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1. SUMMARY AND CONCLUSIONS 

The objective of the present report is to provide the navigational risk analysis for the wind 

farm Horns Rev 3 located north of the existing wind farm Horns Rev 2.  

 

A general procedure for carrying out the navigational analysis has been established be-

tween DNV and COWI. This was made in order to ensure that the same procedures were 

applied for the wind farms Horns Rev 3 and Kriegers Flak. This procedure contains the 

following steps: 
 

Step 0:  Establishing the method and procedure for carrying out the navigational 

risk analysis 

 

Step 1:  Implementation of the frequency analysis. The analysis is presented to the 

Danish Maritime Authority 

 

Step 2:  If the Danish Maritime Authority is not able to approve the risk based on 

the frequency analysis, a consequence analysis shall be carried out. The 

updated navigational risk analysis with both the frequency and the conse-

quence analysis, i.e. the risk, is presented to the Danish Maritime Authority 

 

Step 3:  If the Danish Maritime Authority is not able to approve the risk estimate an 

analysis of risk reduction measures shall be carried out. The updated navi-

gational risk analysis with the risk reduction measures is presented to the 

Danish Maritime Authority 

 

The present report is the result of the established method and procedure (Step 0) and 

contains the frequency analysis given as Step 1 in the procedure listed above. Further-

more an overview the consequences have been given on order to evaluate significant 

contributions to the risk. 

 

As the final location of the wind farm is not established at the time of this analysis the 

worst case of a number of different wind farm layouts has been investigated. On this ba-

sis the frequencies calculated in the present analysis are considered conservative. The 

analysis shall be updated when the final layout of the wind farm is known. The primary 

focus of the analysis is the operational phase of the park, as information about the con-

struction and decommission of the farm, e.g. number of installation vessels, installation 

procedure, ports used etc. is to be decided at a later stage by the developer. The naviga-

tional impacts in the construction and decommissioning phase are therefore treated on a 

more general basis. 

 

A detailed analysis of collisions has been carried out and the frequency of ship ï turbine 

collisions has been calculated. The frequency analysis is based on robust mathematical 

models and the parameters used in the model are based on general accident statistics. 

The mathematical models used have been developed to estimate the probability of colli-
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sions with bridges but have later been applied on various offshore wind farms as well as 

collisions with other offshore installations. 

 

As a basis for the frequency model the ship traffic in the area of the Horns Rev 3 Offshore 

Wind Farm has been investigated. The ship traffic patterns in the area have been estab-

lished on the basis of AIS data. AIS transmitters are required for all ship larger than 300 

GT but they are used to some extent by smaller ships as well. The traffic is modelled 

based on all ships carrying an AIS transmitter. Vessels not carrying an AIS transmitter 

e.g. smaller fishing vessels and leasure crafts have therefore not been included in the 

traffic model. After the park is finished the number of fishing vessels within the park area 

is expected to be very limited and although eventual leasure crafts are expected in the 

park area this number is not expected to be large and the risk comming form these ves-

sels are therefore limited. The traffic is modelled using a number of traffic routes and the 

observed ship tracks are used to estimate the transversal distributions of the ships on the 

individual routes. 

 

Using the traffic model the frequency of collisions between planned wind turbines and 

ships has been calculated. 

 

Looking at individual route contributions the largest contribution to ship collisions with the 

wind farm comes from drifting ships from the main traffic route west of the wind farm. This 

contribution is around three times larger than the second largest contribution to drifting 

collisions coming from the large route going east/west from Esbjerg. The third largest 

contribution from drifting ships comes from vessels that are currently passing through the 

park in a north/south direction, but which after the establishment of the park are assumed 

to pass just off the eastern side of the park. 

 

For the powered collisions the largest contribution comes from the vessels that are cur-

rently passing through the park north/south, but which after the establishment of the park 

are assumed to pass just off the eastern side of the park. This contribution is nearly three 

times larger than the powered contribution from vessels on the main route vest of the 

park. 

 

Looking at the vessel types the contributions from drifting collisions primarily come from 

merchant and offshore vessels whereas merchant vessels, dredgers other ship types 

have significant contributions to the frequency of powered collisions. 

 

The return period for collision between wind turbines and a drifting ship has been calcu-

lated to be 70 years and collision between wind turbines and a powered ship has an es-

timated return period of 141 years. The return period for all the considered collisions is on 

this basis 47 years. 

 

The return period of 47 years is smaller than e.g. the return periods of 84 and 230 years 

that has been calculated for two investigated locations of Horns Rev 2. The investigated 

"worst case" layout of the Horns Rev 3 gives the largest contributions to the frequency 
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from the turbines located on the western side but also considerable contributions from the 

turbines located most easterly. Significant reductions to the collision frequency can be 

expected if the turbines located furthest to the east and west were moved away from the 

critical routes. 

 

The largest contribution to the collision frequency that comes from drifting ships from the 

main route west of the wind farm has been compared to grounding frequencies caused 

by drifting in the Great Belt. The numbers are of comparable size  

 

In the present version of the navigational risk analysis the consequences have been as-

sessed on an overall level in order to differentiate the contribution from various sizes and 

types of vessels. It is seen that both the size and the amount of tankers vary significantly 

for the investigated park, but the largest contributor to the risk both in terms of frequency 

and consequences comes from the main traffic route west of the park and is comparable 

with existing wind parks in the area.  

 

It is expected that emergency procedures to shut down production in the event that a ship 

is on collision course with the wind farm will be developed. Further differentiation of the 

consequences and risk reduction measures (steps 2 & 3) has not been deemed neces-

sary at this stage. 
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2. SAMMENFATNING 
 
Denne rapport indeholder en analyse af sejladssikkerhed forbundet med vindmølleparken 
Horns Rev 3, der skal opføres nord for den eksisterende vindmøllepark Horns Rev 2.  
 
En generel procedure, etableret mellem DNV og COWI, er benyttet for at gøre analysen 
for Horns Rev 3 sammenlignelig med risikoanalysen for vindmølleparken Krigers Flak. 
Proceduren indeholder implementering af frekvens analyse, som efterfølgende skal god-
kendes af Søfartsstyrelsen. Kan projektet ikke godkendes på denne basis foreskriver 
proceduren en konsekvens analyse og i sidste instans risikoreducerende tiltag.  
 
Denne rapport inkluderer frekvens analysen samt en oversigt over konsekvenser for at 
evaluere de mest betydelige bidrag. Da den endelige beliggenhed af vindmølleparken 
endnu ikke er fastlagt, er analysen baseret på et "worst case" scenarie, og de udregnede 
frekvenser skal derfor anses som konservative. Analysen skal opdateres, når et endeligt 
layout for vindmølleparken er fastlagt. 
 
En detaljeret analyse af kollisioner er udført og frekvensen af skib ï vindmølle kollisioner 
er udregnet. De benyttede modeller er oprindeligt udviklet til udregning af kollisioner mod 
broer men er efterfølgende anvendt på forskellige offshore vindmølleparker samt andre 
offshore installationer. Ulykkesstatistikker er baggrund for de anvendte parametre i mo-
dellen.  
 
Skibstrafikken i området omkring Horns Rev 3 vindmølleparken er benyttet som basis for 
frekvens modellen. Mønstre i skibstrafikken er identificeret baseret på AIS data. AIS sen-
dere er påkrævet for skibe større end 300 GT men bruges i nogen omfang også af min-
dre skibe.   
 
Trafikken er modelleret vha. af et antal definerede trafikruteelementer og de observerede 
skibsbevægelser er brugt til at estimere den tværgående fordeling af skibe på de enkelte 
ruteelementer. Ud fra disse fordelinger er frekvensen af kollision mellem vindmøller og 
skibe beregnet.  
 
De største bidrag til skibskollisioner med vindmøller kommer fra drivende skibe fra hoved-
trafikåren vest for parken. Skibskollisioner fra drivende skibe på andre ruter er signifikant 
mindre. Det største bridrag for motoriserede skibe kommer fra fartøjer, der for nuværende 
passerer gennem parken og som efter opførsel af parken, forventes at passerer øst for 
parken. I forhold til skibstype vil kollisioner med drivende skibe primært være offshore og 
handelsskibe hvorimod de motoriserede kollisioner primært er handelsskibe og uddyb-
ningsfartøjer. 
 
Returperioden for kollisioner mellem drivende fartøjer og vindmøller blev udregnet til 70 
år og 141 år for motoriserede fartøjer. Den samlede returperiode for alle kollisionstyper 
blev fundet til 47 år. Denne returperiode er noget lavere end for Horns Rev 2, men en del 
af forskellen skyldes formodentlig, at det er "worst case" scenariet, der her er analyseret. 
Signifikant færre kollisioner må forventes, hvis parken bliver rykket længere væk fra de 
mest kritiske ruter.  
 
I relation til konsekvensbetragtningen kommer det største bidrag fra hoved trafikken vest 
for parken. Sammenlignet med andre vindmølleparker i området er både frekvens og 
konsekvens i samme størrelsesorden  
 
Det er forventet, at der skal udvikles en nødlukningsprocedure for vindmøllerne i tilfælde 
af, at et skib er på kollisionskurs med vindmølleparken.
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3. INTRODUCTION 

3.1. Background and scope 

This report contains a navigational risk analysis of the planned offshore wind farm Horns 

Rev 3 off the Danish west coast, Figure 3-1. The analysis is one of the parts of a com-

prehensive environmental impact analysis (EIA) of this wind farm. 

 

 

 
Figure 3-1.  Horns Rev 3 Offshore Wind Farm - project area. 

The analysis deals with navigational risks that are caused or altered by the presence of a 

future wind farm.  

 

Navigational risks due to the construction process are covered, although on a more gen-

eral basis. This is mainly due to the lack of knowledge of the expected construction set-

up and procedure at this early stage. 

 

3.2. Procedure 

The analysis is based on the Guidelines for Formal Safety Assessment (FSA) issued by 

the International Maritime Organization (IMO) /IMO, 2002/. 
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An FSA consists of the following five steps 

 

1. Identification of hazards 

2. Risk analysis 

3. Risk control options 

4. Cost-benefit assessment 

5. Recommendations for decision-making 

 

In the present case, step 4 is not based on a cost-benefit assessment in the strict sense, 

i.e. damages will not be converted into monetary units. Instead, more general concepts 

will be used in order to compare different types of damages with each other. 

 

The specific procedure applied for carrying out the navigational analysis has been estab-

lished between DNV and COWI, see /JV, 2013/. This was made in order to ensure that 

the same procedures were applied for the wind farms Horns Rev 3 and Kriegers Flak. 

This procedure contains the following steps: 
 

Step 0:  Establishing the method and procedure for carrying out the navigational 
risk analysis 

 
Step 1:  Implementation of the frequency analysis. The analysis is presented to the 

Danish Maritime Authority 
 
Step 2:  If the Danish Maritime Authority is not able to approve the risk based on 

the frequency analysis, a consequence analysis shall be carried out. The 
updated navigational risk analysis with both the frequency and the conse-
quence analysis, i.e. the risk, is presented to the Danish Maritime Authority 

 
Step 3:  If the Danish Maritime Authority is not able to approve the risk estimate an 

analysis of risk reduction measures shall be carried out. The updated navi-
gational risk analysis with the risk reduction measures is presented to the 
Danish Maritime Authority 

 

The present report is the result of the established method and procedure (step 0) and 

contains the frequency analysis given as Step 1 in the procedure listed above. Further-

more an overview the consequences have been given on order to evaluate significant 

contributions to the risk. 

 

As the final location of the wind farm is not established at the time of this analysis the 

worst case of a number of different wind farm layouts has been investigated. On this ba-

sis the frequencies calculated in the present analysis are considered conservative. This is 

described in further detail in Chapter 3 that contains the basis for the analysis. 

 

3.3. Structure of report 

Table 3-1 shows how the chapters of this report match the individual FSA steps. 
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Table 3-1 Report structure. 

Chapter Title Corresponding FSA step 

5 Hazard identification 1 

6 Traffic model 2 

6-8  

Collision frequency during operation, con-

struction and decommissioning 

2 

 

The report is divided into three parts. In chapter 4 and 5 the analysis basis is described 

and so forming the basis part of the report. This includes description of the data applied in 

the analysis and assumptions about the location of the individual turbines. In the model 

part of the report, chapter 6 and 6, the approaches used to model the ship traffic and the 

results in the form of collision frequencies and general consequences are given. In chap-

ter 7 and 8 the construction and decommissioning phase is addressed. 
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4. BASIS 

4.1. Project description 

 

The planned Horns Rev 3 OWF (400 MW) is located north of Horns Rev (Horns Reef) in 

a shallow area in the eastern North Sea, about 20-30 km northwest of the westernmost 

point of Denmark, Blåvands Huk. The Horns Rev 3 pre-investigation-area is app. 190 

km2. The Horns Rev 3 area is to the west delineated by gradually deeper waters, to the 

south/southwest by the existing OWF named Horns Rev 2, to the southeast by the export 

cable from Horns Rev 2 OWF, and to the north by oil/gas pipelines (Figure 4-1). 

 

 

Figure 4-1 The project area (black solid line contour) in the North Sea off the coast of Jutland (the exist-
ing wind farm Horns Rev 2 and the northernmost part of Horns Rev 1 are outlined as well). 

4.2. Hydrography and meteorology 

The water depths in the Horns Rev 3 area vary between app. 10-21 m. The minimum 

water depth is located on a ridge in the southwest of the site and the maximum water 

depth lies in the north of the area. In the ship collision analysis the effect of vessels 

grounding before the wind farm is reached is due to the relative large water depth not 

taken into account.  

 

The winds at Horns Rev are predominantly westerly throughout the year. The wind and 

wave climate can be rough year round, but especially during fall and winter. A compre-

hensive site specific metocean analysis is currently being conducted, but this data is not 

yet available. The meteorological basis for this study is taken from a study conducted for 

Horns Rev 1 in 2002, /HR, 2002/. It is expected that basic wind conditions at the location 
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of Horns Rev 3 will not vary significantly from the obtained basis. Local variations can be 

expected but as vessels within a distance of 15 nautical miles from the site are treated 

with similar meteorological conditions minor local variation will not be significant for the 

results. 

 

4.3. Wind Farm Layout 

The Technical Project Description /Energinet, 2013/ defines 3 basic wind farm layouts (A, 

B and E) and 3 wind turbine sizes (3, 8 and 10 MW), resulting in a total of 9 layouts, see 

Appendix B. These do not necessarily represent the exact locations of the turbines as the 

final location of the individual turbines will be decided by the developer based on optimi-

sation on a variety of parameters.  

 

The three basic layouts are a north-west (A), a west (B) and an east (E) layout. From a 

navigational safety point of view, basic layout A in combination with 3 MW turbines is 

deemed to be the worst-case layout, see Figure 4-2. With this layout the wind farm is 

going to be situated close to both the main traffic on the west side of the reef and on the 

traffic to/from Slugen. Vessels going south from Hvide Sande are forced to plan a new 

route further north than presently. It can be expected that they will pass as far north as 

necessary, i.e. as close to the turbines as possible. Furthermore the 3 MW turbine size is 

deemed most critical because more turbines will be located within a predetermined area 

and on this basis cause a (slightly) higher probability of collisions. 

 

All considerations in the remainder of this report are based on this layout. 

Appendix B provides a comparison and discussion of the nine layouts. 

 

 
Figure 4-2 The worst-case wind farm layout (A-3MW) seen from a navigational point of view (illustration: 

/Energinet, 2013/. 
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(Note that the hazard identification (HazID) workshop was held before the 9 layouts were 

defined. The HazID protocol in Appendix A does thus not reflect the worst-case layout or 

any other of the 9 layouts. Instead, a number of preliminary layouts were used. See dis-

cussion in Chapter 5). 

 

4.3.1 Dimensions of structures 

The exact dimensions of the structures (turbines/substation platform) at the wind farm will 

depend on the types of substructures applied, the final dimensions of transition pieces 

and the turbines. The foundations can be made as monopoles, concrete gravity based 

structures or steel jackets. The Danish Maritime Authority requires that the foundations 

used shall have a collision-friendly design. Furthermore it is required that the wingtip of 

the turbine at all times is more than 20 meters above Highest Astronomical Tide (HAT). 

Although generally very different the size of the various structures in relation to ship colli-

sions does not vary significantly for the investigated size of turbines. For larger turbines 

the difference between the different types of foundations could vary more. This has no 

immediate impact as the overall collision frequency will be smaller due to the reduction in 

the number of turbines; see the previous section and discussion in Appendix B. In the 

model conservative assumptions have been applied in order not to underestimate the 

frequency of collisions due to the size of the structures. 

 

In the analysis it is assumed that the wind turbines have a diameter of 6 meters. Small 

changes in this parameter does however not have a great influence on the results as 

either the ship length or the ship width will dominate the determination of whether the 

turbine has been hit for the drifting and the powered collisions. For the transformer plat-

form marked with a green dot in Figure 4-2 the dimensions are assumed to be 24x24m.  

 

Other subsea structures in the area, with no probability of collisions, such as cables have 

not been treated in the navigational risk analysis. 

 

4.3.2 Aids to Navigation 

Aids to Navigation (AtoN) including marking with light on the turbines in relation to ship-

ping and navigation is expected to comply with the following description. All turbines 

placed in the corners and at sharp bends along the peripheral (significant peripheral 

structures = SPS) of the wind farm, shall be marked with a yellow light. Additional tur-

bines along the peripheral shall be marked, so that there will be a maximum distance 

between markings of 2 nautical miles.  

 

The lights shall be visible for 180 degrees along the peripheral and for 210-270 degrees 

for the corner turbines (typically located at a height of 5-10m). The light shall be flashing 

synchronously with 5 flashes per 10 second and with an effective range of at least 5 nau-

tical miles. Within the wind farm the individual turbines will not be marked. It can be re-

quired to place a RACON on one or more of the turbines. In this case the RACON on 

Horns Rev 2 shall be removed 
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Indirect light will be illuminating the part of the yellow painted section with the turbine 

identification number. 

 

If the transformer station will be situated outside the wind turbine array, the transformer 

station will most likely be requested to be marked by white flashing lanterns with an effec-

tive reach of 10 nautical miles. The exact specifications of the marking shall be agreed 

with the Danish Maritime Authority in due time before construction. 

 

During construction the complete construction area shall be marked with yellow buoys 

with yellow light with a range of at least 2 nautical miles. Details on the requirements for 

the positions and number of buoys shall be agreed with the Danish Maritime Authority.  

 

For the frequency calculation it is assumed that the described Aids to Navigation does not 

influence the frequency compared to other wind farms in the area, i.e. no reduction of the 

collision frequency has been made on the basis of the markings. 

 

4.3.3 Installation  

Although offshore contractors have varying construction techniques, the installation of the 

wind turbines will typically require one or more jack-up barges.  

 

The wind turbine components will either be stored at an adjacent port and transported to 

site by support barge or the installation vessel itself, or transported directly from the man-

ufacturer to the wind farm site by barge or by the installation vessel. The wind turbine will 

typically be installed using multiple lifts. A number of support vessels for equipment and 

personnel jack-up barges may also be required. 

 

4.4. Ship traffic data 

AIS data from 2012 has been used as the basis for the analysis. Furthermore VMS data 

has been investigated in order to identify fishing vessels in the area not carrying an AIS 

transmitter. 

 

4.4.1 AIS data 

Passing vessel traffic statistics were obtained by means of AIS (Automatic Identification 

System). Every vessel above 300 GT is required to carry an AIS transponder on board, 

which sends information about vessel ID (IMO number, MMSI number and name), posi-

tion and several other parameters. This information can be received by all nearby AIS 

units. In the present case, the AIS data, from /SFS/, has been recorded during the period 

from January to December 20121. 

 

4.4.2 IHS World Shipping Encyclopaedia 

Once the IMO-number of a vessel is known, it is possible to search for all relevant vessel 

properties in IHS World Shipping Encyclopaedia, /IHS, 2013/. The properties include 

                                                      
1 At the time when the HazID was carried out only 2011 AIS data was available. This was therefore used as a 
basis for the HazID. In the detailed analysis of the traffic 2012 data has been used. 
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vessel dimensions, maximum speed and dozens of other parameters. Combining the 

information from AIS and the encyclopaedia provides a very comprehensive picture of the 

ship traffic in an area. 

 

4.4.3 VMS data 

Vessel monitoring system data (VMS) is a Global Positioning System (GPS) used in 

commercial fishing to monitor the location of fishing vessels. VMS data for the period 

January to December 2012 has been examined in the area of the park. From 2012 data 

should cover all fishing vessels longer than 12m. Although the VMS basis provides some 

information about the whereabouts of fishing vessels in the area it has not been applied 

directly in the analysis. The navigational risk analysis carried out has focused on the large 

fishing vessels that carries an AIS transponder, but it is seen from other studies, /Orb, 

2013/, that the smaller vessels are typically fishing along the same routes that have been 

defined based on AIS data. The frequencies obtained for fishing vessels are therefore 

limited to the fishing vessels equipped with AIS. A total of 73 distinct fishing vessels have 

been observed in the area based on VMS. The number of fishing vessels from AIS is 

limited to 32. Some fishing vessels will not have been categorised as a fishing vessel in 

the AIS data and will be presented under the category "Other types". The number of fish-

ing vessels that is established on the basis of AIS data has therefore not been adjusted 

on the basis of the received VMS data.  

 

4.4.4 Data on leisure crafts 

Specific data on leisure crafts not covered by AIS have not been obtainable. It is known 

that leisure crafts approach from the German, Dutch and Belgium waters towards and 

along the western coast of Denmark and vice versa. These vessels can pass through the 

investigated area, although it is believed that due to the existing parks Horns Rev 1 and 

2, the amount of these vessels taking a route through the area is limited. The influence of 

the new park will on the basis of this also be limited. Telephone interviews with the har-

bour in Hvide Sande and the marina on Fanø have been carried out. Although leisure 

crafts are present in the general area no significant reasons for them passing through the 

project area have been found. As the area has several wind farms it is assumed that the 

whereabouts of the parks are investigated before proceeding into the area. The presence 

of an additional park will therefore only have minor impacts on leisure crafts. When the 

park is constructed it can be expected that some leisure crafts will proceed towards the 

area to see the wind farm, however these leisure crafts will be aware of the presence of 

the wind turbines and is not expected to significantly increase in frequency compared to 

e.g. what can be seen for Horns Rev 1 and 2.  

 

4.4.5 Additional data on beach nourishment vessels (Dredgers) 

Beach nourishment vessels have been identified from AIS data in the area. The Danish 

Coastal Authority has informed that no dredging is carried out by beach nourishment 

vessels in the project area. The dredgers are merely passing to other areas. The project 

area and the worst case wind farm layout will make it necessary for the North-South go-

ing vessels to make a detour around the wind farm. The Danish Coastal Authority ques-

tioned the placement of the wind farm that makes a detour necessary and pointed out 
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that this can be avoided with other locations. Besides the longer route no additional ef-

fects of the new wind farm was identified for the beach nourishment vessels. 

 

4.4.6 Additional information related to German ships 

At the HazID meeting German stakeholder were invited to supply specific viewpoints 

related to German vessels in the area. No concerns requiring additional analysis have 

been raised and the AIS data for the area that contains all types of vessels carrying an 

AIS transmitter has been found representative for the vessels in the area.
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5. HAZARD IDENTIFICATION 

 

The hazard identification (HazID) meeting was held at the Scandic Olympic Hotel in Es-

bjerg on 5 February 2013. It involved 26 participants, including navigators, fishermen, 

pilots, port operators, wind farm operators, military representatives as well as project staff 

from Energinet, Orbicon and COWI. A detailed HazID protocol is provided in Appendix A. 

 

The outcome of the hazard identification meeting can be grouped into the following re-

sults: 

 

¶ Identification and qualitative evaluation of the ship accident scenarios on each of 

the existing shipping routes (including re-routing towards other existing or future 

routes) 

¶ Identification of the accident consequences 

¶ Identification of possible risk-reducing measures 

 

At the time the HazID meeting was held the worst-case turbine arrangement had not 

been defined yet. Thus, the participants were asked to assess all hazards in the light of a 

number of different possible turbine arrangements. The worst-case scenario was defined 

at a later stage, see Section 4.3.  

 

It was at the HazID meeting generally agreed that the main hazard due to the park was 

related to ship collisions with the wind farm. The influence of the park with regard to ship 

groundings and ship-ship collisions was considered to be less significant. The following 

scenarios are therefore considered in the navigational risk analysis: 

 

¶ Ship ï Turbine collision due to drifting vessels 

¶ Ship ï Turbine collisions due caused by human error and/or radar failure  

(powered collisions) 

 

Collisions could lead to damage of both the turbine and the ship. The consequences of 

this could be damage or loss of material, personal injuries and economic losses (both 

direct and indirect). 

 

In the construction phase additional activities is carried out in the park area. This leads to 

increased vessel activity in the area and furthermore there will e.g. be exposed founda-

tions that can be difficult to see. This can lead to increased probabilities of collision during 

this period. The process and procedures to be applied in the construction phase is not 

currently defined but it must be ensured that adequate precautions are taken during this 

phase to ensure the safety for ships in the area.  
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6. TRAFFIC MODEL 

The impact frequency from passing vessels is in chapter 6 considered separately for 

powered vessels and for drifting vessels. As a prerequisite for the assessment of both, 

the ship traffic of passing vessels needs to be analysed and described. 

 

The traffic model is based on the observed traffic in the area. The source of the data is 

described in section 4.3. The traffic model applies data on ship movements around the 

proposed wind farm to model the observed traffic patterns by means of routes and the 

amount of and distribution of traffic on these routes.  

 

Figure 6-1 shows the vessel activity in the vicinity of the proposed wind farm. The density 

plot has been obtained by considering cells of size of 25m x 25m. Depending on the 

number of ships counted within each cell during the observed period, the cell is inked with 

a colour indicating the activity in the cell. If no ship was observed in the considered peri-

od, then the cell remains transparent. 

 

The figure shows the density plot of all vessels from which AIS signals have been re-

ceived. The investigated area is limited by the larger of the green outlines 15 nautical 

miles from the wind farm /JV, 2013/, the project area where wind turbines are considered 

is indicated by the smaller green shape and finally the treated worst case layout of the 

turbines is marked with black dots. The wind turbines are not in scale.  

 
Figure 6-1 Observed traffic in the project area. Routes applied to measure and model the traffic is indicated 

with red lines and the route numbers are indicated. The intensity is given for 25x25m sections. 
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