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Wind farm locations around the UK and neighbouring areas.
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Spatial & Temporal considerations
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Phases of |mpacTs of ecologlcal relevance

T - - 72, Operation: ,
3. DZC A

SAMEC Border g _ ,- I R ﬂ _




Construction
-energy conversion
device
- substation
- cables

Operation

Decommission

OPED = Offsnorz pznzyanlz zizegy dzyzloomziis




Construction
-energy conversion
device
- substation
- cables

Operation

Decommission

OPED = Offsnorz pzrnzyaolz 2nzegy dzyzloomZiis

Sediment — removal

- disturbance
Cable - laying

- routing
Structure - type

- scale

- pile driving
Areal extent
Timing of activi

Cable  -rating
- array configuration
Electricity - amount
- frequency
- variability
Moving parts
Structure — type
- scale

Sediment disturbance
Structure removal
Cable removal

Areal extent

Timing of activity




Effects & impacts of ecological relevance
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Effects & impacts of ecological relevance
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Investigating potential interactions between
[narme organisms and of fshore wind energy
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COWRTIE studies
- taking the lab out into the field

* St oUf frz reszarcn quzstion to dnswze (e.g.)
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Q. Do electromagnetic sensitive fish respond to EMF emitted by offshore

wind farm cables?
Q. Does pile driving affect the behaviour of marine fish
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- COWRIE Mesocosm Studies
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Electromagnetic field (EMF)
emissions from wind farm cables

X-section cable (internal) - X-section cable (external)
magnetic field - magnetic field



Magnetic fields

* Focus - migration behaviour
- behaviour in relation
to the cable trace
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Elasmobranchs (sharks, skates and rays) —
Electro- & Magneto-reception

Elasmobranchs (sharks, skates and rays) — key predators in
coastal ecosystems and increasing conservation concern




Density distribution of Thornback Ray, functional

benthic habitat & offshor
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Figure 13. Density distributions of the Thornback Ray obtained with the modelling
for each of the age category. (Sources: EDINA and CEFAS)
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EMF emissions from AC windfarm
cables

20m

., 1m

Cable x-section (internal) Cable x-section (external)
Magnetic field Induced electric field

* Approximates to E field of 0.9uV/cm (50 Hz)
at surface of seabed



Measured electric and magnetic field of
operational wind farm cable
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Potential effects?
- working hypothesis

Along/over the cable trace Within the cable array

"'"'"'.ZI".ZZ'.W'.ZZ'.ZI'.'.ZZ'.ZZ'.Z!Z'.ZZ'.ZZ'.ZIZ'.ZZ'.ZZ'.Z!Z'.ZZ'.ZZ'.'E ® ® ® ®

D D D D

D D D D

&
%
L&

21
®i‘
¢

0%



Note: not to scale

4

Zone of

EMF generator

detectable EMF

8 rays, 8 sharks, 2-3 weeks (x
4), 1-2 hour tests (day & night)
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Movement tracking

(Figure © by Vemco)



Fine scale movement of ray
during 3 hour event
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EMF at wind farms- EMF Conclusions

‘electric and magnetic |

flelds are emitted by OWF
cables




Underwater sound

e Four times faster than air
* Less attenuation

* Very long ranges (SOFAR
channel => 1,000 km)




Sound and marine life




Functions of sound for marine life
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Important units

Particles of medium

s
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» Sound consist of pressure fluctuations (compressions and rarefactions
of molecules)
» Pressure fluctuations propagate through medium
» Sound consists of
- pressure component
- particle motion component

Acoustic pressure: SPL (dB) = 20 log,, (P/P)

P,underwater = 1pPa; P, air = 20 pPa
Pitch: Hz = cycles / s (pitch)



SPL (dB re 1 puPa)

Hearing In cetaceans
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SPL (dB re 1 pPa)

Hearing in fish
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Background

Construction noise

 Impact pile driving with very high
sound pressure levels

« 228 dB re 1uPa peak — 257 dB re
1uPa peak to peak (1m)

« Several hundred strikes per pile

* Main energy at lower frequencies

< 1kHz
U{l

(ITAP 2005; Thomsen et al. 2006; Nedwell et al. 2007; review in OSPAR 2009)



Detection
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Properties
-duration
-transient /
continuous

Response

Age Condition

Channel

YN season
Behavioural state




Response: harbour porpoises

Porpoise encounters

» Reduced sightings during impact pile driving
» Decreased clicking rate

» 15-20 km from source

» Short-term effect at Horns Reef

» Long term effect at Nysted

(Tougaard et al. 2003, 2005,
2007 Carstensen 2006)






Possible consequences of disturbance
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i Displacement from spawning and / or

fishing grounds

* Reduced reproduction and survival

 Reduced catches
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(Herring; map from Coull et al. 1998 currently updated by Cefas; see Engas et
al. 1996)
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Effects of pile driving sound on the behaviour
of marine fish

Frank Thomsen?, Christina Mueller-Blenkle!, Andrew Gill?, Julian Metcalfe?,
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Objectives

Experimental study on the effects of pile-driving sound on cod
and sole
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COWRIE Mesocosm Studies
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Playback and recording

(Pictures ©Christina Mueller, Mathias Andersson)
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Movement tracking

(Figure © by Vemco)






Playback Group 1, trial 2....cont’d

 Trial with 4 fish each (2 M1 2 M2), 62 trials, 50 Individuals
» Recordings of position, speed and direction of movement of fish
* Over 4,000 positional data points






Wilcoxon test
Sole mean speed reox _
near mesocosm p = 0.03

2-5 exposure (n=14,8) far mesocosm not significant
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Conclusions

Conclusions

Objective

Conclusions

Effects of pile-driving sound sources
on the behaviour of marine fish

First field relevant experimental data that pile-
driving sound affects the behaviour of cod and

sole

Threshold for behavioural response

No single threshold but range over which
behavioural response occurs

Characteristics, scale and duration of
responses

Variety of responses (swimming speed,
freezing, directional movement), differences
between individuals and species; some
indications for habituation (for discussion)




Coastal environment WILL be affected by
Offshore Windfarms

- including effects on the behaviour of marine life
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Environmental management of offshore wind
farms needs to be updated based on science
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