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® Assessing the impacts to vessel traffic from offshore wind farms in the Thames
Estuary3

® Assessment of Offshore Wind Farm Effects on Sea Surface, Subsurface and

Airborne Electronic Systems, U.S. Department of Energy”
® Collision Safety Analysis of offshore Wind Farm Turbines’

® Environmental Risk Evaluation System (ERES) for Offshore Wind, Mock-Up of ERES
- Fiscal Year 2010 Progress Report, Environmental Effects of Offshore Wind
Development, , Prepared for the U.S. Department of Energy®
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Summary of Wind Turbine Accident, http://www.caithnesswindfarms.co.uk/AccidentStatistics.htm

Wind Turbine Accident and Incident Compilation, http://www.caithnesswindfarms.co.uk/fullaccidents.pdf
Andrew Rawson, Edward Rogers, Assessing the impacts to vessel traffic from offshore wind farms in the
Thames Estuary, Scientific Journal of the Maritime University of Szczecin, 2015, 43 (115), 99-107
https://www1.eere.energy.gov/wind/pdfs/assessment_offshore_wind_effects_on_electronic_systems.pdf
https://www.dynamore.de/de/download/papers/forum05/collision-safety-analysis-of-offshore-wind
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® Guidance on the Assessment of the Impact of Offshore Wind Farms: Methodology
for Assessing the Marine Navigational Safety Risks of Offshore Wind Farms, DTI,
MCA, DOT’

® Interaction between offshore wind farms and maritime navigation, PIANC WG 161%

® Methodology for Assessing Risks to Ship Traffic from Offshore Wind Farms -
VINDPILOT- Report to Vattenfall AB and Swedish Energy Agency9

® Modelling of Safety Distance Between Ships’ Route and Wind Farm™®

® Navigation In The Vicinity of Offshore Renewable Energy Installations, Risk Alert,
Steamship Mutual™

® Navigation Risk Assessment Beatrice Offshore Wind Farm™?

® Offshore Renewable Energy Installations (OREls): Guidance to Mariners Operating
in the Vicinity of UK OREIs, MGN 372 (M+F), MARINE GUIDANCE NOTE, MCA™

® Offshore Windfarm development and the issue of maritime safety - Case Study
»Kriegers Flak” |, Il and lll, September 2007, Eut

® Quantitative risk assesment for offshore wind farms in the North Sea®”

® Ship Collision Risk for an Offshore Wind Farm®®
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http://www.pnl.gov/main/publications/external/technical_reports/PNNL-20020.pdf
http://webarchive.nationalarchives.gov.uk/+/http:/www.berr.gov.uk/files/file22888.pdf
https://imo.amsa.gov.au/iala-aism/arm/arm1/8-1-5.pdf

https://corporate.vattenfall.se/globalassets/sverige/om-vattenfall/om-oss/var-verksamhet/vindkraft/krie
gers-flak/5-kriegers-flak-risk-assessment_11335732.pdf
Ryszard Wawruch, Tadeusz Stupak, Modelling of Safety Distance Between Ships’ Route and Wind Farm,
The Archives of Transport VOL. XXIII NO 3 2011,
http://aot.czasopisma.pan.pl/images/data/aot/wydania/No_3_2011/10_Modelling_of_Safety_ Distance_B
etween_Ships_Rou.pdf
https://www.steamshipmutual.com/Risk-Alerts/RAO2NavigationOREI.pdf
Navigation Risk Assessment Beatrice Offshore Wind Farm (Technical Note), Anatec Limited & Beatrice
Offshore Wind Farm Limited, 15th February 2012.
http://sse.com/media/341118/ES-Volume-4-Annex-18A-WF-Shipping-NRA.pdf
https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/440734/MGN_372.pdf
http://www.balticmaster.org/media/files/general_files_713.pdf
Quantitative risk assesment for offshore wind farms in the North Sea,
https://www.noordzeeloket.nl/images/Quantitative%20risk%20assesment%20for%200ffshore%20wind%2
0farms%20in%20the%20North%20Sea_994.pdf

https://dvikan.no/ntnu-studentserver/reports/Ship%20Collision%20Risk%20for%20an%200ffshore%20
Wind%20Farm.pdf
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Ship Collision, Risk analysis - Emergency systems - Collision dynamics®’

Strategic assessment of impacts on navigation of shipping and related effects on
other marine activities arising from the development of Offshore Wind Farms in
the UK REZ, The Crown Estate (TCE)*®

Wind Farms and navigation: Potential Impact for radar, Air Traffic and Marine
Navigation, NOAA™
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http://www.germanischerlloyd.org/pdf/ship_collision_dal.pdf

https://www.thecrownestate.co.uk/media/5385/ei-strategic-navigation-assessment-report-and-appendic

es.pdf

http://www.miseagrant.umich.edu/wp-content/blogs.dir/1/files/2012/05/Wind-Brief-9-Navigation.pdf
http://www.offshorewind.biz/about/

http://www.offshorewind.biz/2012/03/13/norway-kvaerner-completes-investigation-following-serious-cr
ane-accident/

http://www.offshorewind.biz/2012/03/13/china-five-workers-die-in-accident-at-offshore-construction-si

te/

http://www.offshorewind.biz/2014/09/03/master-fined-after-accident-at-sheringham-shoal/
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% http://www.offshorewind.biz/2013/06/19/germany-accident-in-emden-during-transportation-of-tripods/

25
http://www.offshorewind.biz/2014/07/08/ballast-nedam-investigation-to-reveal-cause-of-accide
nt-at-butendiek-owf/

62

winw saftyses.ory

Taiwan Association of Maritime Safety & Security



Journal of Taiwan Maritime Safety and Security Studies
Vol 7, No 6

(#52016.12.05 N LR T FRMIHVE | 884 & THEIETT , th* > s LS NI
RIFERIR - B EG AT EES o 1 HAEE 50K R EEHIHNTE - iR MG aemiE - RAAR
2 A0e] T R i R YRR B bl R R AR e R Y ¢ T LRI E
640568 ~ ANTR o B HREN R/ NEAY AR EEES S > AR IE LE T NUE90% A B M4
SE—TREZANBEES BRI ~ ERUAN BB > SR EE AR o JH]
BEALENEAR X RREREATRNE T - SR E R/ 7= E—33V=80E
el B IR ATCER I 20U E (EEI5 75 ZE R “EEAE T ReSRE R AR -

e 25 (6 H 2 B E RS H IR B M s B A B Iy — 25 543 - (R ACET H TS |
SRV N YIRS - EIERERIRMTErES

® AEFERY > R RE LS I
o afirtEFEE  MESHRA g EEgEE 5N

® o AT > JBUS - JREFTARY - S EA AR BUMRE T A imEL T RS
[EZESENT ¢ (BRARERE ? B2 g A Y ARSI (ERE - i
s AT > A ~ SRR R AR BB HIRE R R EES AT R i R AR - R
{EA AT A AR VB RS -

{Ef{K#5:2016.10.193 S ERFTTE byt © FRTT W e ELATATL A A R B peg I 1 P AT A e
R UHEMHNTTE 2 B R SRR TR E |, GROSERY - mILERsTERS
ERUTH - oy Rer R ACRNTE ~ MR LR b (Bl5y N2 2iEEE) S 285
iR U R - BRESEZ TEERE: (W NEFTR) -

26

http://vod.pts.org.tw/ptsvideo/20161205-F; iV B -5 884 E=-fHI[E T/
71051026 FHEEEARGILEAHUEMMITITZ 2 E R SEEEERERE | gt

63

27

wiw safetyses.ory

Taiwan Association of Maritime Safety & Security



BB I RZ T
# F 71| (December 2016) ISSN 2077-8759

weomEedsn k2
(MNo - 035 )[

4 l"

§l99¢4é<305;u,
. 17031358 5E @) =

o [LHEBIR12A%:370, 40005 _

e FARNEERPCANTE - bR s HEHIILRATE L R /B Y
P oy A AEATI(TSS)NUAE © B ARIPRE SR MR AL R S R - A AR R AR e 2
AUERVERL > DURGREA FIALBYEAA [FIR 2R AL RO IR S E R S - FralAEsR7IERIE
FRETHFREHLUCESRET - HESBIRAGIIREABIHIAL - B2 EE g R AYK
o MR IR A AR S R R SRR - R B REY - B EE ERTA Y A
WHEEEIERET  (HE RS 5Rny - AIERLE SRR BB AR K R R IS (ETSSHY £
PRREIE 2

TEFTAATF AT — el EE 5 R B A RO T 9T FTEERERY ~ BT idy ~ FrA
FERY » S EARTA - FIA{RIEEEE (2007)*° LUK, EEIAE TR [5(2010) Z 5L 6 TR FE i 45
2 BN EUS SRS AR B R - I8 ERTTHRS - SRR A
DA BA LAY (Bl o B - Ry A B B ) 38 BE A 4l Rl i FmyfRs 728 A S Y BRR (G S
ARG5S M RIFE (vulnerability and probability)/ [y & 12 4E ) -

S:251258(2001)% ~Hi7 #1(2008)* ~ Rz (2011) 2 LUK FEE] (2015) P AR S #1246 B
TR\ s T PR S SR 1 [ R T SR oA TR P A P 7 2 B M4 %8 /D B 10002
RERIEESD - MBS

2 http://www.balticmaster.org/media/files/general_files_713.pdf

» http://www.pnl.gov/main/publications/external/technical_reports/PNNL-20020.pdf
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https://dvikan.no/ntnu-studentserver/reports/Ship%20Collision%20Risk%20for%20an%200ffshore%20
Wind%20Farm.pdf
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https://corporate.vattenfall.se/globalassets/sverige/om-vattenfall/om-oss/var-verksamhet/vindkraft/krie
gers-flak/5-kriegers-flak-risk-assessment_11335732.pdf

To estimate the probability of collisions between ship and wind farm, the following type of information is
generally required:

Wind farm data including:

e Position of each wind turbine

e Distance between turbines

e Pile diameter

e Hub height

e  Rotor diameter

e Installations of navigational aids (lights etc) at the wind farm

Vessel traffic information in the vicinity of the proposed wind farm, including:

e Position of typical shipping lanes/operating routes (from AIS data and other sources)

e Number of vessels (from AlS data and other sources)

e Types of vessels such as cargo, tanker, passenger, etc. (from sources such as AlS data and
general statistics for the Baltic Sea)

e Characteristics of vessels such as size, length, breadth, draught, operating speed (from sources
such as AlIS data and general statistics)

e  Seasonal traffic variations (from AIS data, etc.)

¢ Day/night traffic variations (data sources include local ports)

®  Future traffic scenarios (from Helcom, VTT, The Institute of Shipping Analysis in Goteborg, etc.)

e Distance from the shipping lane to the wind farm (estimated from

e AIS data; estimations for lanes shifted to new location)

e Standard deviation and mean for lateral distribution in cross-section (from AlS data (histogram)
or general estimations)

e  Statistical distribution for course deviation, e.g. standard deviation and mean for Gaussian
distribution in cross-section (may be possible to derive from AIS data or statistics)

Climatological data including:

e Wind speed distribution and wind direction distribution (10

e meters over sea level)

e Wave information

e Current information

e |ce conditions

e  Fog conditions (to assess hazards such as reduced visibility)

Site data including:

e Coast line geometry

e Water depth, bathymetry and sea level variations

e Type of sea bottom such as rock, clay, sand, etc.

Frequency of machinery breakdown— blackout

Ship self repair function (time for self repair)— duration of blackout

Probability of unsuccessful emergency anchoring

Tug boat assistance information including:

e Distance from tug boat position to disabled ship

e  Operating speed of the tug boat (depends on the weather conditions)

e Time to activate the tug boat, to connect and take control of the disabled vessel

Probability of:

human failure during planning and execution of the passage of an object (navigation past an

obstacle)

technical failure of navigational equipment or watchkeeping failure due to causes such as lack of

attention during lookout on the bridge or bad visibility
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radars, Radiocommunications (GMDSS), Automatic Identification System (AlS),
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® failure of the wind farm safety equipment/crew or a potential stand-by boat to warn the passing
ship in time to avoid a collision

® the crew onboard being unable to react in time to correct the navigational error (dependent on the

32

distance between ship and wind farm)

Ryszard Wawruch, Tadeusz Stupak, Modelling of Safety Distance Between Ships’ Route and Wind Farm,

The Archives of Transport VOL. XXIII NO 3 2011,
http://aot.czasopisma.pan.pl/images/data/aot/wydania/No_3 2011/10_Modelling_of Safety Distance_B
etween_Ships_Rou.pdf

The following shipping risks were identified to be potentially affected by the pro- posed wind farm:

uhwN e

33

ship to ship collision;

grounding;

foundering;

fire/explosion;

risk caused by influence of wind farm on worst of navigational and radio communication equipment.

Estimation of threats caused by include probability assessment of every risk with may arise or

change on particular phase of farm building and exploitation and comparison of these results with

results for period time before starting of this building. Additionally analyze can include:

(1) expected future dangers from increase ship traffic tension, her speed, displacement and
drought;

(2) possibilities of alternation of risk level resulting from future rebuild or ex- tension of farm or
exchange of construction of wind turbines.

Andrew Rawson, Edward Rogers, Assessing the impacts to vessel traffic from offshore wind farms in the

Thames Estuary, Scientific Journal of the Maritime University of Szczecin, 2015, 43 (115), 99-107
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Type Subtype Cause Exposure measure
Ship/Ship collision Human error Encounter
Sh\p!f\nchored ship | Ramming ship/anchored ship in port Human error Anchc_nred ship _
collision approach area ramming opportunity
Ramming ship/anchored ship in Anchored ship
Human error . .
anchor area ramming opportunity
Ramming ship/anchored ship outside N
Human error Ship miles
port approach area or anchor area
Drifting ship/anchored ship Engine failure Danger miles
Rammmg anchored ship during Danger miles
anchoring
Drifting anchored ship/ anchored ship ) . .
after breaking anchor chain Engine failure Danger miles
Contacts Objects with fixed position Engine failure Danger miles
Objects with fixed position Navigational error Ramming opportunity
Contacts with object that can take Ship miles
place everywhere. P
Foundering N
(Sinking) Ship miles
Fire and Explosion Ship miles
Stranding Engine failure Danger miles
Navigational error Stranding opportunity
Incident R
HullMachinery Ship Miles

Overview of the different types of accidents distinguished in SAMSON?>*.

SReAER (A REEE A R B BAGRONT T YR | EAlH S e B R
BN GBSO THIREF BUSH R B R n B Y < ARG EHEE R R 5 K
Sy EAT(TSS) AR EE —E Y - 1 HALE&HE T © 755 IALA Recommendation 0- 139
BT S8 MY B AR EI -

3 Quantitative risk assesment for offshore wind farms in the North Sea,

https://www.noordzeeloket.nl/images/Quantitative%20risk%20assesment%20for%200ffshore%20wind%2
0farms%20in%20the%20North%20Sea_994.pdf

Navigation Risk Assessment Beatrice Offshore Wind Farm (Technical Note), Anatec Limited & Beatrice
Offshore Wind Farm Limited, 15th February 2012.
http://sse.com/media/341118/ES-Volume-4-Annex-18A-WF-Shipping-NRA.pdf

The markings for the Beatrice Site will be agreed in consultation with NLB once the final turbine layout
has been selected. Based on IALA guidelines it is likely that the lighting of Beatrice Offshore Wind Farm
will be:

(] All corner towers will be marked as Significant Peripheral Structures (SPS) and where necessary,
depending on spacing, intermediate towers on each of the north, west, east and south facing
boundaries will be marked as Intermediate Structures (IPS).

® In all the layouts, towers designated as SPS are to exhibit Flashing Yellow 5 second (Fl Y 5s) lights of
5nm nominal range and omnidirectional fog signals with a character of 1 blast of 2 seconds
duration every 30 seconds and an IALA usual range of 2nm. Towers designated as IPS are to exhibit
FI'Y 2.5s lights of 2nm nominal range.

(] All the lights are to be visible to shipping through 360 degrees and if more than 1 lantern is
required on a tower to meet the all-round visibility requirement, then all the lanterns on that tower
should be synchronised.

35

67
A www safetysea.org

Taiwan Association of Maritime Safety & Security



BEEEL BRI
# | (December 2016) ISSN 2077-8759

M AREE
138 3157 5: o
B A AR AR 6 0 A%

i (MIEEFTT)
AR S B

PRI B T ARAEHT TSR £ B " ~rif ) AVEE ~ T o (ERRMIES
SRR BERIE LLALAR A AT DABIRY TR L o DUR TRl EREE AR A T 1Y
_ﬂ% °

Y AR E A AR A LR ) S B R S AR Tl > S IR A8 A AL A S e
P R T A 1 B E 2 H 75 R AF (Emergency Towing Vessel (ETV))RE & HI S 34— (35 RE
T °

EfE19914F - BRE R B (Vindeby (E MR LA 5 255 - —ERFEH
ArfEsRIEe o P HYR B RUE B R R SR B AR BRIl - R AP B R R R A
E’Jl%fm/\ FE o 150 TnER ) AV AT EIS A S A I IR TS ERY T

FEE, ~ T REENTN ) BEGRE - BESBEEL -

® All the lights are to be exhibited at the same height at least 12 metres above Highest Astronomical
Tide (HAT) and below the arc the turbine blades.
(] All the lights are to be exhibited at least at night and when the visibility is reduced to 2nm or less.
Fog signals are to be sounded at least when the visibility is 2nm or less.
(] All the structures in the boundary of the turbine towers are to be coloured yellow from at least HAT
to the height of the lights (the equivalent height on the unlighted structures).
® Any lighting required for aeronautical purposes is to be shielded / arranged such that it is not
visible to shipping. If this cannot be achieved, then the requirement will be considered as having
been met if the aviation light is reduced to 10% of its peak intensity when the visibility is more than
S5km.
An Emergency Towing Vessel (ETV) to recover drifting ships can deliver a reduction in the probability of
drifting of more than 50%.
https://www.noordzeeloket.nl/images/Quantitative%20risk%20assesment%20for%200ffshore%20wind%2
0farms%20in%20the%20North%20Sea_994.pdf

>SS

Tarwan Association ul Maritime Safety & Security

36

68



Journal of Taiwan Maritime Safety and Security Studies
Vol 7, No 6

PTG » BEARBRTIS (X  BTRHAESS - ROTLURE BRIV
O B S - (ELSREFARIE R L Y OB ) DIR AR ) 6
ERGUHE - A RSB RS T ) W BRI A -

69

wiw safetyses.ory

Taiwan Association of Maritime Safety & Security



