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1 Introduction

The following report provides a summary of a desktop underwater noise assessment undertaken of
construction activities for the development dhe Spoilbank Marinain Port Hedland by the
Department of Transport (DoT)

1.1  Background

The Poject will be undert&en in Port Hedland near Cemetery BedchWestern Australia. The
construction of the marinavill involvevarious activitiesuch as piling and dredgirig developthe
marinaandboat channel(seeFigurel-1).

1.2 Aim

The aim othisreport is topredictunderwater noise levels frormonstruction activities (i.gilingand
dredging associated with th&poilbankHarbour Project

1.3  Scope

This reportsummarises the method and results ahe underwater noise modellingpr construction
activities only It alsoincludes thepredictedranges at which the fauna assessaulild potentially
experience Temporary Threshold Shift and behaviowsgonses

1.4  Applicable Documents

1. Southall et al, Marine Mammal Noise Exposure Criteria: Updated Scientific Recommendations
for Residual Hearing Effects, Aquatic Mammals 2019, 45(2).

2. Technical Guidance for Assessing the Effects of Anthropogenic Sound on Marimaai
Hearing National Oceanic and Atmospheric AdministratibiO@A, July 2016

3. Casper, B.M. (2006). The hearing abilities of elasmobranch fishes. Graduate Theses and
Dissertations, University of South Florida.
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LEGEND

CADASTRAL BOUNDARY

PROPOSED DEVELOPMENT ENVELOPE APPROX. - 76.3 ha
CONCEPTUAL CAR / TRAILER PARKING AREA APPROX. - 3.4ha

CONCEPTUAL PUBLIC OPEN SPACE APPROX. - 3.4ha

CONCEPTUAL SAND TRAP APPROX. - 6.9 ha

|:| HARBOUR BASIN & ENTRANCE CHANNEL AREA APPROX. - 9.7 ha

BREAKWATER AND REVETMENT AREA APPROX. - 4.5 ha

HEDLANID

ENTRANCE CHAMNEL - d 5 = b P

ALTERNATE REVETMENT—
OFTION \

Figurel-1 ProposedProject(source: DoT)
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2 Assessment Criteria

talis

2.1  Marine Fauna
Thefollowing fauna have beeimcluded in the assessment

1 Turtles (Flatback Turtle)
1 Humpback Whales

1 SpottedDolphins

1 Sawfish

The impacts of underwater noise ¢iatbackTurtlesand Sawfishare not well knowrand, as a result,
the assessment criteria adopted fothese faunahave been inferred based on their hearing
bandwidths. This study has relied dhe following literature:

9 Turtles For Turtles, the threshold levels for Temporary Threshold Shift (TT®ghadioural
response will be adopted from work undertaken by CM6iTbehavioural response dfurtles
to seismic airgurfs

1 Humpback Whales an8potted Dolphins For Humpback whales and dolphins, it is assumed
that the threshold levels for Temporary fEishold Shift (TTS) and behavioural response for
f26 YR YAR FNBIjdSSyOe OfedhhicaSSuigatce foraAssesSigihg SR A
Effects of Anthropogenic Sound on Marine Mammal He&ielg I NB I LILINR LINR F G S F

1 Sawfish A study of elamobranch fishekaudiograms indicates that their hearing bandwidths
range from 10 to 1000 Hz. As the study area is very shallow it is expected theryhiew
frequencies will only exist as short duration evanescent wavédss implies that frequenae
below 100 Hz will attenuate very quicklyith the lower frequencies removeithe Sawfish
will have asimilar hearing bandwidth tthat of turtlesand ithasthereforebeenassumed that
their TTS levels will @milar tothat of Turtles.

2.2  HearingThreshold Weighting Curves

Hearing weighting curves for Low Frequency (LF) and High Frequency (HF) Cetaceans have been
applied to all predicted received levels in accordance Bithithallet al (2019¥.

 Centre of Marine Science and Technology.

2Pal NRyS {SAaAYAO { dzNIS e a-gunkighald addiefledts df ekposuteRi@npiiacBihales, e tules, fishds Mad
dlldZARQ YR W/ NAGSNARALF FyR ¢KNBaKz2ftR& FT2NJ ! ROSNES 9FFSOila 2F ! yRSNBI

3 CasperB.M. (2006). The hearing abilities of elasmobranch fishes. Graduate Theses and Dissertations, University of South Florida

4 Southall et al, Marine Mammal Noise Exposure Criteria: Updated Scientific Recommendations for Residual Hearing Effécts, Aquat
Mammals 2019, 45(2).
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A flat hearing weighting curve from 100 to 800 Hg baen used for Turtles arghwfish
2.3  Summary of Recommended Assessment Criteria

Table2-1 presents the assessment criteria adopted ¢etaceansTurtles andsawfishfor this study.
A more detailed overview of the hearing bandwidths is provided in Appendix A.

Table2-1 Receivednoiselevels at which there is a possibility afT Sor behaviouralresponse

Marine Fauna Hearing PossibleTemporary PossibleBehavioural
Type Bandwidth Threshold Shift (TTS) Respons¢RMS]

Turtl Peak 222 dBrelpPa 166 dB re 1pPa
“Sr e‘:’ a:d 100 to 800 Hz
awtis SEL 183dBre 1pPas SEL 175 dB re 1pPas
7 Hzto35 kHz Peak = 219dBre 1yPa  RMS 120 re 1pPa
Humpback Whales
W(LF) SEL 179dBre 1pP= SEL  140re 1uPdst
Peak 230dBre 1uPa RMS 120 re 1pPa
SpottedDolphins 150Hz to160kHz
W(MF) s 18SdBreluPazs op 140 e 1Pz ¥

13

5a0/ I dzf S& S {3 Wal NikgeBe { BR AYKOA NRBZNBSE &I f L Y-Z08 ardOMoCauRyRDetdl, t t 9! w2d
HnnnZQalNAYS {SAAYAO { dzNI Qansignals ahd difécts af axpdsuyfeRumphddudinles | séaiugtlys, fidhes | A NJ

'y R alj dib, Rt WesgrhAustralia

6 Criteriaand Thresholds for Adverse Effects of Underwater Noise on Marine Animals, Science Applications International, May 2000.

7 Low frequency weightings peNOAA technical guidance.

8 Technical Guidance for Assessing the Effects of Anthropogenic Sound on Marine Mammal Hearing, National Oceanic and Atmospheri
Administration (NOAA), July 2016

9 Based on Southall et al recommendS&L RMS of 1218 re 1pPa (see Aquatic Mammals, Volume 33, Number 4, 2007, ISSBUQTY67

10 National Oceanic and Atmospheric Administration (NOWAghnical Guidance for Assessing the Effects of Anthropo§enicd on
al NAyS alYYFf 1 S8SBNAY3IQ ¢loftS ¢ LI IS

11 Dunlop et al., Determining the behavioural dagsponse relationship of marine mammals to air gun noise and source proximity

12 Technical Guidance for Assessing the Effects of Anthropogenic Sound on Marine Mammal Hearing, National Oceanic dedidtmosp
Administration (NOAA), July 2016

13 National Oceanic and Atmospheric Administration (NO¥Aghnical Guidance for Assessing the Effects of Anthropo@enicd on
alkNAYyS alYYlLf 1 SENAYy3IQD
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3 Methodology

3.1 Overview

Thedesktopstudy has beemndertaken using computemoise model to simulate underwater noise
emissions The underwater software calculation kernel utiSsthe Monterey Miami Parabolic
Equation MMPB, which was developed by the Miami and Monterey universities in the USA. The
model can predict transmissioless from multiplenoise emissiorsources simultaneously in both
broadband and narrowband frequency ranges.

Underwater propagation models require inputs includivathymetric data, ge@coustic information
and oceanographic parameters to prodieestimates of the acoustic field at any depth and distance
from the source. The quality of the modetediction is directly related to the quality of the
environmental information used in the model.

The model has been setup to assume worst case environmemaitans for all scenarios (i.e. the
conditions which result in the greatest propagation of noise from source to receinertherefore
Bathymetry

The batlymetry applied to the model was obtained fraboTand publiclyavailabledata.
3.2 Seabed Types

A sandy seabed (seEable3-1 for seabed properties) has beessumed folPort Hedland This is a
conservative assumption becausansl is more reflectivéen shallow vater environments (i.eshallow
grazing angléghan limestonécalcareniteand other materials whiclhre be presentin the area.

Table3-1 Seabed properties used in the model

Soundattenuation (dB/m/kHz)

Sound Speed Density Shear Speed

Type g

Fine to medium sand 1774 2.05 0.37 0 0

3.3  Sound Speed Profile

The area of interest fothe modellingis invery shallow water(maximum bathymetric depth ithe
data provideds approximately#0 m). As a resulit is expected that the temperature profile through
the water colunm will be isothermal. Therefore, theound speed profileised for modelling ifor a
constant water temprature of27°Cand a constant salinity & parts per thousan@opt).
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3.4  Data and Model Limitations
The following limitations apply to the noise modelling;

1 Reflection Specular reflection due to rough seabed surface and wave actionaomtnted
for in the model.

1 Airborne Noise A small component of the noise generated above the sea surface (e.g. piling)
will transfer into the water column, however this has not been accounted for in the model.

1 Salinity and Sound Speed Profil&he waer 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 tothe effects of water column pressure.

1 Bathymetry. For near shore modelling, both bathymetry and topography were used in the
model. The 0 m mark of the bathymetry is based on the Mean Sea Level (MSL) level. A4 m
hightide above MSL was used in the mddel

1 Model Contour Depth The model is capable of producing horizontal noise contours for any
depth and distance, as well as vertical plots showing depth versus range for any bearing.
However, it is not practical within the constraints of the study to previtbts for each depth
and for each bearing (i.e. 360 outputs for each scenario). As a result, a selectset safb
graphs for depths and bearings of interest are provided within this report.

3.5 NoiseSources
3.5.1 General

Construction will involve varioumisyactivities and equipment. The most significant noise geneati
activitiesthat have been identified and form the basis this modellingare piling and dredging.

The roise source levels used for modellimave beercalculatecbased on a combination cfient data,
equipmentsource leveldrom a database of underwater noise sourcasd information available in
literature. The surcescalculatedalsotake account for the proposegdarameters and energiegpplied
for pilingactiviies.

All source levels include overall and octave bapectral levels
3.5.2 Piling

Pile drivinginvolves hammering a pile into the seabédd the point of refusal 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.

1 DoT tidal data for Port Hedland indicates that Highstronomical Tide (HAT) is 3.72 m above MSL. This has
been rounded up to 4 m as a conservative approach.
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The action 6driving a pile into the sémed excites bendy*® waves in the pilehat propagate along the
length of the pile andransfer into the sea andseabed. The transverse component of the wave
propagates into the oceanwhile the compression component propagateto the seabed. Once in
the seabed, the energy will then propagatetwards as compression and shear waves.

Piles can be driven using various methods such as vibration, gravithyamdulichammer. 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 panned that hydraulic impact hammers will be usedtfus 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.

It is expected that both channel marker and marina piles will take a maximum of 1 hour to reach the
point of refusal. As eesult,the maximum exposure has been assumed to be 1 hour.

Thepile driving specification® that have been used to calculate th&ource levels for modellingf piling are
given inTable3-2.

Table3-2 Pile driving specifications

Parameter Value

Pile diameter ~900 mm
Hammer Type and Weight 16t Hydraulic
Hammer Energy 235 kJ
Blow rate 30 bpm

Table3-3 and Figure3-1 present thepile driving source levs used for modelling which has been
calculated usig the data provided

Table3-3 Piling noise sourcéevel

Value
Parameter i :
SEEfor a single strike

SElSource Level (SL) 205dB re 1yPas @ 1m

SBendy wave is a wave that comprises of a compression wave and a transverse wave.

16 As provided in a pile driving record provided by Dot.
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Figure3-1 Pile Driving source characteristics
3.5.3 Dredging

Dredging is an underwater excavation activity used to increase the water depth for shipping purposes.
This excavation is carried out by gathering up bottom sedinaet disposingf this material toa
different location

It is assumed that this project wiltilize a Qutter Quction Dredger.A Qutter Suction Dredgeris a ship

that includes a cutter head used to loosen the material and a suction mouth, inlet and pump used to
mobilise the material from the seabedhrough piping and ontoa DMMA (Dredge Material
Management Area). Booster pumpmy be used to transport tb material to the DMMA, but these

will be located on land and have not been included in the model

The source level used for mdtieg of dredging activiesis given infable3-4 and Figure3-2.

Table3-4 Dredging noise source

Value
Parameter
SPL RMS

SPLSource Level (SL) 182dB re 1pyPa @ 1m

" Sound Pessure Level Root Mean Square

TN200003L DoT- Underwater Noise Modelling Port Hedland Spoil Bank rev2.1 February 202Q Page9




I Underwater Noise Modelling Spoilbank Marina Project A I °

Department of Transport \ ‘ to I S

Cutter Suction Dredge
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Figure3-2 Dredger noise source characteristics
3.5.4 Bulk Carrier

Iron Ore carriers which form a large part of the shipping activity in the Port Hedland areadtave
been included in the model as they frpart of the existing background noise. As a result, the
expected source levels are includadthis sectionso that they can be compared with that of the
dredging activity.

Figure 3-3 shows typical bulk carrier source levels as determined by DSTO. If these levels are
compared with those of the dredger shownRigure3-2 it can be seen that the dredgers source levels
Fo2@S pn |17 FNB OSNB aAYAfIN G2 (K2a$S 2F GKS 06 d:
become higher. As the dredger is dredging in shallow water it is B3¢t these lower frequencies

will attenuate rapidly. The dredger will therefore likely be indistinguishable from the background

noise.
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Figure3-3 Bulk carriersource levels as determined by DSTO.
3.6  NoiseModelling Source bcations

The following sections define the noise model scenarios that have been run for dredging and piling.
All scenarios utilisthe source levels defined in secti@n

Figure3-4 shows the locations of each noise source relative to greposedharbour.

The modelled noise sources wepssitionedin the deepest possibl®cationfor that noise source
and all model senarios have been run feim abovelLowest Astronomicalide(LAT which has been
estimated as high tide. As the sources have been modelled at the deepest point and high tide assumed
for all scenarios,ite modellingoutputs can therefore be considered asrservative and worst case.

3.6.1 Dredging

The dredging noise source was placed at the deepest part of the channdlafsie8-5). The deepest
location was selecteliecausehe deeper the waterthe better the noise will propagate through the
water column. As eesult, this location can be considered asvarst-casescenario for the dredger

Table3-5 Dredging Model Scenario

Location (MGA Eastings and Northings) 665761.9, 7754663.0

3.6.2 Piling

Table3-6 present details of thetwo pile locations modelledwhich includes piling in thearina for
the jettiesand in theboat channelfor the channel markers
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Table3-6 Piling Scenarios

) Pilingg Pilingg
Location Name . :
(Inside Maring (Channel Markey
Location (Eastings and Northings) 666038.4, 7753708.1 665771.5, 7754743.7
Port Hedland - Spoilbank Marina Legend:
—— Marina & Dredge Channel
DoT Drawing Reference: 1847 - 09 01 @ Noise Sources

Figure3-4 Pilingand DredgingLocations Modelled
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4 Noise Model Results and Discussion

The followingsections presenhoise modelling results for dredging (sectiéri) and piling (section
4.2).

As discussed in secti@5.4 all results argresented based ohigh tide.

As the species of interest have different hearing bandwidths and hearing thresholds, their predicted
received levels will differ. As a result, the maximum reeeinoise levels with distance have been
provided separately for the species of interest.

Noise contour maps are provided with no hearing thresholds applied, representing the highest
predicted noise levels from each activity.

Graphs showing maximum levelgh range are also provided. These graphs show the maximum level
predicted at each range regardless of the relative bearing from the source. Considering the
bathymetry and as shown in the contour plots it can be determined that most of maxileuats
shown in the graphsvould be associated witheceived levelgowards the Port Hedland shipping
channel to thenorth of the Marina

4.1 Dredging

Dredgingsconsidered as continuous hoise sourder the purposed of this studyand therefore the
most relevantnoise parameter for assessment of dredging impacts is the SPL RMS.

Thefollowingsummary is provided of the modelling outcomes

1 Figured-1 presents the predicted SPL RMS noise contours (with no hearing thresholds applied)
for dredging activies As the dredging has been modelled in the deepest part of the boat
channel which is also close to the Port Hedland shipping channel theindisa direction
propagates into the deep water and attenuates slower tivashallower water.

1 Figure4-2 shows the maximum predicted SPL RMS for TurtlesSamdish(i.e. with hearing
bandwidthsapplied between 100 to 800 Hz), and attenuation of the received levels over
range. As can be seen from the graph, received noise lemblgxceed the threshold level of
behavioural response (i.e. 166 dB re 1y Pa $FA)& the dredger

9 Figure4-3 shows the maximum predicted SPL RMS3HiampbackWhales (i.e. low frequency
weighting curve appliedsaper NOAA technicauglance) andhe maximum predicted SPL
RMS for Spotted Dolphins (i.e. rfr@équency cetaceansfs can been seen from the graph:

0 Thepredicted SPL RMS fdumpbackvhalesattenuate to below 120 dB re 1u Pa SPL
RMS at ~800 m from the dredgingperations.

0 The predictedeceivednoise leveldor Spotted Dolphinsttenuate to below 120 dB
re 1y Pa SPL RMS 8006 m from the dredging operations.

1 Asthere are no breeding or resting grounds within the area for Humpléelites dredging is
not expected to have any impacés behavioural impacts will not disturb the whalgkile
breeding and resting
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1 ForSotted Dolphins dredging will only have a smadiseimpact if there are foraging grounds
close to where the dredger is dredging. Dredging is therefore considered to be low risk for
Spotted Dolphins.

91 Dredging noise impacts is very low. Therefore, this activity is low rigkuftes.
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Legend:

— Marina & Dredge Channel
© Cutter Suction Dredge
SPL RMS (dB re 1pPa)
120 - 140
140 - 160
160 - 180
180 - 200

Figure4-1 Noise Contour with no hearing thresholds appliedredging; SPL RMS
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4.2 Piling

Piling is an impulsive noise source involving multiple pile strikes. Thergéf@eSELs the most
relevantparameter for assessing the impacts of piling on marine fauna.

Higheg Astronomical Tide (HATHas beenused forpiling. It must be noted that at low tide the water
depthwill be up to 4m shallowefi.e. LAT)This implies thatluring low tide conditionsess acoustic
energywill betransmitted into the water column and Vo frequency waves are not formed.

The followingsummarises the modeksultsfor piling
4.2.1 Channel Marker Piling

9 Figure4-4 presents the SEL predicted high tide noise contours (with no hearing thresholds
applied) for a single pile strikéAs the channel marker pile has been modelled in the deepest
part of the boatchannel which is also close to the Port Hedland shipping channel the noise
propagates into the deep water and as a result attenuates slawehat directionthan in
shallower water.

1 Figure4-5 shows the maximum predicted SEL for a single pile s#ilce for multiple pile
strikes (equating to @ontinuousexposure time of 1 hourfpr Turtles andSawfish(i.e. with
hearing thresholds applied).

9 Figured-6 shows the maximum predicted SEL for a single pile strike for Humpback Whales (i.e.
low frequency weighting curve applied as per NOAA technical guidance).

9 Figured-7 shows the maximum predicted SEL for a single pile strikBdotted Dolphingi.e.

mid frequency cetacean weighting curve applied) with range fgintide.

I Table4-1 shows the maximum ranges at which thresholds are predicted to exceed TTS
thresholds for a single strike and for multiple strikies. (-hour continuous exposuje It also
includes the maximm range at which behavioural disturbance thresholds are exceeded.

1 The ranges at which TTS levels are exceededudtes, Sawfishand Australian Humpback
Dolphin are less than those of the Humpback Whales. This is due to the hearing bandwidths
of HumpbackVhales being wider.

1 There are only a small number (9 in total) of Channel Marker fidésvill be piled Most of
these piles will be placed in shallower water further away from the Port Hedland shipping
channel. Thaoise from theshallower pileswill therefore attenuate faster than the deeper
ones located close to the shipping channel. As a result, the threshold rangaisl@a-1 for
the shallower piles will ba lot closer.

1 Additionally, if piling takes place at low tide then the amount of energy radiated by the pile
into the water will be a lot less and, in some cases, it will be negligible. In ¢thsssthe
threshold levels will only be exceeded very close to the pileai at all. It is therefore
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recommended that piling as far as reasonably practicable only take place at low tide and that
for the shallower piles (i.e. < 3 m water defi)ithe exclusion zones are not applicable.

Table4-1 TTS and Behavioural Disturbance Ranf@sChannel Marker piling.

TTS Ranges Behawoural Disturbance Ranges
Description Multiple Strikes Multiple Strikes
Single Strike Continuous Exposure Single Strike Continuous Exposure
(1 hour) (1 hour)
Turtles andSawfish 80m 1 km 2.7 km 7.9 km
Humpback Whales 101 m 2.3 km 6.3 km >10 km
Spotted Dolphin Only at pile 101 m 1.4 km 6.2 km

Figure4-4 Noise Contour, PilingChannel Markeig SEL for a single strike

18 At these depths, not much of the pile is immersed in the water and theffidtequency is 130 Hz. This implies
that less acoustic energy is transmitted into the water column and low frequency waves are not formed. The
moded also becomes less accurate at these depths.
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