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Station No.

Target Notes and EUNIS Biotope
code

Supporting photograph

6 — High shore

Muddy sand with abundant surface
pebbles and cobbles

75% algal cover with Pelvetia
canaliculata and Fucus spiralis.

Periwinkles (Littorina spp.)

A1.31 - Fucoids on sheltered
marine shores

6 — Mid shore

Muddy sand with pebbles, scattered
cobbles and boulders

99% algal cover with Ascophyllum
nodosum and Fucus serratus.
Polysiphonia spp. found on
Ascophyllum nodosum

A1.31 - Fucoids on sheltered
marine shores

AECOM
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Target Notes and EUNIS Biotope

Station No.
code

Supporting photograph

6 — Low shore Muddy sand with scattered cobbles,
pebbles and boulders.

99% algal cover with Fucus
vesiculosus and Fucus serratus

Flat periwinkle, limpet, barnacles,
breadcrumb sponge, periwinkles
(Littorina spp.). Sand mason worm
present in muddy sand.

A1.31 - Fucoids on sheltered
marine shores

7 — High shore Cobbles, pebbles and gravel

10% algal cover with Pelvetia
canaliculata and Fucus spiralis.

Occasional barnacles

A1.21 — Barnacles and fucoids on
moderately exposed shores

AECOM
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Target Notes and EUNIS Biotope

Station No.
code

Supporting photograph

7 — Mid shore Muddy sand with pebbles, scattered
cobbles and boulders

99% algal cover with Ascophyllum
nodosum and Fucus vesciculosus.
Polysiphonia spp. found on
Ascophyllum nodosum.

Mussels and periwinkles (Littorina
spp.). Scattered barnacles.

A1.31 - Fucoids on sheltered
marine shores

7 — Low shore Mud with pebbles, scattered cobbles
and bolders

95% algal cover with Fucus
vesiculosus, Fucus serratus and
occasional Ascophyllum nodosum

Barnacles, mussels and breadcrumb
sponge on rocks, sand mason worm
present in mud

A1.31 - Fucoids on sheltered
marine shores

AECOM
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Station No.

Target Notes and EUNIS Biotope
code

Supporting photograph

8 — High shore

Gravel andpebbles with sand under,
and scattered cobbles/boulders

60% algal cover with Pelvetia
canaliculata and Fucus spiralis. Fucus
ceranoides locally present in very
small stream.

Occasional barnacles and whelks.

A1.31 - Fucoids on sheltered
marine shores

8 — Mid shore

Sand and gravel with pebbles, and
scattered cobbles and boulders

90% algal cover with Ascophyllum
nodosum and Fucus vesiculosus.
Polysiphonia spp. found on
Ascophyllum nodosum. Ulva spp.
scattered in percolating water from
stream.

A1.31 - Fucoids on sheltered
marine shores

AECOM
24



Appendix

Station No.

Target Notes and EUNIS Biotope
code

Supporting photograph

8 — Low shore

Muddy sand, rippled

<1% algal cover with Fucus serratus

Barnacles and mussels on very
occasional rocks, sand mason worm
common in sand

A2.24 — Polychaete/bivalve-
dominated muddy sand shores

9 — High shore

Cobbles with scattered boulders

5% algal cover with Pelvetia
canaliculata and Fucus spiralis.

Saltmarsh present at upper edge of
intertidal in thin strip

A1.21 — Barnacles and fucoids on
moderately exposed shores

AECOM
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Station No.

Target Notes and EUNIS Biotope
code

Supporting photograph

9 — Mid shore

Cobbles with occasional boulders

50% algal cover with Ascophyllum
nodosum and Fucus vesiculosus.

Periwinkles, barnacles

A1.31 - Fucoids on sheltered
marine shores

9 — Low shore

Muddy sand, rare cobbles

<1% algal cover with Fucus serratus

and encrusting calcareous red algae.

Barnacles and mussels on rare
cobbles, occasional razor shell.

A2.24 — Polychaete/bivalve-
dominated muddy sand shores

AECOM
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Station No.

Target Notes and EUNIS Biotope
code

Supporting photograph

10 — High shore

Cobbles and pebbles with scattered
boulders

25% algal cover with Pelvetia
canaliculata and Fucus spiralis. Ulva
spp. in nearby small stream.

A1.21 — Barnacles and fucoids on
moderately exposed shores

10 — Mid shore

Muddy sand with intermixed gravel
and occasional cobbles/boulders

1% algal cover with Ascophyllum
nodosum and Fucus vesiculosus.

Sand mason worm, mussels

A2.24 — Polychaete/bivalve-
dominated muddy sand shores

AECOM
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Station No.

Target Notes and EUNIS Biotope
code

Supporting photograph

10 — Low shore

Muddy sand with intermixed
gravel/pebbles and occasional
cobbles

<1% algal cover with Fucus serratus
and Fucus vesiculosus

Sand mason worms, periwinkles,
barnacles and mussels on cobbles

A2.24 — Polychaete/bivalve-
dominated muddy sand shores

11- High shore

Sand with pebbles and scattered
cobbles

25% algal cover with Pelvetia
canaliculata and Fucus spiralis

A2.4 — Littoral mixed sediments

AECOM
28



Appendix

Target Notes and EUNIS Biotope

Station No.
code

Supporting photograph

11- Mid shore Pebbles with sand underneath

50% algal cover, mainly Ascophyllum
nodosum, with Fucus vesiculosus

A1.31 - Fucoids on sheltered
marine shores

11- Low shore Pebbles and gravel with sand
underneath

80% algal cover with Fucus
vesiculosus.

Mussels and barnacles on larger rocks

A1.31 - Fucoids on sheltered
marine shores

AECOM
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Target Notes and EUNIS Biotope

Station No. code

Supporting photograph

12- High shore Combination of sand, gravel and
pebbles

2% algal cover with Pelvetia
canaliculata. Small saltmarsh patches
present, increasing towards upper
intertidal edge.

A2.4 - Littoral mixed sediments

12- Mid shore Pebbles with sand underneath

30% algal cover consisting of
Ascophyllum nodosum and Fucus
vesiculosus

Barnacles present on larger stones

A2.4 - Littoral mixed sediments
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Target Notes and EUNIS Biotope

Station No.
code

Supporting photograph

12- Low shore Pebbles and gravel with sand
underneath. Scattered boulders

50% algal cover consisting of
Ascophyllum nodosum and Fucus
vesiculosus, occasional Chondrus
crispus.

Mussels and barnacles on larger rocks

A1.31 - Fucoids on sheltered
marine shores

13- High shore Cobbles and pebbles

2% algal cover consisting of Pelvetia
canaliculata and Fucus spiralis.

The adjacent river outflow contains
abundant Fucus ceranoides

A1.21 — Barnacles and fucoids on
moderately exposed shores
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Station No.

Target Notes and EUNIS Biotope
code

Supporting photograph

13- Mid shore

Pebbles and gravel over sand

25% algal cover consisting primarily of
Ascophyllum nodosum as well as
Fucus spiralis and Fucus vesiculosus.

Fucus ceranoides abundant in
adjacent river.

A1.31 - Fucoids on sheltered
marine shores

13- Low shore

Sand with pebbles

30% algal cover, mainly Fucus
vesiculosus, some Fucus ceranoides
near the river

Barnacles on larger scattered
boulders.

A2.4 - Littoral mixed sediments

AECOM
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Station No.

Target Notes and EUNIS Biotope
code

Supporting photograph

14- High shore

Sand with pebbles and scattered
cobbles

5% algal cover consisting of Pelvetia
canaliculata, Fucus spiralis,
Ascophyllum nodosum with
Polysiphonia spp. attached.

Barnacles on cobbles.

Patchy saltmarsh nearby becoming
denser at upper intertidal limit.

A2.4 - Littoral mixed sediments

14- Mid shore

Sand with pebbles

20% algal cover mainly Ascophyllum
nodosum and Fucus vesiculosus

Barnacles on larger stones

A1.31 - Fucoids on sheltered
marine shores

AECOM
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Station No.

Target Notes and EUNIS Biotope
code

Supporting photograph

14- Low shore

Sand with pebbles, gravel and
occasional cobbles/boulders

<1% algal cover consisting of Fucus
vesiculosus

Barnacles and occasional live mussels
on occasional larger rocks

A2.24 — Polychaete/bivalve-
dominated muddy sand shores

15- High shore

Sand with cobbles and pebbles

30% algal cover consisting of Pelvetia
canaliculata and Fucus spiralis

Washed up mussel shells

A1.31 - Fucoids on sheltered
marine shores

AECOM
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Target Notes and EUNIS Biotope

Station No. code

Supporting photograph

15- Mid shore Sand with small pebbles and
occasional cobbles

30% algal cover consisting of
Ascophyllum nodosum and Fucus
vesiculosus

Barnacles present on cobbles and
some washed up mussel shells
present

A1.31 - Fucoids on sheltered
marine shores

15- Low shore Muddy sand with pebbles and cobbles

5-10% algal cover consisting of Fucus
vesiculosus. Encrusting red algae is
present on pebbles and shells.

Live mussels present on occasional
larger rocks.

A2.24 — Polychaete/bivalve-
dominated muddy sand shores

AECOM
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Supporting photograph
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Appendix C — Sample station location data and assigned

biotope
Station No. pts)is]ﬁirsn Coordinate biotEol;J)':Ifode

1 H NG 38434 63462 A1.31
1 M NG 38436 63454 A1.31
1 L NG 38441 63437 A1.21
2 H NG 38485 63502 A1.21
2 M NG 38493 63476 A1.31
2 L NG 38505 63460 A1.31
3 H NG 38544 63541 A1.31
3 M NG 38569 63486 A1.31
3 L NG 38577 63476 A1.31
4 H NG 38588 63653 A1.31
4 M NG 38616 63641 A1.31
4 L NG 38680 63625 A1.31
5 H NG 38632 63765 A1.31 & A2.5
5 M NG 38658 63748 A1.31
5 L NG 38685 63725 A1.31
6 H NG 38710 63833 A1.31
6 M NG 38717 63826 A1.31
6 L NG 38739 63817 A1.31
7 H NG 38792 63904 A1.21
7 M NG 38800 63893 A1.31
7 L NG 38821 63877 A1.31
8 H NG 38854 63837 A1.31
8 M NG 38854 63928 A1.31
8 L NG 38877 63890 A2.24
9 H NG 38991 63997 A1.21
9 M NG 38996 63981 A1.31
9 L NG 38998 63933 A2.24
10 H NG 39108 64011 A1.21
10 M NG 39105 63984 A2.24
10 L NG 39086 63922 A2.24
11 H NG 39240 63947 A2.4
11 M NG 39212 63923 A1.31
11 L NG 39150 63878 A1.31
12 H NG 39351 63916 A2.4
12 M NG 39306 63881 A2.4
12 L NG 39256 63838 A1.31
13 H NG 39465 63845 A1.21
13 M NG 39416 63852 A1.31
13 L NG 39283 63791 A2.4
14 H NG 39514 63754 A2.4

AECOM
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Station No. pits‘:;;zn Coordinate bioiléglc?ode
14 M NG 39467 63750 A1.31
14 L NG 39354 63692 A2.24
15 H NG 39540 63693 A1.31
15 M NG 39496 63682 A1.31
15 L NG 39417 63635 A2.24
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38



aecom.com



Uig Harbour Redevelopment EIA Report — Volume 3: Technical Appendices 60536743
Environmental Impact Assessment (EIA) Report
Figures andTechnical Appendices

13. Fish and Shellfish Ecology

13.1 Underwater Sound Propagation Modelling and Results

The Highland Council AECOM
UHRD-ACM-ZZ-GE-RP-EN-00003



Imagine it.
Delivered.

A=COM

Underwater Sound Calculations for Uig Harbour (21/11/2018)

Introduction

This Technical Note presents the results of calculations of sound levels and the preliminary determination of
noise impact zones for proposed marine piling activities at Uig. For the purposes of this assessment, sound propagation
has been calculated using a simplified spreading model which accounts for source sound levels and propagation of sound

over distance.

Glossary

Ambient sound

dB
dBpeak

d Bpeak—peak

d BI'I'Y\S
Hz

Lo

M-weighting

PTS

SEL

SELcum

SL

TTS

Background environmental sound

Decibel, unit used in the logarithmic measure of sound strength

Peak sound pressure over the measurement period, expressed in dBre 1 yPa

Minimum to maximum peak sound pressure over the measurement period, expressed in dB re 1 uPa
Root mean square sound pressure over the measurement period, expressed in dB re 1 yPa.

Hertz. The number of cycles per second and refers to the frequency of the particular sound

Sound Pressure Level. The sound pressure averaged over the measurement period, expressed in dB
re 1 uPa; applicable to peak, peak-peak and rms sound pressure levels.

Frequency weightings designed to best reflect the hearing sensitivity of marine mammals, similar to the
use of the A-weighting for measuring sound impacts on humans.

Permanent Threshold Shift. Irreversible and permanent reduction in auditory sensitivity.

Sound Exposure Level. Sound energy over the measurement period expressed in dB re 1 pPazs. SEL
is commonly used for impulsive underwater sound sources because it allows a comparison of the
energy contained in impulsive signals of different duration and peak levels. The measurement period
for impulsive signals is usually defined as the time period containing 90% of the sound energy.

Cumulative Sound Exposure Level. Summation of the sound energy of multiple impulsive or transient
signals over a defined assessment period expressed in dB re 1 pPazs i.e. SELcum = SEL + 10 log
(number of events).

Source Level. The intensity of underwater sound sources is compared by their source level, expressed
in dB re 1 yPa for peak, peak-peak and rms sound pressure levels, and dB re 1 pPazs for SEL. The
source level is defined as the sound pressure (or energy) level that would be measured at 1 metre
from an ideal point source radiating the same amount of sound as the actual source being measured.

Temporary Threshold Shift. Short-term reversible reduction in auditory sensitivity. TTS will be gradually
reversed upon removing exposure to the high sound levels that cause the change in hearing
sensitivity.
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Adopted Sound Metrics and Source Levels

It is understood that the piling will utilise a 100T crane using a 10T Drop Hammer or Vibro Hammer to drive the piles to
the required depth. Source levels for the various proposed marine pile types are based on measured data and are
summarised below.

For the SEL.m calculations, this has assumed impact piling every 15 seconds over a 15 minute accumulation period for
a single pile, and vibratory piling occurring continuously over a 15-minute accumulative period for a single pile. The
predictions are based on a stationary receiver and a stationary source assumption, and do not take into account any
movement of the source or receiver, the frequency spectrum of the sound source or the hearing sensitivity weightings of
the receptor species. As such it is considered that the SEL..m predictions are representative of a worst-case scenario.

Combined scenarios have also been considered, whereby both impact and vibratory piling take place at the same time.
In order to assess the range of effects, the highest and lowest source levels have been considered i.e.

o Combined scenario #1: Sheet piles = PU32 Arcelor mittal, impact and vibratory piling (highest level)
o Combined scenario #2: H piles = 204 mm x 207 mm, impact and vibratory piling (lowest)

Given the difference in source levels between impact and vibratory piling for sheet piles, the dominant sound source will
be impact piling, and the combined source level would be equal to that of impact piling alone. As such any predicted
noise impact zones for sheet piling would be the same as combined scenario #1.

Given the difference in source levels between impact and vibratory piling for H piles, the dominant sound source will be

impact piling, and the combined Peak, RMS and SEL source level would be equal to that of impact piling alone. As such
any predicted noise impact zones for H pile piling for Peak, RMS and SEL would be the same as combined scenario #2.
However, the combined source level for the SELcum metric would be 182 dB.

Table 1. Pile Type Source Level

Pile Type and Impact Hammer Vibratory Driver/Extractor
Dimensions Near-Source Level at 10 metres, dB Near-Source Level at 10 metres, dB
Peak RMS SEL SELcum Peak RMS SEL SELcum
(15minutes) (15minutes)
Sheet piles = PU32 205 190 180 198 175 160 160 190
Arcelor mittal
H piles = 204 mm x 207 190 175 160 178 165 150 150 180
mm
H piles = 465 mm x 460 195 183 170 188 165 150 150 180
mm
Tubular steel piles = 559 |200 184 174 192 171 155 155 185
mm diameter with 25 mm
steel casing
Fender piles (tubular steel | 203 190 177 195 180 170 170 200

piles) = 762 mm diameter
with 25 mm steel casing

Straight web sheet piles | 205 190 180 198 175 160 160 190
AS500-12.7

The California Department of Transportation. (2007).Compendium of Pile Driving Sound Data.
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Sound Level Threshold Criteria
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The following table presents thresholds for key receptors (cetaceans, seals and fish) in the vicinity of the project area, for
which the distance to onset for the thresholds has been assessed.

Table 2. Assessment Thresholds — Marine Mammals

Sensitivity

PTS (multiple pulse)

TTS/behaviour (single pulse)

Threshold source

Impulsive sound (impact piling)

All cetaceans 230 dBpeak 224 dBpeax Southall et al., 2007
198 dB SEL 183 dB SEL
Pinnipeds in water 218 dBpeak 212 dBpeak
186 dB SEL 171 dB SEL
Low Frequency Cetaceans 219 dBpeak 213 dBpeak NOAA, 2016 incorporating
183 dB SELcum 168 dB SELcum weighting functions
Mid Frequency Cetaceans 230 dBpeak 224 dBpeax

185 dB SELcum

170 dB SELcum

High Frequency Cetaceans

202 dBpeak
155 dB SELcym

196 dBpeak
140 dB SELcyn

Phocid Porpoise

218 dBpeak
185 dB SELcym

212 dBpea
170 dB SELcym

Continuous sound

( vibratory piling)*

All cetaceans 230 dBpeak n/a
215dB SEL

Pinnipeds in water 218 dBpea n/a
203 dB SEL

Southall et al., 2007

Low Frequency Cetaceans

199 dB SELcum

179 dB SELcum

Mid Frequency Cetaceans

198 dB SELcum

178 dB SELcum

High Frequency Cetaceans

173 dB SELcum

153 dB SELcum

Phocid Porpoise

201 dB SELcum

181 dB SELcum

NMFS, 2018

Table 3. Assessment Thresholds — Fish (thresholds from Popper et al., 2014)

Sensitivity

Mortality/mortal injury

Recoverable injury

TTS

Low level disturbance

Impulsive sound (impact piling)

Low sensitivity fish 213 dBpeak 213 dBpeak 186 dB SELcum 150 dBims
219 dB SELcum 216 dB SELcum

Medium sensitivity fish 207 dBpeak 207 dBpeak 186 dB SELcum 150 dBims
210 dB SELcum 203 dB SELcum

High sensitivity fish 207 dBpeak 207 dBpeak 186 dB SELcum 150 dBrms

207 dB SELcum

203 dB SELcum

Eggs & larvae 207 dBpeak - - -
210 dB SELum
Continuous sound ( vibratory piling)*
Low & Medium sensitivity (N/I/F) Low (N/I/F) Low (N) Moderate; (N/1) Moderate

fish (I/F) Low (F) Low

High Sensitivity fish (N/I/F) Low 170 dByms for 150 dByms for (N) High

48 hours 12 hours (I) Moderate
(F) Low
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Calculation Methodology

The standard formula” used for estimating the transmission loss from underwater sound sources is:
TL=Alog(r)+Br+C

Where:
TL is the transmission loss at a distance r from the source.

A is the wave mode coefficient. For spherical waves (e.g. low frequency sound) A = 20, and cylindrical
waves (e.g. high frequency sound) A = 10.

B is an attenuation factor that is dependent on water depth and sea bottom conditions.
C is a fixed attenuation due to acoustic screening. In open water this will be 0.

For the purposes of this assessment and to provide a reasonable estimate of sound propagation, an empirical wave
mode coefficient A= 20 has been used. Transmission losses due to absorption, scattering and diffraction have been
excluded from these predictions. Additionally, the effect of the ambient underwater sound environment has not been
considered in this assessment.

For receptor locations without a direct line of sight to the sound source (such as due to physical obstructions) the
received level would be substantially lower in comparison to a receptor location with direct line of sight. The actual level
of attenuation is dependent on a number of factors (e.g. separation distance between receptor and source, frequency
content of the sound source, and angle of view from the diffracting edge of the obstruction). For the purposes of this
project however, in order to account for physical screening of the sound propagation path by land massing between
piling locations into open water, an estimated attenuation factor of 30 dB has been applied.

Although the use of spherical and cylindrical formulae for predicting the sound propagation loss is widely used as a
simple way of evaluation, this methodology does not entirely take into account the influence of both environmental
characteristics (bathymetry, seafloor geo-acoustic properties, water salinity and temperature profiles etc.) and of signal
frequency on the propagation of sound and hence the propagation loss may be under- or over-estimated. However for
the purposes of undertaking a preliminary assessment of the effects of piling sound sources and the identification of
noise impact zones, it is considered that the above calculation methodology is robust and provides a conservative yet
reasonably realistic estimate of sound propagation.

Lurton, Xavier. (2002). An introduction to underwater acoustics: principles and applications. Springer Science & Business Media.
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Results and Conclusions

The following tables present preliminary recommendations for noise impact zones for each of the receptors and associ
ated threshold criteria (as shown in Tables 2 and 3). The noise impact zones have been provided for receptor locations
and propagation paths within the following scenarios:

o Scenario 1 — within Uig Harbour and/or in open water with direct line of sight to piling works (line of sight, “LoS")
o Scenario 2 — in open water with no direct line of sight to piling works (no line of sight, “No LoS”)

It is considered that due to the impulsive nature of the sound emissions and the limitations of a simplified spreading
model, the use of the Peak and RMS sound pressure level metrics provide the most realistic representation of potential
effects on the various receptors considered in this assessment. Note that the use of the SEL,m metric for a stationary
source and stationary receptor may be overestimated, since the hearing sensitivities of a receiver have not been
accounted for, together with the possibility of the receiver attempting to move away from a disturbing sound source.

As discussed above, sound propagation has been calculated using a simplified spreading model which accounts for
source sound levels and propagation of sound over distance, and an estimated attenuation factor for physical screening
by land massing. This methodology does not entirely take into account the influence of both environmental
characteristics (bathymetry, seafloor geo-acoustic properties, water salinity and temperature profiles etc.) and of signal
frequency on the propagation of sound. In addition, the far-field received sound signature would be also affected by the
directivity of the selected sound source and the propagation path (including any reflections and physical screening
interactions), which can be complex.
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Sound Propagation Charts — Scenario 1 — within Uig Harbour and/or in open
water with direct line of sight to piling works
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Summary

A desktop study was carried out to identify potential breeding and wintering bird
species that may utilise the site.

A breeding birds survey was carried out of the area of Uig Ferry Terminal, Skye, in

May 2017. Very few breeding birds were found in the vicinity of the ferry terminal,
and no breeding Schedule 1 birds were found.

1 Introduction

1.1 Site Description

The area of the survey was the ferry terminal at Uig, Isle of Skye and all suitable
breeding bird habitat within 250m of the terminal.

1.2  Aims of Survey

A desktop study was carried out to identify potential breeding and wintering bird
species that may utilise the site.

A field survey was also carried out, which aimed to locate all breeding birds within

the survey area and asses the requirement for further breeding bird survey visits to
the area.

2 Methodology

Desktop Survey

The following were consulted for data on breeding and wintering birds in the vicinity
of Uig ferry terminal:

BTO Wetland Bird Survey

BTO Breeding bird atlas

JNCC'’s Seabirds at Sea and European Seabirds at Sea database

Data collated for the Shiant Isles Seabird Recovery Project

Surveys carried out for the Inner Hebrides and the Minches candidate Special Area
of Conservation

Field Survey
A standard walkover survey of the site, including the existing pier structure and a

250m buffer zone, was carried out by Alison Tyler on 24 and 25 May 2017. The
survey was undertaken in good weather conditions. The area was surveyed
between 0900 and 1800, and suitable long vegetation for corncrakes was surveyed
again between 0015 and 0045.

The survey was undertaken by Alison Tyler, an experienced ornithologist.





