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List of Abbreviations
ABP

Associated British Ports

ABPmer

ABP Marine Environmental Research
Ltd

DOER

Dredging Operations and Environmental
Research

EIA

Environmental Impact Assessment

EU

European Union

FHWG

Fisheries Hydroacoustic Working Group

IFM

Institute of Fisheries Management

ITAP

Institute for Technical and Applied
Physics

JNCC

Joint Nature Conservation Committee

MMO

Marine Management Organisation

MSFD

Marine Strategy Framework Directive

NPL

National Physical Laboratory

PD

Pile Diameter

PTS

Permanent Threshold Shift

SD

Standard Deviation

SEA

Strategic Environmental Assessment

Page 5 of 50

Silvertown Tunnel
Appendix 10.C Underwater Noise Assessment
Document Reference: 6.3.10.3

SEL

Sound Exposure Level

SL

Source Level

SPL

Sound Pressure Level

TL

Transmission Loss

TSG

Technical Subgroup

TTS

Temporary Threshold Shift

UK

United Kingdom

US

United States
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Glossary of Terms
Absorption

The assimilation or incorporation of
something.

Attenuation

A term that refers to any reduction in
the strength of a signal

Audiogram

An audiogram is a hearing curve that
presents the frequency dependent
hearing sensitivity or hearing threshold
of a species (i.e. the lowest level of
sound at which a species can hear as
a function of frequency). The hearing
threshold increases (i.e. hearing
sensitivity reduces) for frequencies
outside those optimal for that particular
species.

Frequency

The rate per second of a vibration
constituting a wave of sound.

Hearing Generalist

Species of fish without specialised
auditory adaptions resulting in the
perception of a narrow bandwidth of
hearing.

Hearing Specialist

Species of fish with specialised
auditory adaptions resulting in the
perception of a broad bandwidth of
hearing.

Logarithmic

Referring to a scale constructed so
that successive points along an axis,
or graduations which are an equal
distance apart, represent values which
are in an equal ratio

Masking

The interference with the detection of
biologically relevant communication
signals such as echolocation clicks or
social signals
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Noise Propagation Model

A tool to assess how noise spreads
from a source in a given area.

Pascal

The SI derived unit of pressure

Permanent Threshold Shift

A permanent shift in the auditory
threshold. It may occur suddenly or
develop gradually over time. A
permanent threshold shift results in
permanent hearing loss.

Reference Intensity

A value used to compute the sound
levels in decibels.

Sound Exposure Level

The logarithmic measure of the Aweighted, Sound Pressure Level
squared and integrated over a stated
period of time or event, relative to a
reference sound pressure value.

Sound Pressure Level

A logarithmic measure of the Root
Mean Square sound pressure of a
sound relative to a reference value, the
threshold of hearing.

Temporary Threshold Shift

A temporary shift in the auditory
threshold. It may occur suddenly after
exposure to a high level of noise, a
situation in which most people
experience reduced hearing. A
temporary threshold shift results in
temporary hearing loss.
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Nomenclature
dB

Decibels

dBht

Decibels above hearing threshold

G

gram

Hz

Hertz

KHz

Kilohertz

M

Metres

µPa

MicroPascal

N

Newton

Pa

Pascal
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SUMMARY
S.1

Document Outline

S.1.1 This Appendix has been structured as follows:
Section 1

Introduction provides a brief introduction to the Scheme and
need for this assessment.

Section 2

Principles of Underwater Acoustics presents the key
principles which are fundamental to undertaking robust
underwater noise assessments.

Section 3

Propagation of Underwater Noise reviews the key factors
influencing the propagation of underwater noise and presents
the preferred underwater noise propagation model, taking
account of the specific characteristics of piling and dredging
noise and also background (ambient) noise conditions.
Modelling of the potential effects of the tunnelling works on
marine species has been provided in Appendix 14.C
(Document Reference: 6.3.14.3).

Section 4

Hearing Sensitivity of Marine Fauna reviews the potential
sensitivity and physiological and behavioural responses of fish
and marine mammals to underwater noise.

Section 5

Modelling Results presents the outputs of the underwater
noise modelling and reviews the potential effects on fish and
marine mammals.
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1.

UNDERWATER NOISE ASSESSMENT

1.1

Introduction

1.1.1

This Appendix provides a review of scientific evidence and underwater noise
modelling results required to inform the assessment of noise effects on fish
and marine mammals associated with the Silvertown Tunnel.

1.1.2

Elevated noise levels and vibration underwater (caused by activities such as
piling during marine construction work) can potentially disturb marine fauna
by causing physiological damage and/or inducing adverse behavioural
reactions. Furthermore, the ability to detect and localise the source of a
sound is of considerable biological importance to fish and marine mammal
species. For example, it is used to assess the suitability of a potential mate
or during territorial displays and predator prey interactions. It can also act as
a barrier, preventing movement to key foraging, spawning/breeding or
nursery grounds.

1.2

Principles of Underwater Acoustics

1.2.1

This section provides some scientific background information on the key
principles of underwater acoustics that have underpinned this underwater
noise assessment.
Loudness and the Decibel Scale

1.2.2

An important property of sound or noise is its loudness. A loud noise usually
has a larger pressure variation and a weak one has a smaller pressure
variation. Sound can therefore be measured as a change in pressure within
the medium, which acts in all directions, described as the sound pressure.

1.2.3

Pressure and pressure variations are expressed in Pascal, abbreviated as
Pa, which is defined as Newton per square metre (Nm-2). It is not appropriate
to express sound or noise in terms of Pa because it would involve dealing
with numbers from as small as 0.000001 to as big as 2,000,000. The use of
a logarithmic scale, of which the most generally used is the decibel (dB)
scale, compresses the range so that it can be easily described. Figure 1-1
shows how sounds can be expressed both linearly in Pa and logarithmically
in decibels (dB).

1.2.4

Confusion arises because sound levels given in dB in water are not the
same as sound levels given in dB in air. There are two reasons for this:
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1. Reference intensities. The reference intensities used to compute
sound levels in dB are different in water and air. Scientists have
arbitrarily agreed to use as the reference intensity for underwater sound
the intensity of a sound wave with a pressure of 1 microPascal (μPa).
However, scientists have agreed to use as the reference intensity for
sound in air the intensity of a sound wave with a pressure of 20
microPascals (μPa). Scientists selected this value in air because it is
consistent with the minimum threshold of young human adults in their
range of best hearing (1000 -3000 Hz); and
2. Densities and sound speeds. The intensity of a sound wave depends
not only on the pressure of the wave, but also on the density and sound
speed of the medium through which the sound is traveling. Sounds in
water and sounds in air that have the same pressures have very
different intensities because the density of water is much greater than
the density of air and because the speed of sound in water is much
greater than the speed of sound in air. For the same pressure, higher
density and higher sound speed both give a lower intensity.
1.2.5

The dB levels for sound in water and in air are therefore not directly
comparable.
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Figure 1-1: The sound pressure (Pa) and decibel (dB) scale

Underwater Noise Units
1.2.6

The EU Marine Strategy Framework Directive (MSFD) Technical Subgroup
(TSG) on underwater noise and other forms of energy (TSG Noise) has
published a report providing guidance on the terminology and metrics which
should be used to assess the effects of underwater noise (TSG Noise,
2013). In summary, the report recommends that, for single and repeated
transient sounds (e.g. impulsive sounds from pile-driving activities), zero-topeak sound pressure 1 (0-p, in Pa) as well as Sound Exposure Level (SEL, in
dB re 1µPa2 s) should be used.

1

The maximum sound pressure during a stated time interval. A peak sound pressure may arise from
a positive or negative sound pressure, and the unit is the pascal (Pa). This quantity is typically useful
as a metric for a pulsed waveform, though it may also be used to describe a periodic waveform.
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1.3

Propagation of Underwater Noise

1.3.1

This section reviews the primary factors that influence the propagation of
noise in water and presents the underwater noise model that has been
selected for this assessment. The noise characteristics of percussive (or
impact) piling noise and the likely existing background or ambient noise
conditions at the study area are also provided for context.
Factors Influencing Noise Propagation

1.3.2

The process of noise travelling through a medium is referred to as noise
propagation. The propagation of underwater noise produced by various
ambient noise sources is a very complex process (Harland and Richards,
2006). The factors that influence the propagation of noise in the aquatic
environment and contribute to propagation (or transmission) loss2 broadly
include the following (NPL, 2014):
• The reduction (or attenuation) of sound away from the source due to
geometrical spreading;
• Absorption of the sound by the sea-water and the seabed;
• The interaction with the sea-surface (reflection and scattering);
• The interaction with (and transmission through) the seabed;
• The refraction of the sound due to the sound speed gradient;
• The bathymetry (water depth) between source and receiver positions;
and
• Source and receiver depth.

1.3.3

Density and elasticity influence the speed of sound in water (Coates, 2006).
Density is the tendency of the water to possess inertia (i.e. to resist motion)
and elasticity is the reluctance the water has to being distorted (i.e.
compressed or ratified 3).

1.3.4

The path followed by the sound waves can deviate markedly from a straight
line due to changes in speed of sound brought about by variations in

2
3

The reduction in signal as sound propagates from source to receiver.
Frictional conversion of sound into heat during propagation.
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temperature, salinity (or conductivity) and pressure (or depth). There are
many equations predicting sound speed from temperature, salinity and
depth. In seawater the speed of sound increases by about 3.2 ms-1 for each
1°C increase in temperature and 1.2 ms-1 for each 1psu increase in salinity
(Coates, 2006). The speed of sound also increases by approximately 0.017
ms-1 per metre increase in depth (Coates, 2006).
1.3.5

The density and elasticity structuring of seawater is most marked in the
vertical dimension, causing sound to be refracted upwards or downwards,
depending on the sound speed gradient, but horizontal structuring can also
be encountered. As sound is refracted up or down it may interact with the
sea surface and the seabed by reflection and scattering. Interaction with the
seabed may also result in transmission of sound (NPL, 2014). For example
sound may travel sideways through the rocks of the seabed, re-emerging
back into the water at a distance (Nedwell and Edwards, 2004). Absorption
of sound by the seawater and the seabed further distorts the impulse.

1.3.6

Sound may also be carried with little loss to great distance by being trapped
in sound channels created by specific combinations of temperature, salinity
and pressure. The level of signal arriving at a distant point is therefore a
complex sum of many paths that may or may not interact with the seabed
and sea surface (Harland et al., 2005).

1.3.7

In shallow water around the UK coast, the sound speed is less likely to vary
strongly with depth due to the shallow conditions and the often rapid tidal
flow, which often leads to a mixed isothermal water column (NPL, 2014).
Variations of salinity are generally very small, except within estuaries.
Temperature variations are generally considered to have the most significant
effect on the path followed by the sound waves in UK coastal waters. When
the sea surface heats up, it introduces a temperature gradient close to the
sea surface that causes downwards refraction as sound travels faster in the
warmer upper water column (Harland et al., 2005). The downwards
refraction leads to increased propagation loss. Propagation loss therefore
varies on a diurnal and annual basis, as air temperature variations
throughout the day and year result in the warming and cooling of water. A
period of sustained strong wind can also disrupt the temperature structuring.

1.3.8

Seabed sediment type and roughness can also affect propagation loss due
to differences in reflective properties and scattering (Harland and Richards,
2006). Softer sediment types (e.g. silts, mud) are less reflective than harder
sediment types (e.g. sand, rock), and increased seabed roughness increase
the degree of scattering. Similarly, waves on the surface can affect
propagation loss by scattering the sound interacting with the surface rather
Page 17 of 50
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than just reflecting it (Harland and Richards, 2006). Suspended sediments or
microbubbles from wave entrainment can also cause additional propagation
loss by absorption, scattering and changes in speed of sound. Suspended
sediments are often considerably higher and more variable in estuaries.
1.3.9

A further consideration is that the propagation of noise is frequency
dependent. In deep water, higher frequency sounds transmit less well
whereas lower frequency sounds can travel a greater distance. However,
low frequency sounds do not propagate as well as high frequency sounds in
shallow water due to the wave-guide effect (i.e. where the wavelength is of a
similar magnitude to the water depth) (NPL, 2014). This effect means that
there will be a lower cut-off frequency at a particular depth, below which
sound waves will not propagate well. Any sound at frequencies below the cut
off will not be able to propagate far because the grazing angle 4 of the sound
wave exceeds the critical angle 5 and it loses energy very quickly through
multiple reflections between the surface and bottom with limited horizontal
propagation (NPL, 2014).
Noise Propagation Model

1.3.10 A receptor moving away from the source will typically encounter gradually
decreasing sound pressure levels which are referred to as received levels. In
complex bathymetric domains or at relatively low frequencies, however, a
more complex relationship between received level and range is likely to
occur.
1.3.11 As discussed in Section 10.1, the propagation of noise is very complex and
therefore predicting the received levels at distance from a source is
extremely difficult. Use is generally made of theoretical models or empirical
models based on field measurements (Nedwell and Edwards, 2004).
1.3.12 A simple model of noise propagation is:
Equation 1: Simple sound propagation model
𝐿𝐿(𝑅𝑅) = 𝑆𝑆𝑆𝑆 − 𝑇𝑇𝑇𝑇

4

When dealing with a beam that is nearly parallel to a surface, it is sometimes more useful to refer to
the angle between the beam and the surface, rather than that between the beam and the surface
normal, in other words 90° minus the angle of incidence.
5
The critical angle is the angle of incidence above which the total internal reflection occurs.
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• L(R) is the sound pressure level at distance R from a source (i.e. the
received level) and is generally expressed in terms of decibels (dB) for
a reference pressure of 1 µPa and a reference range of 1 m (dB re 1
µPa m);
• R is the distance in meters from the source to the receiver;
• SL is the Source Level (i.e. the level of sound generated by the source)
also generally expressed as dB re 1 µPa m; and
• TL is the Transmission Loss.
1.3.13 This simple model can be expanded to take account of attenuation and
absorption losses as follows:
Equation 2: Expanded sound propagation model
(𝑅𝑅) = 𝑆𝑆𝑆𝑆 − 𝑁𝑁 𝑙𝑙𝑙𝑙𝑙𝑙10(𝑅𝑅) − 𝛼𝛼𝛼𝛼

• N is a factor for attenuation due to geometric spreading; and
• α is a factor for the absorption of sound in water and boundaries (i.e.
the sediment or water surface) in dB m-1.
1.3.14 Although this equation generally represents a simplistic model of
propagation loss, its use has been advocated by the Environment Agency in
a number of Environmental Impact Assessments (EIAs) for recent
developments in estuaries (e.g. URS Scott Wilson, 2011; Terrence
O’Rourke, 2015). Its continued application is therefore considered
appropriate for this study.
1.3.15 Spherical (or geometric) spreading applies when sound propagates
uniformly in all directions (i.e. free-field) with no refraction or reflection from
boundaries (i.e. the sediment or water surface) and is denoted by an
attenuation coefficient, N equal to 20. Spherical spreading results in a
general 6 dB decrease in the intensity of the sound per doubling of distance.
This model is considered most appropriate at short ranges (where R is
comparable with, or less than the water depth), and/or in deeper water
(greater than 2,000 m) or where the seabed is highly absorptive (e.g. mud)
(Richards et al., 2007). At low frequencies, spherical spreading will only
typically be applicable in deep water (Coates, 2006). At very high
frequencies, this relationship may also be evident in shallow water. The use
of spherical spreading (N=20) is therefore not considered appropriate for the
Silvertown proposal which are being undertaken in relatively shallow water
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(in the order of 10 m) and where the source of noise (piling) is dominant in
the low frequency ranges (see Section 3.3).
1.3.16 Cylindrical spreading applies when the propagation of sound is constrained
by the water surface and the seabed, and is defined by N equal to 10. This
results in a general 3 dB reduction in sound intensity per doubling of
distance. Cylindrical spreading is usually assumed for shallow water, where
water depth is less than R. Transmission loss for cylindrical spreading is less
than for spherical spreading at a given distance, R. Therefore, according to
the spreading law, a noise source generated in shallow coastal waters or
estuaries travels twice the distance of an equal noise source in the open
ocean (WDCS, 2003). However, reflections from the sediment or water
surface can reduce spreading considerably in shallow water. These
reflections are very complex and difficult to define. Since sound energy is not
perfectly contained by reflection and refraction, and since there can be
significant sound penetration into the seabed at low frequencies, cylindrical
spreading tends to underestimate the degree of transmission loss and is also
not considered appropriate for the current application.
1.3.17 A practical spreading loss model, intermediate between spherical and
cylindrical spreading, denoted by N equal to 15, is often invoked for initial
draft calculations in acoustics (Coates, 2006). Richards et al. (2007) also
describe an alternate spreading regime where N is equal to 17 which is
considered appropriate for longer ranges (i.e. ranges equal to several water
depths), and/or in shallower water or where the seabed is more reflective
(e.g. sand or rock). Empirical data indicate that in shallow coastal waters,
underwater noise transmission loss is close to spherical spreading where N
is equal to 20 (Nedwell and Howell, 2004). In summary, N should either be
chosen from an empirical fit where data are available, or set to be equal to
15 to provide a pragmatic representation of shallow water environments.
1.3.18 The Environment Agency has compiled observed data representing factors
for attenuation (N coefficient) and absorption (α coefficient) from publicly
available sources which were presented at the Institute of Fisheries
Management (IFM) Conference on 23 May 2013 6 . These provide a mean N
coefficient of 17.91 (Standard Deviation (SD) 3.05) and α coefficient of
0.00523 dB m-1 (SD 0.00377 dB m-1) based on 11 and 9 observations
respectively. The Environment Agency has in the past recommended the

6

http://www.ifm.org.uk/sites/default/files/page/A.%20Fewings%20%20Underwater%20Noise%20%E2%80%93%20A%20regulators%20viewpoint.pdf
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application of these model input values in underwater noise assessments
undertaken in estuaries. These values are therefore considered to be
appropriate for this assessment.
1.3.19 It was not considered necessary to include bathymetry or bottom substrate
type terms in the model. These factors do not influence transmission loss
enough to justify the additional effort and equate to a change in received
level of approximately 1 dB from that predicted by spreading alone under
conditions prevalent in the study area 7.
Percussive Piling Noise
1.3.20 The greatest noise associated with marine construction work (i.e. the largest
SL) typically arises from percussive piling, also referred to as impact piling.
1.3.21 When a pile is struck by a pile-driving hammer, there is a rapid release of
energy which propagates down the length of the pile. This couples with the
surrounding water or air to radiate sound pressure into the environment in
the form of a sound wave. Pile driving activities are of particular concern as
they generate very high sound pressure levels and are relatively broad-band
in frequency (20 Hz to >20 kHz) (Nedwell and Howell, 2004). The sound
pressure levels produced during pile driving will vary depending on pile
material, pile size, pile length, hammer type, water depth, amount of pile in
air and ground/substrate conditions.
1.3.22 The noise level (SL) arising from piling activities is partly related to the size
of the pile involved with larger piles generating greater noise levels. The
Environment Agency has developed a model of observed SL versus pile
diameter which was presented at the Institute of Fisheries Management
Conference on 23 May 2013. This is represented as follows:
Equation 3: Observed SL versus pile diameter model
𝑆𝑆𝑆𝑆 = 10.973𝐿𝐿𝐿𝐿(𝑃𝑃𝑃𝑃) + 231.74

• SL is the Source Level expressed as unweighted peak-to-peak SL in
dB re 1 µPa m; and
• PD is the pile diameter in metres.

7

Assuming the reflection loss gradient η is 0.25 which is representative of highly reflective substrate
(i.e. sand) as a conservative input value, and water depth H is between 1 and 60 metres.
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1.3.23 This model has been derived from 21 observations of publicly available piling
noise data from a large number of projects in a variety of pile driving
situations. The sources are primarily from Subacoustech studies but also the
California Department of Transportation (Caltrans) compendium of pile
driving sound data (Illingworth and Rodkin, 2007) and the Institute for
Technical and Applied Physics (ITAP) (Matuschek and Betke, 2009).
1.3.24 It is important to note that these SLs have been extrapolated from
measurements taken at various distances away from the source of noise
using a logarithmic relationship. In early Subacoustech papers, however, a
linear relationship was used to provide estimates of SLs which resulted in
lower SLs being reported for piling e.g. in Nedwell et al. (2003a; 2003b) the
noise SL of 914 mm diameter piles was 201 dB re 1 μPa m and for 508 mm
piles was 193 dB re 1 μPa m. The logarithmic relationship, which is widely
accepted in underwater acoustics, is now being used by more recent
Subacoustech studies. However, this gives significantly higher source noise
levels for 1 m piles compared to previous estimates (i.e. the revised
approach would suggest that SLs are around 1,000 times greater than
previously estimated).
Dredging Noise
1.3.25 Dredging produces broadband and continuous sound 8, mainly at lower
frequencies of less than 1000 Hz and source sound pressure levels of
around 160 to more than 180 dB re 1µPa m (Thomsen et al., 2009). For
most dredging activities, the main source of noise relates to the vessel
engine noise.
1.3.26 Measurements of underwater noise from backhoe and grab dredging
operations have indicated that the highest levels of underwater noise occur
when the excavator is in contact with the seabed. Backhoe dredgers have
been shown to create source noise levels in the range of 179 dB re 1µ Pa2
m² (Reine et al., 2012; WODA, 2013). This type of dredging is considered to
be relatively quiet and that recorded sound levels were just above the
background sound at approximately 1km from the source (CEDA, 2011).
1.3.27 Suction dredging techniques such as cutter-suction dredgers (CSD) and
trailing suction hopper dredgers (TSHD) typically produce louder noise

8

Continuous sound is defined here as a sound wave with a continuous waveform, as opposed to
transient/pulsed sounds such as pile driving that start and end in a relatively short amount of time.
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levels. High frequency sound is generated by sand and gravel rising up
through the suction pipe, the movement of the draghead on the seabed and
splashing from the spillways.
Vessel Noise
1.3.28 The source levels associated with large ships such as supertankers and
container ships is in the range 180-190 dB re 1μPa m (RMS). For smaller
shipping vessels and boats (including barges) the range is 150-180 dB re
1μPa-m (RMS) (UKMMAS, 2010; CEDA, 2011). Shipping noise is the
dominant contributor to ambient noise in shallow water areas close to
shipping lanes and in deeper waters. Shipping noise is most evident in the
50-300 Hz frequency range. At longer ranges the sounds of individual ships
merge into a background continuum (QinetiQ, 2005).
Noise during Decommissioning Activity
1.3.29 Removal of structures such as steel piles are typically done through using a
vibratory driver/extractor. Removal using this technique is therefore expected
to produce similar underwater source levels to when this equipment is used
to drive piles. Piles and other underwater structures can also be removed
through cutting. Anthony et al. (2009) reported peak source intensities of 148
to 180 dB re 1μ Pa for a range of underwater tools including cutters with
most energy in the frequency range 200 to 1,000Hz.
Ambient Noise
1.3.30 Existing background or ambient noise levels is another important
consideration in underwater noise assessments. Ambient noise is commonly
defined as background acoustic noise without distinguishable sources (e.g.
Wenz 1962; Urick 1983). This definition, however, has the problem of how to
identify distinguishable sources, and how to eliminate them from the
measurements. Measurements to characterise the ambient noise in a
specific location (i.e. incorporating both natural and anthropogenic sources)
are becoming more common as interest grows in the trends in anthropogenic
noise in the ocean, for example in response to the MSFD. The EU Technical
Sub-Group (TSG) on Noise has thus re-defined ambient noise as follows:
“All sound except that resulting from the deployment, operation or
recovery of the recording equipment and its associated platform, where
‘all sound’ includes both natural and anthropogenic sounds” (Dekeling et
al., 2014, p 20).
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1.3.31 Measurements that characterise the ambient noise at specific locations, and
include noise from identifiable sources together with non-identifiable
sources, are also sometimes referred to as the local ‘soundscape’ (NPL,
2014).
1.3.32 Natural and anthropogenic sources contribute to ambient noise. Figure 1-2
depicts the acoustic properties of anthropogenic and natural noise sources in
the ocean. The horizontal axis is frequency in Hertz (Hz) and the vertical axis
is the SL. Both axes are plotted on logarithmic scales in order to
accommodate a spectrum that spans several orders of magnitude. As shown
on this figure, ambient noise covers the whole acoustic spectrum from below
1 Hz to well over 100 kHz (Harland et al., 2005).
1.3.33 Natural background noise includes wind- and wave-driven turbulence,
hydrodynamic noise associated with variable tidal flow conditions, and
rainfall. Heavy rainfall generates significantly louder noise (105 dB re 1 µPa
m) than light rainfall (81 dB re 1 µPa m) at relatively high frequencies
(10,000 Hz) (Malme et al., 1989). High wind speeds also produce louder
noise (95 dB re 1 µPa m) than low wind speeds (82 dB re 1 µPa m) at similar
frequencies to piling (et al 1,000 Hz). Biological activity (e.g. echo locating
marine mammals, snapping shrimp) also contributes to ambient noise.
Figure 1-2: The range of acoustic properties of anthropogenic and
natural ambient noise source in the ocean

(Source: MMO, 2015)
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1.3.34 A range of anthropogenic continuous noise sources contribute to ambient
noise. These include “traffic noise” generated from commercial shipping and
other vessels in transit (e.g. fishing vessels, dredgers), dredging (ports and
aggregates), trawling (fishing), sonar (military), drilling (oil and gas
production) and recreational vessels (e.g. jet skis and speed boats). The
presence of structures in the marine environment can also contribute to
ambient noise, such as the operation of offshore wind farms or oil and gas
installations.
1.3.35 Anthropogenic and natural sources that contribute to ambient noise are also
broadband (i.e. span a wide range of frequencies). Higher frequency sounds
transmit less well in the deep water marine environments whereas lower
frequency sounds can travel a greater distance. However, shallow water acts
as a high pass filter that only allows signals to pass with a frequency higher
than a certain cut-off frequency and attenuates signals with frequencies
lower than this cut-off frequency. The cut-off frequency gets higher as the
water gets shallower (Harland et al., 2005). In this way, distant shipping
makes a reduced contribution to ambient noise in very shallow coastal
waters.
1.3.36 Ambient noise measurements are available in the literature from open
coastal waters and more constrained estuaries (DOER, 2001; Nedwell et al.,
2008; Parvin et al., 2008a). These measurements ranged from 60 dB re 1
µPa m at Cook Inlet in Alaska to 141 dB re 1 µPa m in Southampton Water.
The high measurement at Southampton Water was taken at Dock Head
which is adjacent to a working dock. Cook Inlet is a very remote location and
considered more likely to be representative of ‘natural’ ambient noise.
1.4

Hearing Sensitivity in Marine Fauna

1.4.1

The impact of underwater noise upon wildlife is dependent on the sensitivity
of the species likely to be affected. The following sections describe the
hearing sensitivity of fish and marine mammals, their potential physiological
and behavioural responses to underwater noise and the criteria that exist to
inform the impact assessment.
Fish

1.4.2

There is a wide diversity in hearing structures in fish which leads to different
auditory capabilities across species. The measure of a species' ability to

Page 25 of 50

Silvertown Tunnel
Appendix 10.C Underwater Noise Assessment
Document Reference: 6.3.10.3

perceive sound is depicted on an audiogram 9. Levels of sound lower than
the hearing threshold defined in the audiogram of a species cannot be
perceived by that species and the degree of perception of the sound relates
to the amount it is above the threshold. Published peer reviewed audiograms
(available in Nedwell et al., 2004) of a range of marine fish species that
occur in UK waters are shown in Figure 1-3.
1.4.3

These audiograms indicate that fish are generally sensitive to noise at lower
frequencies (less than around 500 Hz), with some species having particularly
acute hearing at these low frequency ranges such as Atlantic cod (Gadus
morhua) and herring (Clupea harengus). However, it is important to note that
there is a high degree of variability in the audiogram data. For example three
separate studies on Atlantic cod reported several orders of magnitude
difference in hearing thresholds at certain frequencies. This may in part be
due to the inherent challenges and limitations associated with undertaking
controlled laboratory experiments in a tank, the varying methods applied, as
well as intra species specific differences in hearing ability.

9

An audiogram is a hearing curve that presents the frequency dependent hearing sensitivity or
hearing threshold of a species (i.e. the lowest level of sound at which a species can hear as a function
of frequency). The hearing threshold increases (i.e. hearing sensitivity reduces) for frequencies
outside those optimal for that particular species.

Page 26 of 50

Silvertown Tunnel
Appendix 10.C Underwater Noise Assessment
Document Reference: 6.3.10.3

Figure 1-3: Published audiograms of UK marine fish species

(Source Nedwell et al., 2004)

1.4.4

In the past, fish have been broadly classed as either hearing ‘generalists’ or
hearing ‘specialists’ and have also been divided into three broad groups with
low, medium or high hearing sensitivities (Nedwell et al., 2004). This
classification is considered to be relatively simplistic (Popper and Fay, 2011)
and an ‘auditory detection continuum’ has instead been proposed
(Slabbekoorn et al., 2010). Nevertheless, this classification system still
represents a useful tool to help broadly classify fish for the purposes of
impact assessment studies. Fish species that are characteristic of each of
these broad groups and have been recorded in the Thames are included in
Table 1-1.
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Table 1-1: Hearing Classification of fish commonly occurring in the
Thames
Sensitivity Classes

Hearing
Specialist

Hearing
Generalist

*

Species

Peak
Hearing
Threshold*

High
Hearing
Sensitivity

Herring (Clupea harengus)
Sprat (Sprattus sprattus)
Twaite shad (Alosa fallax)
Allis shad (Alosa alosa)

75 dB re 1 μPa

Medium
Hearing
Sensitivity

Whiting (Merlangius merlangus)
Atlantic salmon (Salmo salar)
Smelt (Osmerus eperlanus)
European eel (Anguilla Anguilla)

95 dB re 1 μPa

Low Hearing
Sensitivity

Plaice (Pleuronectes platessa),
Sole (Solea solea)
River lamprey (Lampetra fluviatilis)
Sea lamprey (Petronmyzon marinus)

120 dB re 1 µPa

Peak hearing threshold at frequencies that overlap with piling noise signature. This level
is considered representative of the entire hearing sensitivity group.

1.4.5

Hearing specialists have a mechanical coupling between the swimbladder
and the inner ear which allows them to have high sound pressure sensitivity
and generally a lower hearing threshold than generalists. Hearing specialist
fish found in the Thames include herring, sprat, twaite and allis shad. There
are no published audiograms available for sprat, allis or twaite shad,
although given that they are from the clupeid family and have similar
physiology to herring they are considered likely to have similar hearing
sensitivity. The published audiogram for herring indicates that the peak
hearing threshold (i.e. highest hearing ability) for herring is 75 dB re 1 μPa at
100 Hz (Enger, 1967 in Nedwell et al., 2004; see Figure 1-3). They tend to
have the greatest hearing sensitivity (i.e. are able to hear well) at
frequencies of between 300 and 1,000 Hz and they are able to detect
sounds to over 3 kHz (Thomsen et al., 2009). This peak hearing threshold is
considered representative of all fish within this high hearing sensitivity group
(Table 1-1).

1.4.6

Hearing generalists with a swimbladder10 are classed as having a 'medium'
sensitivity, with their sensitivity related to the proximity of the swimbladder to

10

The swim bladder is an internal gas-filled organ that contributes to the ability of a fish to control its
buoyancy, and thus to stay at the current water depth without having to waste energy in swimming.
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the ear (Parvin et al., 2008a). Fish found in the Thames that fall into this
category are Atlantic salmon and whiting. The published audiogram for
Atlantic salmon indicates that their peak hearing threshold is 95 dB re 1 μPa
at 160 Hz (Hawkins and Johnstone, 1978 in Nedwell et al., 2004; see Figure
1-3). This peak hearing threshold is considered representative of all fish
within this medium hearing sensitivity group (Table 1-1). It should be noted
that European eel was previously considered to have a low sensitivity to
hearing. However, in light of a review by Popper and Fay (2011) eels should
now be classified as medium sensitivity as despite their limited hearing
bandwidth, they are able to respond to sound pressure at high frequency
(Jerkø et al., 1989) in addition to particle motion.
1.4.7

Generalists classed as having a 'low' sensitivity include demersal and
elasmobranch species which have no swim bladder. There are no published
audiograms available for generalist low hearing fish occurring in the Thames,
namely plaice, sole, river lamprey and sea lamprey. The published
audiogram of little skate, which is also a hearing generalist with no
swimbladder, indicates that the peak hearing threshold is around 120 dB re 1
µPa at 200 Hz (Casper et al., 2003 in Nedwell et al., 2004; see Figure 1-3).
This peak hearing threshold is considered representative of all fish within this
low hearing sensitivity group (Table 1-1).

1.4.8

Particle motion (vibration) effects are considered to be potentially more
important to low sensitivity demersal fish, however, there is presently limited
publicly available information on this issue and scientific research on particle
motion is still very much in its infancy (Jeremy Nedwell pers. comm., Institute
of Fisheries Management Conference, May 2013).
Physiological and Behavioural Responses of Fish to Noise

1.4.9

The extent to which intense underwater sound might cause an adverse
environmental impact in a particular fish species is dependent upon the level
of noise, its frequency, duration and/or repetition rate of the sound (Hastings
and Popper, 2005). The range of potential effects from intense sound
sources, such as pile driving, includes immediate death, permanent or
temporary tissue damage and hearing loss, behavioural changes and
masking effects. Tissue damage can result in eventual death and if not may
make the fish less fit until healing occurs, resulting in lower chance of
survival. Hearing loss can also lower fitness until hearing recovers.
Behavioural changes can potentially result in animals avoiding migratory
routes or leaving feeding or reproduction grounds. Biologically important
sounds can also be masked where the received levels are marginally above
existing background levels.
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1.4.10 Continuous sounds of 100 dB re 1 μPa m or more above the hearing
threshold of a species can cause physiological damage to fish hearing cells.
Studies have found that noise exposure elevates fish hearing thresholds,
depending on the frequency and duration of exposure. There is also
evidence that exposure to intense sound can result in ‘ripping’ of hair cells
from the sensory epithelium and damage to the hair cells of the lateral line
(Denton and Gray, 1993; McCauley et al., 2002). Data from blast studies
indicate that fast, high-level acoustic exposures such as piling can cause
physical damage and potentially result in mortality to fish of several species
if they are close enough to the source (Hastings and Popper, 2005). To
result in severe tissue damage, however, received levels must be over 240
dB re 1 μPa m (Hastings and Popper, 2005).
1.4.11 There have been few studies of the effects of anthropogenic sounds on the
behaviour of fishes. Of those studies that have been carried out on caged
fish in the field or tanks in the laboratory, a number of shortfalls exist that
mean that the findings are generally considered to be of questionable value
(Hastings and Popper, 2005).
Fish Response Criteria
1.4.12 Popper et al. (2014) produced a peer reviewed technical report for the
Acoustical Society of America which recommended sound exposure
guidelines for fish species relating to pile driving:
• Mortality and potential mortality injury or recoverable injury may occur
where zero-to-peak levels exceed 213 dB re 1 μPa for fish with no
swim bladder; and
• Mortality and potential mortality or recoverable injury may occur where
zero-to-peak levels exceed 207 dB re 1 μPa for fish with a swim
bladder.
1.4.13 Parvin et al. (2008b) also produced unweighted noise criteria that have been
applied for levels of noise likely to be lethal and cause physiological effects:
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• Lethal effect may occur where peak-to-peak11 levels exceed 240 dB re
1 μPa 12 , or an impulse of 100 Pa.s; and
• Physical injury may occur where peak-to-peak levels exceed 220 dB re
1 μPa 13 or an impulse of 35 Pa.s.
1.4.14 The Fisheries Hydroacoustic Working Group (FHWG) in the United States
produced a memorandum (FHWG, 2008) which agreed in principle injury
criteria for all fish species greater than 2 g exposed to impact piling noise
based on recommendations made by Popper et al. (2006):
• SPL (peak) = 206 dB re 1 μPa; and
• SEL = 187 dB re 1 μPa2·s.
1.4.15 Potential behavioural effects can be inferred by comparing the received
sound level with the auditory threshold of marine fauna. Richardson et al.
(1995) and Thomsen et al. (2006), for example, have used received levels of
noise in comparison with the corresponding hearing thresholds of marine
fauna in order to estimate the range of audibility and zones of influence from
underwater sound sources.
1.4.16 This form of analysis has been taken a stage further by Nedwell et al.
(2007), where the underwater noise is compared with receptor hearing
threshold across the entire receptor auditory bandwidth in the same manner
that the dB(A) is used to assess noise sources in air for humans. The criteria
used in this approach are shown in Table 1-2. These include behavioural
thresholds, where received sound levels 90 dB above hearing threshold
(dBht) are considered to cause a strong behavioural avoidance, levels below
75 dBht a mild behavioural response and levels below 50 dBht a low
likelihood of disturbance.
1.4.17 The dBht criteria set out in Table 1-2 has been applied in a number of
offshore renewables EIAs and its value has been recognised in a published
peer-reviewed paper (Thompson et al., 2013). Furthermore, the Environment
Agency has previously recommended it to be used in impact assessments in

11

A form of expressing sound pressure. It is the sum of the peak compressional pressure and the
peak rarefactional pressure during a stated time interval. This quantity is typically most useful as a
metric for a pulsed waveform, though it may also be used to describe a periodic waveform.
12
This corresponds to a zero-to-peak level of 236 dB re 1 μPa.
13
This corresponds to a zero-to-peak level of 214 dB re 1 μPa.
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coastal/estuarine environments (e.g. piling activities associated with port
developments).
Table 1-2:

Criteria for the effects of underwater noise on marine
mammals and fish.

Level in dBht
(Species)
Less than 50
50 to 75
75 to 90
90 to 130
Above 130
Above 140

Effect
Mild reaction by minority of individuals
Mild reaction by majority of individuals
Stronger reaction by majority of individuals
Strong avoidance reaction by all individuals and
increasing risk of physiological injury
Possibility of traumatic hearing damage from single
event
Risk of lethal injury
(Source Nedwell et al., 2007)

1.4.18 The dBht metric is therefore considered to be an appropriate tool to inform
this assessment. It is worth noting, however, that the behavioural response
criteria associated with the dBht metric have not been validated by
experimental study. Furthermore, behavioural responses are likely to be
context specific (Ellison et al., 2012).
Marine Mammals
1.4.19 Published peer reviewed audiograms (available in Nedwell et al., 2004) of a
range of marine mammal species that occur in UK waters are shown in
Figure 1-4.
1.4.20 In comparison to fish, marine mammals are more sensitive to noise at higher
frequencies and generally have a wider range of hearing than fish (i.e. their
hearing ability spans a larger range of frequencies). The hearing sensitivity
and frequency range of marine mammals varies between different species
and is dependent on their physiology. For example, odontocete cetaceans
(toothed whales, porpoises and dolphins) are particularly sensitive to high
frequencies.
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Figure 1-4: Published audiograms of UK marine mammal species

(Source Nedwell et al., 2004)

Physiological and Behavioural Responses of Marine Mammals to Noise
1.4.21 The impacts of noise on marine mammals can broadly be split into lethal and
physical injury, auditory injury and behavioural response. The possibility
exists for lethality and physical damage to occur at very high exposure
levels, such as those typically close to underwater explosive operations or
offshore impact piling operations. A permanent threshold shift (PTS) is
permanent hearing damage caused by very intensive noise or by prolonged
exposure to noise. A temporary threshold shift (TTS) involves a temporary
reduction of hearing capability caused by exposure to noise. An intense
short exposure can produce the same scale of TTS as a long-term, repeated
exposure to lower sound levels. The significance of the TTS varies among
species depending on their dependence on sound as a sensory cue for
ecologically relevant functions. Both PTS and TTS are considered to be
auditory/physiological injuries.
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1.4.22 At lower sound pressure levels it is more likely that behavioural responses to
underwater sound will be observed. These reactions may include the
animals leaving the area for a period of time, or a brief startle reaction. While
a range of potential responses is recognised, the received noise levels
around which lethality, physical damage or disturbance can occur are not
well understood (Parvin et al., 2008b).
1.4.23 Masking effects may also occur at lower levels of noise. Masking is the
interference with the detection of biologically relevant communication signals
such as echolocation clicks or social signals. Masking has been shown in
acoustic signals used for communication among marine mammals (see
Clark et al., 2009). Masking may in some cases hinder echolocation of prey
or detection of predators. If the signal-to-noise ratio prevents detection of
subtle or even prominent pieces of information, inappropriate or ineffective
responses may be shown by the receiving organism.
Marine Mammal Response Criteria
1.4.24 Southall et al. (2007) proposed a set of criteria for preventing
auditory/physiological injuries to marine mammals. These criteria are based
on both peak sound levels and Sound Exposure Level (SEL). The SEL
criteria can be applied either to a single transient pulse or the cumulative
energy from multiple pulses. The study by Southall et al. (2007)
recommended a peak noise criterion of 218 dB re.1 μPa for pinnipeds
(seals) and 230 dB re.1μPa (peak broadband level) for cetaceans (e.g.
harbour porpoise), to prevent physiological auditory injury and the onset of
PTS. This corresponds to a SEL of 198 dB re.1 µPa2s M-Weighted for
cetaceans (whales and dolphins) and 186 dB re.1 µPa2s M-Weighted for
pinnipeds (seals).The onset of TTS was defined as a peak noise criterion of
212 dB re.1 μPa and 224 dB re 1 µPa (peak broadband level) in pinnipeds
and cetaceans respectively. This corresponds to a SEL of 183 dB re.1 µPa2s
M-Weighted for cetaceans and 171 dB re.1 µPa2s M-Weighted for pinnipeds.
1.4.25 Southall et al. (2007) also proposed a set of sound pressure level (SPL)
criteria for behavioural disturbance. For harbour porpoise, criteria of 155 dB
re 1 µPa and 90 dB re 1 µPa are proposed as major and minor disturbance
thresholds respectively. For seals, 200 dB re 1 µPa and 160 dB re 1 µPa are
proposed as major and minor behavioural thresholds respectively. It is
important to recognise, however, that behavioural disturbance is difficult to
quantify as reactions are highly variable and context specific making them
less predictable (Southall et al., 2007).
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1.5

Modelling Results

1.5.1

This section presents the predicted source levels from proposed piling and
dredging activities and the results of the expanded sound propagation
model. The potential effects on fish and marine mammals are presented in
the context of available physiological and behavioural response criteria.
Modelling of the potential effects of the tunnelling works on marine species
has been provided in Appendix 14.C (Document Reference: 6.3.14.3).
Piling Activity
Description of Proposed Piling Activity

1.5.2

The new temporary jetty construction will use 1m diameter tubular piles
which are 35m in length. The piles will be buried to 25m. Vibro piling will be
used for the burial of the first 12.5m and percussive piling will be used to
achieve the final 12.5m depth. It is proposed that the piling work will take
place up to 12 hours per day over approximately eight weeks.
Predicted Source Levels from Proposed Piling Activities

1.5.3

The model that the Environment Agency has developed of observed SL
versus pile diameter (see Section 3.3) was used to estimate the SLs of the 1
m diameter tubular piles.
Propagation of Noise from Proposed Piling Activities

1.5.4

The estimated mean unweighted zero-to-peak impact piling SL of 226 re 1
μPa m was thus incorporated into the expanded sound propagation model
(Equation 2 in Section 3.2) to determine unweighted received levels 14 with
range as set out in recent guidance (NPL, 2014). The zero-to-peak SL value
was used rather than the peak-to-peak SL value in accordance with good
practice (see Section 2.2).

1.5.5

Table 1-3 shows the results of this analysis at various distances from the
source of piling.

14

These are the “raw” or “uncorrected” received levels of sound pressure. Weighted levels (e.g. dBht
metric), on the other hand, take account of the relative hearing ability of different species.
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1.5.6

There is a high degree of attenuation within 100 m from the source of piling
(from 226 dB re 1 μPa m at source to 190 dB re 1 μPa m at 100m). The level
of attenuation reduces considerably at distances beyond 100m.
Table 1-3:

Unweighted received levels at various distances from
source
Range (m)

Unweighted Received Levels
(dB re 1 μPa m)

1
10
50
100
185 (50% width of estuary)
370 (full width of estuary)

226
208
195
190
184
178

Potential Effects on Fish
1.5.7

The response criteria in Table 1-2 were converted to zero-to-peak SPL to
allow for direct comparisons with the modelling results (Table 1-4). The
distances at which each of these physiological response thresholds are
reached are shown in Table 1-5. According to these criteria, the SL
generated by the piles is above the limits presented by Popper et al. (2014)
as having mortality effects and also recoverable injury effects. The distance
at which the received level of noise is below these limits is 5 m for fish with
no swim bladder (e.g. lamprey species) and 12 m for fish with a swim
bladder (e.g. Atlantic salmon or herring).

1.5.8

The SL generated by the piles is also above the limits presented by Parvin et
al. (2008b) and interim criteria presented by FHWG (2008) as having injury
effects in fish. The distance at which the received level of noise is below
these limits is 5m and 13m respectively.
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Table 1-4:

Distances at which physiological response criteria are
reached

Physiological
Response

1.5.9

Reference

Response
Criteria in Zeroto-Peak SPL
(dB re 1 μPa m)

Maximum
Distance or
Range,
R (metres)

213 (fish with
no swim bladder)

5

207 (fish with
a swim bladder)

12

Lethal effect or
physical injury

Popper et al.
(2014)

Lethal effect

Parvin et al.
(2008b)

234

1

Physical injury

Parvin et al.
(2008b)

214

5

Physical injury

FHWG (2008)

206

13

The logarithmic noise propagation model has also been used to estimate the
distance at which different physiological and behavioural dBht response
thresholds for high, medium and low hearing sensitive fish species (see
Table 1-1) are reached. The results of this analysis are shown in Table 1-5.
These indicate that physiological damage is likely to occur in high hearing
sensitive fish that are in relatively close proximity to the piling. Strong
behavioural damage may occur within a few kilometres in high hearing
sensitive fish and within several hundred metres in medium sensitive fish
and within several tens of metres in low hearing sensitive fish.
Table 1-5:
Level in
dBht
(Species)
Less than
50
50 to 75
75 to 90
90 to 130

Approximate distances at which physiological and
behavioural dBht response thresholds are reached
Effect
Mild reaction by
minority of individuals
Mild reaction by
majority of individuals
Stronger reaction by
majority of individuals
Strong avoidance
reaction by all
individuals and

Fish Hearing Sensitivity
High

Medium

Low

>5000 m

>3,395 m

>789 m

>2,752 m

789-3,395
m

52-789 m

1,164-2,752
m

174-789 m

8-52 m

15m-1,164
m

2-174 m

<8 m
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Level in
dBht
(Species)

Above 130

Effect
increasing risk of
physiological injury
Possibility of
traumatic hearing
damage from single
event

Fish Hearing Sensitivity
High

Medium

Low

<15 m

<2 m

-

1.5.10 Following current informal guidance from the Environment Agency for other
developments requiring impact piling on estuaries, noise impacts have been
investigated in relation to the available channel width from the noise source.
The width of the Thames at the proposed Silvertown Jetty is approximately
370 m (with little variation in extent at high and low water). The response
thresholds for high, medium and low sensitive fish at 50% width are included
in Table 1-6. These results indicate that fish of all sensitivities could
potentially be significantly affected by the levels of noise generated during
impact piling activities.
Table 1-6:
Fish
Hearing
Sensitivity

dBht response thresholds to percussive piling at 50% width
of estuary
dBht (Species)

High

109 dBht (herring)

Medium

89 dBht (Atlantic
salmon)

Low

64 dBht (little skate)

Effect
Strong avoidance reaction by all
individuals and increasing risk of
physiological injury.
Strong behavioural reaction by a
majority of individuals.
Mild reaction by majority of
individuals.

1.5.11 Vibro piling will be used for the first stage of pile burial. This method of piling
produces lower source noise levels than percussive piling. Vibro piling
techniques will result in an estimated mean unweighted zero-to-peak vibro
piling SL of 196 dB re 1 μPa m. There is no risk of lethal or physical injury at
any distance from the source of piling using this technique with strong
behavioural reactions only predicted within several hundred metres even for
hearing sensitive fish.
1.5.12 It is also important to consider the noise from piling against existing
background or ambient noise conditions. The area in which the construction
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works will take place already experiences regular shipping, as well as
maintenance dredging. Therefore, fish are likely to be habituated to a certain
level of anthropogenic background noise and able to tolerate short periods of
higher noise levels from vessels or dredgers in operation.
Potential Effects on Marine Mammals
1.5.13 By comparing the received sound levels derived from the logarithmic noise
propagation model with the criteria proposed by Southall et al. (2007,
Section 4.2.2), the physiological and behavioural response distances for
seals and harbour porpoise have been estimated. These are included in
Table 1-7.
Table 1-7:

Distances at which physiological response criteria are
reached

Physiological
Response

Onset of
permanent
hearing
damage (i.e.
PTS)
Onset of
temporary
hearing
damage (i.e.
TTS)

Pinnipeds
Response
Criteria in
Maximum
Zero-toDistance or
Peak SPL
Range, R
(dB re 1 μPa
(metres)
m)

Harbour Porpoise
Response
Criteria in
Maximum
Zero-toDistance or
Peak SPL
Range, R
(dB re 1
(metres)
μPa m)

218

3

230

1

212

7

224

2

155

789

90

>2,158

Major
behavioural
disturbance

200

Minor
behavioural
disturbance

160

1,937
(common
seal)
789
(grey seal)
>3,801
(common
seal)
>2,158
(grey seal)
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1.5.14 The occurrence of PTS and TTS in seals is predicted to occur within around
3m and 7m of impact piling noise respectively. PTS and TTS in harbour
porpoise is expected to occur within a couple of metres of impact piling
noise. The underwater sound propagation modelling predicts that common
seal will exhibit a strong behavioural response at 90dBht within a maximum
range of around 1.9km from the source of impact piling. Harbour porpoise
and grey seal will exhibit a strong behavioural response within 0.8km.
1.5.15 Vibro piling will be used for the first stage of pile burial. This method of piling
produces lower source noise levels than percussive piling. Vibro piling
techniques will result in an estimated mean unweighted zero-to-peak vibro
piling SL of 196 dB re 1 μPa m. There is no risk of lethal or physical injury at
any distance from the source of piling using this technique. Strong
behavioural reactions are only predicted within the range of approximately
140m for common seal and at approximately 30 m for harbour porpoise and
grey seal.
Dredging and Vessel Activity
Description of Proposed Dredging and Vessel Activities
1.5.16 A backhoe dredger is proposed to be used to remove the material from the
proposed dredge area during construction. Backhoe dredgers have been
shown to generate low source noise levels in the range of 179 dB re 1µ Pa2
m². Maintenance dredging of the berth pocket might also be required.
1.5.17 Operational vessels using the jetty would primarily be barge and dry bulk
cargo vessels movements with support from tugs if required. Small vessels
and boats produce source levels in the range of 150-180 dB re 1μPa m
(RMS) (UKMMAS, 2010; CEDA, 2011).
Potential Effects on Fish
1.5.18 As far as is known, no specific scientific studies have been performed on the
impacts of dredging sound on marine fish (Thomsen et al., 2009).
1.5.19 The frequency weighted approach developed by Nedwell et al. (2007), was
used by Parvin et al. (2008a) to assess the perceived loudness of the noise
for representative marine species, and from this, estimate behavioural
response ranges of suction dredging at the Hastings Shingle Bank. Suction
dredging is considered to produce higher noise levels than other types of
dredging such as backhoe or grab dredging (CEDA, 2011). The results of
the Parvin et al. 2008a study are presented in Table 1-8. This study indicates
that a strong behavioural avoidance for species of fish that are sensitive to
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underwater sound is limited to up to 6 m from the source of dredger noise
and a mild avoidance is limited to within 60 m. For species that are relatively
insensitive, such as demersal flatfish strong behavioural reactions are likely
to be limited to the immediate vicinity of the dredging operation. These
avoidance reactions may reduce the likelihood of direct uptake of these
organisms by the dredger.
Table 1-8: Range of various response thresholds for fish species

Species

Strong
Mild
Low
Behavioural Behavioural Likelihood
Range to
Avoidance
Avoidance
of
Background
Range
Range
Disturbance Sea Noise**
(90dBht)
(75dBht)
(50dBht)

Herring
(hearing
6m
60 m
1,900 m
7,000 m
specialist)
Cod
(hearing
generalist 4m
30 m
1,100 m
7,000 m
with swim
bladder)
Dab
(hearing
<1 m
3m
130 m
4,000 m
generalist - no
swim bladder)*
* Considered to be the most sensitive flatfish to underwater sound
** The distance from the source of noise (i.e. dredging) at which
background noise levels are reached.
1.5.20 With respect to operational vessel movements, few specific scientific studies
have been undertaken on the impacts of vessel noise on fish although
vessels have been shown to increase stress response and potentially mask
vocalizations in these species (Celi et al., 2015; Neenan et al., 2016).
Nedwell et al. (2008) assessed the source level noise of different types of
vessels in terms of the perceived level by salmon. They found that a small
vessel would invoke a minor behavioural response in a minority of
individuals as well as some degree of habituation, and a large vessel would
result in a stronger reaction by the majority of individuals (Nedwell et al.,
2007).
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Potential Effects on Marine Mammals
1.5.21 The source sound pressure levels associated with dredging typically ranges
between 160 and 190 dB re 1 µPa m and so are unlikely to have a lethal
effect or result in physical injury to marine mammals (Todd et al. 2015).
However, at these lower sound levels the behavioural response SEL criteria
proposed by Southall et al. (2007) for cetaceans and pinnipeds will be
marginally exceeded. Noise at this level might also cause the temporary
masking of low frequency calls in seals (Todd et al. 2015)
1.5.22 While there is some limited evidence to suggest that exposure to low
frequency shipping noise can induce stress in baleen whale populations,
there is little evidence to quantify the impacts of inshore small vessel
movements on marine mammals (Rolland et al., 2012). However, given that
source levels of small vessels are typically lower than recorded for large
shipping vessels or dredging activity, no lethal effects and will occur and only
mild behavioural effects are anticipated.
Removal of the Jetty and Associated Works
1.5.23 The steel piles supporting the jetty will be either removed using hydraulic
vibratory methods or if this cannot be achieved cut at 1m below bed level.
The type of machinery used for the removal of the piles will be a
driver/extractor and underwater source levels are therefore expected to be
similar to the vibratory piling methods used during construction (as described
above).
1.5.24 Noise levels are anticipated to be low if the steel piles are cut at bed level
rather than using hydraulic vibratory methods. Peak source intensities of 148
to 180 dB re 1μPa are reported for a range of underwater tools including
cutters, with most energy in the frequency range 200 to 1,000 Hz (Anthony
et al., 2009).
Potential Effects on Fish
1.5.25 Lethal or physical injury is not predicted to occur at any distance using vibro
removal equipment with strong behavioural reactions only expected to occur
within several hundred metres even for hearing sensitive fish. With respect
to cutting techniques, injury even at very close range is also considered
highly unlikely (Popper et al., 2014; Parvin et al., 2008; FHWG, 2008).
Furthermore, strong behavioural reactions are only expected within a few
metres of the cutting works (Nedwell et al., 2007).
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Potential Effects on Marine Mammals
1.5.26 Lethal or physical injury is not predicted to occur at any distance using vibro
removal equipment. Strong behavioural reactions are only expected within
the range of approximately 140 m for common seal and at approximately 30
m for harbour porpoise and grey seal. With respect to cutting techniques,
injury even at very close range is also considered highly unlikely (Southall et
al., 2007). Furthermore, behavioural reactions in seals and harbour porpoise
are only expected within a localised area in the direct vicinity of the cutting
works (Nedwell et al., 2007).
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