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1 Introduction 

This report summarises the outcomes and recommendations of an underwater noise modelling study 
undertaken for the proposed Ashburton Infrastructure Project (AIP) by Mineral Resources (MRL).  

 Aim  

The aim of this study is to provide modelling results of predicted underwater noise levels from 
construction (i.e. dredging and piling) and transhipping activities associated with the AIP.  

 Scope 

This report presents the underwater noise modelling methods, results and discussion with 
recommendations for mitigation. It excludes background noise measurements and is not a complete 
noise management plan to mitigate impacts on fauna.   

 Applicable Project Documents 

• O2 Marine Study 

• Ashburton Infrastructure Project - PDD _Draft A_08062021  

• Ashburton Infrastructure Project - Short Project Description_v0.2  

 

Abbreviations, references and documents used for the assessment of underwater noise are presented 
in Appendix A and Appendix B. 

.  
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 Project Background 

MRL is undertaking planning for iron ore mining and export developments in the West Pilbara region 
of Western Australia. The AIP includes a new private haul road connecting an open cut mining area to 
landside facilities at the Port of Ashburton, and export via marine facilities at the Port as shown in 
Figure 1-1 and Figure 1-2. The port facilities are expected to support the export of 25-30 Mtpa over a 
30 to 40-year period.  

The following AIP elements, are relevant to the underwater noise study: 

• Port Product Handling and Storage Facility 

• Transhipment Vessel (TSV) loading and 

• Offshore TSV and Ocean Going Vessel (OGV). 

The project includes a marine jetty export facility for transhipment operations to transport iron ore to 
bulk carriers that are in deeper water. The project will involve construction of a new separate facility 
to the east of the existing Ashburton MOF facility which will involve various activities such as dredging 
and piling to develop a jetty and shipping berth channel. 

Vessel traffic is estimated up to approximately four TSV will be operating on a 24/7 basis. 

  

Figure 1-1 : Overview Map 
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Figure 1-2 : Project Site 

 Construction Overview  

 Dredging 

The location of the jetty has been selected to enable TSV barges to sail into port under ballast draft 
(3.5 m maximum draft) without any tidal constraints and moor at the berth. For loading the barges, a 
berth pocket and basin will be dredged to facilitate loading during all tides. The TSV berth pocket 
dredging will remove approximately 150,220 m3, with a target depth of 7 m. It is anticipated that the 
dredging material will be disposed of at an approved offshore location. Dredging will be 12 and 24 
hours a day and has therefore been included in the study. 

 Piling 

Piling is the most significant source of underwater noise identified for the construction activities of 
the project.  Various tubular piles (Table 1-1) will be driven in using a hydraulic impact hammer for the 
construction of the wharf, approach jetty, and dolphins. The piles will be driven in one at a time and 
it is assumed minimal dressing of the piles will be required. The activity of cutting and grinding piles 
has therefore not been included. Hammer type and size (make, model) are likely to be a Juntann 16SB, 
IHC S-500 and PTC 50 HD (Vibro). The piling duration is estimated at 100 days. 
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Table 1-1 : Pile Types and Sizes 

Activity Area Type 
Number 
of Piles 

Piling 

Approach Jetty Tubular Steel (900mm) 14 

Wharf Tubular Steel (900mm) 24 

Dolphins Tubular Steel (900mm) 21 

 Operations 

TSV will be used for transport of product from the marine jetty to OGVs anchored 4.8 nautical miles 
offshore due west of Thevenard Island. It is estimated that four TSVs and four Tugs will operate on a 
24/7 basis. A TSV cycle time of ~8 hours have been calculated by the project of which a total of ~1.2 
hour will be spent travelling from the marine jetty to the OGV vessel and back again. The remainder 
of the time will be spent loading and unloading.  
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2 Underwater Noise 

As shown in Figure 2-1, the ocean is a noisy place, comprised of sounds from both natural and 
anthropogenic sources. Natural underwater sound occurs from marine life and naturally occurring 
events such as waves, storms and underwater earthquakes. Anthropogenic noise sources result from 
activities such as vessel traffic, seismic exploration, marine construction and military activities. 

The ambient underwater soundscape tends to be consistent and widespread across large areas of 
ocean, however, anthropogenic noise generating activities can often form localised noise sources. 
These localised noise sources, if sufficiently loud, may be detrimental to certain marine species under 
some circumstances. The degree of impact is influenced by many factors, including the sound’s 
persistence, amplitude and frequency, the distance between the sound source and marine life, the 
total time that the marine life is exposed to the sound and the sensitivity of marine life to a 
combination of these factors. 

 
Figure 2-1 Ambient Sea Noise in Australian Waters [6]. 

In deep water, sound travels further in the ocean than in air due to the natural duct created between 
the surface and the seabed, and the refractive properties of the oceans water column. Additionally, 
the higher sound speeds in water result in longer wavelengths than in air, which result in low 
frequencies travelling far distances before they are absorbed to levels below ambient noise levels. 

In shallow water, sound attenuates a lot faster than in the open ocean as the natural duct created 
between the surface and the seabed is very narrow, resulting in the acoustic pressure wave reflecting 
multiple times off the seabed and surface, with every reflection resulting in the pressure wave losing 
energy. Additionally, in very shallow water, low frequencies below a cut off frequency1 attenuate very 
quickly, thus not having any impact at distance from the source. 

 

1 Cut-off frequency is determined by water depth and sea bed density (which affects the sound speed of the 

seabed). 
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3 Marine Fauna  

 Species of Interest 

The conservation significant species assessed for the underwater noise assessment for the project are 
listed in Table 3-1.  

Table 3-1 : Marine Fauna – Species of Interest for this study 

Marine Fauna Type Species 

Whales Humpback 

Sirenians Dugong 

Dolphins  Indo-Pacific Bottlenose, Australian Humpback 

Turtles Loggerhead, Green, Flatback 

Sawfish Green 

The impacts of underwater noise on Sawfish are not well known. As a result, the assessment criteria 
adopted for sawfish are inferred based on their hearing bandwidths. This study has relied on the 
following literature: 

• Whales and Dolphins. For whales and dolphins, it is assumed that the threshold levels for 
Temporary Threshold Shift (TTS) and Permanent Threshold Shift (PTS) for low and high 
frequency Cetaceans as defined in Southall et al [1] and NOAA’s ‘Technical Guidance for 
Assessing the Effects of Anthropogenic Sound on Marine Mammal Hearing’ [2], are 
appropriate for this study. 

• Sirenians (Dugongs). The threshold levels for Temporary Threshold Shift (TTS) and Permanent 
Threshold Shift (PTS) for Sirenians as defined in Southall et al [1], have been used for Dugongs.  

• Turtles. For marine turtles, the threshold levels for TTS and PTS will be adopted from work 
undertaken by CMST for behavioural response of turtles to seismic airguns [8]. The threshold 
levels in Popper et al, [7], were considered, but the CMST levels were more conservative and 
therefore adopted for the study. 

• Sawfish.  A study of elasmobranch fishes [4] audiograms indicates that their hearing 
bandwidths range from 10 to 1000 Hz.  As the very low frequencies have large wavelengths, 
it is expected that they will attenuate quickly in shallow water and will only exist as short 
duration evanescent waves in the water column of the study area.  As a result, it has been 
assumed that frequencies below 100 Hz will attenuate very quickly.  The sawfish will then have 
a similar bandwidth sensitivity to that of turtles. It has therefore been assumed that the TTS 
and PTS levels for sawfish will be similar to that of turtles. 

 Assessment Criteria 
Table 3-2 presents the assessment criteria adopted for whales, dolphins, turtles, dugongs and sawfish 
for this study.  

The assessment criteria for each fauna type are divided into different TTS and PTS criteria depending 
on whether the noise being generated is classed as impulsive or non-impulsive.  

• Impulsive – sounds produced are typically transient, brief (less than one second), broadband 
and consist of high peak pressure with rapid rise time and rapid decay [2]. This noise source 
is associated with activities such as pile driving, seismic activities and underwater blasting 
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and results in some of the most powerful sounds produced underwater (Gordon et al. 2004, 
cited in Hastie et al. 2019).  

• Non-impulsive – sounds produced can be broadband, narrowband or tonal, brief or 
prolonged, continuous or intermittent and typically do not have the high peak sound 
pressure with rapid rise / decay times that impulsive sounds do [2]. This noise source is 
associated with activities such as dredging, vessel noise, drilling and some construction 
activities.  

Behavioural response levels are also provided based on signals and effects of exposure on humpback 
whales, sea turtles, fishes and squid [9]. Similar to human environmental noise impacts, behavioural 
levels are not based on cumulative exposure but rather on a single strike for impulsive noise sources 
and a 1 second RMS level for non-impulsive sources. 
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Table 3-2 : TTS and PTS Onset Thresholds for Non-Impulsive and Impulsive Noise2  

Marine Fauna 
Type 

Hearing Group 
Hearing 
Bandwidth 

Noise Type 

SEL Onset 
(Weighted) 

dB re 1µ 
Pa2.s 

Possible 
Behavioural 
Response 

dB re 1µ 
Pa2.s 

TTS PTS 

Whales  
Low Frequency 
(LF) 

7 Hz to35 kHz 
W(LF)3 

Non-Impulsive 179 199 

1404 

Impulsive 168 183 

Dugongs Sirenians (SI) 
100 Hz to 50 kHz 

W(SI)  

Non-Impulsive 179 199 

Impulsive 168 183 

Dolphins  
High Frequency 
(HF) 

150 Hz to 160 kHz 
W(HF)  

Non-Impulsive 178 198 

Impulsive 170 185 

Turtles/Sawfish Turtles/ Sawfish 100 Hz to 1 kHz 

Non-Impulsive 175 183 
1755 

Impulsive 175 183 

 

2 Threshold levels were obtained from Southall et al [1] and frequency weighting curves from NOAA [2] the W(MF) weighting curve has 

been interpreted to be equivalent as Southall High Frequency. 

3 Frequency weighting as per NOAA technical guidance. 

4 Dunlop et al., Determining the behavioral dose-response relationship of marine mammals to air gun noise and source proximity. 

5 McCauley et al, ‘Marine Seismic Surveys- A study of Environmental Implications’ APPEA Journal 200, pg 692-708 [4] and McCauley RD, et 
al, 2000,’Marine Seismic Surveys: analysis and propagation of air-gun signals and effects of exposure on humpback whales, sea turtles, fishes 
and squid’. R99-15, Perth Western Australia.  
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4 Methodology 

 Overview 

The desktop study has been undertaken using a computer noise model to simulate underwater noise 
emissions. The underwater software calculation kernel utilises the Monterey Miami Parabolic 
Equation (MMPE6 which was developed by the University of Miami and Naval Postgraduate School 
Monterey in the USA).  The model can predict transmission loss from multiple noise emission sources 
simultaneously in both broadband and narrowband frequency ranges.  

Underwater propagation models require inputs including bathymetric data, geo-acoustic information 
and oceanographic parameters to produce 3D estimates of the acoustic field at any depth and distance 
from the source. The quality of the model prediction is directly related to the quality of the 
environmental information used in the model.  

The model has been setup to assume worst case environmental conditions for all scenarios (i.e., the 
conditions which result in the greatest propagation of noise from source to receiver) and therefore 
provides conservative predictions.   

 Noise Sources 

 Operations 

The only relevant operational noise source is the TSV which are small slow speed vessels. As the vessel 
will only be spending and estimated 1.2 hours out of every 6 hours underway the noise impacts from 
the TSV will not result in thresholds being exceeded. In addition, the unloading and loading activities 
are expected to have very low levels due to the product in the holds mass loading the vessels structure 
and as a result dampening any noise associated with these activities. As a result, operational noise has 
not been included in the modelling.  

 Construction General Overview 

Construction will involve various noise generating activities and equipment. The most significant noise 
generating activities that have been identified are piling and dredging which form the basis for the 
modelling.   

The noise source levels used for modelling have been calculated based on a combination of client 
proposed operational data and source levels from a database of underwater noise sources.  All source 
levels include overall and spectral levels. Additionally, the noise sources have been placed at the 
deepest point of where pilling and dredging are expected to occur, it is therefore expected that the 
model outcomes are conservative as it is at the deepest points where they will be the less constrained 
than in shallower water. 

 

6 http://oalib.hlsresearch.com/PE/MMPE/mmpeintro.html 
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 Dredging Noise Source Level 

Dredging is an underwater excavation activity used to increase the water depth for shipping purposes. 
This excavation is carried out by gathering up bottom sediment and disposing of this material to a 
different location which can be done with a backhoe or cutter suction dredger.  

As a precautionary approach, it has been assumed that this project will utilize a small cutter suction 
dredger which has a slightly higher noise level that backhoe operations.  A cutter suction dredger is a 
ship that includes a cutter head used to loosen the material and a suction mouth, inlet and pump used 
to transfer the material from the seabed through piping and onto the vessel or separate barge for 
transportation and disposal. The source level used for modelling of dredging activities is detailed in 
Table 4-1 and Figure 4-1.  
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Table 4-1 : Small Cutter Suction Dredger noise source7 

Parameter 
Value 

SPL RMS8 

SPL Source Level (SL) 166 dB re 1µPa @ 1m 

 

 

 
Figure 4-1 : Small Cutter Suction Dredger Noise Source Characteristics 

 Piling Noise Source Level 

Pile driving involves hammering a pile into the seabed. The noise emanating from a pile is a function 
of its material type, its size, the force applied to it and the characteristics of the substrate into which 
it is being driven.  

The action of driving a pile into the seabed excites bendy9 waves in the pile that propagate along the 
length of the pile and transfer into the sea and seabed. The compression component of the wave 
propagates into the ocean, while both the compression and transverse components propagate into 
the seabed. Once in the seabed, the energy will then propagate outwards as compression and shear 
waves. 

 

7 _Anthropogenic_sources__MMO_1097_ 

8 Sound Pressure Level Root Mean Square 

9 Bendy wave is a wave that comprises of a compression wave and a transverse wave. 
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Piles can be driven using various methods such as vibration, gravity and hydraulic hammer. The 
method that is used is dependent on the size of the pile and the substrate into which the pile is being 
driven. It is planned that hydraulic impact hammers will be used for this piling operation. The noise 
that is generated by an impact hammer hitting the top of the pile is short in duration lasting 
approximately 90ms and can therefore be described as an impulsive noise. 

The pile driving specifications that have been used to calculate the source levels for modelling are 
given in Table 4-2.  

 

Table 4-2 : Pile driving specifications     

Parameter Value 

Pile diameter 900 to 1100 mm 

Hammer Type and Weight 16t Hydraulic 

Hammer Energy  235 kJ 

Blow rate  30 bpm 

Hammer Model HHK 16S 

Table 4-3 and Figure 4-2 present the pile driving source level for maximum hammer energy.  A review 
of a typical hydraulic hammer energy profile shows that the hammer energies start off low and only 
achieve maximum energy in the last stages of the piling before the point of refusal. This maximum 
energy is sustained for approximately 7 minutes. As a result, the cumulative exposure level has been 
determined assuming maximum energy for ~7 minutes (i.e. 200 hammer strikes) to give an overall 
cumulative SEL10. The piling campaign is estimated at 100 days. 

  

 

10 10*log10(N) where N is the number of hammer strikes. 
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Table 4-3 : Piling noise source level for maximum hammer energy11 

Parameter 
Value 

SEL2 for a single strike 

SEL Source Level (SL) 193 dB re 1µPa2.s @ 1m 

 

 

Figure 4-2 : Pile Driving source characteristics (235KJ) 

 Noise Model Source Locations 

Table 4-4, Figure 4-3  show the locations of the piling and dredging noise source relative to the coast.  
The modelled noise sources were inserted in the deepest possible location.  All model scenarios have 
been run for hightide (i.e. 1.5m above mean sea level (MSL)) and low tide (i.e. 1.6m below mean sea 
level (MSL)).  As the sources have been modelled at the deepest point, the modelling outputs can 
therefore be considered as conservative and worst case. 

Table 4-4 : Noise Source Model locations (MGA zone 50) 

Location Name Eastings and Northings 

Dredging 294392, 7600938 

Piling  294312, 7600865 

 

11 Erbe etal, ‘Underwater Noise from Pile Driving in Moreton Bay’ AAS vol. 37 2009. 
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Figure 4-3 : Modelled Pile (orange) and Dredging (red) Locations 
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 Bathymetry  

The bathymetry applied to the model for the Ashburton area extended out to 15 km from the shore 
line and was provided by O2 Marine. The water depth is shallow (between 0 and ~30m) within the 
project area and progressively gets deeper on the seaward side of the jetty. 

 Seabed Types 

A sandy seabed (see Table 4-5 for seabed properties) has been assumed for Ashburton. This is a 
conservative assumption because sand is more reflective in shallow water environments (i.e. shallow 
grazing angles) than limestone and other hard materials that absorb more of the pressure waves 
energy with each reflection due to the excitation of both compression and shear waves in the material.  

Table 4-5 : Seabed properties used in the model12   

Type  
Sound Speed 

(m/s) 
Density 
(g/cm3) 

Sound attenuation (dB/m/kHz) 
Shear Speed 

(m/s) 
Compression   Shear  

Fine to medium sand 1774 2.05 0.37 0 0 

 Sound Speed Profile  

The area of interest for the modelling is in very shallow water (maximum bathymetric depth in the 
data provided is approximately 30 m). As a result, it is expected that the temperature profile through 
the water column will be isothermal. Therefore, the sound speed profile used for modelling is for a 
constant water temperature of 28°C13 and a constant salinity of 40 parts per thousand (ppt).  

 Hearing Threshold Weighting Curves 

Hearing weighting curves for Sirenians, Low Frequency (LF) and High Frequency (HF) Cetaceans14 have 
been applied to all predicted received levels in accordance with NOAA’s technical guidance [2].  For 
Turtles and Sawfish a flat response between 100 and 1000 Hz has been assumed. 

 Data and Model Limitations  

The following limitations apply to the noise modelling: 

• Reflection. Specular reflection due to rough seabed surface and wave action is not 
accounted for in the model. This is not expected to have a significant impact on the modelling 
results as the area is in a reasonable protected bay and the seabed is relatively flat. 

• Airborne Noise. A small component of the airborne noise generated above the sea surface 
will be transferred into the water column, however this has not been accounted for in the 
model.   

 

12 Jensen et al, ‘Computational Ocean Acoustics’, Springer, 2000 

13 This is within the monthly averages recorded in Onslow, see https://seatemperature.info/onslow-water-

temperature.html 

14 It has been assumed that the Sirenians hearing curve will be the same as the HF cetacean’s curve. 

https://seatemperature.info/onslow-water-temperature.html
https://seatemperature.info/onslow-water-temperature.html
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• Salinity and Sound Speed Profiles. The water depth in the modelling area is relatively 
shallow. It has therefore been assumed that the water column is isothermal. Additionally, 
salinity will have negligible effect on the sound speed profile. Variation in the sound speed 
profile has been limited to the effects of water column pressure. 

• Bathymetry. For near shore modelling, both bathymetry and topography were used in the 
model so that the effect of the landmass could be included in the model predictions.  
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5 Noise Model Results and Discussion 

The following sections provide unweighted15 noise contour maps and tabulated modelling results, that 
include the weighting curves for each species, for dredging (section 5.1) and piling (section 5.2). 
Unweighted noise contour maps are provided as they provide the highest predicted level expected 
from each scenario as they do not include the weighting curves. 

Various assumptions have been made regarding the source levels and exposure duration (See Section 
4.2).  These assumptions, if necessary, can be verified through measurement once the Project 
commences. 

Assessment criteria has been used to determine distances from the noise sources that result in an 
exceedance. This information can be used to assist with the determination of potential risks and 
identification of possible mitigation strategies. 

 Dredging 

Dredging is a continuous noise source and is therefore considered as non-impulsive.  It is expected 
that dredging will operate continuously for 24 hours a day. As there are no reef bound species of 
interest within the area it has been assumed that the maximum exposure of the fauna considered in 
the study will be 1 hour.  The SPL source level was therefore converted to a 1-hour SEL by adding 36 
dB. 

Figure 5-1 to Figure 5-2 shows the predicted maximum SEL for 60 minutes exposure at distance from 
the source at low and high tide, respectively.  Table 5-1 provides the ranges at which TTS and PTS is 
expected to exceed for each hearing group.  The distances at which the noise level will exceed a 
threshold level for high tide are between 25m and 120m while for low tide they are 0m to 60m.  Figure 
5-3 shows the dredgers unweighted (i.e. no hearing curve applied and therefore worst case) 
cumulative SEL predicted noise contours. 

  

 

15 i.e. no hearing weighting applied 
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Table 5-1 : Behavioural, TTS and PTS Onset Thresholds from dredging (Non-Impulsive Noise) 

Hearing Group 

SEL Onset 
(Weighted) 

dB re 1µ Pa2.s Tide  
TTS Distance 
Limit (metres) 

PTS Distance 
Limit (metres) 

Behavioural 
Response 
Distance 
(metres) 

TTS PTS 

Low Frequency 179 199 
Low 50 -16 940 

High 70 - 3,470 

High Frequency 178 198 
Low - - <10 

High 50 - 60 

Sirenian 186 206 
Low - - <10 

High 25 - 60 

Turtles and 
Sawfish 

175 183 
Low 60 35 65 

High 120 50 130 

 

 

16 Dashes indicate that the distance is a lot less than 10 m, less than the resolution of the model. 
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Figure 5-1 : Sound Exposure Levels (1hr) on marine fauna for dredging at low tide. 

 

Figure 5-2 : Sound Exposure Levels (1hr) on marine fauna for dredging at high tide. 
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Figure 5-3 : Noise Contour – Dredging Operations – Unweighted (i.e. no frequency weighting curve 

applied) SEL (High Tide)  
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 Piling 

Piling is an impulsive noise source involving multiple pile strikes.  It has been estimated that the 
maximum exposure will occur when the hammer energy is at its maximum.  The maximum hammer 
energy has been determined to be applied over a period of 7 minutes which equates to 200 hammer 
strikes.  Exposure levels have therefore been determined using 200 strikes. 

Figure 5-4 to Figure 5-5 shows the predicted maximum SEL with range at low and high tide, 
respectively.  Table 5-2 provides the ranges at which TTS and PTS is expected to exceed for each 
hearing group.  The exposure ranges at which thresholds are exceeded for high tide are 1,440m for 
low frequency hearing groups and 430m for turtles and sawfish.  In comparison, low tide ranges are 
840m for low frequency hearing groups and 200m for turtles and sawfish.  This indicates that 
scheduling piling activities around low tides could potentially be used to reduce exposure ranges.  
Figure 5-6 shows unweighted (i.e. no hearing curve applied and therefore worst case) cumulative SEL 
predicted noise contours for piling based at high tide. 

Table 5-2 : Behavioural, TTS and PTS Onset Thresholds from Impulsive Noise  

Hearing Group 

SEL Onset 
(Weighted) 

dB re 1µ Pa2.s Tide  
TTS Distance 
Limit (metres) 

PTS Distance 
Limit(metres) 

Behavioural 
Response 
Distance17 
(metres) 

TTS PTS 

Low Frequency 168 183 
Low 840 140 5,400 

High 1,440 225 15,000 

High 
Frequency 

170 185 
Low 35 -16 70 

High 40 - 1430 

Sirenian 175 190 
Low 15 - 70 

High 10 - 1430 

Turtles and 
Sawfish 

175 183 
Low 200 100 200 

High 430 190 420 

 

17 Based on a single pile strike [9]. 
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Figure 5-4 : Sound Exposure Levels (1hr) on marine fauna for piling at low tide 

 

 

Figure 5-5 : Sound Exposure Levels (1hr) on marine fauna for piling at high tide. 
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Figure 5-6 : Noise Contour –Piling Operations - Unweighted (i.e. no frequency weighting curve 

applied) cumulative SEL  (High Tide)  
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6 Conclusion and Recommendations 

An underwater noise model has been generated to predict potential noise levels at distance from 
noise sources associated with the AIP. As the noise sources have been placed at the deepest point of 
where pilling and dredging are expected to occur, it is therefore expected that the model outcomes 
are conservative.  Various assumptions have been made regarding the source levels and exposure 
duration.  As a result, the model outcomes should be verified through measurement once the 
construction commences. 

The model results indicate that noise will travel further at high tide than low tide. 

• Dredging – Depending on the hearing group the TTS threshold will be exceeded at distances 
between 25 m and 120m (high tide), and <60m (low tide). 

• Piling – The TTS threshold will be exceeded at distances between 430m (i.e., for turtles and 
sawfish) and 1,440m (i.e. for low frequency hearing groups) at high tide. The distances at 
low tide are far shorter, with 840m for low frequency hearing groups and 200m for turtles 
and sawfish. TTS threshold levels are not expected to be exceeded for the other fauna types.  

This indicates that scheduling piling activities around low tides could potentially be used to reduce 
exposure ranges Therefore, as far as possible, piling should be scheduled around low tides. 

As piling has the largest potential impacts on marine fauna, it is recommended that the following noise 
management techniques be considered by MRL: 

• Piling Soft Starts. Soft starts require low hammer energies to be applied at the beginning of 
piling. This is not always an effective strategy to follow as in some cases fauna have been 
seen to move towards a piling operation during the soft start18.  

• Observation and exclusion Zones. Marine Fauna Observers (MFOs) can be used to manage 
exclusions zones. Usually, two zones are selected for observation and exclusion (Table 6-1). 
The first zone is based on TTS distances and piling can only commence when all marine fauna 
are outside of their different TTS ranges. The second zone comes into effect once piling 
commences, it is based on the PTS distances and piling stops if a species comes inside of its 
PTS distance. Piling can only recommence once the animal has moved outside of its TTs 
distance. Considering that the exclusion zone distances are large and therefore potentially 
difficult and expensive to manage, effective noise reduction as detailed above, will reduce 
the ranges significantly making them more practicable to implement. 

Table 6-1 : Observation and exclusion zones 

Type  Distance Informed by Purpose 

Observation TTS 
Piling can only commence when all marine fauna are 
outside of their different TTS ranges. 

Exclusion PTS Piling stops if a species comes inside of its PTS distance. 

 

18 This is based on observations from Cape Lambert and the North Sea where seals and larger fish have been 

observed to move towards wind farm and marine wharf pilling activities once piling commences. 
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dB Decibel 

CMST Centre of Marine Science and Technology 

HF High Frequency 

Hz Hertz 

kHz Kilo Hertz 

LE,24h Sound Exposure Level Cumulative 24 hours 

LF Low Frequency 

LPK Peak Sound Pressure Level 

M Metre 

MF Mid Frequency 

ms Milliseconds 

NOAA National Oceanic and Atmospheric 

Pa Pascals 

PTS Permanent Treshold Shift 

RMS Root Mean Square 

s Seconds 

SEL Sound Exposure Level [dB re 1µPa2.s] 

SELcum Cumulative Sound Exposure Level 

SL Source Level [dB re 1µPa @ 1m] or [dB re 1µPa2.s @ 1m] 

SPL Sound Pressure Level [dB re 1µPa] 

TTS Temporary Treshold Shift 
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µPa Micro Pascal 

µPa2-s Micro Pascal Square Second 

W(f) Weighting function 
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A variety of units are used in underwater acoustics to define steady-state and impulsive signals, which 
can include;  

• mean square pressure (dB re 1μPa) 

• peak pressure (dB re 1μPa) 

• equivalent energy or sound exposure level (SEL) (dB re 1μPa2.s SEL) 

The mean squared pressure is the decibel value of the mean of the squared pressure over a defined 
period of a signal. For steady signals the averaging time is not applicable, however for impulsive signals 
the averaging time is a significant consideration. Impulsive signals such as piling are better described 

by a measure of the amount of energy (Sound Exposure Level (SEL) in units of dB re 1μPa2.s) and 
measure of the signal peak amplitude (positive and/or negative). 

The following equations include the following units of measurement; Pascals (Pa), Metres (m), 
Seconds (s), kilograms (kg).  

 

Appendix B2 Peak SPL 

Peak Sound Pressure Level (SPL) is calculated according to the standard equation (B9);  

𝑺𝑷𝑳𝑷𝒆𝒂𝒌 = 𝟐𝟎 𝐥𝐨𝐠𝟏𝟎
𝑷𝑷𝒆𝒂𝒌

𝟏 µ𝐏𝐚
                                                                                                                                               (B9) 

The total positive impulse is calculated according to the equation (B10) and (B11) 

𝑷𝒐𝒔𝒊𝒕𝒊𝒗𝒆 𝑰𝒎𝒑𝒖𝒍𝒔𝒆 =  ∫ 𝑷(𝒓, 𝒕)𝒅𝒕                                                                                                                                  (B10) 

𝑷𝒐𝒔𝒊𝒕𝒊𝒗𝒆 𝑰𝒎𝒑𝒖𝒍𝒔𝒆 = 𝑷𝑷𝒆𝒂𝒌 𝝉                                                                                                                                       (B11) 

To calculate a source level to enter into the MMPE model, the Sound Exposure Level (SEL) at the 
limiting radius 𝑅0 is calculated according to equation (B13). 

𝑆𝐸𝐿(𝑅0) = 10 ∗ log10
∫ 𝑃(𝑡)2𝑑𝑡

10−12𝑃𝑎2𝑠
                                                                                                                                    (B12) 

𝑆𝐸𝐿(𝑅0) = 10 ∗ log10 (
1

2
𝑃𝑃𝑒𝑎𝑘(𝑅0)2𝜏(𝑅0)

10−12𝑃𝑎2𝑠
)                                                                                                                     (B13) 

The model requires a source level at one metre, and only considers linear effects. Geometric spreading 
is used to calculate the source level at one metre would that give the required SEL at 𝑅0, as shown in 
equation (B14). 

𝑆𝐸𝐿(1m) = 𝑆𝐸𝐿(𝑅0) + 20 log10
𝑅0

1m
                                                                                                                            (B14) 

The MMPE model is then used to predict sound exposure levels at various radii 
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