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1 Introduction

The location of the lona Breakwater Project is illustrated in Figure 1.1. The planned construction activities
at lona and Fionnphort involve drilled piles, dredging and rock placement.

Noise is readily transmitted underwater and there is potential for sound emissions from the survey to affect
marine mammals and fish. At long ranges the introduction of additional noise could potentially cause short-
term behavioural changes, for example to the ability of species to communicate and to determine the
presence of predators, food, underwater features, and obstructions. At close ranges and with high noise
source levels, permanent or temporary hearing damage may occur, while at very close range, gross
physical trauma is possible. This report provides an overview of the potential effects due to underwater
noise from the survey on the surrounding marine environment.

The primary purpose of this underwater noise study is to predict the likely range of onset for potential injury
(i.e. permanent threshold shifts in hearing) and behavioural effects.

E Berthing Piles

.| Breakwater

.| Breakwater (Crest)
5 Dredge to -3.0mCD

- — Metres

Figure 1.1: lona Breakwater Project
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Figure 1.2 Fionnphort Breakwater and Overnight Berth Project
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2 Acoustic Concepts and Terminology

Sound travels through the water as vibrations of the fluid particles in a series of pressure waves. The
waves comprise a series of alternating compressions (positive pressure) and rarefactions (negative
pressure). Because sound consists of variations in pressure, the unit for measuring sound is usually
referenced to a unit of pressure, the Pascal (Pa). The decibel (dB) scale is used to conveniently
communicate the large range of acoustic pressures encountered, with a known pressure amplitude chosen
as a reference value (i.e., 0 dB). In the case of underwater sound, the reference value (Prer) is taken as 1
MPa, whereas the airborne sound is usually referenced to a pressure of 20 yPa. To convert from a sound
pressure level referenced to 20 pyPa to one referenced to 1 pPa, a factor of 20 log (20/1) i.e., 26 dB has to
be added to the former quantity. Thus 60 dB re 20 uPa is the same as 86 dB re 1 pPa, although differences
in sound speeds and different densities mean that the decibel level difference in sound intensity is much
more than the 26 dB when converting pressure from air to water. All underwater sound pressure levels in
this report are quantified in dB re 1 yPa.

There are several descriptors used to characterise a sound wave. The difference between the lowest
pressure variation (rarefaction) and the highest-pressure variation (compression) is called the peak to peak
(or pk-pk) sound pressure level. The difference between the highest variation (either positive or negative)
and the mean pressure is called the peak pressure level. Lastly, the root mean square (rms) sound
pressure level is used as a description of the average amplitude of the variations in pressure over a specific
time window. Decibel values reported should always be quoted along with the P value employed during
calculations. For example, the measured SPLms value of a pulse may be reported as 100 dB re 1 pPa.
These descriptions are shown graphically in Figure 2.1.

il W I 2 RN

peak level

l pk-pk level

Pressure

Time

Figure 2.1: Graphical representation of acoustic wave descriptors

The rms sound pressure level (SPL) is defined as follows:

1 p?
SPLyms = 10logyg ?f 02 dt 9
ref

The magnitude of the rms sound pressure level for an impulsive sound (such as that from a seismic source
array) will depend upon the integration time, T, used for the calculation (Madsen 2005). It has become
customary to utilise the T90 time period for calculating and reporting rms sound pressure levels. This is
the interval over which the cumulative energy curve rises from 5% to 95% of the total energy and therefore
contains 90% of the sound energy.
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Another useful measure of sound used in underwater acoustics is the Sound Exposure Level, or SEL. This
descriptor is used as a measure of the total sound energy of an event or a number of events (e.g., over the
course of a day) and is normalised to one second. This allows the total acoustic energy contained in events
lasting a different amount of time to be compared on a like for like basis!. The SEL is defined as follows:

T

SEL = 10logy, f <&> dt )

pzef tref

The frequency, or pitch, of the sound is the rate at which the acoustic oscillations occur in the medium
(air/water) and is measured in cycles per second, or Hertz (Hz). When sound is measured in a way which
approximates to how a human would perceive it using an A-weighting filter on a sound level meter, the
resulting level is described in values of dBA. However, the hearing faculty of marine mammals is not the
same as humans, with marine mammals hearing over a wider range of frequencies and with a different
sensitivity. It is therefore important to understand how an animal’s hearing varies over its entire frequency
range to assess the effects of anthropogenic sound on marine mammals. Consequently, use can be made
of frequency weighting scales (m-weighting) to determine the level of the sound in comparison with the
auditory response of the animal concerned. A comparison between the typical hearing response curves
for fish, humans and marine mammals is shown in Figure 2.2. (It is worth noting that hearing thresholds
are sometimes shown as audiograms with sound level on the y axis rather than sensitivity, resulting in the
graph shape being the inverse of the graph shown.)

Marine Mammal

High sensitivity —

Hearing sensitivity

~—— Low sensitivity

Low frequency High frequency

Frequency (pitch) of sound

Figure 2.2: Comparison between hearing thresholds of different animals

Other relevant acoustic terminology and their definitions used in the report are detailed below.

1/3' octave bands

The broadband acoustic power (i.e., containing all the possible frequencies) emitted by a sound source,
measured/modelled at a location within the survey region is generally split into and reported in a series of
frequency bands. In marine acoustics, the spectrum is generally reported in standard 1/3 octave band
frequencies, where an octave represents a doubling in sound frequency.

1 Historically, use was primarily made of rms and peak sound pressure level metrics for assessing the potential effects
of sound on marine life. However, the SEL is increasingly being used as it allows exposure duration and the effect
of exposure to multiple events to be considered.
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Source level (SL)

The source level is the sound pressure level of an equivalent and infinitesimally small version of the source
(known as point source) at a hypothetical distance of 1 m from it. The source level may be combined with
the transmission loss (TL) associated with the environment to obtain the received level (RL) in the far field
of the source. The far field distance is chosen so that the behaviour of the distributed source can be
approximated to that of a point source. Source levels do not indicate the real sound pressure level at 1 m.

Transmission loss (TL)

TL at a frequency of interest is defined as the loss of acoustic energy as the signal propagates from a
hypothetical (point) source location to the chosen receiver location. The TL is dependent on water depth,
source depth, receiver depth, frequency, geology, and environmental conditions. The TL values are
generally evaluated using an acoustic propagation model (various humerical methods exist) accounting for
the above dependencies.

Received level (RL)

The RL is the sound level of the acoustic signal recorded (or modelled) at a given location, that corresponds
to the acoustic pressure/energy generated by a known active sound source. This considers the acoustic
output of a source and is modified by propagation effects. This RL value is strongly dependant on the
source, environmental properties, geological properties and measurement location/depth. The RL is
reported in dB either in rms or peak-to-peak SPL, and SEL metrics, within the relevant third-octave band
frequencies. The RL is related to the SL as

RL=SL-TL 3
where TL is the transmission loss of the acoustic energy within the survey region.

The directional dependence of the source signature and the variation of TL with azimuthal direction a (which
is strongly dependent on bathymetry) are generally combined and interpolated to report a 2-D plot of the
RL around the chosen source point up to a chosen distance.
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3 Acoustic Assessment Criteria

3.1 Introduction

Underwater noise has the potential to affect marine life in different ways depending on its noise level and
characteristics. Richardson et al. (1995) defined four zones of noise influence which vary with distance
from the source and level. These are:

e The zone of audibility: this is the area within which the animal can detect the sound. Audibility itself
does not implicitly mean that the sound will have an effect on the marine mammal.

e The zone of masking: this is defined as the area within which noise can interfere with detection of
other sounds such as communication or echolocation clicks. This zone is very hard to estimate due to
a paucity of data relating to how marine mammals detect sound in relation to masking levels (for
example, humans can hear tones well below the numeric value of the overall noise level).

e The zone of responsiveness: this is defined as the area within which the animal responds either
behaviourally or physiologically. The zone of responsiveness is usually smaller than the zone of
audibility because, as stated previously, audibility does not necessarily evoke a reaction.

e The zone of injury / hearing loss: this is the area where the sound level is high enough to cause
tissue damage in the ear. This can be classified as either temporary threshold shift (TTS) or permanent
threshold shift (PTS). At even closer ranges, and for very high intensity sound sources (e.g.,
underwater explosions), physical trauma or even death are possible.

For this study, it is the zones of injury and disturbance (i.e., responsiveness) that are of concern (there is
insufficient scientific evidence to properly evaluate masking). To determine the potential spatial range of
injury and disturbance, a review has been undertaken of available evidence, including international
guidance and scientific literature. The following sections summarise the relevant thresholds for onset of
effects and describe the evidence base used to derive them.

3.2 Injury (Physiological Damage) to Mammals

Sound propagation models can be constructed to allow the received noise level at different distances from
the source to be calculated. To determine the consequence of these received levels on any marine
mammals which might experience such noise emissions, it is necessary to relate the levels to known or
estimated impact thresholds. The injury criteria proposed by Southall et al (2019). are based on a
combination of linear (i.e., un-weighted) peak pressure levels and mammal hearing weighted sound
exposure levels (SEL). The hearing weighting function is designed to represent the bandwidth for each
group within which acoustic exposures can have auditory effects. The categories include:

e low-frequency (LF) cetaceans (i.e., marine mammal species such as baleen whales);

e high-frequency (HF) cetaceans (i.e., marine mammal species such as dolphins, toothed whales,
beaked whales and bottlenose whales);

e very high-frequency (VHF) cetaceans (i.e., marine mammal species such as true porpoises, river
dolphins and pygmy/dwarf sperm whales and some oceanic dolphins, generally with auditory centre
frequencies above 100 kHz);

e phocid pinnipeds (PCW) (i.e., true seals; hearing in air is considered separately in the group PCA);
and

e other marine carnivores (OCW) (including otariid pinnipeds (e.g., sea lions and fur seals), sea otters
and polar bears; air hearing considered separately in the group OCA).

These weightings have therefore been used in this study and are shown in Figure 3.1.
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Weighting (dB)

Frequency (kHz)

Figure 3.1: Hearing weighting functions for pinnipeds and cetaceans (Southall et al. 2019)

Injury criteria are proposed in Southall et al (2019) are for two different types of sound as follows:

e Impulsive sounds which are typically transient, brief (less than 1 second), broadband, and consist of
high peak sound pressure with rapid rise time and rapid decay (ANSI 1986; NIOSH 1998; ANSI 2005).
This category includes sound sources such as seismic surveys, impact piling and underwater
explosions; and

e Non-impulsive sounds which can be broadband, narrowband or tonal, brief or prolonged, continuous
or intermittent and typically do not have a high peak sound pressure with rapid rise/decay time that
impulsive sounds do (ANSI 1995; NIOSH 1998). This category includes sound sources such as
continuous running machinery, sonar and vessels.

The criteria for non-impulsive sound have been adopted for this study given the nature of the sound source
used during port construction activities.

The relevant criteria proposed by Southall et al. (2019) are as summarised in Table 3.1.
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Table 3.1: Summary of PTS onset acoustic thresholds (Southall et al. 2019 Tables 6 and 7)

Hearing Group Parameter Impulsive Non impulsive

Low-frequency (LF) cetaceans Peak, unweighted 219 -
SEL, LF weighted 183 199
High-frequency (HF) cetaceans Peak, unweighted 230 -
SEL, MF weighted 185 198
Very High-frequency (VHF) Peak, unweighted 202 -
cetaceans SEL, HF weighted 155 173
Phocid Carnivores in Water Peak, unweighted 218 -
(PCW) SEL, PW weighted 185 201
Other Marine Carnivores in Peak, unweighted 232 -
Water (OCW) SEL, OW weighted 203 219

These updated marine mammal injury criteria were published in March 2019 (Southall et al. 2019). The
paper utilised the same hearing weighting curves and thresholds as presented in the preceding regulations
document NMFS (2018) with the main difference being the naming of the hearing groups and introduction
of additional thresholds for animals not covered by NMFS (2018). A comparison between the two naming
conventions is shown in Table 3.2.

For avoidance of doubt, the naming convention used in this report is based upon those set out in Southall
et al (2019). Consequently, this assessment utilises criteria which are applicable to both NMFS (2018) and
Southall et al. (2019).

Table 3.2: Comparison of hearing group names between NMFS 2018 and Southall 2019

NMFS (2018) hearing group name Southall et al. (2019) hearing group name
Low frequency cetaceans (LF) Low-frequency cetaceans (LF)

Mid frequency cetaceans (MF) High-frequency cetaceans (HF)

High frequency cetaceans (HF) Very high-frequency cetaceans (VHF)
Phocid pinnipeds in water (PW) Phocid carnivores in water (PCW)

3.3 Disturbance to Marine Mammals

Beyond the area in which injury may occur, the effect on marine mammal behaviour is the most important
measure of impact. Significant (i.e., non-trivial) disturbance may occur when there is a risk of animals
incurring sustained or chronic disruption of behaviour or when animals are displaced from an area, with
subsequent redistribution being significantly different from that occurring due to natural variation.

To consider the possibility of significant disturbance resulting from the project, it is therefore necessary to
consider the likelihood that the sound could cause non-trivial disturbance, the likelihood that the sensitive
receptors will be exposed to that sound and whether the number of animals exposed are likely to be
significant at the population level. Assessing this is however a challenging task due to the complex and
variable nature of sound propagation, the variability of documented animal responses to similar levels of
sound, and the availability of population estimates, and regional density estimates for all marine mammal
species.

Southall et al. (2007) recommended that the only currently feasible way to assess whether a specific non-
impulsive sound could cause disturbance is to compare the circumstances of the situation with empirical
studies. The more severe the response on the scale, the lower the amount of time that the animals will
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tolerate it before there could be significant negative effects on life functions, which would constitute a
disturbance under the relevant regulations. The Southall scale is shown in Table 3.3.

Table 3.3: Southall et al. (2007) behavioural disturbance scale.

Response | Corresponding Behaviours in free ranging subjects

Score
0 ¢ No observable response
1 o Brief orientation response (investigation / visual orientation)
2 e Moderate or multiple orientation behaviours

e Brief or minor cessation/modification of vocal behaviour
e Brief or minor change in respiration rates

3 ¢ Prolonged orientation behaviour
¢ Individual alert behaviour

¢ Minor changes in locomotion speed, direction, and/or dive profile but no avoidance of sound
source

¢ Moderate change in respiration rate
e Minor cessation or modification of vocal behaviour (duration < duration of source operation)

4 e Moderate changes in locomotion speed, direction, and/or dive profile but no avoidance of sound
source

o Brief, minor shift in group distribution

e Moderate cessation or modification of vocal behaviour (duration more or less equal to the duration
of source operation)

5 e Extensive or prolonged changes in locomotion speed, direction, and/or dive profile but no
avoidance of sound source

e Moderate shift in group distribution
¢ Change in inter-animal distance and/or group size (aggregation or separation)
¢ Prolonged cessation or modification of vocal behaviour (duration > duration of source operation)

6 ¢ Minor or moderate individual and/or group avoidance of sound source
o Brief or minor separation of females and dependent offspring

o Aggressive behaviour related to noise exposure (e.g. tail/flipper slapping, fluke display, jaw
clapping/gnashing teeth, abrupt directed movement, bubble clouds)

¢ Extended cessation or modification of vocal behaviour
¢ Visible startle response
o Brief cessation of reproductive behaviour

7 ¢ Extensive or prolonged aggressive behaviour

o Moderate separation of females and dependent offspring
o Clear anti-predator response

e Sever and/or sustained avoidance of sound source

e Moderate cessation of reproductive behaviour

8 e Obvious aversion and/or progressive sensitization

¢ Prolonged or significant separation of females and dependent offspring with disruption of acoustic
reunion mechanisms

¢ Long-term avoidance of area (> source operation)
¢ Prolonged cessation of reproductive behaviour

9 e Qutright panic, flight, stampede, attack of conspecifics, or stranding events
¢ Avoidance behaviour related to predator detection.

For non-pulsed sound, the lowest sound pressure level at which a score of 5 or more occurs for low-
frequency cetaceans is 90 - 100 dB re 1 yPa (rms). However, this relates to a study involving migrating
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grey whales. A study for minke whales showed a response score of 3 at a received level of 100 —
110 dB re 1 yPa (rms), with no higher severity score encountered for this species. For high-frequency
cetaceans, a response score of 8 was encountered at a received level of 90 - 100 dB re 1 yPa (rms), but
this was for one mammal (a sperm whale) and might not be applicable for the species likely to be
encountered near the project. For very high-frequency cetaceans, several individual responses with a
response score of 6 are noted ranging from 80 dB re 1 yPa (rms) and upwards. There is a significant
increase in the number of mammals responding at a response score of 6 once the received sound pressure
level is greater than 140 dB re 1 yPa (rms).

Clearly, there is much intra-category and perhaps intra-species variability in behavioural response. As such,
a conservative approach should be taken to ensure that the most sensitive marine mammals remain
protected.

This assessment therefore adopts a conservative approach and uses the US National Marine Fisheries
Service (NMFS, 2005) Level B harassment thresholds for non-impulsive sounds. Level B Harassment is
defined as having the potential to disturb a marine mammal or marine mammal stock in the wild by causing
disruption of behavioural patterns, including, but not limited to, migration, breathing, nursing, breeding,
feeding, or sheltering but which does not have the potential to injure a marine mammal or marine mammal
stock in the wild. This description of non-trivial disturbance has therefore been used as the basis for onset
of behavioural change in this assessment.

The (NMFS, 2005) guidance sets the marine mammal level B harassment threshold for continuous noise
at 120 dB re 1 yPa (rms). This value sits approximately mid-way between the range of values identified in
Southall et al. (2007) for continuous sound but is lower than the value at which the majority of mammals
responded at a response score of 6 (i.e., once the received rms sound pressure level is greater than
140 dB re 1 yPa). Considering the paucity and high-level variation of data relating to onset of behavioural
effects due to continuous sound, it is recommended that any ranges predicted using this number are viewed
as probabilistic and potentially over-precautionary.

The relevant criteria for marine mammals are summarised in Table 3.4. This includes the thresholds for
non-impulsive sound based on the relevant guidelines (NMFS 2018, NMFS 2005). In Table 3.4 SELs are
expressed as dB re 1 yPa?s (cumulative over a 24-hour period) and RMS sound pressure levels are in
dB re 1 yPa (rms).

Table 3.4: Summary of acoustic thresholds for marine mammals for non-impulsive sound.

Hearing group Parameter Disturbance
Low-frequency (LF) SEL, LF weighted 199 179 -
cetaceans dBre 1 yPa’s

RMST90 dB re 1 pPa (rms) - - 120
High-frequency (HF) SEL, MF weighted 198 178 -
cetaceans dB re 1 yPa’s

RMST90 dB re 1 yPa (rms) - - 120
Very High-frequency | SEL, HF weighted 173 153 -
(VHF) cetaceans dB re 1 uPa’s

RMST90 dB re 1 pPa (rms) - - 120
Phocid carnivores SEL, PW weighted 201 181 -
(PCW) dB re 1 yPa%s

RMST90 dB re 1 yPa (rms) - - 120
Other marine SEL, OW weighted 219 199 -
carnivores (OCW) dB re 1 uPa’s

RMST90 dB re 1 pPa (rms) - - 120
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3.4 Fish

Adult fish not in the immediate vicinity of the noise generating activity are generally able to vacate the area
and avoid physical injury. However, larvae and spawn are not highly mobile and are therefore more likely
to incur injuries from the sound energy, including damage to their hearing, kidneys, hearts, and swim
bladders. Such effects are unlikely to happen outside of the immediate vicinity of even the highest energy
sound sources.

For fish, the most relevant criteria for injury are considered to be those contained in ASA S3/SC1.4 TR-
2014, Sound Exposure Guidelines for Fishes and Sea Turtles (Popper et al. 2014) (Table 3.5). The
guidelines set out criteria for injury due to different sources of noise. Those relevant to this project are for
injury due to continuous noise (which are applicable for vessel operation, drilled pin piling activities, and
operational noise). The criteria include a mixture of indices including SEL, rms and peak sound pressure
levels. Where insufficient data exists to determine a quantitative guideline value the risk is categorised in
relative terms as “high”, “moderate” or “low” at three distances from the source: “near” (i.e. in the tens of
metres), “intermediate” (i.e. in the hundreds of metres) or “far” (i.e. in the thousands of metres). It should
be noted that these qualitative criteria cannot differentiate between exposures to different noise levels and
therefore all sources of noise, no matter how noisy, would theoretically elicit the same assessment result.
However, because the qualitative risks are generally qualified as “low”, with the exception of a moderate
risk at “near” range (i.e. within tens of meters) for some types of animal and impairment effects, this is not
considered to be a significant issue with respect to determining the potential effect of noise on fish.

Table 3.5: ASA guideline criteria for injury in fish due to non-impulsive sound.

Impairment

Type of animal Mortality and potential

mortal injur
ury Recoverable injury TTS
Fish: no swim bladder (Near) Low (Near) Low (Near) Moderate
(particle motion detection) (Intermediate) Low (Intermediate) Low (Intermediate) Low
(Far) Low (Far) Low (Far) Low
Fish: where swim bladder (Near) Low (Near) Low (Near) Moderate
IS ”‘:_t '|”V0|Vt?d mdhteartl'ng (Intermediate) Low (Intermediate) Low (Intermediate) Low
(particle motion detection) (Far) Low (Far) Low (Far) Low
Fish: where swim bladder (Near) Low 170 dB re 1 yPa (rms) for | 158 dB re 1 yPa (rms) for
is involved in hearing (Intermediate) Low 48 hours 12 hours
(primarily pressure
detection) (Far) Low
Eggs and larvae (Near) Low (Near) Low (Near) Low
(Intermediate) Low (Intermediate) Low (Intermediate) Low
(Far) Low (Far) Low (Far) Low
Notes:
Range of effect classified as Near = tens of meters / Intermediate= hundreds of meters / Far = thousands of
meters
Relative risk classified as high, moderate or low

Behavioural reactions of fish to sound have been found to vary between species based on their hearing
sensitivity. Typically, fish sense sound via particle motion in the inner ear which is detected from sound-
induced motions in the fish’s body. The detection of sound pressure is restricted to those fish which have
air filled swim bladders; however, particle motion (induced by sound) can be detected by fish without swim
bladders.

Highly sensitive species such as herring have elaborate specialisations of their auditory apparatus, known
as an otic bulla - a gas-filled sphere connected to the swim bladder which enhances hearing ability. The
gas filled swim bladder in species such as cod and salmon may be involved in their hearing capabilities, so
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although there is no direct link to the inner ear, these species are able to detect lower sound frequencies
and as such are considered to be of medium sensitivity to noise. Flat fish and elasmobranchs have no
swim bladders and as such are considered to be relatively less sensitive to sound pressure.

The most recent criteria for disturbance are considered to be those contained in ASA S3/SC1.4 TR-2014,
Sound Exposure Guidelines for Fishes and Sea Turtles (Popper et al., 2014) which set out criteria for
disturbance due to different sources of noise (Table 3.6). The risk of behavioural effects is categorised in
relative terms as “high”, “moderate” or “low” at three distances from the source: “near” (i.e. in the tens of
metres), “intermediate” (i.e. in the hundreds of metres) or “far” (i.e. in the thousands of metres).

Table 3.6: ASA guideline criteria for onset of behavioural effects in fish due to non-impulsive sound.

Type of Animal Relative Risk of Behavioural Effects

Fish: no swim bladder (particle motion detection) (Near) Moderate
(Intermediate) Moderate
(Far) Low

Fish: where swim bladder is not involved in hearing (particle (Near) Moderate

motion detection) (Intermediate) Moderate
(Far) Low

Fish: where swim bladder is involved in hearing (primarily (Near) High

pressure detection) (Intermediate) Moderate
(Far) Low

Eggs and larvae (Near) Moderate
(Intermediate) Moderate
(Far) Low

It is important to note that the ASA criteria for disturbance due to sound are qualitative rather than
quantitative criteria. Consequently, a source of noise of a particular type (e.g. drilled pin piling or sound
from vessels etc.) would result in the same predicted impact, no matter the level of noise produced or the
propagation characteristics.
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4 Baseline noise

Background or “ambient” underwater noise is generated by a number of natural sources, such as rain,
breaking waves, wind at the surface, seismic noise, biological noise and thermal noise. Biological sources
include marine mammals (which use sound to communicate, build up an image of their environment and
detect prey and predators) as well as certain fish and shrimp also contribute to this spectrum.
Anthropogenic sources add to the existing background noise, including from sources such as fishing boats,
ships, industrial noise, seismic surveys, and leisure activities. Generalised ambient noise spectra trends
(Wenz, 1962) attributable to various noise sources including both natural and anthropogenic sources are
shown in Figure 4.1.

Intermittant and Local Effects Re-drawn from Wenz, (1962)
_ Earthquakes and explosions _
140 5
< < > Biologics
_ Ships, industrial activity Precipatation
» —:. Sea fce
= o ~
120
N
I
o~
©
o
= 100
2
@
S
g
i) 80
E
b=}
2 Wind force
@ (Beaufort scale)
a
]
2
‘m 60
&
)
o
g
=
w
7]
]
=3 -
S 40 !
=] "
= .
2 teud]
A Prevailing Noises .
Seismic background SO S TN T Teauioaad
Turbulent-pressure fluctuations : ...... 4
20 o= 4 Oceantraffic . om0 "tteeess '-,v"
- - /'
- % i
- - -
Surface waves Bubbles and spray (surface agitation) _,"‘ =
”
second order pressure effects ."' AN
Molecular agitation
0

1 10 100 1K 10k 100k
Frequency (Hz)

Limits of prevailing noise .-

Thermal noise

Wind-dependant bubble and noise spray ———— Usual traffic noise - shallow water
------- Extrapolations Usual traffic noise - deep water

Low-frequency very shallow water wind dependence -« me (GENEral pattern of noise from earthquake
= = = Heavy traffic noise and explosion extrapolation

............. Heavy precipatation

Figure 4.1: Generalised ambient noise spectra attributable to various noise sources (Wenz 1962).

The vast majority of research relating to both physiological effects and behavioural disturbance due to noise
on marine species is based on determining the absolute noise level for the onset of that particular effect.
As a result, criteria for assessing the effects of noise on marine mammals and fish tend to be based on the
absolute noise criteria, as opposed to the difference between the baseline noise level and the specific noise
being assessed (e.g. Southall et al., 2007). Given the lack of evidence-based studies investigating the
effects of noise relative to background on marine wildlife, the value of establishing the precise baseline
noise level is somewhat diminished. It is important to understand that baseline noise levels will vary
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significantly depending on, amongst other factors, seasonal variations and different sea states, meaning
that the usefulness of establishing such a value would be very limited. Nevertheless, it can be useful (though
not essential) when undertaking an assessment of underwater noise, to have an understanding of the range
of noise levels likely to be prevailing in the area, so that any noise predictions can be placed in the context
of the baseline. It is important to note however, that even if an accurate baseline noise level could be
determined, there is a paucity of scientific understanding regarding how various species distinguish
anthropogenic sound relative to masking noise.

An animal’s perception of sound is likely to depend on numerous factors including the hearing integration
time, the character of the sound, and hearing sensitivity. It is not known for example, to what extent marine
mammals and fish can detect tones of lower magnitude than the background masking noise, or how they
distinguish time varying sound. Therefore, it is necessary to exercise considerable caution if attempting any
comparison between noise from the proposed development and the baseline noise level. For example, it
does not follow that because the broadband sound pressure level due to the source being considered is
below the numeric value of the baseline level, that this means that marine mammals or fish cannot detect
that sound. This is particularly true where the background noise is dominated by low frequency sound which
is outside the animal’s range of best hearing acuity. Until such a time as further research is conducted to
determine a dose response relationship between the “signal-to-noise” level and behavioural response, a
precautionary approach should be adopted.

For the reasons given above, and due to the relatively low risk of non-impulsive marine sound, Seiche has
reviewed baseline noise studies carried out in UK waters for other projects in order to determine the likely
magnitude of noise encountered in such waters.

A review of noise data relating to other sites in UK waters was undertaken for the Beatrice Wind Farm
including a review of baseline underwater noise measurements in UK coastal waters (Brooker et al., 2012).
These noise data are summarised in Table 4.1 and power spectral density levels are shown graphically in
Figure 4.2 (Sea State 1) and Figure 4.3 (Sea State 3).

Table 4.1: Summary of average background levels of noise around the UK coast (Brooker et al., 2012).

Overall (Un Weighted) Average Background Noise Levels, dB re 1 yPa (rms)

Sea State 1 Sea State 3
Minimum 92 94
Maximum 126 132
Mean 111 112
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Figure 4.2: Summary of Power Spectral Density levels of background underwater noise at Sea State 1 at sites
around the UK coast (Brooker, Barham, and Mason 2012).
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Figure 4.3: Summary of Power Spectral Density levels of background underwater noise at Sea State 3 at sites
around the UK coast (Brooker et al., 2012).

The measured power spectral density levels (maximum values in red, mean values in black and minimum
values in green, in dB re 1 yPa?Hz*) and third octave band sound pressure levels (light blue, in dB re 1 uPa)
are shown in Figure 4.4 taken from Kongsberg (2012).

P1478-REPT-01-R0O 16 19/07/2021



140

120

100

80

Pressure spectral levels dB re 1 pPa%Hz

10 100 1000 10000 100000 1000000
Frequency Hz

Figure 4.4: Summary of power spectral density levels and third octave band sound pressure levels of
background underwater noise measured in the Inner Sound (Meygen), August 2011 (Kongsberg, 2012).

A “drifting-buoy” style assessment of background noise was undertaken by the Low Carbon Research
Institute (LCRI) marine division in July 2014. Over an eleven-hour period, noise levels at the Inner Sound
site were seen to vary from 91 dB re 1pPa during periods of low tidal flow speed to 121 dB re 1 pPa at high
tidal flow speeds.

Based on the review, it is concluded that baseline underwater noise levels in high-tidal, coastal areas are
likely to be in the range 91 to 121 dB re 1 yPa (rms).
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5 Assessment Methodology

5.1 Source Levels

Underwater noise sources are usually quantified in dB re 1 yPa, as if measured at a hypothetical distance
of 1 m from the source (the Source Level). In practice, it is not usually possible to measure at 1 m from a
source, but this metric allows comparison and reporting of different source levels on a like-for-like basis. In
reality, for a large sound source this imagined point at 1 m from the acoustic centre does not exist.
Furthermore, the energy is distributed across the source and does not all emanate from this imagined
acoustic centre point. Therefore, the stated sound pressure level at 1 m does not actually occur for large
sources. In the acoustic near-field (i.e. close to the source), the sound pressure level will be significantly
lower than the value predicted by the SL.

A wealth of experimental data is available which allows us to predict with a good degree of accuracy the
sound generated by a drilling pile at discrete frequencies.

For this project, the assessment has been carried out using a scenario of installation of piles on the
Fionnphort and lona docks using drilling. In addition to the pile drilling operation, impact assessment was
evaluated for dredging and vessel noise operations on both sides of the Sound of lona.

Due to the continuous nature of these three noise sources under consideration in the Southall (2019)
metrics for non-impulsive noise sources were considered for impact assessment. This assessment is
prominently based on the SEL metric. The Root mean square (rms) sound pressure levels for 1-second
time window (which is numerically equal to SEL metric) were extracted from the literature and were
employed for Source Level data.

Noise source data on continuous construction and operational vessel have been extracted from literature
and are set out in Table 5.1. Frequencies of modelling were chosen to coincide with the maximum energy
bands emitted by the sources and cut-off frequency limitations for propagation of acoustic energy in some
of the shallower regions of the Sound of lona.

Table 5.1: Source level values used for modelling.

Third octave

centre

frequency

bands (Hz)
RMS | Shipping/tugboat | 149 | 158 | 158 | 159 | 158 | 159 | 160 | 160 | 161 | 161 | 161 | 156 | 158
233(365 Drill piling 141 | 145 | 148 | 143 | 145 | 148 | 154 | 152 | 152 | 147 | 147 | 149 | 145
re 1 uPa Dredging 154 | 155 | 156 | 159 | 153 | 152 | 152 | 155 | 158 | 156 | 155 | 155 | 155

5.2 Propagation Model

As distance from the sound source increases the level of sound recorded reduces, primarily due to the
spreading of the sound energy with distance, in combination with attenuation due to absorption of sound
energy by molecules in the water. This latter mechanism is more important for higher frequency sound
than for lower frequencies.

The way that the sound spreads (geometrical divergence) will depend upon several factors such as water
column depth, pressure, temperature gradients, salinity as well as water surface and bottom (i.e. seabed)
conditions. Thus, even for a given locality, there are temporal variations to the way that sound will
propagate. However, in simple terms, the sound energy may spread out in a spherical pattern (close to the
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source) or a cylindrical pattern (much further from the source), although other factors mean that decay in
sound energy may be somewhere between these two simplistic cases.

In acoustically shallow waters? in particular, the propagation mechanism is coloured by multiple interactions
with the seabed and the water surface (Lurton 2002; Etter 2013; Urick 1983; Brekhovskikh and Lysanov
2014; Kinsler et al.,, 1999). Whereas in deeper waters, the sound will propagate further without
encountering the surface or bottom of the sea, in shallower waters the sound may be reflected from either
or both boundaries (potentially more than once).

At the sea surface, the majority of sound is reflected back into the water due to the difference in acoustic
impedance (i.e. sound speed and density) between air and water. However, scattering of sound at the
surface of the sea can be an important factor with respect to the propagation of sound. In an ideal case
(i.e. for a perfectly smooth sea surface), the majority of sound energy will be reflected back into the sea.
However, for rough seas, much of the sound energy is scattered (e.g. Eckart 1953; Fortuin 1970; Marsh,
Schulkin, and Kneale 1961; Urick and Hoover 1956). Scattering can also occur due to bubbles near the
surface such as those generated by wind or fish or due to suspended solids in the water such as particulates
and marine life. Scattering is more pronounced for higher frequencies than for low frequencies and is
dependent on the sea state (i.e. wave height). However, the various factors affecting this mechanism are
complex.

Because surface scattering results in differences in reflected sound, its effect will be more important at
longer ranges from the sound source and in acoustically shallow water (i.e. where there are multiple
reflections between the source and receiver). The degree of scattering will depend upon the sea state/wind
speed, water depth, frequency of the sound, temperature gradient, grazing angle and range from source.
It should be noted that variations in propagation due to scattering will vary temporally within an area
primarily due to different sea-states / wind speeds at different times. However, over shorter ranges (e.g.
several hundred meters or less) the sound will experience fewer reflections and so the effect of scattering
should not be significant.

When sound waves encounter the bottom, the amount of sound reflected will depend on the geoacoustic
properties of the bottom (e.g. grain size, porosity, density, sound speed, absorption coefficient and
roughness) as well as the grazing angle and frequency of the sound (Cole 1965; Hamilton 1970; Mackenzie
1960; McKinney and Anderson 1964; Etter 2013; Lurton 2002; Urick 1983). Thus, bottoms comprising
primarily mud or other acoustically soft sediment will reflect less sound than acoustically harder bottoms
such as rock or sand. This will also depend on the profile of the bottom (e.g. the depth of the sediment
layer and how the geoacoustic properties vary with depth below the sea floor). The effect is less
pronounced at low frequencies (a few kHz and below). A scattering effect (similar to that which occurs at
the surface) also occurs at the bottom (Essen 1994; Greaves and Stephen 2003; McKinney and Anderson
1964; Kuo 1992), particularly on rough substrates (e.g. pebbles).

Waveguide effect should also be considered, which defines the shallow water columns do not allow the
propagation of low frequency sound (Urick 1983; Etter 2013). The cut-off frequency of the lowest mode in
a channel can be calculated based on the water depth and knowledge of the sediment geoacoustic
properties. Any sound below this frequency will not propagate far due to energy losses through multiple
reflections.

Sound speed gradient is the final piece of the puzzle. Changes in the water temperature and the hydrostatic
pressure with depth imply that the speed of sound varies throughout the water column. This can lead to
significant variations in sound propagation and can also lead to sound channels, particularly for high
frequency sound. Sound can propagate in a duct-like manner within these channels, effectively focussing
the sound, and conversely they can also lead to shadow zones. The frequency at which this occurs
depends on the characteristics of the sound channel but, for example, a 25 m thick layer would not act as

2 Acoustically, shallow water conditions exist whenever the propagation is characterised by multiple reflections with
both the sea surface and bottom (Etter 2013). Consequently, the depth at which water can be classified as
acoustically deep or shallow depends upon numerous factors including the sound speed gradient, water depth,
frequency of the sound and distance between the source and receiver.
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a duct for frequencies below 1.5 kHz. The temperature gradient can vary throughout the year and thus
there will be potential variation in sound propagation depending on the season.

Sound energy is also absorbed due to interactions at the molecular level converting the acoustic energy
into heat. This is another frequency dependent effect with higher frequencies experiencing much higher
losses than lower frequencies.

5.2.1 Modelling approach

There are several methods available for modelling the propagation of sound between a source and receiver
ranging from very simple models which simply assume spreading according to a 10 log (R) or 20 log (R)
relationship (as discussed above, and where R is the range from source to receiver) to full acoustic models
(e.g. ray tracing, normal mode, parabolic equation, wavenumber integration and energy flux models). In
addition, semi-empirical models are available, whose complexity and accuracy is somewhere in between
these two extremes.

In choosing the correct propagation model to employ, it is important to ensure that it is fit for purpose and
produces results with a suitable degree of accuracy for the application in question, taking into account the
context (as detailed in Monitoring Guidance for Underwater Noise in European Seas Part lll, NPL Guidance
Wang et al 2014, and Farcas et al., 2016). Thus, in some situations (e.g. low risk due to underwater noise,
range dependent bathymetry is not an issue, non-impulsive sound) a simple (N log R) model will be
sufficient, particularly where other uncertainties outweigh the uncertainties due to modelling. On the other
hand, some situations (e.g. very high source levels, impulsive sound, complex source and propagation path
characteristics, highly sensitive receivers and low uncertainties in assessment criteria) warrant a more
complex modelling methodology.

The first step in choosing a propagation model is therefore to examine these various factors, such as set
out below:

e Balancing of errors / uncertainties;
e Range dependant bathymetry;
e Frequency dependence;

e Source characteristics.
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Figure 5.1: High-resolution (1-m) bathymetry in the survey area, island of lona on the left (west).

For the sound field model, and relevant survey parameters based on a combination of data provided by the
client combined with that gathered from publicly available literature. These parameters were fed into an
appropriate propagation model routine suited to the region and the frequencies of interest. The frequency-
dependent loss of acoustic energy with distance (transmission loss, TL) values were then evaluated along
different transects around the chosen source points. The frequencies of interest in the present study are up
to 1 kHz since these dominate the acoustic energy for the sources of concern. These frequencies overlap
with the hearing sensitivities of some of the marine mammals that are likely to be present in the survey
area.

For the calculation of the transmission loss, a range-dependent sound propagation model based on
RAMGeo was used to cover the full range of frequencies of interest, which is suitable for frequencies below
1 kHz. RAMGeo is a range-dependent, parabolic equation solver for elastic seabed. The code derives from
the RAM modelling routine (Collins, 1993) for fluid seabed. RAMSGeo receives an environmental input file,
which includes the bathymetry (see Figure 5.1), the environmental characteristics, the simulation frequency,
and spatial discretisation parameters, and returns the complex transmission loss at each point within the
grid of receivers (at different ranges and depths).

RAMSGeo is available as part of the Acoustic Toolbox3, a free-access compilation of routines and
executables for underwater sound propagation modelling. The modelling routines were run through AcTUP
(Duncan and Maggi, 2006), an open-source graphic user interface based on the Acoustic Toolbox. By using
an in-house developed wrapper for AcTUP to access the RAMSGeo codes directly, we were able to execute
the propagation modelling routines for each azimuthal transect around each source point with improved
efficiency and control over the processing steps.

3 http://oalib.hlsresearch.com/AcousticsToolbox/
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The propagation and sound exposure calculations were conducted over a range of water column depths in
order to determine the likely range for injury and disturbance.

It should be borne in mind that noise levels (and associated range of effects) will vary depending on actual
conditions at the time (day-to-day and season-to-season) and that the model predicts a typical worst-case
scenario. Considering factors such as animal behaviour and habituation, any injury and disturbance ranges
should be viewed as indicative and probabilistic ranges to assist in understanding potential impacts on
marine life rather than lines either side of which an impact will or will not occur. (This is a similar approach
to that adopted for airborne noise where a typical worst case is taken, though it is known that day to day
levels may vary to those calculated by 5 - 10 dB depending on wind direction etc.).

The acoustical properties of different layers employed in the propagation modelling are presented in Table
5.2. This data is evaluated using recommendations by Hamilton (1980) based on the geological layers
present in the survey region and the acoustic properties of the water column. Due to the shallow nature of
the Sound of lona, only a single speed of sound in the water column was considered.

Table 5.2: Acoustical properties of the water layer and sediment used for propagation modelling.

Attenuation (dB/A)

Max Speed of sound (m/s) Density
depth
(m)

Compressional Compressional

Water
column 100 1500 ° 1o ° >
Geological 500 1700 250 200 10 0.5

layer

5.2.2 Batch Processing

To improve the performance and reduce the time taken to process and evaluate multiple TL calculations
required for this study, Seiche’s proprietary software was employed. This software iteratively evaluates the
propagation modelling routine for the specified number of azimuthal bearings radiating from a source point,
providing a fan of range-dependent TL curves departing from the noise source for each given frequency
and receiver depth. We then employ in-house MATLAB routines to interpolate the TL values across
transects, to give an estimate of the sound field for the whole area around the source point.

5.3 Received Levels

Once the TL values were evaluated at the source points in all azimuthal directions and at all frequencies of
interest for all the sources, the results were coupled with the corresponding SL values in third-octave
frequency bands. The combination of SL with TL data provided us with the third-octave band received levels
(RL) at each point in the receiver grid (i.e. at each modelled range, depth and azimuth of the receiver).

The received levels were evaluated for the SPLms or equivalent SEL metric, for each source type, source
location, and azimuthal transect to produce the associated 2-D maps. The broadband RL were then
calculated for these metrics and from the third-octave band results. The set of simulated RL transects were
circularly interpolated to generate the broadband 2-D RL maps centred around each source point.

5.4 Exposure Calculations

As well as calculating the un-weighted rms sound pressure levels at various distances from the source, it
is also necessary to calculate the acoustic signal in the SEL metric for a mammal using the relevant hearing
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weightings to which it is exposed. For operation of the different sources, the SEL sound data was
numerically equal to the SPL rms value integrated over 1-second window as the sources are continuous
and non-impulsive. These SEL values are employed for calculation of cSEL (cumulative SEL) metric for
different marine mammal groups to assess impact ranges.

Exposure modelling could assume that the mammal either being static and at a fixed distance away from
the noise source or the mammal is swimming at a constant speed in a perpendicular direction away from a
noise source. For fixed receiver calculations, it has been assumed that a mammal will stay at a known
distance from the noise source for a period of 24-hours. As the animal does not move, the noise will be
constant over the integration period of 24-hours (assuming the source does not change its operational
characteristics over this time). Hence the cSEL value calculate would imply the cumulative SEL over the
time accumulate by the marine mammal. Although this is a worst case compared to a swimming animal
model, this presents a comparative and quicker estimate of impact ranges and can be considered as a
worst case.

It should be noted that the sound exposure calculations are based on the simplistic assumption that the
noise source is active continuously over a 24-hour period. The real-world situation is more complex. The
SEL calculations presented in this study do not take any breaks in activity into account.

Furthermore, the continuous sound criteria described in the Southall et al (2019) guidelines assume that
the animal does not recover hearing between periods of activity. It is likely that both the intervals between
operations could allow some recovery from temporary hearing threshold shifts for animals exposed to the
sound and, therefore, the assessment of sound exposure level is conservative.

In this report, the static mammal 24-hour cSEL calculation was employed using the Southall (2019) metric
for non-impulsive noise sources.
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6 Sound Modelling Results

TTS impact ranges on most frequently occurring marine mammal groups for the survey region for the
sources studied in the current survey are summarised in Table 6.1, Table 6.2, and Table 6.3. The distances
presented in the table reflect the start point of the mammal relative to the source when the source first starts
up, rounded to the nearest 10 m. The mammal is assumed to stay at the start-up distance, so the distance
between the mammal and the source does not increase over time. It should be noted that the rms values
in the table use the estimated 1-second time window at various distances from the source.

Table 6.1: Summary of potential TTS zones for marine mammals (N/E — not exceeded)

Source Source TTS range PTS range
type Location (12)) (m)
Low frequency cetacean (HF) 250 N/E
Centre of High frt_equency cetacean (HF) N/E N/E
the channel Very High frequency cetacean (VHF) 20 N/E
Phocid carnivores (in water; PCW) 30 N/E
Other carnivores (in water; OCW) N/E N/E
Low frequency cetacean (LF) 270 N/E
Vessel / High frt_equency cetacean (HF) N/E N/E
tug lona Very High frequency cetacean (VHF) 20 N/E
Phocid carnivores (in water; PCW) 20 N/E
Other carnivores (in water; OCW) N/E N/E
Low frequency cetacean (LF) 270 N/E
High frequency cetacean (HF) N/E N/E
Fionnphort | Very High frequency cetacean (VHF) 20 N/E
Phocid carnivores (in water; PCW) 30 N/E
Other carnivores (in water; OCW) N/E N/E

Table 6.2: Summary of potential TTS zones for marine mammals (N/E — not exceeded)

Source Source TTSrange (m) PTSrange
type Location
Low frequency cetacean (LF) 30 N/E
High frequency cetacean (HF) N/E N/E
Centre of the N/E
channel Very High frequency cetacean (VHF) N/E
Phocid carnivores (in water; PCW) 10 N/E
Other carnivores (in water; OCW) N/E N/E
Low frequency cetacean (HF) 30 N/E
Pile High frequency cetacean (HF) N/E N/E
drilling lona Very High frequency cetacean (VHF) N/E N/E
Phocid carnivores (in water; PCW) 10 N/E
Other carnivores (in water; OCW) N/E N/E
Low frequency cetacean (LF) 40 N/E
High frequency cetacean (HF) N/E N/E
Fionnphort Very High frequency cetacean (VHF) N/E N/E
Phocid carnivores (in water; PCW) 10 N/E
Other carnivores (in water; OCW) N/E N/E
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Table 6.3: Summary of potential TTS zones for marine mammals (N/E — not exceeded)

Source Source TTS range (m) | PTS range
type Location (m)
Low frequency cetacean (LF) 180 N/E
High frequency cetacean (HF) N/E N/E
Centre of the | Very High frequency cetacean (VHF) 10 N/E
channel Phocid carnivores (in water; PCW) 20 N/E
Phocid carnivores (in water; OCW) N/E N/E
Low frequency cetacean (LF) 180 N/E
High frequency cetacean (HF) N/E N/E
Dredging lona Very High frequency cetacean (VHF) 10 N/E
Phocid carnivores (in water; PCW) 20 N/E
Other carnivores (in water; OCW) N/E N/E
Low frequency cetacean (LF) 190 N/E
High frequency cetacean (HF) N/E N/E
Fionnphort Very High frequency cetacean (VHF) 10 N/E
Phocid carnivores (in water; PCW) 20 N/E
Other carnivores (in water; OCW) N/E N/E

The largest impact ranges are for low-frequency cetaceans which would not be expected to traverse the
channel.

For all marine mammal groups, the largest range for impact to behaviour is 8,170 km. This is the maximum
distance where sound levels exceed 120 dB re 1 pPa (rms).

The potential ranges presented for injury and disturbance are not a hard and fast ‘line’ where an impact will
occur on one side and not on the other. Potential impact is more probabilistic than that; dose dependency
in PTS onset, individual variations and uncertainties regarding behavioural response and swim
speed/direction all mean that it is much more complex than drawing a contour around a location. These
ranges are designed to provide an understandable way in which a wider audience can appreciate the
potential spatial extent of the impact.

A 2D contour map representation of the sound levels radiated into the Sound of lona by the source model
Tugboat is shown in Figure 6.1. In this plot the source was placed at centre of the model is 129272, 723741
(OSBG 1936) and the RL results are calculating up to either 10 km distance from the sources or when we
encounter land. Two additional contour map plots for the lona port side and Fionnphort port side are
presented in Figure 6.2 and Figure 6.3 respectively. These plots show the RMS unweighted broadband
received levels in dB re 1 uPa for Tugboat source radiating noise at each of these ports (source locations
are given in figure labels).
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Figure 6.1: A 2D contour map of modelled unweighted SPL rms from the Tugboat source model. Centre of
the model in the plot above is 129272, 723741 (OSBG 1936) in the Sound of lona.

The calculations that are based on an individual mammal being exposed to sound resulting from continuous
source activation which, as noted previously, could be a simplification. Care should be taken in interpreting
any results within tens of meters of the source due to near-field effects potentially overestimating exposure.

The SPL rms levels within 10 m of the source location are less than 154 dB re 1 pPa for all sources, which
is below the TTS exposure level for fish with swim bladders (158 dB re 1 pPa from Table 3.5).
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Figure 6.2: A 2D contour map of modelled unweighted SPL rms from the Tugboat source model. Centre of
the model in the plot above is 128692, 724001 (OSBG 1936) in the port of lona.
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Figure 6.3: A 2D contour map of modelled unweighted SPL rms from the Tugboat source model. Centre of

the model in the plot above is 129849, 723482 (OSBG 1936) on the port of Fionnphort.
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7 Mitigation

Without any mitigation measures in place, the noise causing activities were identified as having the potential
to cause temporary threshold shift at a range of up to 30 m from the source (for vessel or Tugboat) for
phocid marine mammal ground underwater, 20 m for very high frequency cetaceans, and 0 m for high
frequency cetaceans and other marine mammal carnivores. The impact ranges for dredging and pile drilling
are much smaller than those generated by shipping noise.

The impact ranges are higher for low frequency marine mammal group at 270 m for vessel type noise
source (and much lower for other noise sources). However, it is very rare to find LF marine mammals in
this region (particularly due to very shallow water depths in some places of the survey).

Given the low potential for injury from the construction activities, it is unlikely that mitigation measures will
be required.
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8 Conclusions

Based on the modelling conducted here, there is little potential for TTS/PTS to be experienced by marine
mammals or fish due to the construction activities. Impact only occurs for a stational seal being with 30 m
of the construction work for 24 hours. This represents a worst-case scenario, and it is considered highly
unlikely that a marine mammal would remain within this range for a period of 24 hours. Consequently, it is
considered highly unlikely that any PTS or TTS will occur as a result of the activities. For fish with swim
bladders, the maximum impact range is 10 m for a prolonged period of 12 hours. In conclusion, there is
minimal concert for disturbance to either marine mammals or fish.
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9 ORNITHOLOGY

9.1 Introduction

9.1.1 Purpose and Scope of the Report

This report details the results of ornithology surveys undertaken for the proposed lona Breakwater Project (‘the
Proposed Development’) (Figure 9-1). These surveys were designed to assess the baseline conditions within
the Site boundary and surrounding area. The findings of these surveys will be used to inform the lona

Breakwater Project Ecological Impact Assessment.

9.1.2 Report Objectives
The main objectives of these surveys were to identify any areas:

e  Which may support significant numbers of relevant qualifying ornithology features of nearby designated

sites that may have connectivity to the habitats present within the Proposed Development;
¢  Which may be of importance for large assemblages of wetland birds;
e  Which may support important numbers of notable or legally protected wetland bird species; and

e  Seasonal periods of sensitivity for wetland birds (e.g., traditional feeding and roosting grounds).

9.2 Relevant Legislation

A summary of the legislation relevant to ornithology, or those which may pose a potential constraint to the

scheme as identified in this report include:
e  Environmental Impact Assessment Directive 2014/52/EU (the EIA Directive);
e Directive 2009/147/EC on the Conservation of Wild Birds (the Birds Directive);

e  Council Directive 92/43/EEC on the Conservation of Natural Habitats and of Wild Fauna and Flora (the

Habitats Directive);

e The Conservation (Natural Habitats &c.) Amendment (Scotland) Regulations 2012, relating to reserved

matters in Scotland,;
e  Wildlife and Countryside Act 1981 (as amended);
e  The Nature Conservation Act (Scotland) Act 2004,
e  The Wildlife and Natural Environment (Scotland) Act (2011);

e Town and Country Planning (Environmental Impact Assessment) (Scotland) Regulations 2017, which

transpose the EIA Directive into the Scottish planning system;
e  Planning Circular 1/2017 — Environmental Impact Assessment regulations (Scottish Government 2017);
e PAN 51: Planning Environmental Protection and Regulation (revised 2006);

e PAN 60: Planning for Natural Heritage (Scottish Government 2000);
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e Nature Conservation: Implementation in Scotland of the Habitats and Birds Directives: Scottish Executive
Circular 6/1995 as amended (June 2000);

e  Scottish Planning Policy (2020).

9.3 Methodology
9.3.1 Desk Study

A desk study was undertaken to gather information on the potential value of the site and wider area for

ornithological species through the following:

e Arequest was made to Argyll Biological Record Centre (ABReC) for records from the last 10 years relating

to:
—  Ornithological species - 2km buffer; and

— Non-statutory designated sites (e.g., Scottish Wildlife Nature Reserves, Local Nature Conservation
Sites (LNCS) - 2km bulffer.

The desk study also sought to collate relevant information on all sites with designated ornithological features
including: Ramsar sites and Special Protected Areas (SPAs) (within 30km); and Sites of Special Scientific
Interest (SSSIs) and Sites of Importance for Nature Conservation (SINCs) (within 5km) where there may be
existing ecological connectivity between the Proposed Development and qualifying bird populations. This
included a review of international sites with qualifying mobile species whose range (e.g., foraging, migratory,
overwintering, breeding or natural habitat range) overlapped with the Proposed Development. For example,
during the breeding season, the mean-maximum foraging range of gannet is 315.2km (Woodward et al., 2019)
therefore there is potential for gannets observed within the Proposed Development to originate from SPA
colonies located within that distance. However, it should be noted that most seabirds feed offshore in summer,

with the exception of terns which may feed close to the colonies.

A search for relevant designated sites was made using online sources, allowing the identification of all
designated sites with qualifying ornithological interests. The search radius of 30km for internationally designated
sites is consistent with published connectivity distances, across which any bird populations may have interaction

with the Site. The online sources used to obtain this information were
e  NatureScot Sitelink;

e  Scotland’s environment web’;

e JNCC website?;

e Argyll and Bute Council open data website®; and

5 https://sitelink.nature.scot/home

7 Map | Scotland's environment web

8 https://incc.gov.uk/our-work/list-of-spas/

9 https://data-argyll-bute.opendata.arcgis.com/datasets/open-data-local-nature-conservation-site
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e Aerial imagery which was studied prior to the survey to inform any areas of high sensitivity which might

require additional survey effort during the site visit.

In addition, information from both confidential and public domain survey data, scientific publications, grey
literature (i.e., information not produced or controlled by commercial publishers, e.g., policy documents, web
content, conference proceedings, etc.) and ES/EIA/Consultations for nearby developments was searched to

build understanding of ornithological interests in and around the Proposed Development.

The British Trust for Ornithology (BTO) Wetland Bird Survey (WeBS) website was also consulted to identify if
count data was held for the site and immediate environs. No relevant data was held pertaining to the Proposed

Development.

9.3.2 Ornithology

The intertidal and nearshore surveys comprised a programme of monthly surveys carried out over a period of

five months between April and August 2021 inclusive.

The survey area comprised a 500m buffer area around the Proposed Development area in the intertidal and
nearshore habitats. During each survey the number of birds present along the foreshore and near shore coastal
waters was counted. Observations of bird species (including the numbers of each species in a given location

and behaviour — see below) were plotted onto a field map using standard BTO species codes and notation.

Surveys were scheduled to cover a range of different tidal conditions (high, low and mid-tide; spring and neap
tides) throughout the survey programme. Survey methods were based on the high tide (core count) methodology
of the BTO/ Joint Nature Conservancy Committee (JNCC)/ Royal Society for the Protection of Birds (RSPB)/
Wildfowl and Wetlands Trust (WWT) WeBS scheme (Musgrove et al. 2003 and Holt et al. 2011). This involved
the surveyor counting birds from vantage points along the coast using binoculars and a telescope. In addition
to the location and number of birds, notes were also made as to whether they were foraging, roosting or loafing.
Flying birds were also recorded although for the purposes of this report only those birds which were obviously
using the habitats of the survey area (e.g., terns or gannets, as opposed to birds simply flying over/through the
sectors) have been included here.

Field records were transferred to a Geographic Information System (GIS). This produced accurate information
on the distribution of birds within the study area and enabled maps to be produced so that areas of ornithological

importance could be identified.

Weather conditions including wind speed (using the Beaufort Scale), cloud cover (estimated as eighths or octas
of the sky), visibility and temperature were also recorded as well as sources of disturbance to birds encountered

during surveys.
Full survey details are presented in Table 9-1 below.

Table 9-1 Intertidal and nearshore survey effort

Date Start time End time Tidal Wind speed  Precipitation Cloud Visibility Snow/
cycle (direction) cover frost
26/04/21 10:18 14:18 M-L 2-3 (NE) 1-2 8 3 0
L-M 3 (NE) 0-4 8 2-3 0
26/04/21 16:20 20:20 M-H 4 (NE) 1 8 3 0
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Date Start time End time Tidal Wind speed  Precipitation Cloud Visibility Snow /
cycle (direction) cover frost
H-M 4 (NE) 0 8 3 0
27/04/21 10:50 14:50 M-L 2-3 (SW) 0 5 4 0
L-M 3(SwW) 0 4 4 0
27/04/21 16:50 20:50 M-H 3(SW) 0 5 4 0
H-M 4 (SW) 0 4 4 0
26/05/21 10:29 14:29 M-L 2 (SE) 0 2 4 0
L-M 2 (SE) 0 3 4 0
26/05/21 16:29 20:29 M-H 2 (SE) 0 3 4 0
H-M 1-2 (SE) 0 1 4 0
27/05/21 11:.07 15:07 M-L 3 (SW) 0 2-3 4 0
L-M 3 (NW) 0 1-2 4 0
27/05/21 17:17 21:17 M-H 2 (NW) 0 8 4 0
H-M 2 (NW) 0 8 4 0
15/06/21 07:30 11:30 M-H 4 (NW) 0 8 3 0
H-M 4-5 (NW) 0 8 3 0
15/06/21 13:38 17:38 M-L 4 (NW) 1-2 8 2-3 0
L-M 4 (NW) 3 8 3 0
16/06/21 08:15 12:15 M-H 2-3 (NW) 0 5-6 3-4 0
H-M 3 (NW) 0-1 5-6 3 0
16/06/21 14:27 18:27 M-L 2 (NW) 0 4-5 4 0
L-M 2-3 (NW) 0 5 4 0
07/07/21 09:08 13:08 M-L 3 (E) 0 6 3 0
L-M 2 (E) 0 5 4 0
07/07/21 15:02 19:02 M-H 2 (SE) 0 7-8 4 0
H-M 2 (SE) 0 7-8 4 0
08/07/21 09:44 13:44 M-L 3-4 (SE) 0-1 7-8 2-3 0
L-M 2-3 (SE) 0-1 7-8 4 0
08/07/21 15:44 18:44 M-H 1 (SE) 0 6-7 4 0
H-M 1 (SE) 0 6 4 0
03/08/21 12:49 16:49 M-H 2-3 (NW) 0 5-8 3-4 0
H-M 2 (NW) 0 3 4 0
03/08/21 19:09 23:09 M-L 2 (NW) 0 6 4 0
L-M 1-2 (NW) 0 7 3-4 0
04/08/21 07:53 11:53 M-L 3-4 (NW) 0 6 4 0
L-M 3-4 (NW) 0 5-6 4 0
04/08/21 13:59 17:59 M-H 4 (NW) 0-2 8 3 0
H-M 3 (NW) 0-1 8 3 0

Wind speed (Beaufort) 0-5; Wind direction: NE = North east, NW = North west, SE: South east, SW = South west, E = East;
Precipitation: 0 = none, 1 = drizzle, 2 = Light showers, 3 = heavy showers, 4 = heavy rain; Cloud cover (octas); Visibility: 0 = very poor
(<500m), 1 = Poor (<1km), 2 = Moderate (1-3km), 3 = Good (3-5km), 4 = Excellent (>5km); Tidal cycle: H-M (high to mid), M-L (mid to
low), L-M (low to mid), M-H (mid to high).

9.4 Results
9.4.1 Desk Study

The desk study identified four international sites with seabirds or migratory waterbirds as qualifying interest

features within 30km of the Proposed Development, as shown in Table 9-2. The sites are listed together with
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the mean-maximum foraging range of qualifying interest features (where available, from Woodward et al., 2019)

and the distance of the site to the Proposed Development.

Table 9-2 International Sites designated for ornithological features (including mean-maximum foraging range) within 30km
of the Proposed Development. For mean-maximum the error is presented as + Standard Deviation (SD) and
the sample sizes are shown in parentheses (i.e. the number of sites from which maximum or mean foraging
ranges were available)

Site Site Code Relevant qualifying Mean-maximum Distance to the Proposed
ornithology interest foraging range  Development (km)
features (km)

Treshnish Isles  UK9003041 European storm petrel 339* (1) 14.3

SPA Hydrobates pelagicus
Greenland barnacle goose N/A
Branta leucopsis

Coll and Tiree UK9020310 Great northern diver N/A 25.0

SPA Gavia immer
Common eider N/A
Somateria mollissima

North Colonsay = UK9003171 Chough N/A 25.1

and Western Pyrrhocorax pyrrhocorax

Cliffs SPA Black-legged kittiwake 156.1+144.5 (37)

Rissa tridactyla

Common guillemot 73.2+80.5 (16)
Uria aalge

Breeding seabird assemblage N/A

*The foraging distance presented for storm petrel and common gull is the maximum from a single colony, therefore no mean nor SD

A fourth SPA, Cnuic agus Cladach Mhuile, was located within the 30km search radius, to the east of the
Proposed Development. Cnuic agus Cladach Mhuile SPA is a large, predominantly upland site on the island of

Mull in the Inner Hebrides, designated for its breeding population of golden eagles.

The Proposed Development lies within the mean-maximum foraging range of a number of qualifying
features/interests of SPAs outwith the 30km search radius, for example gannet (mean-maximum foraging range
of 315.2km) which is a qualifying feature of Aisla Craig SPA and St Kilda SPA, located 174km and 234km from
the Proposed Development respectively. Given the very low number of individual birds recorded during the
survey effort and the nature of the Proposed Development (i.e., the works are of a small-scale and local spatial
extent), the impact on qualifying features of these SPAs is considered de minimis and therefore not considered
further in the assessment.

No other statutory designated sites (e.g., SSSIs) were located within a 5km search radius of the Proposed

Development.

9.4.2 Survey Results

A total of 16 bird species were recorded during the surveys undertaken between April and August 2021, of
which two were qualifying species for SPAs within foraging range distance: black-legged kittiwvake and great

northern diver.

Figures 9-1 to 9-15, show the distribution and activity of these birds across the survey area, and monthly peak

counts of all 16 species recorded are presented in Table 9-3 below.
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The most commonly observed species recorded were greylag goose (peak count 130 individuals in July 2021)
and shag (peak count 114 individuals in August 2021). Other species were generally observed in numbers

between 1 and 20 individuals.

Black-legged kittiwake were only recorded within the survey area on one occasion, with a count of one individual
(August) which represented significantly less than 1% (1/9,024 i.e., 0.0001) of the latest SPA population
estimate for North Colonsay and Western Cliffs SPA, which is in foraging range of black-legged kittiwvake. The
extremely limited presence and low number of kittiwake in the survey area suggests that it is not of significant

importance to this species.

Great northern diver were recorded on just two occasions and were represented by no more than two individuals
(recorded in April). These counts also represented less than 1% (3/452 i.e., 0.0066) of the Tiree and Coll SPA
population which is within 25km of the Proposed Development. The limited presence and low numbers of great

northern diver in the survey area suggests that it is not of significant importance to this species.

All other species recorded in the survey area were typically coastal birds which included gulls, other seabirds

(e.g., gannets, shags, cormorant and Manx shearwater) and waterfowl (e.g., Canada and greylag geese).

All of these species recorded are common and widespread and regularly occur in the coastal waters of west
Scotland either throughout the year, or during the breeding or non-breeding season. All species were recorded

in relatively low numbers compared to their national breeding populations.
The site and surrounding survey area are therefore only of local importance for all 16 species recorded.

Table 9-3 Monthly peak counts of intertidal and coastal birds recorded in the lona Breakwater survey area

Species SPA Month, Year Peak % SPA
population : Count population
April May June  July 2021  August
2021 2021 2021 2021

SPA Qualifying species

Great northern 452 individuals 2 1 - - - 2 <1
diver

Black-legged 4,512 pairs - - - - 1 - <1
kittiwake

Non-SPA Species

Cormorant - - - 1 3 - 3 N/A
Canada goose - - 1 - - - - N/A
Common gull - 3 2 5 4 6 6 N/A
Great black-backed - 1 - - - 7 7 N/A
gull
Greylag goose - - 9 24 130 42 130 N/A
Grey heron - - - - 1 - 1 N/A
European herring - 8 6 9 1 57 58 N/A
gull
Mallard - - - 1 - - - N/A
Manx shearwater - - - - 1 - - N/A
Eurasian - 7 9 15 20 11 20 N/A
oystercatcher
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Species SPA Month, Year Peak % SPA
population ; Count population
April May June  July 2021  August
2021 2021 2021 2021
Common ringed - 4 - - - - - N/A
plover
Northern gannet - 6 1 - - 2 6 N/A
European shag - 8 6 10 4 114 - N/A
Common shelduck - - 5 - 9 - 9 N/A

9.5 Conclusion

From the desk study and surveys completed of the Proposed Development and surrounding survey area, the
baseline information collated on birds show that all species recorded were in relatively low numbers compared

to their national breeding populations.

The Proposed Development site and surrounding survey area are, in fact, only of local importance for all 16

species recorded.

Furthermore, there are no sites within or in proximity to the Proposed Development that have been designated
to protect bird species, and there is no risk of any likely significant effect from the Proposed Development on

any SPA, Ramsar site or SSSI within connectivity distance of the site.
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Figure 9-4 Nearshore survey results — Greylag goose
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Figure 9-5 Nearshore survey results — Gannet
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Figure 9-6 Nearshore survey results — Grey heron
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Figure 9-8 Nearshore survey results — Black-legged kittiwake
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Figure 9-9 Nearshore survey results — Mallard
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Figure 9-10 Nearshore survey results — Manx shearwater
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Figure 9-11 Nearshore survey results — Great northern diver
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Figure 9-12 Nearshore survey results — Oystercatcher
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Figure 9-13 Nearshore survey results — Ringed plover
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Figure 9-14 Nearshore survey results — Shag

IBE1848 | lona EIAR — Volume Il - Technical Appendices | FO1 | March 2023 |
rpsgroup.com Page 370



https://rpsgroup.com

IONA BREAKWATER PROJECT

© 202 RPS Trewp
t Mmmmnwcmuwa

ey 8 -.a-
mmy-muwhnm:'

l Wllmcwyww
scale Only witen Smenuions shoud e
Legend

LY lona Survey bufler (S00 m)
.Y Fonnphort Survey bufller (500 m)

res

a8 Reot, 55 Befoss Reas EHL 302
\' ﬂ‘ 555 5011 Eww

crent  Argyll and Bute Counail

Propct  lona Breakwater Project

Titte Nearshore Survey Results
Shelduck

Status Drawn 8y PMChecked By
DRAFT ow =

Scale @A
1:4,480

Figure 9-15 Nearshore survey results — Shelduck
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Scientific Names of Species Included in this Report

Greenland barnacle goose Branta leucopsis
Canada goose Branta canadensis

Greylag goose Anser anser

Common shelduck Tadorna tadorna
Mallard Anas platyrhynchos

Common eider Somateria mollissima
Oystercatcher Haematopus ostralegus
Ringed plover Charadrius hiaticula
Black-legged kittiwake Rissa tridactyla
Common gull Larus canus

Great black-backed gull Larus marinus
Herring gull Larus argentatus

Guillemot Uria aalge

Great northern diver Gavia immer

Gannet Morus bassanus

Cormorant Phalacrocorax carbo

Shag Gulosus aristotelis

European storm petrel Hydrobates pelagicus
Manx shearwater Puffinus puffinus

Grey heron Ardea cinerea

Chough Pyrrhocorax pyrrhocorax
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APPENDIX 10.1
Noise Monitoring Methodology
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Instrumentation

The noise monitoring instrumentation used for the baseline noise monitoring survey conforms to the
requirements for integrating averaging sound level meters (Type 1) as specified in BS EN 60804. All noise

monitoring equipment specifications ae illustrated below in Table 10.A.1 below.

Table 10 A.1: Noise Monitoring Equipment Specification

Noise Sound Level . )
o Sound Level ] Microphone Preamp Serial
Monitoring Meter Serial Date of Issue )
) Meter Type Serial Number Number
Location Number
1 Norsonic 140 1406913 30/05/2019 208201 21061

The microphone in the noise kits was protected with a foam windshield.

The noise kit has been calibrated by a UKAS accredited laboratory within the previous 24 months. The kit was
also field calibrated at the commencement and conclusion of each survey using the calibrator, which had
themselves been calibrated by a UKAS accredited laboratory within the previous twelve months. No significant

drift in the calibration signal was noted.
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Sound Level Meter Calibration Certificates
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Figure 10.A.1: Norsonic Calibrator Calibration Certificate
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Figure 10.A.2: Norsonic Sound Level Meter Class 1 Calibration Certificate
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APPENDIX 10.2

Noise Monitoring Location
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Noise Monitoring Location (NML) 1 was located at lona House, lona. The baseline noise monitoring survey
started at 17:00hrs on Tuesday 29" June 2021 and ended on Friday 2" July 2021 at 12:45hrs.

Photograph 10.B.1: Noise Monitoring Survey at NML1
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APPENDIX 10.3

Baseline Noise Monitoring Survey Data
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Noise Monitoring Location 1

Attended Noise Monitoring at NML 1

The baseline noise monitoring survey started at 17:00hrs on 29/06/21 and ended at 12:45 on 02/07/2021. The

survey was attended during the following periods:

e  10:08hrs — 11:13hrs on 30" June 2021;

e  22:00hrs — 00:00hrs on 30t June 2021;

e  18:00hrs — 20:00hrs on 1st July 2021; and
e  23:00hrs — 00:00hrs on 1st July 2021.

Notes from the attended periods of the baseline noise monitoring survey as summarised in Tables 10.C.1 —
10.C.4 below.

Table 10.C.1: Subjective Survey Notes during Attended period 10:08hrs — 11:13hrs on 30" June 2021

Date Time Subjective Survey Notes
10.08 Survey Start, Ferry at lona slip
10.10 Ferry departs, announcement
10.11 Post van
10.12 Van
10.14 Outboard motor in Sound of lona
10.15 Van
10.22 Van
10.29 Car
10.31 Van
10.33 Car

30/06/21 10.36 Engine, boat or aircraft
10.37 Boat in Sol, car
10.41 Ferry approaching slip
10.49 Ferry departs, announcement
10.54 Car
10.55 Car
10.56 Outboard motor in Sound of lona
11.05 Van
11.08 Car
11.10 Van
11.13 Van
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Table 10.C.2: Subjective Survey Notes during Attended period 22:00hrs — 00:00hrs on 30" June 2021

Date Time Subjective Survey Notes
22.00 Survey Start
22.55 Tracked low frequency plant noise to rear of post office shed. Constant low hum.
30/06/21 23.21 Car
23.27 Car
00.00 Survey End

Table 10.C.3: Subjective Survey Notes during Attended period 18:00hrs — 20:00hrs on 15t July 2021

Date Time Subjective Survey Notes

18.00 Survey Start
18.01 Ferry departs, announcement
18.02 Car
18.04 Boat in Sol, then at slip
18.05 Joiners at work approx 40 metres uphill. Power tools, saws.
18.07 Boat leaves slip
18.13 Generator running at joiners worksite
18.17 Aircraft over Sol
18.20 Car
18.22 Car, Boat at slip
18.30 Ferry at slip, Car
18.32 Ferry departs, announcement, passengers near meter
18.35 Car

01/07/21 18.39 Chains being handled in boat park
18.43 Outboard motor in Sol. Power tools continue.
18.46 Car
18.51 Aircraft over Sol
18.52 Power tools continue
19.04 Power tools continue
19.14 Power tools continue
19.27 Car
19.37 Hammering from worksite
19.39 Van - joiners leaving
19.49 Angle grinder from the north
19.52 Car
19.54 Tractor
19.55 Opera singer near field
20.00 Survey End
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Table 10.C.4: Subjective Survey Notes during Attended period 23:00hrs — 00:00hrs on 15t July 2021

Date Time Subjective Survey Notes
23.00 Survey Starts
23.40 Pedestrians
01/07/21
23.47 Pedestrians
00.00 Survey Ends
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Unattended Noise Monitoring at NML 1

Figure 10.C.1: Complete Noise Data Graph (29/06/2021 — 02/07/2021)
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Figure 10.C.2: Complete Noise Data and Weather Data Graph (29/06/2021 — 02/07/2021)
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Figure 10.C.3: Frequency Daytime (1hour) Graph (29/06/2021 — 02/07/2021)
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Sound Pressure Level (dB)

Laeq (dB) Laso (dB)
Mean: 52.4 Mean: 38.7
Median: 52.7 Median: 39.7
Mode: 50/52 Mode: 40
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Figure 10.C.4: Frequency Night time (15minutes) Graph (29/06/2021 — 02/07/2021)
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Sound Pressure Level (dB)

Laeq (dB) Lagp (dB)
Mean: 37.6 Mean: 30.6
Median: 34.8 Median: 29.3
Mode: 27 Mode: 24

The typical background noise levels are summarised below in Table 9.C.5 including statistical analysis Lago noise levels:
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Table 10.C.5: Unattended Typical Daytime and Night time Lagoand Laeq Noise Levels NML 1 (29/06/2021 — 02/07/2021) (Mode)

Lago Analysis Laeq Analysis
Datasets

Daytime dB Night time dB Daytime dB Night time dB

NML 1 40 24 50/52 27
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APPENDIX 10.4

Construction Noise Receptors
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Table 10.D.1: Noise Sensitive Receptors Details

Noise Sensitive Receptor

D Easting (X) Northing (Y) Residential
1 128573 724560 Yes
2 128673 724525 No
3 128591 724456 No
4 128501 724431 Yes
5 128554 724373 No
6 128520 724378 No
7 128490 724337 No
8 128673 724251 No
9 128640 724245 Yes
10 128447 724268 Yes
11 128498 724253 No
12 128480 724215 No
13 128608 724179 Yes
14 128585 724128 No
15 128437 724120 Yes
16 128555 724058 No
17 128541 724036 No
18 128578 723992 Yes
19 128372 724052 Yes
20 128370 723997 Yes
21 128543 723958 No
22 128515 723941 No
23 128298 723992 No
24 128247 723961 Yes
25 128463 723775 Yes
26 128412 723769 Yes
27 128404 723732 Yes
28 128356 723694 Yes
29 128350 723678 Yes
30 128349 723660 Yes
31 128334 723641 Yes
32 128332 723609 Yes
33 128317 723591 No
34 128287 723571 Yes
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Figure 10.D.1: Location of Construction Noise Sensitive Receptors

— Site Boundary

() Sensitive Receptors

IBE1848 | lona EIAR — Volume Il - Technical Appendices | FO1 | March 2023 |
rpsgroup.com
Page 391


https://rpsgroup.com

IONA BREAKWATER PROJECT

APPENDIX 10.5

Construction Noise Monitoring Assessment
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Figure 10.E.1: Construction Noise Receptors and Locations of Proposed Construction Activity

O Sensitive Receptors
— Site Boundary

— Temporary Working Area
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Table 10.E.1: Construction Noise Receptors and BS 5228 ABC Category

BS5228 BS5228
Construction . . . . L ABC Catggory A
Receptor ID Easting Northing Residential Sensitivity Categpry A G.U|deI.|ne
(daytime)  (Night time)

dB dB
1 128573 724560 Yes High 65 45
2 128673 724525 No Medium 65 45
3 128591 724456 No Medium 65 45
4 128501 724431 Yes High 65 45
5 128554 724373 No Medium 65 45
6 128520 724378 No Medium 65 45
7 128490 724337 No Medium 65 45
8 128673 724251 No Medium 65 45
9 128640 724245 Yes High 65 45
10 128447 724268 Yes High 65 45
11 128498 724253 No Medium 65 45
12 128480 724215 No Medium 65 45
13 128608 724179 Yes High 65 45
14 128585 724128 No Medium 65 45
15 128437 724120 Yes High 65 45
16 128555 724058 No Medium 65 45
17 128541 724036 No Medium 65 45
18 128578 723992 Yes High 65 45
19 128372 724052 Yes High 65 45
20 128370 723997 Yes High 65 45
21 128543 723958 No Medium 65 45
22 128515 723941 No Medium 65 45
23 128298 723992 No Medium 65 45
24 128247 723961 Yes High 65 45
25 128463 723775 Yes High 65 45
26 128412 723769 Yes High 65 45
27 128404 723732 Yes High 65 45
28 128356 723694 Yes High 65 45
29 128350 723678 Yes High 65 45
30 128349 723660 Yes High 65 45
31 128334 723641 Yes High 65 45
32 128332 723609 Yes High 65 45
33 128317 723591 No High 65 45
34 128287 723571 Yes High 65 45
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Table 10.E.2: Distance from Construction Noise Receptors to Construction Area Boundaries

Construction Site Boundary (m) Dredging Works (m) Construction of

Receptor 1D Breakwater (m)
1 569 520 585
2 540 460 543
3 466 418 481
4 450 438 465
5 384 361 400
6 394 384 409
7 362 369 377
8 269 197 277
9 259 207 275

10 313 341 327
11 279 296 294
12 251 281 265
13 189 172 205
14 138 145 154
15 203 266 213
16 78 135 92

17 69 144 80

18 15 111 23

19 229 314 233
20 208 315 216
21 37 155 40

22 54 187 65

23 276 387 286
24 321 441 332
25 186 324 204
26 223 366 241
27 257 397 275
28 316 457 334
29 332 473 351
30 347 486 365
31 371 510 389
32 397 534 415
33 420 557 438
34 455 593 473
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Table 10.E.3: Construction of Breakwater Noise Predictions

Construction Closest Distance CiijéffA 885228 F:ategpry Construction of
Receptor ID to Construction Guideline A Guideline (Night  greakwater Total
of Breakwater (m) (Daytime) time) SPL (dB)
1 520 65 45 54.7
2 460 65 45 55.3
s 418 65 45 56.4
4 438 65 45 56.7
> 361 65 45 58.0
6 384 65 45 57.8
! 369 65 45 58.5
8 197 65 45 61.2
9 207 65 45 61.2
10 341 65 45 59.7
1 296 65 45 60.7
12 281 65 45 61.6
13 172 65 45 63.8
14 145 65 45 66.3
15 266 65 45 63.5
16 135 65 45 70.8
17 144 65 45 71.9
18 111 65 45 82.9
19 314 65 45 62.7
20 315 65 45 63.3
21 155 65 45 78.0
22 187 65 45 73.8
23 387 65 45 60.9
24 441 65 45 59.6
25 324 65 45 63.8
26 366 65 45 62.4
21 397 65 45 61.3
28 457 65 45 59.5
29 473 65 45 59.1
30 486 65 45 58.8
31 510 65 45 58.2
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Construction Closest Distance C:tig?irzfA 8852.28 F:ategpry Construction of
Receptor ID to Construction Guideline A Guideline (Night  greakwater Total
of Breakwater (M) (paytime) time) SPL (dB)
32 534 65 45 57.7
33 557 65 45 57.2
34 593 65 45 56.5

IBE1848 | lona EIAR — Volume Il - Technical Appendices | FO1 | March 2023 |
rpsgroup.com
Page 397


https://rpsgroup.com

IONA BREAKWATER PROJECT

Table 10.E.4: Dredging Construction Noise Predictions

Construction Closest Distance BS5228 Category BS5228 Category  predicted Noise

Receptor ID to Dredging A Guideline A Quidgline Level Dredging SPL

Works (m) (Daytime) (Night time) (dB)
1 520 65 45 50.7
2 460 - 45 51.7
3 418 - 45 52.6
4 438 65 45 52.2
° 361 65 45 53.9
6 384 65 45 53.3
7 369 65 45 53.7
8 197 65 45 59.1
° 207 65 45 58.7
10 341 - 45 54.4
11 296 65 45 55.6
12 281 65 45 56.0
13 172 - 45 60.3
14 145 65 45 61.8
15 266 65 45 56.5
16 135 - 45 62.4
17 144 65 45 61.8
18 111 65 45 64.1
19 314 65 45 55.1
20 315 - 45 55.0
21 155 65 45 61.2
22 187 65 45 59.6
23 387 65 45 53.3
24 441 65 45 52.1
25 304 - 45 54.8
26 366 65 45 53.7
27 397 - 45 53.0
28 457 - 45 51.8
29 473 - 45 51.5
30 486 - 45 51.3
31 510 65 45 50.9
32 534 65 45 50.5
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Construction Closest Distance BS5228 Category BS5228 Category  predicted Noise

Receptor ID to Dredging A Guideline A Guideline Level Dredging SPL
Works (m) (Daytime) (Night time) (dB)
33 557 65 45 50.1
34 593 65 45 49.6
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APPENDIX 11.1

Transitional and Coastal waters Morphological
Impact Assessment System (TraC MiMAS)
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TRAC MIMAS ASSESSMENT

MImAS Stage 1 Outputs

Waterbody Name Sound of lona

Size 12.1km2

TraC Type CW2 (Exposed, meso-tidal)

MImAS Scale of Assessment Stage 1. Preliminary scale - 0.5km?
Coastal, Moderately to exposed,

MImAS Type macro-tidal. Sedimentary.

Existing Modications

Existing slipway 0.001km?
Zone

Hydrodynamics 0% (Below 5% high status MCL)
Intertidal 0.03% (Below 5% high status MCL)

Subtidal 0.04% (Below 5% high status MCL
Current Status

New Modifications

Proposed Dredge 0.002017 km?
Proposed Breakwater 0.197 km?
Zone

5.5% (Exceeds 5% high status
Hydrodynamics MCL)

29.6% (Exceeds 5% high status
Intertidal MCL)

24.1% (Exceeds 5% high status
Subtidal MCL)

Predicted Status
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MImAS Stage 2 Outputs

Waterbody Name
Size
TraC Type

MImAS Scale of Assessment

MImAS Type

Existing Modifications

Existing slipway
Existing Fionnphort
Zone
Hydrodynamics
Intertidal

Subtidal

Current Status

Sound of lona

12.1 km?
CW2 (Exposed, meso-tidal)
Stage 2 - Water body scale

Coastal, Moderately to exposed,
macro-tidal. Sedimentary.

0.001 km?
0.001 km?

0% (Below 5% high status MCL)
0.% (Below 5% high status MCL)

0% iBeIow 5% hiih status MCLi

New Modifications
Proposed Dredge
Proposed Breakwater
Zone
Hydrodynamics
Intertidal

Subtidal

Predicted Status

0.002017 km?
0.197 km?

0.14% (Below 5% high status MCL)
0.76% (Below 5% high status MCL)

0.62% iBeIow 5% hiih status MCLi
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Stage 2 MIMAS Cumulative Assessment with proposed Fionnphort

development

Waterbody Name

Size

TraC Type

MImAS Scale of Assessment

MImAS Type

Existing Modifications
Existing slipway
Existing Fionnphort
Zone

Hydrodynamics
Intertidal

Subtidal

Current Status

Sound of lona

12.1 km?
CW2 (Exposed, meso-tidal)
Stage 2 - Water body scale

Coastal, Moderately to exposed,
macro-tidal. Sedimentary.

0.001 km?
0.001 km?

0% (Below 5% high status MCL)
0.% (Below 5% high status MCL)

New Modifications

Proposed Dredge

Proposed Breakwater

Proposed Dredge (Fionnphort)
Proposed Breakwater (Fionnphort)
Zone

Hydrodynamics

Intertidal

Subtidal

Predicted Status

0.002017 km?
0.197 km?
0.013 km?
0.175 km?

0.27% (Below 5% high status MCL)
1.44% (Below 5% high status MCL)

0% iBeIow 5% hiih status MCLi

1.18% iBeIow 5% hiih status MCLi
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APPENDIX 15.1

Photomontages
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PHOTOMONTAGES
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APPENDIX 16.1

Cultural Heritage Baseline
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EXECUTIVE SUMMARY

In keeping with relevant guidance, this baseline assessment draws together the available evidence in order
to clarify the heritage significance and archaeological potential of the lona Ferry Terminal and to identify
heritage assets in the surrounding area that may be affected by the proposed upgrading of the terminal.

The Site lies partially within the Baile Mor Conservation Area and it is considered that the Proposed
Development will affect the Conservation Area and the setting of St Mary’s Abbey, which is both a
Scheduled Monument and a Category A Listed Building, MacLeans Cross and lona Nunnery, both of which
are Scheduled Monuments, and the Replica of St John’s Cross, which is a Category A Listed Building. It is
considered that the proposed development will affect these. The assessment of impacts is presented in the
EIAR Chapter.

The bays to the north and south of the terminal are natural landings and are likely to have seen activity
through all periods, but given the conditions and the results of the review of hydrographic data it is
considered that the potential for previously unrecorded heritage assets to be present below the high water
mark is low in respect of the Medieval and earlier periods and negligible for Post-Medieval and Modern
periods. The site of the proposed temporary construction compound lies adjacent to An Eala, the site an
Early Medieval or Medieval cemetery, and the traditional line of the Street of the Dead. The results of a
previous geophysical survey indicate that features associated with An Eala, namely a revetting wall or kerb
and a possible ditch extend into the area of the temporary construction compound. No trace of features
relating to the Street of the Dead has been recorded. It is considered that there is high potential for related
archaeology to An Eala to be present within the temporary working area. The potential elsewhere is
considered to be negligible.
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HERITAGE BASELINE

1.1

1.2

1.3

1.4

INTRODUCTION AND SCOPE OF STUDY

This report has been prepared by Richard Conolly MA(Hons) MCIfA of RPS on behalf of Argyll &
Bute Council Ltd.

The subject of this baseline assessment, henceforth referred to as the Site, takes in the pier and
slipway and adjacent land and seabed at lona, Mull (Figure 1, site centre NGR NM 287 240). It is
proposed to construct a rock armour breakwater and berthing piles. In addition, an area of
approximately 3400m? will be dredged to a depth of 3m below chart datum (CD) to accommodate
the navigation channel requirements. The dredged material will be disposed of at the nearest
licenced site.

This assessment has been prepared in accordance with relevant policy and guidance and
considers the potential effects of the proposed development upon heritage assets, both during the
construction and operation. It draws upon the following data sources:

e  Historic Environment Scotland designations downloads;

e National Record of the Historic Environment (NRHE);

e  West of Scotland Archaeology Service (WoSAS) Historic Environment Records (HER);
e Maps and charts held by the National Library of Scotland;

e UK Hydrographic Office data (INSPIRE);

e  Geotechnical data;

e  Satellite imagery; and

e Readily available published sources.

The desk-based work was augmented and verified through a site visit and the archaeological
assessment of hydrographic data (MSDS 2021). The study provides an assessment of the
archaeological potential of the Site and the significance of heritage assets within and around the
Site, and considers the potential impacts of the study upon these. The consideration of potential
impacts upon designated heritage assets (Figure 2) in the surrounding area has been undertaken
in accordance with the guidance provided in Managing Change in the Historic Environment:
Setting (HES 2020), which advocates the use of a three-stage process:

e Stage 1: Identify the historic assets that may be affected by the proposed development.

e Stage 2: define and analyse the setting by establishing how the surroundings contribute to the
ways in which the historic asset or place is understood, appreciated and experienced.

e Stage 3: evaluate the potential impact of the proposed changes on the setting, and the extent
to which any negative impacts can be mitigated

Only Stage 1 and 2 are contained in this baseline. Where it is identified that assets will be
adversely affected, Stage 3 is presented in the EIAR Cultural Heritage chapter.
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HERITAGE BASELINE

2 PLANNING BACKGROUND AND DEVELOPMENT
PLAN FRAMEWORK

Legislation

2.1 The Ancient Monuments and Archaeological Areas Act 1979 and the Planning (Listed Buildings
and Conservation Areas) (Scotland) Act 1997 provide the legislative basis for the protection of the
historic environment. Of particular relevance in the current context, are the statutory duties placed
on the decision maker by the latter:

59. General duty as respects listed buildings in exercise of planning functions.

(1) In considering whether to grant planning permission for development which affects a listed
building or its setting, a planning authority or the Secretary of State, as the case may be, shall
have special regard to the desirability of preserving the building or its setting or any features of
special architectural or historic interest w