to 
determine if animals are within 100 m of the pile driving (a safety factor of 2 for TTS) 

• It is recommended that work should be suspended in the presence of marine (or endangered) 
mammals, which enter within a range of 100 m of pile driving operations 

• Some form of underwater speaker is deployed before impact pile driving commences to 
broadcast a noxious noise signal (such as an alarm type signal) in an attempt to forewarn 
animals of impending pile driving. The type and range of signals are to be defined by an 
appropriate underwater acoustician. 

• Because of the potential for behavioural impacts on caged fish in the nearby aquaculture farm 
then: 1) sound levels experienced at the nearby aquaculture farm are measured from impact 
pile driving; and 2) the growth and behaviour of fish held at the aquaculture farm are 
monitored well before, during and after wharf construction to ascertain if fish growth has been 
retarded or notable behavioural shifts occur during pile driving operations. 
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