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NEWS SERVICES PROJET

> Services

SERVICES

Development Consulting

Analysis & Strategy

Building & Design

Energy

Environment

Industry

Informatics

Infrastructure

Mapping

Planning

Real Estate Services

Utilities

Climate Change

Wind
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WIND

Services

Project Development

Environmental Expertise

Engineering Expertise

Project Management

Decommissioning

Investor Advice and Support

Subsea Cables
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Selected project Hornsea 1 & Hornsea 2 (3000MW)

Client: SMartWind / Dong Energy -
Country /site:  United Kingdom
Period: 2012 - ongoing

« NIRAS' involvernent in the project included both the offshore wind farms and the cable inter-
connector corrider

» NIRAS provided advice in relation to the Ormnithological sections in the Environmental Impact
Statement and HRA

= NIRAS provided full time in-house support as technical lead on marine mammals, ornithology
and HRA during examination process of Hornsea 1 and the pre-application phase of Hornsea 2

= NIRAS was respensible for the preparation of the Screening and HRA report and maintenance of
HRA Evidence Plan.

Selected project
Gode Wind Offshore Wind Farm (582 MW)

Client: DONG
Country /site: ~ Germany
Period: 2012 - 2014

= NIRAS was geotechnical lead and responsible for all geotechnical issues in the project

+ NIRAS prepared the technical scope of work for additional geotechnical investigations according
the BSH requirements

« NIRAS provided on-shore support and follow-up during the investigations

= NIRAS prepared the design input for the monopile foundations (wind turbines) and jacket file
foundations (substation)

+ NIRAS documented and reported the design input according to BSH and certification require-
ments

= NIRAS provide geotechnical assistance for the cable design and installation

Selected project Fécamp, Coursuelles-sur-Mer and Saint-Nazaire offshore wind farms (450MW)
Client Eolien Maritime France
Country /site:  France
Period: 2014 - ongaing

= NIRAS provides a harbour and logistics manager

= NIRAS work includes: Construction logistics, preparation of hub harbour fact books, assessment
of harbour facilites for construction base

= NIRAS function as general advisor to the various installation teams reviewing tender documents
for the EPC contracts

« NIRAS is general advisor to the foundation team reviewing primary and secodary steel drawings.

B15 NIRASHLA R 4 % T 204 8% o
FORL kR 1 NIRAS #% &



Selected project Horns Rev 2 Offshore Wind Farm (200MW)

Client: DONG Energy =
Country /site:  Denmark
Period: 2007 - 2010

= NIRAS provided contract management for multiple contracts including cable supply and
installation, accommodation platform, turbines and consultant and service providers

+ NIRAS assisted in the management of foundation works, including snagging works, preparation
of 0&8M manual, certification, contract and claim management.

Selected project
In-house consultancy on geophysical and g hnical pre-investigati for
Kriegers Flak (600MW) and Horns Rev 3 (400MW) offshore wind farms

Client: Energinet.dk .
Country /site:  Denmark
Period: 2012 - ongoing

« NIRAS provided in-house consultancy during the pre-investigation phase of Kriegers Flak
(600MW) and Horns Rev 3 (40MW) offshore wind farm sites

« Pre-investigations included single and multi-channel seismic, multibeam echo-sounding, side
scan sonar, magnetometer measurements, CPT testing, drilled boreholes as well as simple and
advanced laboratory analyses

= Services provided by NIRAS included assistance to project management and QA of geophysical
and geotechnical survey reports, delivered data and GIS

« NIRAS assisted in the tendering, planning and management of UXO clearance survey and in
analysing the results

+ NIRAS undertook project management of the integrated geological modelling of geaphysical
and geotechnical data.

F]

Selected project ODIN WIND
Client: The Danish Energy Agency (EUDP) and NIRAS Innovation Fund
Country / site:  Denmark
Period: 2013-2017

« NIRAS, Maersk Broker, Vattenfall, TWl and DTU Wind Energy have teamed up to develop a
“full coverage management" tool for management on decommissioning of offshore windfarms

« During the development of the tool, knowledge is gained in relation to environmental issues,
logistics, heavy lifting, laws and regulation, safety, technigues for dismantling and removal,
waste and material management and risk assessment

+ NIRAS have already prior to the finalising of the project benefited from the gained knowledge
and process mapping by winning several consultant projects on the subject. This both in the
feasibility, design, due-diligence and final stage of the wind farm life cycle. ~ ~
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Centre for Marine and Coastal Studies

CMACS

Home About Us Projects Contact Us

Latest Projects
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NIRAS and CMACS join forces

MIRAS completed the acquisttion of respected
marine ecology consultancy, CMACS, on 17th
June 2016

Dr Tim Nerman, Managing Director of NIRAS
Consulting Ltd, said: “l am delighted that we
have joined forces with CMACS, who have a
wealth of experience and expertise in marine
and coastal ecology. Qur combined teams now
offer a full range of marine. interfidal and coastal
survey and assessment services.”

CMACS is supporting Dong Energy by finalising
pre-construction benthic environmental
monitoring work and preparing for during
construction marine mammal mitigation at Burbo
Extension Offshore Wind Farm. Baseline
benthic environmental menitoring and Annex |
habitat investigation surveys were completed in
summer 2015 and CMACS siaff are now
preparing for wind farm construction scheduled
to start in 2016. CMACS staff will develop a
programme of ongoing benthic monitoring and
will be present on site during piling of wind
turbine foundations to implement mitigation to
safeguard marine mammals during construction.

CMACS Staff are currently:

Maonitoring shorebirds around the
Humber Sea Terminal, continuing a
programme of monitering which now
extends fo over twenty years and
includes regular surveys of intertidal
habitats, estuarine sediments and
saltmarsh communities to support
ongoing operations at the port.
Providing marine mammal mitigaton
services during the construction of
Burbo Bank Extension offshore wind
farm

Providing construction noise monitoring
services during the construction of Race
Bank ofishore wind farm

Planning cable landfall intertidal surveys
in Shetland.

Bl 6 CMACS iH » NIRAS % % ix4p B 7 31
TR kR http://www.cmacsltd.co.uk
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Name Operator *) Capacity Noof Brand/type Foundation
turbines type
Vindeby DONG Energy 4.05 MW 1 Bonus 450 kW/37 Gravity based
Tune Knob DONG Energy 5 MW 10 Vestas Vag-500 kIV Gravity based
Middelgrunden | DONG Energy 40 MW 20 Bonus 2,0 MW /78 Gravity based
Homs Rev1 Vattenfall 160 MW Bo Vestas VBo-2.0 MW Monopiles
Samso Samso Havvind 23 MW 10 Bonus 2.3 MW/B2 Monopiles
Renland Vindenergi/ 17.2 MW B Vestas VBo-2.0 MW/ | Gravity based /
Harboore Mollelaug + Bonus 2.3 MW/B2 Gravity based
Thyboren-Harboore
Vindmollelaug
Frederiksham DONG Energy 7.6 MW 3 Iordex Ngo/2300 / Monopiles /

Vestas Voo-3.0 MW/ | Suetion bucket /
Bonus 2.3 MW/82 Monopiles

Nysted 1 DONG Energy 165.6 MW 72 Bonus 2.3 MW/82 Gravity based

Homs Rev 2 DONG Energy 200.3 MW o1 Siemens SWT-2.3-03 | Monopiles

Avedore Holme | DONG Energy 10.8 MW 3 Siemens SWT-3.6- Gravity based
120

Sprogo Sund & Balt 21 MW 7 Vestas Voo-3.0 MW Gravity based

Rodsand 2 EON 207 MW 90 Siemens SWT-2.3-03 | Gravity based

Anholt DONG Energy 200.0 MW 11 Siemens SWT -3.5- Monopiles
120

Homs Rev 3 Vattenfall 400 MV NA. ITA TA.

Nearshore (Max. = N.A 350 MW NA VA A

o projects)

Kriegers Flak NA 600 MW VA INA. A

01 2 EHAR 4 BT R

7L kiR © Danish Energy Agency Report
“Danish Experiences from Offshore Wind Development ”
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Vindeby Offshore Wind farm
Source : Danish Energy Authority,”Offshore Wind
Power Danish Experiences and Solutions”

Tung Knob Offshore Wind farm

Source : Danish Energy Authority, “Offshore Wind
Power Danish Experiences and Solutions”

.y |
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Nysted Offshore Wind farm

Source : Danish Energy Authority,”Offshore Wind
Power Danish Experiences and Solutions”

Anholt Offshore Wind farm

Source @ www.dongenergy.com
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TECHNICAL ANALYSIS
physical

prioristing problems
proprosting actions
ensuring effective
implementation

ecological Facts
s0cio-economic
other
DECISION-MAKING

OTHER

INPUT

eg benefit-

cost analysis
PUBLIC INVOLMENT political

Values priorities.
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= "Executive Order no.815 of Environment and Energy 28 August

2000”7 °
2. BFIR
(1) ZBEAAFTHEEZ &% 2 (Baseline and Scoping ) ;
(2) HhBEPL=EH2 2 (ES);
(D BRBPFFCHFLIRFL F L RFEEIGEARSE
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Extension ~ Burbo Bank Extension (UK) and Kriegers Flak ~ Vesterhav
Nord Vesterhav Syd - Bornholm (DK)% o 4235 NIRAS #% &2 &

BLA R BB S5k o IR M TR B R AT

1. 2 f& (Ecology): i¢~ﬁﬁ%%~ﬁ$¢#“%%~ﬁ

A2 5 5 - higE
2. B (Landscape) : M5 %2 3 B AL # B S
3. %83 (Noise); *% 1 ~ FiFZ ",/TT?; ;
4. pxk 2 p pEI£ 2. (Shadow Flicker) ;
5. /3% (Pollution): z § 2 "KE 5 % ;
6. ¥+ (Archaeology): Mk % /& K~ L4t ;
7. %z ¥% (Tourism) ;
8. h ¥ % 1 (Wind Field Variation ) ;
9. T &3 (MagneticField): 2B %7 L2 2 FT s
10. /& A % B ¥ %t (Coastal Process Modeling) ;
11. % # »c/& (Cumulative Impact ) ;
12. %%& ( Navigation) ;

13. ;% % (Fisheries) o
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1. SPL (Sound Pressure level) » 4r3%(1) :

P
SPL = 20log(
By ) e (1)

HeY PEHEFEA > Pref £ 54 B4 o Hlde o 1Pa i

JE4 B SPLz2z % 94dB > SPL ¥ =11 dB % 7% o

kT wkg 4§ & =& (Underwater sound Pressure level)® SPL
Hi=1r dBrelpPa # 77 » Fla kP ahf BRi=® 23 & 5 10°Pa
(1uPa) » * § ¢ 4 B =2 4% & 4 20uPa» kT ok 5 R o
B A F P REEE 26 dB - H4o 0 1 Pa vk T RES
B B4 SPL3z 5 120dBre 1uPa -k T we§ SPL«H 12 dBre
1uPa % 71 -

>

2. SL(Source level) : g BEHLF iR 1m P K TR ORI

H i1 dBreluPa &7 o

3. TL(Transmission loss) : TL €% ¥ §Edtm & 4 g @442 > SL

2 TLM % 4r38(2)% B 11 ¢

SPL=SL-TL ... (2)
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’”g’“‘q‘ %k . Areview of measurements of underwater man-made noise
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4. SPLp(Sound pressure level zero-peak) and SPLpp (Sound

pressure level peak-peak) z_% :
SPLp E % ffrp (t) whd ~ prpr§ BRi= &
SPLpp % tbrp (t) ehg BRi-E &< 1 8 ;
H ¢ SPLp i ¥ &_7i€ 0dB I &~ SPL 9% fhrefe 3 4 4
PF SPL epe PR 58 1 » SPLpp % o1 5 A @ 4% a8 % K B+ T

BBl Nz it o ok B4 Ak s Efrk ] BEA D&

A K ezt o P SPLpp #-F_SPLp #7% 2 > I SPLp + 6dB -



5. SPLrms(Sound pressure level root mean square) : 31;, B rFER

NATRIREN R i BT EE AIE S N 4oV (3)

6. SEL (Sound exposure level) Z_% » 4-5%(4) :

SELLZ: B3 RBE - 355 p (1) AERREFIFET

P\ﬁﬂl%ﬁ%,ﬁ,\ o

SELzlologlo fpz(t)dt ............

7. M-weighted SEL :

M4e e SEL £ % 1k pr B 5 qp g4 Rk i - et
FAPEA o MAciE BT AL 5 A A A B S BTR T RS
Adr i S Bl F * 20 AT A R F P B o iR Ao R S il
G B e B it B AR AU RE - A

BARBVRAEK TR FSAT FRI M F o Ft 0 AT
Tp AP ER R TR DE R F R M i il
ZEF F O e BldeI 1 AL 32 {5 e Kriegers Flak Offshore
Wind Farm B # S EHE BB LT ¢ {300 A5 Ef L igh b

B 24 > H ¥ Mhf-SEL ¥_%F % #7 &7 9% (high-frequency cetaceans)
g1k T kg SEL SRR 0 @ Mpw-SEL E_#f#t K_up ¥

(pinnipeds) s’k T w5 SEL e fER I o
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ke BA ST PRT ARG (R R ) s
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™ g E = (fourier transform)ié e £ 48 3 B 0 4o PR
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Bk FAE RIS T R BRAN T kR IRUEA 2
i 4 4 (continuous wave) % *% 74 (pulse wave) » i ik k5 kR
Yo¥s 1A Aaisis e B i o REFA AR S RS A #H RS o

KTRFAAEZTRITAD BT g 2 T
P A A o F R B AR AT 2 0 L
kTR B SIEHR o U REREATEEY o

KT ERRFAEF g AG HE S Ny gk T
i1 > ¥ i * SPLp ~ SPLpp & SEL - 4 -k w4 0 5L F 9% (bl 1547 ey
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Temporary noise attenuation pile 10 dB
Big bubble curtain at FINO-3 12 dB
Big bubble curtain at OWF Borkum West Il 5-13dB
Small bubble curtain at OWF alpha ventus 2-13dB
Cofferdam at Aarhus Bay test setup 22 dB
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B 15 KriegersFlak b 3k T ok 3 i E A H I~ % B

T kR - Energinet.dk,”Kriegers Flak Offshore Wind Farm
Underwater Noise Modelling EIA Technical Report,2015”

% 2 Kriegers Flak & 3k ™ w3 #4052 S

Parameter Value used in
modelling
Wind Turbine size 10 MW
Foundation t Monopile
oundation type
i (d=10m)
Hammer force 3,000 kJ

Source Level (SPLero peak @ 1 M)

244.7dBre 1 pPa

Source Level (SEL@ 1 m)

221.6dBre 1 pPa

Installation duration per foundation 6 hours
Number of strikes per foundation 7,000
Maximum number of foundations installed within a 24 hour period 1

Table 1: Source madelling parameters.
T kR Energinet.dk,”Kriegers Flak Offshore Wind Farm
Underwater Noise Modelling EIA Technical Report,2015”




4.3 Kriegers Flak b 354 $ A # K 7w ¥ 2 % (7 7 8dB & ¥+ 3K)

Distance to thresholds, single strike

Location 1:; West : anatin:] 2: Morth Location 3: South
Threshold | Ruu (M} | Roean (M) | Ronas (M) | Renosn () | Rims (M) | Rssar (1)
Peak-Peak Sound Pressure Level - SPLp-p [dB re. 1 pPa]
226d8 | 40 | 34 38 | 34 | 37 | =32
Peak Sound Pressure Level - SPLp [dB re. 1 pPal
230 dB 14 117 [ 13 | 20 12 | <10
224 dB 29 26 | 28 | 25 29 | 26
218 dB 84 72 | 80 | 78 g2 | 78
212 dB 428 375 430 | 368 412 | 381
M-weighted Sound Exposure Level - SEL{M,) [dB re. 1 pPa’ . 5]
198 dB <10 <10 | <10 <10 | <10 | <10
183 dB 46 38 47 42 48 43
M-weighted Sound Exposure Level - SEL{M...) [dB re. 1 uPa’ » 5]
186 dB 374 355 | 368 | 354 328 | 315
171dB | 2140 | 1790 | 2080 | 1775 | 2045 | 1750
Sound Exposure Level - SEL [dB re. 1 pPa® - s]
164 dB 5 160 4 350 5360 | 4160 5180 4 720
140 dB 96 540 71200 | 94430 | 70160 8323920 76 610

#. 4 Kriegers Flak b 35 ¥5 A # K T e 3 HH % 5 (% 8dB B M ¥ R)

Distance to thresholds, single strike, 8 dB Attenuation
Location 1: West | Location 2: North Location 3: South
Threshold | Ro.. (M) | Rrwan (M) | Renax (711 ! Remuan (M) | R (0] : Rean (M)
Peak-Peak Sound Pressure Level - SPLp-p [dB re. 1 pPa]
226d8 | <10 | <10 | <10 | <10 | 11 | <10
Peak Sound Pressure Level - SPLp [dB re. 1 pPa]
230 dB < 10 < 10 | =10 < 10 < 10 < 10
234 dB < 10 <10 | =10 <10 < 10 < 10
218 dB 22 18 | 23 18 22 18
212 dB 70 63 I 68 651 69 (=153
M-weighted Sound Exposure Level - SEL{M) [dB re. 1 pPa® - 5]
198dB | <10 <10 | <10 <10 <10 <10
183 dB < 10 <10 | 12 10 <10 <10
M-weighted Sound Exposure Level - SEL{M_,..] [dB re. 1 uPa’ - 5]
186 dB g 32 | 40 36 40 33
171 dB 780 712 | 77a 712 762 701
sound Exposure Level - SEL [dB re. 1 pPa® « 5]
164 dB 2 280 1970 | 2340 | 2120 2 200 2 050
140 dB S0800 | 28220 | S0640 | 32260 | 47180 | 29050

% 3 4 4 T kiR © Energinet.dk,”Kriegers Flak Offshore Wind Farm
Underwater Noise Modelling EIA Technical Report,2015”
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1. # ¢ % (bubble curtain)
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2. B8 &% % (acoustic deterrent device)

BoASAASTRPE TAL § R  S R R S T
FEWRLTHRIE G FIL VA RREREERY LT E
¥ ¥4p % (underwater acoustic alarm) & j& % £ i f PR oo oK
THREEFER Y NI AR 2 T4 # porpoise
pinger ¢ seal scarer > FE ik j39% ~ & PR ITW 1 R H 0 FEHT

> ¥ iE A F 2 % (porpoise pinger) e iE 7.5 = 2 (seal scarer) ©

seal scarer if * RJE b5 J):E > KA R A FJoid > F 5
AT T HR TR L REEB 0 AT seal scarer § it
porpoise pinger & 5 B =& T it o @ & * seal scarer )I*u?
PR SRS T 2 A Raek 0 AN IR RIFFR YK
THEFERE UHELLP BHPZFE B LS G ERE
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Flo v prih e D i #ﬁég»ﬂj\j/,rg]m IR RER
Rpd e FiT o



~@=EEC2 0.32 mYmin/m
w$=gac2 0.24 m¥min
—+—cg

¢2 0.16 m¥min/m

SEL reduction (3rd octave) / dB re 1 puPa

125 20 315 50 80 125 200 315 500 800 1250 2000 3150 5000 8000 12500

frequency [Hz]
Bl 17 # % k7w SEL B % 7 & B

744 %k © Noise reduction achieved by a BBC at the offshore wind farm
Borkum West Il as a function of air supply (BELLMANN 2012, modified)

Bl 18 4 ¢ B 81 (FE 5 FRE 7 LF

F L kR © Application of a BBC by Hydrotechnik Libeck at the offshore
wind farm Borkum West Il (photo: Trianel GmbH/Lang)



3. e ;N 7 #5 1F % (ramp up procedure)

i# * soft start(ramp up procedure) > ;\ 37 #5> d M g B
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4. & i L # (alternative foundation)
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5. 754 2[R L E(pile driving plus resistance)
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Turbine Capacity | Rotor diameter | Total height Hub height Swept area
above MSL*

3.0 MW nzm 137 m Bim 9,852 m®
3.6 MW 120 m 416m S1.6m 11,500 m#
4.0 MW 130m 155 m gom 13,300 1
6.0 MW 154 m 179 1 102 1 18,600 m?
BoMW 164 m 18gm 107 1m 21,124 1P
10.0 MW 19om 220m 125m 28 400 ¢
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