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1 EXECUTIVE SUMMARY 

1.1 Conclusions 
On the basis of both quantitative study and the HAZID workshop the following conclusions by this study are: 

• The construction and operation of the Kriegers Flak II offshore wind farm (KF II OWF) leads to a noticeable 
increase in the expected number of allisions between ships and wind turbines. This is mainly related to vessels 
that intend to cross the OWF and may amount up to on average 1 incident per 100 years. For ships that remain 
within the fairways outside the OWF, the frequency will be a factor of ten lower. Such risk is acceptable if 
reduced to as low as reasonably practicable. The assessment is based on the OWF scenario with the most 
Wind Turbine Generators installed (the “overplanting” scenario). The frequency of allisions will be lower for the 
scenarios with fewer Wind Turbine Generators. 

• The construction and operation of the Kriegers Flak II (North and South) offshore wind farms does not lead to a 
significant larger number of groundings in the area (less than 3%). 

• The construction and operation of the Kriegers Flak II offshore wind farm leads to a significant increase in risk 
of ship/ship collisions, notably on the route from/to TSS “S of Gedser” to/from Trelleborg. Without mitigation this 
risk is considered unacceptable. Another significant increase in risk is noted east of Møn due to the increased 
amount and complexity of shipping related to Crew Transfer Vessels servicing the Kriegers Flak II (North and 
South) offshore wind farms. 

1.2 Recommendations 
On the basis of the studies, the following risk reducing measures are proposed: 

1. Move the South-east corner of KF II OWF North further north so that the regular traffic between TSS “S of 
Gedser” and Trelleborg does not need to make another course change, and the shortest route for pleasure 
boats between Møn and Gislövsläge Marina does not cross the OWF and remains parallel with the commercial 
shipping route to Trelleborg.  

2. Consider limiting the extent of the work zone during construction along the boundary on the south-side of the 
KF II OWF North or at least perform a more detailed analysis of such limitation on navigational safety. 

3. Consider implementing work Vessel Coordination , both during the Construction Phase and Operational Phase, 
to minimize conflicts between work vessels or service vessels (CTVs) sailing out of Klintholm and commercial 
traffic east of Møn. 

4. Consider other means of guidance or separation of ships east of Møn, or at least perform a more detailed 
analysis of such means on navigational safety, to mitigate the complex pattern of crossing ship movements 
(both commercial and recreational) and to minimize the risk of ship-ship collision at this position. 

5. Ensure emergency response to stop WTGs when a drifting or uncontrolled ship threatens to collide with a OWF 
structure. 

6. Investigate the need to establish additional coast-based Radar stations or AIS base-stations. 

7. Consider the use of surveillance vessels to enforce the compliance with the prohibited work areas during the 
Construction Phase. 

8. Exploit all possible communication channels to inform recreational sailors and fishermen about prohibited work 
areas and other temporary restrictions or arrangements. 
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9. Consider reserving or assign specific VHF channels for communication between work vessels, service vessels 
and Work Vessel Coordination. 
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2 INTRODUCTION 
In order to accelerate the expansion of Danish offshore wind production, it was decided with the agreement on the 
Finance Act for 2022 to offer an additional 2 GW of offshore wind for establishment before the end of 2030. In addition, 
the parties behind the Climate Agreement on Green Power and Heat 2022 of 25 June 2022 (hereinafter Climate 
Agreement 2022) decided), that areas that can accommodate an additional 4 GW of offshore wind must be offered for 
establishment before the end of 2030. Most recently, a political agreement was concluded on 30 May 2023, which 
establishes the framework for the Climate Agreement 2022 with the development of 9 GW of offshore wind, which 
potentially can be increased to 14 GW or more if the concession winners – i.e. the tenderers who will set up the offshore 
wind turbines – use the freedom included in the agreement to establish capacity in addition to the tendered minimum 
capacity of 1 GW per tendered area.  

In order to enable the realization of the political agreements on significantly more energy production from offshore wind 
before the end of 2030, the Danish Energy Agency has drawn up a plan for the establishment of offshore wind farms in 
three areas in the North Sea, the Kattegat and the Baltic Sea respectively.  

The area for Kriegers Flak II Offshore Wind Farm (OWF) consists of two sub-areas: North and South. The areas are 
located 25-50 km off the coast of South Zealand and Møn. Kriegers Flak II North is located approximately 15 km from 
the east coast of Møn, while Kriegers Flak II South is located approximately 30 km southeast of Møn. The area for the 
Kriegers Flak II OWF is approximately 175 km2, divided into 99km2   for North and 76km2 for South. The Kriegers Flak 
II OWF will be connected to land via subsea cables making landfall close to Rødvig on South Zealand.   

Energinet has been requested by the Danish Energy Agency to perform a number of preliminary investigations on 
Kriegers Flak II (North and South) OWF east of Sjælland. As part of the studies, a navigational risk assessment shall be 
carried out. 

This report presents the results of the quantitative navigational risk assessment. Prior to the quantitative analysis, a 
hazard identification workshop was held in November 2023. The overall approach for the navigational risk assessment 
follows hereby IMO’s (International Maritime Organization) guidelines for evaluation of navigational safety assessment /6/.  

In principle, a stepwise approach needs to be adopted meaning that results are presented after each step and evaluated 
together with the Danish Maritime Authority (DMA, Søfartsstyrelsen) whether the next step needs to be executed: 

• Step 1: A frequency analysis based on ship traffic and proposed offshore wind farm layout is executed and 
results are presented to the DMA. 

• Step 2: If the DMA does not find it possible to conclude from the results of the frequency analysis that the 
navigational risks will be acceptable, a consequence analysis must be executed and combined with the frequency 
results. The navigational risk assessment will then be updated with the resulting risk derived by combining the 
frequency and the consequence analyses. 

• Step 3: If the DMA cannot approve the estimated risk, possible risk reducing measures must be identified, 
analysed, and adopted if considered feasible. This risk reduction process must continue until the risk 
reaches an acceptable level. Otherwise, it must be concluded that the project will not be feasible when 
required to be associated with an acceptable ship collision risk. 

This report presents the results of Step 1 for Kriegers Flak II North and South, applying the preliminary layout with the 
largest number of wind turbines, which would lead to the largest risk of allisions. 

The HAZID workshop (the HAZID report is attached as Appendix A to this report) is to be considered as an integrated 
part of this study. The results of the HAZID are transferred into the frequency analysis and addressed in the 
conclusions. Risk assessments from the HAZID are updated to the extent that this is possible within the frequency 
analysis.  
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An issue mentioned during the HAZID workshop is the impact of the wind turbine structures on the radar, both ship-
based radar and the coastal Radar stations used for Vessel Traffic Service (VTS). This issue requires a separate 
assessment and is beyond the scope of this study. 

2.1 Objectives 
The purpose of the work package on maritime traffic and safety of navigation is to provide a description and mapping of 
the existing ship traffic in and around the areas of the future KF II OWF and based on this to undertake a navigational 
safety and risk assessment.  

The navigational risk assessment will, to the extent applicable for this study, IMO’s guidelines for Formal Safety 
Assessment (FSA) /6/, particularly step 1, Identification of hazards and step 2, risk analysis. This will lead to 
recommendations, including proposals for risk reducing measures as covered by IMO’s FSA step 3, but without full re-
analysis or a Cost Benefit Analysis (CBA). 

The main questions to be answered by the navigational risk assessment are: 

• Does the offshore wind farm (OWF) lead to an intolerable number of collisions between ships and wind 
turbines? 

• Does the rearrangement of the shipping lead to an increased and intolerable number of groundings? 

• Does the rearrangement of the shipping, including additional shipping in relation to construction and operation 
(maintenance) of the OWF lead to an increased and intolerable number of collisions between ships? 

2.2 Limitations 
The method to predict the frequency of allisions, collisions and groundings of ships is based on a probabilistic analysis. 
This is described in more detail in the model description in section 5.1. It shall be pointed out that the different scenarios 
to be analysed (the condition before establishment of the OWF and the condition after establishment of the OWF) is 
based on 1) the additional number of obstacles close to the shipping routes (the wind turbines) and 2) the redistribution 
of traffic routes in terms of number, width (lateral distribution), traffic density and waypoints. The probability of navigators 
not being able to avoid accidents in potentially hazardous situation is assumed not to be changed in the course of the 
assessments. But the OWF may have an effect on this probability (e.g. as identified during the HAZID). The probabilistic 
analysis does not account for these effects, neither positive nor negative. Such ignored effects are, but may not be 
limited to: 

• The effects of the OWF on the situational awareness of navigators (e.g. the possibility of becoming confused or 
not expecting vessels to sail between the OWF structures). 

• The effects of the OWF on the effectiveness of ship-based radar. 

• The effect of an extension of, or changes in, coast-based traffic coordination (VTS, Work Vessel Coordination). 

• The effect of surveillance ships or warnings issued by work vessels. 

• The effect of additional navigational aids (buoys, virtual AIS). 

• “Secondary” consequences, e.g. allisions with objects outside narrow fairways after performing evasive action 
to avoid collision.  

As a consequence, this means that the probabilistic analysis cannot demonstrate the effectiveness of certain risk 
reducing measures, e.g. Work Vessel Coordination. It can only indicate that there may be waypoints  (locations where 
fairways cross each other, merge, or change direction) with an increased risk of collision between crossing traffic, where 
such coordination may seem beneficial based on a qualitative assessment. 
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2.3 Abbreviations 
AIS Automatic Identification 

System  
An AIS system transmits repeatedly the object’s 
(e.g. a ship’s) identification (MMSI), position, speed, 
direction, and other information via a VHF-radio 
transponder, to be used as a navigation and anti-
collision tool, making the information visible to other 
ships and VTS. 

AIS is obligatory for ships over 300 gross tonnage, 
all passenger ships and for fishing vessels over 15 
m. These ships require a “class A” transponder. AIS 
is voluntary for other ships that may use a “class B” 
transponder. 

CTV Crew Transfer Vessel Vessels used to transfer service personnel to OWF 
installations. Most CTV’s are classified as High Speed 
Craft (HSC) 

DEA Danish Energy Agency 
(Energistyrelsen, ENS) 

 

DMA Danish Maritime Authority 
(Søfartsstyrelsen, SFS) 

 

EC Export Cable   

ECC Export Cable Corridors  

EIA Environmental Impact 
Assessment (Vurdering af 
Virkning på Miljø, VVM) 

Environmental Impact Assessment is a process of 
evaluating the expected environmental impacts of a 
proposed project or development, considering inter-
related socio-economic, cultural, and human-health 
impacts, both beneficial and adverse. EIA is 
mandatory for certain projects according to national 
and EU-legislation. 

EPA Environmental Protection 
Agency (Miljøstyrelsen, MST) 

 

FOU Foundation (used to install 
wind turbine on) 

 

FSA Formal Safety Assessment Methodology for performing risk assessments. 
Within this report addressing the method following 
the IMO Guideline /6/ 

GIS Geographical Information 
System 

Digital system to represent data linked to a 
geographical position such as objects in maps. 
IWRAP allows to import data (e.g., location of 
structures) in GIS format.  
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HAZID Hazard Identification Method (typically using a workshop session with 
stakeholders) to identify possible hazards and risk 
for some activity. 

HSC High Speed Craft Includes fast ferries and most CTV-s are classified 
as HSC 

IALA International Association of 
Marine Aids to Navigation and 
Lighthouse Authorities 

 

IDW Inner Danish Waters  The three offshore wind farm projects: Kattegat, 
Hesselø and Kriegers Flak II (North and South) 

IMO; IMO number International Maritime 
Organization 

The IMO ship identification number is a unique 
seven-digit number that is assigned to propelled, 
sea-going merchant ships of 100 GT and above 
upon keel laying except for: 

• Ships without mechanical means of 
propulsion 

• Pleasure yachts 
• Ships engaged on special service (e.g. 

lightships, SAR vessels) 
• Hopper barges 
• Hydrofoils, air cushion vehicles 
• Floating docks and structures classified in 

an analogous manner 
• Ships of war and troopships 
• Wooden ships 

IWRAP IALA Waterway Risk 
Assessment Program 

IWRAP is a modelling tool useful for maritime risk 
assessment. IWRAP assist to estimate the 
frequency of collisions and groundings in each 
waterway based on information about traffic 
volume/composition, route geometry and 
bathymetry. 

KA OWF Kattegat Offshore Wind Farm  

KF II OWF Kriegers Flak II Offshore Wind 
Farm (North and South) 

 

Landfall Is where the cable transfers 
from sea to land  

 

MMSI Maritime Mobile Service 
Identity 

A Maritime Mobile Service Identity (MMSI) is a 
series of nine digits which are sent in digital form 
over a radio frequency channel to uniquely identify 
ship stations, ship earth stations, coast stations, 
coast earth stations, and group calls.  

MSL Mean Sea Level  
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MSP Marine Spatial Plan 
(Havplanen) 

 

NS1 North Sea I The name of the offshore wind farm area (OWF) 
including all three subareas and the shipping 
corridors in between the three subareas 

OSS Offshore substation Offshore structure (often a platform structure) 
collecting power connection from the individual wind 
turbines in an OWF, using a step-up transformer to 
enable a high voltage export of power to the coast. 

OWF Offshore Wind Farm (Offshore 
vindmøllepark) 

 

PA Pre-investigation area Gross area for the benthic survey. Within the pre-
investigation area are the three wind farm areas (1-
3), the three export cable routes (ERC’s) and the 
shipping corridors between the three OFW areas. 

Subareas  The wind farm area is subdivided into three 
subareas 1-3 

TSS Traffic Separation Scheme A traffic separation scheme is a maritime traffic-
management route-system ruled by IMO. It consists 
of two (outer) lines, two lanes with prescribed 
(opposite) sailing direction, and a separation zone 
inbetween. 

VMS Vessel Monitoring System Vessel Monitoring Systems (VMS) is a general term 
to describe systems that are used in commercial 
fishing to allow environmental and fisheries 
regulatory organizations to track and monitor the 
activities of fishing vessels. In Denmark VMS is 
based on Inmarsat-C transceivers and is obligatory 
for commercial fishing vessels over 12 m. 

VTS Vessel Traffic Service Land-based service to assist navigation, typically in 
busy waters. In Danish waters, VTS is provided by 
the Danish Navy’s Surveillance Unit (Søværnets 
Overvågningsenhed) 

WTG Wind Turbine Generator  
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3 PROJECT DESCRIPTION 

3.1 Description of area 
The Kriegers Flak II OWF consists of two separate areas, "Kriegers Flak II North (Nord)” and "Kriegers Flak II South 
(Syd)". The wind farms are marked in Figure 1. The yellow areas mark "Kriegers Flak II (North and South)". The red 
areas are existing OWFs or OWFs under construction /7/,/8/. 

Cumulative effects of planned future OWFs have been taken into account during the HAZID workshop (Appendix D) and 
the future planned wind farms are therefore marked in Figure 1 /7/. This concerns Kriegers Flak SE (in the Swedish 
sector). There are other planned OWFs with a greater distance to Kriegers Flak II (OWF where no cumulative effects 
are expected, i.e. Aflandshage; the area in the Swedish sector which includes Skåne wind farm, Triton and Arkona. 

At present, there are various alternative scenarios for WTG locations /4/. For the present navigational risk assessment, 
the scenarios for "overplanting" are used, which with most WTGs will pose the greatest risk of collision, see Figure 3. 

The most important shipping routes are marked in Figure 2. The intensity of traffic is derived from AIS registrations for 
2022 which are made available via the Danish Maritime Authority (see section 4). 

South of KF II OWF South is the route from the Baltic Sea to the Kattegat/North Sea via Kadetrenden to route "T" 
through the Great Belt, which includes a deep-water route. In continuation of the Kadetrenden and southeast of KF II 
OWF South is a Traffic Separation Scheme (TSS) ("North of Rügen"). In the eastern direction, this traffic merges with 
the traffic from/to the Baltic Sea via Øresund (separation zone "Bornholmsgat") /9//10/. 

Commercial traffic via Øresund is routed via the TSS "Off Falsterbrorev" just north of the planned KF II OWF North. This 
TSS lies within an area which is controlled by VTS (Vessel Traffic Service) "Soundrep", where commercial vessels over 
300 tons are required to report /9//10/. 

In addition, there are several ferry routes, i.e. Rostock-Trelleborg and Travemünde-Trelleborg along Møn and west of 
KF II OWF; Travemünde-Malmø, also past Møn and via TSS Falsterbrorev; and Trelleborg Sassnitz and Trelleborg-
Swinoujscie east of KF II OWF. 

In the Marine Spatial Plan (MSP, Havplanen) for Danish waters some areas have been designated for other uses 
(extraction areas, landfill, aquaculture, fishing, etc.). At present, "Havplanen" has not been published. The areas are 
therefore identified based on available map material. From this, areas have been identified which are, or can be used, 
as material extraction areas. These are marked in Figure 3. For this study, the extraction areas between the existing 
Danish Kriegers Flak OWF are important. For these areas, known as areas 522-AC Kriegers Flak Southwest, 552-AB 
Kriegers Flak, and 552-AD Kriegers Flak Nord /7/, currently three (3) permits for extraction are valid, for Copenhagen 
City & Port (Lynetteholm) until 2026, Road Directorate in relation to Storstrømsbro until 2027 and Femern A/S until 
2029. Extraction entails ship movements from this extraction area to and from the various projects, either past Møn or 
towards Copenhagen. New permits may be issued in the future. 
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Figure 1 Position of existing and planned OWFs. The yellow areas are Kriegers Flak II (North and South) which  
this report is concerning, the red areas are existing or under construction, and green areas are future planned 
OWFs. 
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Figure 2 Traffic patterns based on AIS data and the most important ship and ferry routes. Blue with red outline 
marks Traffic Separation Zones (TSS); VTS area is marked with red broken line, Extraction areas are marked 
with brown /9//10//11/ 

3.2 Location of existing offshore wind turbine generators 
The locations of existing Danish WTGs are obtained from DEA /13/. This covers the existing Kriegers Flak OWF in 
Danish waters (consisting of a western part with 24 WTGs and an eastern part with 48 WTGs).. The positions are listed 
in Appendix B. 

The positions for Lillgrund (49 turbines inclusive OSS) and EnBW Baltic 1 (21 turbines) and 2 (81 turbines including 
OSS) are manually retrieved from nautical charts. Where positions were not provided in the chart and in case of doubt, a 
regular pattern was assumed. The positions are listed and shown in Appendix B.  

For the sake of the allision analysis, the single positions are transferred to small hexagons with a radius of 13 m 
(distance between opposite corners) at sea level. 

3.3 Wind turbine generator locations for Kriegers Flak II OWF 
At present, there are various alternative scenarios for WTG locations /8/. For the present navigational risk assessment, 
the scenarios for "overplanting" are used, because the largest number of WTGs will pose the largest risk of allision, see 
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Figure 3. Since the commencement of this analysis, the borders of KF II OWF North in the North-west corner have been 
slightly moved inwards to maintain a larger distance to the TSS “Off Falsterborev”, this means that these two WTGs 
shown outside the border (original positions KFN-1 and KFN-8) in Figure 3 are excluded from the study. The original 
number of 118 turbines for Kriegers Flak II North is thereby reduced to 116. 

For the sake of allision analysis, the single positions are transferred to small hexagons with a radius of 13 m (distance 
between opposite corners) at sea level. 

      
Figure 3 Kriegers Flak II, scenario “Overplanting”, 116 (Nord) og 112 (Syd) WTGs /8/. Note that the two turbines 
shown outside the updated borders of Kriegers Flak II North are not included in the analysis. Size of WTGs are 
not to scale. 

3.4 Bathymetry 
Bathymetry for the Baltic Sea has been obtained from the BALANCE project /12/. Bathymetry is available as a raster set 
with a resolution of 200 m horizontal and 1 m vertical. Data has been transferred to a vector format to be imported into 
the IWRAP model. Only bathymetry down to 46 m depth has been imported (no ships with such draught are expected, 
and effectiveness of emergency anchoring to avoid drifting will not be significantly worse if larger depth would have been 
included), see Figure 4.  
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Figure 4 Bathymetry of Western Baltic within model area (marked by orange lines). Lightest blue: depth 1 m; 
darkest blue: depth 46 m; interval 1 m. Olive green: less than 1 m (effectively 0). 

3.5 Wind direction 
The IWRAP software requires input concerning the frequency of drift directions. Drift direction frequency is assumed to 
be the same as the wind direction frequency, see Assumption C.2, Appendix C. 
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4 SHIP TRAFFIC DATA 

4.1 Ship data collection (AIS) 
The ship traffic is determined from the historical AIS data available at DMA /1/, using all data (twelve months) for 2022. 
The AIS data handled in the analysis is within the following geographic bounds (the model area): 

• Northerly bound: 55°35.500’N (line Dragør-Malmø) 

• Southerly Bound: 54°26.565’N (Coast at Prerow) 

• Westerly Bound: 12°10.100’E (Køge City) 

• Easterly Bound: 14°6.455’E (Centre traffic separation zone TSS Off Bornholmsgat) 

• The southeast corner is cut off through the locations 54°26.565’N, 13°30.549’E (Jasmunder Bodden) and 
54°57.015’N, 14°6.455’E. 

The model area is shown in Figure 2 (the area within the slightly darker margin). The area is chosen so that all relevant 
shipping that could reasonably interact with the KF II OWF (by drifting or on erroneous course) is included. 

The AIS data exists of records for each transmitted AIS message. Before uploading the AIS data into the IWRAP tool, 
the messages have been pre-processed to select the following ships and ship positions: 

• MMSI number of nine digits starts with integer between 2 and 7 (i.e., only ship-related stations are included); 

• Position is within the above boundaries; 

• Speed Over Ground (SOG) is between 0.8 and 100 m/s; 

• Navigational status is neither “At anchor” nor “Moored” nor “Aground”; 

Furthermore, records were adjusted to enable proper classification of ships in the IWRAP tool. If the transponder is 
Class B or ship type is “Pleasure”, and if the ship length unknown (empty data field) then the ship length is set at 15 m 
and width at 4 m. This allows identification of the unknown ship types after being imported in IWRAP. Unknown ship 
types will be assigned “Other Ships” in IWRAP, and unknown ship length is default assigned to 50 m. Class B 
transponders are limited to pleasure vessels and fishing vessels. IWRAP does not read the transponder class, but by 
selecting unknown ships with 15 m length, ships that are likely to be pleasure vessels can be identified. 

4.2 Ship types 
When importing AIS data, the IWRAP software assigns the ship type to the data available in the AIS message. The data 
obtained from DMA does not contain ship types for all AIS messages (ship type “undefined”). IWRAP maps this to the 
category “Other ship.” IWRAP applies ship categories (types) as in Table 1. 
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Table 1 Ship categories 
IWRAP categories Lumped categories in plots 

(e.g. as in Appendix A) 
Crude oil tanker 

Tankers 
Oil products tanker 

Chemical tanker 

Gas tanker 

Container ship 

Cargo 
General cargo ship 

Bulk carrier 

Ro-Ro cargo ship 

Passenger ship 
Passenger ships 

Fast ferry 

Support ship ”Other” 

Fishing ship Fishing ships 

Pleasure boat Pleasure boats 

Other ship ”Other” 

Ships are assigned to length classes of 25 m each (so 0-25 m, 25-50 m, 50-75 m, etc.) up to 400 m, or longer than 
400 m. 

The category “Other ship” is attempted to be minimized. For ships with IMO number, the ship type is assigned by: 

• Applying data from a list issued by Lloyds, a list which was used for the previous risk assessments, updated up 
to 2015 

• Applying data from SeaWeb (IHS Markit, 2021) to the remaining “other ships” 

For the remaining “Other Ships”, and ships without IMO number (e.g., naval vessels), data has been added manually 
using data from MarineTraffic (MarineTraffic, 2021). Such manual editing has been performed for all ships that have at 
least one trip in the model area. 

The AIS data analysis leads to identification of 13543 unique ships performing 167188 single trips1 within the modelling 
area.  

4.2.1 VMS data 
Commercial fishing ships shorter than 15 m do not need to use AIS. Commercial fishing ships above 12 m length need 
to use a VMS transponder. In principle, VMS data could be used in addition to AIS data. However, from earlier studies 
DNV concluded that there is considerable overlap between AIS data and VMS data, but the overlap cannot be removed, 
because VMS data supplied by Danish authorities is anonymous. Also, the AIS registrations show that the total number 
of fishing ships is very small as compared to pleasure vessels, which have similar sailing patterns off the main fairways. 
Therefore, no attempt has been made to include VMS data. 

4.3 Existing ship traffic patterns 
The AIS data is imported into the IWRAP tool to provide a traffic density plot. The traffic density map shows the number 
of passages of ships through a small area (the cell size). It is not the same as a ship density plot (or heatmap): the traffic 
density does not depend on the ship’s speed, only on the number of passages or routes. (The ship density depends on 

 
1 IWRAP may break a factually single trip into several trips if there is too long time between consecutive AIS records from the ship, e.g. because of incomplete AIS 

(VHF) coverage. The DMA AIS data is based on coastal AIS receiving stations on Sjælland and Bornholm and coverage of these stations is not guaranteed to 
overlap. The accepted time lag (timeout) between consecutive AIS records has been increased to 20 min in the IWRAP tool to minimize the effect of limited 
coverage. 



 

  
 

 

 

DNV  –  Report No. 2109655, Rev. D  –  www.dnv.com  Page 15 
 

speed: a ship at half the speed contributes twice to ship density because it will be present twice as long in the same 
area).  

Traffic density plots are provided in Appendix A for all ships and as plots for separate categories:  

• Cargo ships (which includes Container ships, General cargo ships, Bulk carriers and Ro-Ro cargo ships). 

• Tanker ships (including Crude oil tankers, Oil products tankers, Chemical tanker, and Gas tankers) 

• Passenger ships (including ships classified as fast ferries or High Speed Craft, most of the Crew Transfer 
Vessels used to service OWF constructions are classified as HSC) 

• Pleasure ships (both motor vessels and sailing vessels)  

• Fishing ships. 

• “Other ships” and Support ships. “Other ships” include e.g. naval (military) vessels, rescue craft and dredgers.  

Figure A 2 and Figure A 3 show that cargo and tanker ships mainly follow the main shipping routes, as expected. Also, 
passenger ships mainly follow the main shipping routes, but Figure A 4 also shows that service vessels (CTVs) serving 
the existing Kriegers Flak OWF from Klintholm harbour, as well as EnBW Baltic 2 (which in 2022, as covered by AIS 
data, was under construction). EnBW Baltic 1 is served from the German Coast (Rügen). 

Figure A 5 shows that the fishing activities are limited. Most fishing ships are in transit between Øresund and the Baltic 
east of Bornholm. There is some fishing activity from Klintholm Harbour that crosses the designated area for Kriegers 
Flak II South. Some fishing in Køge Bugt is not expected to be impacted by the Kriegers Flak II development. 

Figure A 6 shows that the routes of pleasure boats differ substantially from the commercial shipping routes and indeed 
clearly avoids the busy shipping routes, notably the TSS-s. The pleasure boats typically follow the coastlines, but 
otherwise are rather randomly distributed, also through the existing Kriegers Flak OWF. Some crossings on open sea 
can be seen. Pleasure boats typically sail west of the main route between Møn and Øresund, crossings from Klintholm 
to Trelleborg and Ystad mainly pass north of the existing Kriegers Flak and there are routes from Klintholm both to the 
west and east-coast of Rügen. It shall be noted that the plot only shows movements of pleasure boats equipped with 
(and using) AIS. Section C.3 in Appendix C discusses the fraction of pleasure boats with AIS, but this does not affect 
Figure A 6 (the colours of the traffic density plots are relative to the maximum number of passage density of the ship 
category in question).  

Figure A 7 shows the traffic density of “other ships”. In absolute numbers, the “other ships” do not count for much traffic 
and are hard to be distinguished in the plot for all ships (Figure A 1). The plot shows the activities of extraction from the 
extraction area between the existing Kriegers Flak West and East to the north. This is probably in connection with 
Lynetteholm works. 
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5 MODEL DESCRIPTION  
The following describes the method for performing Step 1, the frequency analysis. The frequency analysis is based on 
acknowledged mathematical models typically used for such analyses and with input based on historical (statistical) data. 
The applied calculation tool IWRAP MKII is a part of the IALA Recommendation (IALA, 2009) on risk management. 

5.1 Analysis tool 
The IWRAP MKII software calculates the probability of allisions (collisions with fixed structures), collisions between 
ships or groundings for vessels operating on a specified route. The applied model for calculating the frequency of 
grounding or collision accident involves the use of a so-called causation probability that is multiplied onto a theoretically 
obtained number of grounding or collision candidates. The causation factor models the probability of the officer on the 
watch not reacting in time given that he is on collision course with another vessel (or – alternatively – on grounding 
course), see /2/,/3/ for detailed theoretical model description. The probabilistic model assumptions are summarised in 
Appendix C (section C.1). 

A description of the ship traffic constitutes the central input for a navigational risk assessment. Automatic Identification 
System (AIS) data provides a detailed geographic and temporal description of the ship traffic in a region and has been 
used as the primary data basis. Because the predominant part of the ship traffic is following navigational routes, the 
modelling of the ship traffic and the associated models of the risk of collisions and groundings adopts a route-based 
description of the traffic. 

The ship traffic description based on AIS is thus subsequently used as basis for definition of the routes in the 
probabilistic model in IWRAP MKII. 

5.1.1 Type of collisions 
The assessment considers a number of possible accidents: 

• Collisions between ships: 

o Within a straight route: overtaking and head-on collisions 

o collisions when two routes cross each other, merge, or intersect each other in a bend of a fairway. 

• Groundings or allisions (collision with a fixed structure) (both are handled in the same way): 

o Powered groundings/allisions:  

 Ships following the ordinary direct route at normal speed. Accidents in this category are 
mainly due to human error but may include ships subject to unexpected problems with the 
propulsion/steering system that occur in the vicinity of the fixed marine structure or the 
ground. 

 Ships that fail to change course at a given turning point near the obstacle. For the 
simulations presented herein, when legs are extending within 10° of each other’s direction, 
no such failures are assumed (the fairway is assumed to go straight on and no change of 
course is deemed necessary), This is done to have some freedom in definition of legs and 
waypoints to cover as much traffic as possible without too many legs and waypoints. 

o Drifting groundings/allisions 

For a detailed description of the model theory, reference is made to /3/. 



 

  
 

 

 

DNV  –  Report No. 2109655, Rev. D  –  www.dnv.com  Page 17 
 

5.2 Definition of routes and waypoints 
As stated above, the model applies traffic routes and ships assigned to those routes. Within the modelling concept, 
routes exist of straight “legs” between waypoints. At waypoints, legs can change direction and/or merge, and/or divide 
into several legs. The analyst has to assign ship traffic to legs, i.e. by describing the number movements per year of 
ships within a certain category and length class for that leg. Within this study the standard categories in the IWRAP tool 
are applied (Table 1): 

 

Figure 5 Definition of legs with lateral traffic distributions derived from AIS registrations. 
The commercial version of IWRAP allows to use AIS data to automatically assign AIS registered ship movements to 
legs. That procedure has been used. The analyst has to define the waypoints, the legs between the waypoints and the 
width of the legs. Furthermore, the analyst can select to what degree the ship movements shall be aligned (have the 
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same direction) with the leg, and the distance beyond the waypoint for which allisions and groundings are calculated 
(when the ship does not turn at the waypoint). 

For this assessment, an alignment of 25 degrees for all legs have been applied, which is relatively wide, but this is done 
to ensure that directional traffic (e.g. CTVs sailing from one harbour to all WTGWTGs within an OWF) are captured 
within the leg.  

There will be a part of the AIS registered ship movements that will not be assigned to a leg. Within the present version of 
the IWRAP tool, there is no information what fraction of the ship movements is assigned to legs and what fraction is not. 
This is a rather important information, because the fraction that is not captured will not be included in the analysis. This 
is another reason to apply the wide degree for alignment, to include as many movements as possible. It is noted that the 
model results herewith are sensitive to the selection (density and direction) of waypoints and legs, and the leg width. 
This shall be kept in mind when comparing results with other analyses for the same area. 

Figure 5 shows the AIS traffic density for all ship categories (see Section 4.3 and Appendix A) and the definition of legs. 
Each leg has a number. These legs are selected and defined considering the traffic density of “all” ships and individual 
lumped categories, notably passenger ships (including CTV’s) and pleasure boats, to ensure that all relevant ship 
movements are covered. E.g. leg 45 runs parallel with leg 24 and represent pleasure boats sailing west of the 
commercial shipping route.  

Where legs are crossing or come together (waypoints), ships may turn to another leg. The IWRAP tool collects the 
number of ships turning from one leg into another, thereby providing the data necessary to estimate the number of ships 
that inadvertently make a wrong (or no) turn. 

In order to account for pleasure boats not equipped with AIS, the number of pleasure boats assigned to a leg has been 
multiplied by 6.7 for all legs as per Assumption C.3 (Appendix C). 

5.2.1 Lateral distributions 
The IWRAP tool calculates the lateral distribution of the ship traffic along the leg as a multimodal combination of (typical) 
normal and uniform distributions. Figure 5 shows the lateral distributions across each leg for North or West going ships 
(green) and for South or East going ships (blue) derived from the AIS registrations. The width of the distributions shows 
the selected width of the leg, used to select which ships from the AIS data belong to the leg. Assigned width as 
describes above is only used to limit the traffic assigned to the leg, the lateral (normal) distributions as used in the 
simulation can extend beyond the assigned width of the leg as visible in Figure 5. Note that the lateral distributions are 
normalized to the traffic along leg, so an equal height of the (peak of) the distribution does not indicate the same number 
of ships passing as along another leg.  

5.3 Definition of simulation scenarios 
Three simulation scenarios are defined, as described in the following sections. These scenarios are: 

• Base case scenario (present condition with traffic from 2022 AIS data) 

• Construction-phase scenario, i.e. the condition during the construction and construction of the KF II OWF 

• Operational phase scenario, i.e. the condition when the KF II OWF is in operation. 

All traffic intensities are based on the 2022 AIS data, that is, future trends in shipping intensity, apart from changes 
incurred by the operation of the KF II OWF, are not accounted for. 

5.3.1 Base case scenario 
The base case simulation is based on the 2022 AIS traffic data and definition of legs and way points as shown in Figure 
5. Ship traffic from AIS data has not been adjusted apart from the general increase of pleasure boats by a factor of 6.7 
as per Assumption C.3 (Appendix C) to account for pleasure boats not equipped with AIS. Inspection of the Crew 



 

  
 

 

 

DNV  –  Report No. 2109655, Rev. D  –  www.dnv.com  Page 19 
 

Transfer Vessels movements between Klintholm and existing Kriegers Flak OWF and EnBW Baltic 2 OWF show that 
these movements are in close agreement with the 5 return trips per WTG as per Assumption C.5 (Appendix C) and have 
not been modified. 

Existing WTGs in Danish, Swedish and German OWFs are included in the simulation, i.e. there will be estimated 
allisions with these existing WTGs in the modelling area for the base case. This means that the scenarios for the 
Construction Phase and Operational Phase will cover the cumulative effects between the existing OWFs and the KF II 
OWF. 

For later detailed comparison with the other scenarios, a number of routes are defined that are expected to be affected 
by the new KF II OWF, also considering the discussions from the HAZID workshops (Appendix D). The routes are 
indicated in Figure 6: 

 

Figure 6 Base case, route definitions for further analysis. Red: Gedser-Trelleborg; Orange: Møn-Falsterbo; 
Yellow: Klinthom-North of Rügen; Black: Extraction to/from Copenhagen 

A. Route from/to TSS “South of Gedser” to/from Trelleborg (this route will slightly change passing south of KF II 
OWF North) (Red in Figure 6) 

B. Main commercial fairway from/to Møn to/from TSS "Off Falsterbrorev" (this route will become bounded on the 
east side due to KF II OWF North) (Orange) 
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C. Route from/to Klintholm to/from North of Rügen (rerouting of pleasure boats south of KF II OWF South) 
(Yellow) 

D. Route from/to extraction area between existing OWF Kriegers Flak East and West to/from Copenhagen 
(rerouting passing south of KF II OWF North) (Black) 

 

 

Figure 7 Construction phase. Solid lines represent re-routing of shipping routes 

5.3.2 Construction phase scenario 
For the construction phase, the WTGWTG structures of the KF II OWF are all included in the simulation (for the allision 
simulation, there is no difference between foundations or complete WTGWTG. This will provide a worst case scenario 
result. 

The construction phase is characterized by the fact that the KF II OWF areas are work areas and non-attending vessels 
are not permitted to enter these areas. This means that all existing traffic has to pass around or outside the areas. This 
is modelled by the following changes made to the base case, see also re-routing on Figure 7: 

A. Route from/to TSS “South of Gedser” to/from Trelleborg is completely routed south of KF II OWF North) (solid 
red in Figure 7), no traffic on the original route (legs 32 and 35). The traffic and lateral distributions of legs 32 
and 35 have been copied to the (new) legs 57and 59, and leg 60, respectively. 
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B. Main commercial fairway from/to Møn to/from TSS "Off Falsterbrorev": the distribution of the traffic heading 
North is limited not to extend more than 2200 m east of the leg centreline (which is the distance to the western 
boundary of KF II OWF North from the leg centreline).  

C. Route from/to Klintholm to/from North of Rügen (leg 42) is completely transferred to leg 48 (solid yellow); the 
existing lateral distribution of leg 48 has been changed as to avoid an overlap with the OWF.  

D. Route from/to extraction area between existing OWF Kriegers Flak East and West to/from Copenhagen is re-
routed passing south of KF II OWF North) (solid black). During the HAZID it was suggested that the route 
would pass East around KF II OWF North, but the detour via the Eastern entrance of TSS “Off Falsterbrorev” 
(buoy M43) is considerably longer. Leg 33 is copied (traffic and lateral distribution) to the new legs 62, and 63 
(and traffic on legs 33 and 35 set to zero) and leg 34 is copied to the new legs 64 and 66 (and traffic on leg 34 
set to zero). The traffic on this route fully crosses the route Gedser-Trelleborg (none of the ships on these two 
routes switch on to the other route at the crossing). Leg 62 joins the route between Møn and Øresund (leg 24) 
at a new waypoint. 

The construction phase scenario does not consider any extra traffic for construction purposes, as there is no information 
about neither intensity nor route (construction harbour is not known).  

5.3.3 Operational phase scenario 
The operational-phase scenario is based on the construction phase scenario with the following changes (see Figure 8): 
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Figure 8 Operational phase. Solid lines represent re-routing of shipping, dotted lines (red, yellow and blue) are 
pleasure boats partially crossing KF II OWF, green dot-dash line is new CTV route to KF II OWF North. 

A. Route from/to TSS “South of Gedser” to/from Trelleborg is routed south of KF II OWF North) (solid red in 
Figure 7). Some pleasure boats will use the straight route (red dotted line). The number of pleasure boats is 
based on the detour length as per Assumption C.4 (Appendix C). The detour length has been considered for 
the full distance Møn-Trelleborg (actually Gislövsläge Marina) or from the north-west corner of the existing 
Kriegers Flak West OWF to Trelleborg. These detour lengths are 0.6 and 0.8 km, respectively, corresponding 
to a relative detour of 1% and 2%, respectively. The highest relative detour leads to the largest fraction of 
pleasure boats expecting to cross the OWF, viz. 21%. So, 21% of the original number of pleasure boats sailing 
along legs 32 and 35 is retained on these legs, and the other 79% put on legs 57, 59 and 60 as per 
construction phase scenario (section 5.3.2).  

B. Main commercial fairway from/to Møn to/from TSS "Off Falsterbrorev": No changes are made as compared to 
the construction phase scenario. 

C. Route from/to Klintholm to/from North of Rügen (leg 42).  

a. Some pleasure boats will use the most direct route to the north of Rügen (actually heading just south 
of the TSS ”N of Rügen”). The detour length south of the KF II OWF South is 0.66 km or almost 1% 
relative to the total distance from Klintholm to the North of Rügen. As per Assumption C.4 (Appendix 
C), 15% of the pleasure boats is expected to take the route through the OWF. So 15% of the original 
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number of pleasure boats sailing along 48 is retained on this leg, the other 85% is put on leg 42 as per 
construction phase scenario (section 5.3.2). 

b. It is assumed that KF II OWF South will be serviced out of Klintholm. This will generate additional CTV 
traffic along the legs 41 and 48. This concern 112 WTGWTGs and as per Assumption C.5 (Appendix 
C), this would generate 560 return trips. Similar to the CTVs already operating from Klinthholm, this is 
equally shared between vessels up to 25 m and between 25 and 50 m length. These numbers are 
added to the CTV’s already sailing along legs 41 and 48. No changes are made to the lateral 
distributions on these legs.  

D. Route from/to extraction area between existing OWF Kriegers Flak East and West to/from Copenhagen is re-
routed passing south of KF II OWF North) (solid black). No change as compared to the construction-phase 
scenario. 

E. The KF II OWF North need to be serviced by CTVs and for this study this is assumed to be from Klintholm (as 
KF II OWF will have a single operator). Operation from Rødvig would be an alternative but in both cases the 
main fairway from Gedser to Falsterbrorev need to be crossed. Crossing at the spot with most traffic east of 
Klintholm would probably show the highest number of expected incidents, so this is considered a conservative 
assumption. KF II OWF North exists of 116 WTGWTGs and as per Assumption C.5 (Appendix C), this would 
generate 580 return trips. As described above for KF II OWF South, this is equally shared between vessels up 
to 25 m and between 25 and 50 m length. New legs (leg 67 and 68, green dash-dot in Figure 8) are created 
from the waypoint east of Møn to the OWF. The above traffic intensities are added to these legs as well as to 
the legs out of Klintholm (legs 28 and 55). Crossings at the waypoints are defined so that the above CTVs are 
fully routed from Klintholm to the OWF. The lateral distribution at leg 67 (south of the crossing with the black 
route) is set as a uniform distribution with width from – 1250m to +1250m in both directions, and for leg 68 
(closest to the OWF) this distribution is widened to -2500m to +2500m, as it may be expected that the CTV 
sailing pattern will diverge as it is seen at Anholt (see Figure C.4-19). 

F. In the traffic density plot for pleasure vessels (Figure A 6 in Appendix A) it can be seen that there are pleasure 
boats sailing directly from/to Klintholm (or East around Møn) to/from Skanör (West of Falsterbro). This was not 
separately captured by the original route definition but attempted captured by legs 24 and 31 (Møn – Malmø, 
yellow dashed in Figure 8). In order to capture pleasure boats still sailing straight through the KF II OWF North, 
a new leg 69 was defined (dotted blue in in Figure 8. The number of original pleasure boats along this route 
was analysed. The length of the detour along the North-west corner of KF II OWF North is 0.45 km or 0.8% of 
the total  distance from Møn to Skanör. As per Assumption C.4 (Appendix C), 14% of pleasure boats are 
expected to sail through the OWF, this corresponds to 154 pleasure boats North-bound and 141 boats South-
bound. The other legs (notably 24 and 31) have not been adjusted, so this is “extra” traffic added to the 
simulation. The lateral distribution of the new leg 69 is set as a normal distribution in both directions, centred on 
the leg, with a standard deviation of 750 m. The new leg does not cross the other fairways, so this is included 
only to assess the risk of allisions within the OWF. 
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6 RESULTS  
The results of the assessment are presented as comparisons between the three scenarios. The absolute number of 
expected incidents or accidents depends heavily on the model assumptions (notably on the definition of legs and 
waypoints and also on the default causation factors), whereas the comparative results are less biassed by these 
assumptions.  

The results are presented as total results for the modelling area. This provides a valid comparison with respect to the 
number of allisions with existing and/or new WTGWTGs, but when considering the impact on ship-ship collisions, results 
will be dominated by the fairways with most traffic, which will be away from the KF II OWF. Similar arguments hold for 
groundings. Therefore, detailed comparisons will be made for the routes affected by changes due to the KF II OWF 
(such as routing, crossings, traffic density or width) 

A summary of results for the modelling area is presented in Table 2. The Table shows the absolute results for the 
modelling area and the changes as compared to the Base Case Scenario, both in absolute expected number of 
incidents per year, and the relative increase for the type of incident.  

It can be concluded that the impact on groundings is limited, both in absolute and relative terms. In relative terms the 
number of allisions increases most (as can be expected by the increase of the number of WTGWTGs in the modelling 
area). In absolute terms the number of collision incidents increases most, notably incidents related to crossings, merging 
and bending, and amount up to three times the number of additional allisions in the operational phase. 

The details of results per ship category and/or route will be discussed in the next sections. 

Table 2 Summary of results for the modelling area 

Type of incident 
Expected number of incidents per year / 

Expected averaged number of years between 
incidents 

Increase 
(incidents per year) 

Relative increase 

 
Base Case Construction Operational Constr. Oper. Constr. Oper. 

Powered 
Groundings 1.40 / 0.71 1.40 / 0.71 1.41 / 0.71 0.005 0.008 0.4% 0.6% 

Drifting 
Groundings 0.075 / 13.3 0.078 / 12.8 0.075 / 13.3 0.002 0.000 3.0% 0.0% 

Total 
Groundings 1.47 / 0.68 1.48 / 0.68 1.48 / 0.68 0.006 0.007 0.4% 0.5% 
        

Powered 
Allisions 0.010 / 100 0.010 / 100 0.022 / 46 0.000 0.012 4% 125% 

Drifting Allisions 0.0012 / 533 0.0025 / 400 0.0027 / 370 0.001 0.002 106% 124% 

Total Allisions 0.011 / 91 0.012 / 83 0.024 / 42 0.002 0.013 15% 124% 
        

Overtaking 0.085 / 12 0.085 / 12 0.085 / 12 0.000 0.000 0.3% 0.6% 

HeadOn 0.016 / 63 0.016 / 63 0.017 / 59 0.001 0.001 3.9% 5.0% 

Crossing 0.070 / 14.3 0.074 / 13.5 0.091 / 11.0 0.004 0.021 6.0% 30% 

Merging 0.031 / 32 0.031 / 32 0.040 / 25 0.000 0.009 -0.2% 29% 

Bend 0.263 / 3.8 0.278 / 3.6 0.269 / 3.7 0.016 0.007 6.0% 2.5% 

Total Collisions 0.464 / 2.2 0.485 / 2.1 0.502 / 2.0 0.021 0.038 4.5% 8.2% 
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6.1 Allisions  
The base case allisions relate to the existing OWF in the modelling area. Figure 9 shows the relative probability of 
allisions with the WTGWTGs of EnBW Baltic 2 and existing Kriegers Flak OWF. Summed over all ships categories, 
drifting allisions are about 10% of total allisions. The pattern of drifting allisions is different from the powered (and total) 
allisions and is related to passing vessels.  

Note that this study does not address the potential impact of high ships (superstructures or masts) with rotor blades 
outside the foundation base of about 13 m diameter. 

 

Figure 9 Base Case Scenario Allisions. Left: drifting allisions, right: powered allisions for existing Kriegers Flak 
OWF and EnBW Baltic 2 
 

 
Figure 10 Total allisions 
The comparison of the number of allisions is included in Table 3 and Figure 10. IWRAP expects for the existing OWFs in 
the modelling area (Danish Kriegers Flak, EnWB Baltic 1 and 2, and Lillgrund) about 1 allision per 100 years (probability 
0.011 per year). Majority of such allisions will be pleasure boats (75% of total allisions) and most of these allisions from 
pleasure boats are powered allisions (98%). Next highest number of allisions are related to General Cargo and Fast 
Ferries. Allisions of pleasure boats and fast ferries (CTVs) are caused by the vessels sailing within the OWFs, General 
Cargo has both a high traffic intensity in general and diverse sailing patterns close to or crossing the OWFs.  

1.E-06 1.E-05 1.E-04 1.E-03 1.E-02

Crude oil tanker

Oil products tanker

Chemical tanker

Gas tanker

Container ship

General cargo ship

Bulk carrier

Ro-Ro cargo ship

Passenger ship

Fast ferry

Support ship

Fishing ship

Pleasure boat

Other ship

Expected number of allisions per year

Base Case

Installation Phase

Operational Phase



 

  
 

 

 

DNV  –  Report No. 2109655, Rev. D  –  www.dnv.com  Page 26 
 

There are large differences in the ratio between powered and drifting allisions. Apart from pleasure boats, Ro-Ro Cargo 
ships most often cause powered allisions (more than 95% of total allisions by Ro-Ro Cargo ships). At the other end, in 
the rare event of allision by a crude oil tanker, passenger ship or chemical tanker, it is most likely a drifting allision (99%, 
93% and 87% respectively). 

In Table 3 the highest number of allisions have been marked bold (Base Case column), and so have the largest 
absolute and relative increases from Base Case to Construction Phase and Operational Phase.  

Table 3 Total (Powered and drifting) allisions in the modelling area 

Ship category 
Expected number of allisions per year/ 
Expected averaged number of years 

between allisions 

Increase 
(incidents per year) 

Relative increase 

 Base Case Construction Operational Construction Operational Construction Operational 

Crude oil 
tanker 

5.27E-06 / 
190000 

1.15E-05 / 
87000 

1.16E-05 / 
87200 6.25E-06 6.29E-06 119% 119% 

Oil products 
tanker 

5.66E-05 / 
17700 

1.26E-04 / 
7940 

1.30E-04 / 
7690 6.96E-05 7.33E-05 123% 130% 

Chemical 
tanker 

1.26E-05 / 
79400 

1.99E-05 / 
50300 

2.02E-05 / 
49500 7.28E-06 7.63E-06 58% 61% 

Gas tanker 2.25E-05 / 
44400 

3.25E-05 / 
30800 

3.28E-05 / 
30500 1.01E-05 1.03E-05 45% 46% 

Container ship 5.99E-05 / 
16700 

8.54E-05 / 
11700 

9.05E-05 / 
11100 2.55E-05 3.06E-05 43% 51% 

General cargo 
ship 

7.81E-04 / 
1280 

1.31E-03 / 
763 

1.33E-03 / 
752 5.27E-04 5.49E-04 67% 70% 

Bulk carrier 2.86E-05 / 
35000 

4.58E-05 / 
21800 

4.80E-05 / 
20800 1.73E-05 1.95E-05 61% 68% 

Ro-Ro cargo 
ship 

1.55E-04 / 
6450 

8.25E-04 / 
1210 

8.57E-04 / 
1170 6.70E-04 7.02E-04 432% 453% 

Passenger 
ship 

3.08E-06 / 
325000 

1.24E-05 / 
80600 

1.31E-05 / 
76300 9.31E-06 1.01E-05 302% 326% 

Fast ferry 8.32E-04 / 
1200 

8.73E-04 / 
1150 

2.47E-03 / 
405 4.06E-05 1.63E-03 5% 196% 

Support ship 3.10E-04 / 
3230 

4.67E-04 / 
2140 

4.90E-04 / 
2040 1.57E-04 1.80E-04 51% 58% 

Fishing ship 8.89E-05 / 
11200 

1.08E-04 / 
9260 

1.59E-04 / 
6290 1.88E-05 7.01E-05 21% 79% 

Pleasure boat 8.14E-03 / 
123 

8.07E-03 / 
124 

1.80E-02 / 
56 -7.44E-05 9.84E-03 -1% 121% 

Other ship 3.16E-04 / 
3170 

4.83E-04 / 
2070 

6.33E-04 / 
1580 1.68E-04 3.18E-04 53% 101% 

Total 1.08E-02 / 
93 

1.25E-02 / 
80 

2.43E-02 / 
41 1.65E-03 1.35E-02 15% 124% 

 

Figure 11 shows the distribution of drifting and powered allisions during the construction phase. The South-side of KF II 
OWF Nord seems to be most exposed to allision, probably by the course changes of ships sailing to Trelleborg (of which 
many are Ro-Ro Cargo ships). 
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Figure 11 Construction Phase Scenario Allisions. Left: drifting allisions, right: powered allisions 
During construction phase (and with all WTGs foundations installed) of KF II OWF the allisions risk in the modelling area 
increases by 15%, or the added probability (frequency) of allision during construction is 0.00165 per year. This can be 
fully contributed to the new OWF. Allision risk increases for all ship categories except pleasure boats (which may be an 
artefact due to routes through the new KF II OFW being closed). The increase is remarkable for Ro-Ro cargo ships 
(absolute and relative) and passenger ships (relative) and this is related to the change of the route to Trelleborg. This 
route has the highest traffic of Ro-Ro cargo ships. Ferries are normally classified as passenger ships, but it seems that 
the regular traffic on this route, some 7 ships in each direction each day, are registered as Ro-Ro cargo ships. Note that 
it is assumed (Assumption C.1, Appendix C) that the risk of incidents for passenger ships is reduced by a factor 20 as 
compared to other ship types. This may lead to some uncertainty (overestimation) of the absolute number of expected 
Ro-Ro cargo ship allisions. 

Figure 12 shows the distribution of drifting and powered allisions during the operational phase. By comparison with 
Figure 11, it can be seen that the passing of Pleasure boats and attending by CTVs increases the powered allisions 
within the KF II OWF (both North and South).  

 
Figure 12 Operational Phase Scenario Allisions. Left: drifting allisions, right: powered allisions (Colours are 
scaled with the maximum incident frequency and therefore colours cannot be directly compared with Figure 11) 
The number of allisions during the operational phase as compared to the construction phase is unchanged for most ship 
categories (small changes between the construction phase and operational phase for commercial shipping are likely to 
be artefacts due to small changes in waypoints between simulations). The exceptions (marked bold in Table 3) are, as 
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can be expected from the changed assumptions, Fast Ferries or CTVs (because of increased activity) and Pleasure 
boats, Fishing ships and “other ships” (because these ships are partly “allowed” to sail through the KF II OWF).  

Service trips for CTVs are added with 1140 return rips in total and this is forecasted to lead to an expected frequency of 
0.0016 per year. Most of these allisions are powered allisions. This number may be questioned because the CTVs are 
deliberately attending the OWF and crews will be experienced to navigate within the OWF. 

The largest increase in allisions in the operational phase as compared to the construction phase is due to Pleasure 
boats crossing the OWF. The expected frequency of allisions due to these crossings are estimated to be 0.01 per year, 
i.e. on average about one allision per 10 years is expected. Fishing ships are also expected to sail through the OWF, but 
because of the low number of Fishing ships, the additional expected frequency of allision remains low (0.00007 per 
year). 

6.2 Groundings 
Groundings occur mainly on the coasts surrounding the modelling area, with some groundings on the (relatively) shallow 
waters of Kriegers Flak, both sides of the Kadetrenden and the entrance to Øresund, see Figure 13. 

 
Figure 13 Base Case Scenario Groundings. Total groundings 
The comparison of the number of groundings is included in Table 4.IWRAP expects one to two groundings in the 
modelling area per year, about 40% caused by pleasure boats followed by General Cargo ships (15%), Ro-Ro Cargo 
ships (14%) and Oil Product Tankers (13%).  

The increase of the number of groundings during construction and operation of KF II OWF is predicted to be 0.5% on 
average. The largest increase is for Ro-Ro cargo ships (increase 2.1% from Base Case to Construction Phase and 
Operational Phase) and Fast Ferries (increase 200% from Construction Phase to Operational Phase), both increases 
marked bold in Table 4.  
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Most Ro-Ro Cargo groundings are powered groundings (more than 99%, whereas it is between about 80% and 95% for 
most other ship categories), and the volume of Ro-Ro Cargo ships on the re-routed Rostock-Trelleborg with an extra 
change of course may explain the increase in the number of groundings. The increase of groundings for Fast Ferries will 
be due to the increased number of CTV trips (a doubling as compared to the Base Case). A large proportion of Fast 
Ferry groundings are drifting groundings (35%). 

Table 4 Total (Powered and drifting) groundings in the modelling area 

Ship category 

Expected number of groundings per 
year / 

Expected averaged number of years 
between allisions 

Increase 
(incidents per year) 

Relative increase 

 Base Case Construction Operational Construction Operational Construction Operational 

Crude oil 
tanker 

6.41E-02 / 
16 

6.41E-02 / 
16 

6.41E-02 / 
16 6.07E-05 -3.70E-06 0.1% 0.0% 

Oil products 
tanker 

1.98E-01 / 
5.1 

1.99E-01 / 
5.0 

1.98E-01 / 
5.1 1.25E-03 -2.99E-05 0.6% 0.0% 

Chemical 
tanker 

3.16E-03 / 
316 

3.16E-03 / 
316 

3.16E-03 / 
316 -5.42E-06 -5.93E-06 -0.2% -0.2% 

Gas tanker 7.26E-03 / 
138 

7.30E-03 / 
137 

7.25E-03 / 
138 4.19E-05 -5.71E-06 0.6% -0.1% 

Container ship 3.72E-02 / 
27 

3.73E-02 / 
27 

3.72E-02 / 
27 1.01E-04 -3.29E-05 0.3% -0.1% 

General cargo 
ship 

2.23E-01 / 
4.5 

2.24E-01 / 
4.5 

2.22E-01 / 
4.5 1.07E-03 -2.70E-04 0.5% -0.1% 

Bulk carrier 6.21E-02 / 
16 

6.23E-02 / 
16 

6.21E-02 / 
16 1.82E-04 -1.70E-05 0.3% 0.0% 

Ro-Ro cargo 
ship 

2.11E-01 / 
4.7 

2.16E-01 / 
4.6 

2.16E-01 / 
4.6 4.44E-03 4.41E-03 2.1% 2.1% 

Passenger 
ship 

3.83E-03 / 
261 

3.83E-03 / 
261 

3.83E-03 / 
261 3.55E-06 2.22E-06 0.1% 0.1% 

Fast ferry 2.22E-03 / 
450 

2.22E-03 / 
450 

6.71E-03 / 
450 1.33E-06 4.50E-03 0.1% 203% 

Support ship 2.60E-02 / 
38 

2.59E-02 / 
39 

2.59E-02 / 
39 -8.39E-05 -7.71E-05 -0.3% -0.3% 

Fishing ship 2.35E-02/  
43 

2.34E-02 / 
43 

2.34E-02 / 
43 -6.31E-05 -7.22E-05 -0.3% -0.3% 

Pleasure boat 5.94E-01 / 
1.7 

5.94E-01 / 
1.7 

5.93E-01 / 
1.7 -2.07E-04 -6.08E-04 0.0% -0.1% 

Other ship 1.74E-02 / 
57 

1.72E-02 / 
58 

1.73E-02 / 
58 -1.10E-04 -7.45E-05 -0.6% -0.4% 

Total 1.47 / 0.68 1.48 / 0.68 1.48 / 0.68 6.68E-03 7.72E-03 0.5% 0.5% 

6.3 Collisions 
From Table 2 it appears that the KF II OWF has no or little effect on overtaking incidents and no significant effect on 
head-on incidents (at least in absolute terms), and the focus will therefore be on the incidents at waypoints (crossing, 
merging and bending). Figure 14 shows the relative incident frequency at waypoints for the three scenarios. Differences 
are hard to notice. The introduction of additional waypoints on the route to Trelleborg and the route between 
Copenhagen and the extraction area introduce new possibilities for incidents (see also Figure 7). The waypoint east of 
Møn shows slightly more incidents, probably due to crossing of more CTVs.  
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Figure 14 Waypoint collision incidents (crossing, merging, bending) close to KF II OWF. Left: Base Case 
Scenario, centre: Construction Phase Scenario, right: Operational Phase Scenario. Main routes and route 
changes are indicated, see also section 5.3. Note: the background is outdated and shows abandoned plans for 
other OWFs. 
To address the increase of collision risk along affected shipping routes, two route segments are selected for detailed 
assessment, see Figure 15. These segments are on the route between TSS “Off Falsterborev” and TSS “S of Gedser” 
(orange in Figure 15) and the segment on the route between Trelleborg and TSS “S of Gedser” (red). The routes in 
Base Case are dashed, the changes in the Construction Phase and (partly) in operational Phase are solid lines. 

 

Figure 15 Route segments for assessment of increased waypoint incidents, cf. Figure 7 and Figure 8 
The route segment between TSS “Off Falsterbrorev” and TSS “S of Gedser” has been selected because of increased 
crossing with CTVs East of Møn, a narrower lane west of the new KF II OWF North and the interaction with the shipping 
to/from the extraction area. The route to and from Trelleborg is selected because of the additional waypoints with 
crossings, merging traffic and course changes. 
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6.3.1 Waypoint incidents route to/from Trelleborg 
The total number of incidents per ship category on the 4 (Base Case) to 5 (Construction Phase and Operational Phase) 
waypoints, i.e. points of crossings and/or course change for the route segment to Trelleborg are listed in Table 5. The 
highest number of incidents per ship category are marked bold for the Base Case as well as for the highest absolute 
and relative (over 200%) increases for the Construction Phase and Operational Phase. Given that the majority of ships 
on this route are Ro-Ro cargo ships, the highest number of incidents with this ship type is as expected. Also the 
increase of the number of incidents for the Construction Phase and Operational Phase is largest (in absolute terms) for 
the Ro-Ro cargo ships. About half of the increase of the incident frequency is related to the course change at the South-
west entrance of the corridor between the existing Kriegers Flak OWF and KF II OWF North, the other half of the 
increase is mainly at the crossing with the fairway from TSS “Off Falsterborev” to the East.  

There is also a considerable increase in incident frequency for General Cargo ships and pleasure boats. 

The increase in incident risk along this route segment accounts for 70% to 75% of the total increase of collisions during 
construction and operation of the KF II OWF as per Table 2. 

Table 5 Waypoint incidents route to/from Trelleborg 

Ship category 
Expected number of incidents per year / 

Expected averaged number of years 
between incidents 

Increase 
(incidents per year) 

Relative increase 

 Base Case Construction Operational Construction Operational Construction Operational 

Crude oil 
tanker 

1.42E-04 / 
7040 

2.05E-04 / 
4880 

5.36E-04 / 
1870 6.35E-05 3.94E-04 45% 279% 

Oil products 
tanker 

1.78E-03 / 
562 

2.58E-03 / 
388 

4.51E-03 / 
222 7.94E-04 2.72E-03 45% 153% 

Chemical 
tanker 

7.12E-05 / 
14000 

1.05E-04 / 
9520 

1.46E-04 / 
6850 3.43E-05 7.53E-05 48% 106% 

Gas tanker 8.46E-05 / 
11800 

1.45E-04 / 
6900 

1.91E-04 / 
5240 6.00E-05 1.06E-04 71% 126% 

Container ship 2.98E-04 / 
3360 

4.49E-04 / 
2230 

6.29E-04 / 
1590 1.51E-04 3.31E-04 51% 111% 

General cargo 
ship 

6.97E-03 / 
143 

9.85E-03 / 
102 

1.37E-02 / 
73 2.88E-03 6.73E-03 41% 97% 

Bulk carrier 5.30E-04 / 
1890 

7.62E-04 / 
1310 

1.44E-03 / 
694 2.32E-04 9.11E-04 44% 172% 

Ro-Ro cargo 
ship 

1.51E-02 / 
66 

2.44E-02 / 
41 

2.24E-02 / 
45 9.26E-03 7.27E-03 61% 48% 

Passenger 
ship 

8.72E-05 / 
11500 

1.44E-04 / 
6940 

1.83E-04 / 
5460 5.68E-05 9.53E-05 65% 109% 

Fast ferry 7.02E-07 / 
1420000 

2.22E-06 / 
450000 

3.48E-06 / 
287000 1.52E-06 2.78E-06 217% 396% 

Support ship 2.24E-04 / 
4460 

4.09E-04 / 
2450 

5.29E-04 / 
1890 1.85E-04 3.05E-04 83% 136% 

Fishing ship 9.31E-05 / 
10700 

1.38E-04 / 
7250 

2.16E-04 / 
4630 4.48E-05 1.23E-04 48% 132% 

Pleasure boat 2.21E-03 / 
452 

4.24E-03 / 
236 

8.63E-03 / 
116 2.03E-03 6.42E-03 92% 291% 

Other ship 2.58E-04 / 
3880 

8.52E-04 / 
1170 

9.09E-04 / 
1100 5.95E-04 6.52E-04 231% 253% 

Total 0.028 / 36 0.044 / 23 0.054 / 19 0.016 0.026 59% 94% 
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6.3.2 Waypoint incidents route between TSSs “Off Falsterbrorev” and “South of 
Gedser” 

The total number of incidents per ship category on the 4 (Base Case) to 5 (Construction Phase and Operational Phase) 
waypoints, i.e. points of crossings and/or course change for the route segment between TSSs “Off Falsterborev” and “S. 
of Gedser” are listed in Table 6. The highest number of incidents per ship category are marked bold for the Base Case 
as well as for the highest absolute and relative increases for the Construction Phase and Operational Phase. Ro-Ro 
cargo ships make up about 40% of the commercial traffic (pleasure boats and commercial traffic along this route are 
about 50% each), and this is reflected in the largest absolute expected number of incidents involving Ro-Ro ships. Most 
incidents in Base Case are expected to occur at the waypoint East of Møn. During construction, most incidents are 
expected to occur at the (new) waypoint where the traffic merges with the rerouted traffic South of KF II OWF North. 
During operation, the riskiest point again is East of Møn, involving Ro-Ro cargo ships and/or pleasure boats. The 
complexity of crossing traffic at this point also leads to relative increases for other large vessels (such as tankers). 

CTV-incidents show an increase proportional to the increased operations, but not significant in absolute terms. 

The increase in incident risk along this route segment accounts for 10% (Construction Phase) to 20% (Operational 
Phase) of the total increase of collisions during construction and operation of the KF II OWF as per Table 2. 

Table 6 Waypoint incidents route between TSSs “Off Falsterbrorev” and “South of Gedser” 

Ship category 
Expected number of incidents per year/ 

Expected averaged number of years 
between incidents 

Increase 
(incidents per year) 

Relative increase 

 Base Case Construction Operational Construction Operational Construction Operational 

Crude oil 
tanker 

6.37E-07 / 
1570000 

5.20E-07 / 
1920000 

1.82E-06 / 
549000 -1.2E-07 1.19E-06 -18% 186% 

Oil products 
tanker 

6.48E-05 / 
15400 

5.97E-05 / 
16800 

2.18E-04 / 
4590 -5.2E-06 1.53E-04 -8% 236% 

Chemical 
tanker 

6.17E-06 / 
162000 

4.77E-06 / 
210000 

1.62E-05 / 
61700 -1.4E-06 1.01E-05 -23% 163% 

Gas tanker 3.98E-07 / 
2510000 

2.94E-10 / 
3.40E+09 

2.78E-06 / 
360000 -4.0E-07 2.38E-06 -100% 599% 

Container ship 3.38E-05 / 
29600 

2.29E-05 / 
43700 

8.33E-05 / 
12000 -1.1E-05 4.94E-05 -32% 146% 

General cargo 
ship 

6.81E-04 / 
1470 

8.22E-04 / 
1220 

1.74E-03 / 
575 1.41E-04 1.06E-03 21% 155% 

Bulk carrier 3.63E-05 / 
27500 

2.77E-05 / 
36100 

7.88E-05 / 
12700 -8.5E-06 4.25E-05 -23% 117% 

Ro-Ro cargo 
ship 

3.38E-03 / 
296 

5.80E-03 / 
172 

9.77E-03 / 
102 2.42E-03 6.39E-03 72% 189% 

Passenger 
ship 

9.25E-05 / 
10800 

8.13E-05 / 
12300 

2.26E-04 / 
4430 -1.1E-05 1.33E-04 -12% 144% 

Fast ferry 6.74E-05 / 
14800 

6.34E-05 / 
15800 

1.41E-04 / 
7090 -4.1E-06 7.35E-05 -6% 109% 

Support ship 3.47E-05 / 
28800 

1.05E-05 / 
95200 

4.25E-05  
23500 -2.4E-05 7.88E-06 -70% 23% 

Fishing ship 1.18E-05 / 
84700 

6.17E-06 / 
162000 

1.23E-05 / 
81300 -5.6E-06 5.07E-07 -48% 4% 

Pleasure boat 1.48E-03 / 
676 

1.35E-03 / 
741 

2.81E-03 / 
356 -1.3E-04 1.34E-03 -9% 90% 

Other ship 1.24E-04 / 
8070 

1.25E-05 / 
80000 

3.58E-05 / 
27900 -1.1E-04 -8.80E-05 -90% -71% 

Total 0.006 / 167 0.008 / 125 0.015 / 67 0.002 0.009 37% 153% 
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6.4 Updated risk table from HAZID workshop 
During the HAZID workshop (the full report is included in Appendix D) the identified hazards were risk ranked. This risk 
ranking has been updated with the results from the quantified assessment as described in the sections above. The main 
columns from the HAZID sheet as included in Appendix D are copied into Table 7, and the column with expected event 
frequencies has been updated with the information from the quantified study to the extent possible (see for limitations 
section 2.2). The Risk Ranking (color coding “red, yellow, green”) is updated as well. In Table 7, 4th column from left 
(frequency class), frequency estimates that have been unchanged from the HAZID assessment are coloured light blue. 
In case the updated frequency is lower, the cell is marked light green, and in case it has been increased, the cell is pink. 
In case the cell is white, it means that the quantitative study did not provide information to update the HAZID 
assessment.  

Hazard IDs 16, 17, 18, 19, 24, 28, 31 and 35 have not been risk-ranked during the HAZID and have not been included in 
Table 7. These hazards relate e.g. to the impact of the WTGs on radar and other means of communication, and to 
service vessels, which are not covered by this general navigational safety study. Hazard 28 relates to the change in 
boundary at the North corner of the KF II OWF and is therefore no longer relevant. 

The following hazards could not be updated: 

• Hazard ID 4: The route from the extraction area to Femern has not been included in the simulation. 

• Hazard ID 9 and 14: The allision with WTG wings has not been included in the simulation, only allision with the 
tower/foundation structure of about 13 m diameter. 

• Hazard ID 20 and 21: the impact of limited visibility or radar coverage has not been quantified, see section 2.2 
as well as the discussion in section 6.4.1 below.  

• Hazard ID 26: The effect of the restricted work area of 500 m has not been quantified. 

• Hazard ID 29, 33 and 34: The effect of surveillance ships or not complying with regulations has not been 
quantified, see section 2.2. 

• Hazard ID 32: The risk of collision with a slowly moving working vessel crossing fairways has not been included 
in the simulation. 

Table 7 Summary of updated HAZID hazard sheet (original HAZID sheet included in Appendix D). In the column 
“frequency”, light blue indicates no change as compared to HAZID assessment, light green: the frequency has 
been lowered, and pink; the frequency has been increased. 
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 Operation Phase        

1 
Tight distance to existing KF, 
necessary to go further east 
especially in bad weather.  

Trelleborg-Rostock; corridor 
between KF and KF II N 
Collision of ferries/Ro-Ro 
ships with other traffic 

4 1 4 4 3 8 

2 
Tight distance to existing KF, 
necessary to go further east 
especially in bad weather 

Trelleborg-Rostock; corridor 
between KF and KF II N 
Collision of ferries/Ro-Ro 
ships with other traffic 

3 1 3 3  6 

3 

Raw material extraction from 
Kriegers Flak (between the two 
existing OWFs) up to Copenhagen. 
Sand dredgers expected to sail 
east of KF II N 

Sand dredger collides with 
other traffic 3 1 3 3  6 
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4 

Raw material extraction from 
Kriegers Flak (between the two 
existing parks) to Femern. Unclear 
if sand dredgers are expected to 
sail southeast and down route T 
(Kadetrenden) or southwest 
(towards Møn/Falster). Northbound 
traffic back to the area will likely 
sail on route T/Kadetrenden up to 
buoys DW79 and DW80 and 
northwest into KF to avoid crossing 
traffic separation 

Sand dredger collides with 
other traffic 3 1 3 3  6 

5 
Traffic west of KF North is at risk 
(wind from the west) of drifting into 
the park during blackout 

Drifting allision with turbines 3 1 3 3  6 

6 
Maintenance traffic to both parks. 
Traffic will come from the west 
either Klintholm or Rødvig 

Collision between service 
vessel and traffic on route 3 1 3 2 2 6 

7 

Fishing generally declining but 
there may be an increased 
likelihood of allision with wind 
turbine 

Collision between fishing 
vessel and wind turbine 2 0.01 3 2 2 3 

8 Passenger ship comes too close to 
the turbine 

Passenger/cruise ship hits 
wind turbines 2 0.01 4 3 3 4 

9 Passenger ship comes too close to 
the turbine 

Blade hits passenger/cruise 
ship 3 1 4 3 0 7 

10 Tanker hits turbine Tanker hits turbine 3 0.01 3  4 5 

11 
Lack of space for existing 
north/southbound traffic east of 
TSS west of KF North 

Leisure boats enter TSS 
zone with a higher likelihood 
of collision. Low speed, 
inability to react (updated 
frequency is based on all 
collisions in the modelling 
area) 

4 1 3 2 2 7 

12 
Lack of space for existing 
north/southbound traffic east of 
TSS west of KF North 

Leisure boats come too close 
to wind turbines. Low speed, 
inability to react, allision with 
turbines 

3 1 2 2 2 5 

13 

Motor sailors may have increased 
interest in the turbine area. Sailing 
boats will generally stay away 
(spoiled wind) 

Ship-turbine allision 3 0.1 3   5 

14 Ship-turbine allision 
Mast on large sailing ships 
higher than the free height to 
the blade 

2 1 3   5 

15 
Rügen to Klintholm: Large number 
of both motor sailors and sailing 
boats will sail through the OWFs 

Ship-turbine allision. 3 1 3 2 2 6 

20 

Ships coming from Trelleborg meet 
southbound traffic west of KF 
North. Possibility of not seeing 
ships if there is poor visibility along 
with poor radar coverage due to 
the park. Confusion between many 
information due to lanterns on 
turbines 

Ship-ship collision 4 1 4 4 3 8 

21 

Ships coming from Bornholm meet 
NE-bound traffic south of KF 
South. Possibility of not seeing 
ships if there is poor visibility along 
with poor radar coverage due to 
the park. Confusion between many 
information due to lanterns on 
turbines 

Ship-ship collision 4 1 4 4 3 8 
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22 

Concentration of ships south of KF 
North of different types of ships 
with different speeds increases the 
possibility of collision 

Ship-ship collision 4 1 3 3 3 7 

23 

Mixing of leisure craft and other 
ship traffic between KF north and 
KF increases the possibility of 
collision 

Ship-ship collision 4 1 3 2 2 7 

25 
There are transformer platforms 
(expected only one in each park) 
between the turbines 

Ship-Transformer allision 3 1 4 4  7 

  Construction Phase         

26 With a work zone of 500m, it will be 
narrow on ferry route. 

Trelleborg-Rostock 
(TT/Stena-line) Collision with 
other traffic. E.g., lack of 
space for evasive 
manoeuvre. 

5 1 4 4 3 9 

27 With a work zone of 500m, it will be 
narrow on ferry route 

Trelleborg-Rostock 
(TT/Stena-line), allision with 
turbines/foundation 

3 1 3 3  6 

29 Pleasure vessel-turbine allision 
Large number of both motor 
sailors and sailing boats may 
attempt to sail through 

3 1 3 2 2 6 

30 Ship-ship collision 
Large number of both motor 
sailors and sailing boats sail 
around 

4 1 3 2 2 7 

32 Cable laying vessel crosses main 
traffic west of OWFs 

Collision between ship and 
cable laying vessel 2 1 4 3 3 6 

33 Pleasure vessels do not respect 
work area 

Collision between ship and 
work vessel 7 0.001 3 2 2 7 

34 Ships do not respect work area Collision between ship and 
work vessel 5 0.001 3 3 3 5 

 

6.4.1 Risk of collision due to OWF structures masking ships on collision course 
Hazards 20 and 21 address the possibility of OWF structures hiding ships sailing behind the OWF. In general, this is 
addressed by PIANC /14/, section 4.2.1 “COLREG 7c) Risk of collision", discussing ships departing an OWF, where 
ships on the main route may have difficulty to assess the collision potential (Closest Point of Approach) by radar's 
difficulty to discriminate between fixed and moving targets inside the OWF. PIANC /14/ recommends that ships should 
keep a distance of 1.5 NM from an OWF to have sufficient time to respond to ships departing from within or from behind 
an OWF. KF II OWF South is sufficiently apart from the main sailing routes. For KF II OWF North, there may be a 
concern for the ships from Møn to TSS "Off Falsterbrorev" as well as for the (rerouted) ships from Trelleborg to Gedser. 
With respect to ships from Møn to TSS "Off Falsterbrorev”, the distance of the route centreline to the OWF is about 1.2 
NM. However, there is no transfer route through KF II OWF North (the commercial extraction shipping is expected not to 
pass the OWF, see section 5.3.3, route “D”) and the CTVs servicing the OWF will depart either on the southern corner 
or at a course parallel to the main shipping route. Rerouted ships from Trelleborg to Gedser can pass at sufficient 
distance south of KF II OWF North but may choose to pass close to the eastern corner for the shortest route. Potential 
conflicts may arise with pleasure boats choosing to pass through this corner, but these boats will follow a course almost 
parallel to the commercial ships heading in the same direction (from Trelleborg to Møn), and there will be more than 1.5 
NM from departing the OWF to crossing the commercial ships. 

With respect to the specific Hazards 20 and 21, it seems that there is sufficient free visual and radar range to take 
adequate action to avoid collision, see Figure 16. In both cases there is a waypoint (point where course has to be 
changed to remain in fairway) after free visual range has been reached. The hazard of not being able to anticipate in 
due time seems to be overestimated during the HAZID. However, the incident frequency at the waypoint east of Møn 
shows an increase of about 0.007 per year during operational phase (which is about twice the Base Case frequency). 
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This is not related to lack of awareness, but increased complexity at this point with different crossings. The initial 
assessment has therefore been retained in Table 7, but the risk does not arise from lack of visibility or radar coverage. 

This means that after the updated frequencies, 4 hazards remain “red” (unacceptable without further risk reduction), 21 
hazards are “yellow” (risk to be reduced to as low as reasonably practicable) and 2 hazards become “green” (risk is 
broadly acceptable. 

 

Figure 16 Hazards 20 and 21 (Table 7): free visual (and radar) range of ships sailing from Trelleborg merging 
with shipping towards Møn (Triangle 20) and of ships sailing from Bornholm through Kadetrenden merging 
shipping from Møn to TSS “S of Gedser”. 
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7 CONCLUSIONS AND RECOMMENDATIONS 

7.1 Discussion of the results 
The questions to be answered by this study are: 

• Does the wind farm lead to an unacceptable number of allisions between ships and wind turbines? 

• Does the rearrangement of the shipping lead to an increased and intolerable number of groundings? 

• Does the rearrangement of the shipping lead to an increased and intolerable number of collisions between 
ships? 

7.1.1 Allisions between ships and offshore wind turbine generators 
The HAZID study (Appendix D, Table 7) addresses the hazard of ships colliding into WTGs. The additional number of 
allisions during construction and operation of KF II OWF amounts to about 1 incident per 100 years, of which the 
majority involves pleasure boats. The present results predict a relative high number of allision of pleasure boats during 
the Operational Phase, mainly due to boats sailing across the KF II OWF. Ships remaining on fairways outside the OWF 
have lower risk of colliding: no more than 10% of allisions (both drifting and under power) involve Ro-Ro cargo ships or 
general cargo ships, and less for other large commercial ship types. These risks are considered acceptable if reduced to 
as low as reasonably practicable. 

The probability of allision of a passenger ship remains improbable, in the order of 1 incident per 100 000 years.  

7.1.2 Change in number of groundings 
The data in Table 2 and Table 4 show a small decrease (no more than 3%) in the number of groundings during 
construction and operation of the KF II OWF. This cannot be considered a significant change, and it is concluded that 
the KF II OWF and the related change of shipping patterns does not affect the risk of grounding. 

7.1.3 Change in number of ship-ship collisions 
The data in Table 2 and section 6.3 show that the largest increase in risk is related to an increased frequency of ship-
ship collisions. The largest increase is related to the ferry and Ro-Ro cargo route between TSS “S of Gedser” and 
Trelleborg. An extra change of course is required, and especially during operational phase, the alternative patterns of 
pleasure boats may lead to multiple crossings points. Also, the added traffic out of Klintholm leads to increased risk East 
of Møn.  

Overall, the additional risk of ship-ship collisions is considered unacceptable without further risk reduction. 

7.2 Recommendations 
On the basis of both the HAZID workshop and findings from the quantitative study, the following four (4) 
recommendations are proposed: 

1. Move the South-east corner of KF II OWF North further North so that the regular traffic between TSS “S of 
Gedser” and Trelleborg does not need to make another course change, and the shortest route for pleasure 
boats between Møn and Gislövsläge Marina does not cross the OWF and remains parallel with the commercial 
shipping route to Trelleborg. This will reduce the risk of hazard ID 1 (now rated unacceptable, see Table 7) 

2. Consider limiting the extent of the work zone during construction along the boundary on the south-side of the 
KF II OWF North or at least perform a more detailed analysis of such limitation on navigational safety. This will 
reduce the risk of hazard ID 26 (now rated unacceptable, see Table 7) 

3. Consider implementing Work Vessel Coordination, both during the Construction Phase and Operational Phase, 
to minimize conflicts between work vessels or service vessels (CTVs) sailing out of Klintholm and commercial 
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traffic east of Møn. This will reduce the risk of ship-ship collision at this position (now rated unacceptable, see 
section 7.1.3) 

4. Consider other means of guidance or separation of ships east of Møn, or at least perform a more detailed 
analysis of such means on navigational safety, to mitigate the complex pattern of crossing ship movements 
(both commercial and recreational) and to minimize the risk of ship-ship collision at this position (risk now rated 
unacceptable, see section 7.1.3) 

The following general recommendations were already identified during the HAZID study and are repeated for 
completeness (more details are included in Appendix D) 

5. Ensure emergency response to stop WTGs when a drifting or uncontrolled ship threatens to collide with a OWF 
structure 

6. Investigate the need to establish additional coast-based Radar stations or AIS base-stations. 

7. Consider the use of surveillance vessels to enforce the compliance with the prohibited work areas during the 
Construction Phase. 

8. Exploit all possible communication channels to inform recreational sailors and fishermen about prohibited work 
areas and other temporary restrictions or arrangements. 

9. Consider reserving or assign specific VHF channels for communication between work vessels, service vessels 
and Work Vessel Coordination. 
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APPENDIX A. EXISTING SHIPPING PATTERNS 
(Note: the background chart used in this appendix is outdated and shows marking by pencil of other planned OWFs 
which have been abandoned). 

 

Figure A 1 Traffic density all ship types 
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Figure A 2 Traffic density cargo ships (Container ship, General cargo ship, Bulk carrier, Ro-Ro cargo ship) 
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Figure A 3 Traffic density Tanker ships (Crude oil tanker, oil products tanker, Chemical tanker, Gas tanker) 
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Figure A 4 Traffic density Passenger ships (Passenger ship, Fast ferry) 
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Figure A 5 Traffic density Fishing ships 
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Figure A 6 Traffic density Pleasure boats 
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Figure A 7 Traffic density Other ships (Support ships, Other ships) 
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APPENDIX B. OWF TURBINE POSITIONS 
Danish existing wind-turbine positions, position coordinates according to UTM 32 Euref89 

Object ID Easting Northing 

Ukendt 570715000000088650 625628 6135118 

Ukendt 570715000000088674 625193 6135008 

Ukendt 570715000000088681 624757 6134898 

Ukendt 570715000000088698 624321 6134788 

Ukendt 570715000000088704 623885 6134678 

Ukendt 570715000000088711 623448 6134568 

Ukendt 570715000000088728 623012 6134457 

Kriegers Flak 570715000001542588 744149 6108859 

Kriegers Flak 570715000001542595 741899 6107869 

Kriegers Flak 570715000001542601 743789 6107689 

Kriegers Flak 570715000001542618 740639 6107234 

Kriegers Flak 570715000001542625 743609 6106429 

Kriegers Flak 570715000001542632 740549 6105979 

Kriegers Flak 570715000001542649 743789 6105169 

Kriegers Flak 570715000001542656 740369 6104899 

Kriegers Flak 570715000001542663 740459 6103819 

Kriegers Flak 570715000001542670 744149 6103639 

Kriegers Flak 570715000001542687 740459 6102739 

Kriegers Flak 570715000001542694 744419 6102559 

Kriegers Flak 570715000001542700 740189 6101749 

Kriegers Flak 570715000001542717 744056 6101294 

Kriegers Flak 570715000001542724 740639 6100669 

Kriegers Flak 570715000001542731 745949 6100406 

Kriegers Flak 570715000001542748 743788 6099673 

Kriegers Flak 570715000001542755 741089 6099589 

Kriegers Flak 570715000001542762 747750 6099409 

Kriegers Flak 570715000001542779 749825 6098607 

Kriegers Flak 570715000001542786 741623 6098512 

Kriegers Flak 570715000001542793 743429 6098419 

Kriegers Flak 570715000001542809 745409 6098329 

Kriegers Flak 570715000001542816 747565 6098328 

Kriegers Flak 570715000001542823 751265 6112095 

Kriegers Flak 570715000001542830 750089 6111559 

Kriegers Flak 570715000001542847 754409 6111559 

Kriegers Flak 570715000001542854 755399 6110929 

Kriegers Flak 570715000001542861 750359 6110389 

Kriegers Flak 570715000001542878 754319 6109399 

Kriegers Flak 570715000001542885 753321 6107955 

Kriegers Flak 570715000001542892 759809 6107869 

Kriegers Flak 570715000001542908 756118 6107243 

Object ID Easting Northing 

Kriegers Flak 570715000001542915 760619 6107059 

Kriegers Flak 570715000001542922 753149 6106879 

Kriegers Flak 570715000001542939 758369 6106789 

Kriegers Flak 570715000001542946 751889 6106069 

Kriegers Flak 570715000001542953 755849 6105799 

Kriegers Flak 570715000001542960 752519 6105439 

Kriegers Flak 570715000001542977 759093 6105316 

Kriegers Flak 570715000001542984 753869 6104629 

Kriegers Flak 570715000001542991 754919 6104004 

Kriegers Flak 570715000001543004 759562 6103809 

Kriegers Flak 570715000001543011 758636 6101665 

Kriegers Flak 570715000001543028 759269 6100489 

Kriegers Flak 570715000001543035 757559 6099949 

Kriegers Flak 570715000001543042 752212 6111679 

Kriegers Flak 570715000001543059 756854 6100557 

Kriegers Flak 570715000001543066 752429 6112639 

Kriegers Flak 570715000001543073 753329 6112189 

Kriegers Flak 570715000001543080 752910 6111108 

Kriegers Flak 570715000001543097 752339 6109669 

Kriegers Flak 570715000001543103 748473 6110841 

Kriegers Flak 570715000001543110 746939 6110119 

Kriegers Flak 570715000001543127 748109 6109849 

Kriegers Flak 570715000001543134 750989 6108139 

Kriegers Flak 570715000001543141 756743 6110121 

Kriegers Flak 570715000001543158 757829 6109489 

Kriegers Flak 570715000001543165 758816 6108779 

Kriegers Flak 570715000001543172 756389 6108589 

Kriegers Flak 570715000001543189 761519 6106249 

Kriegers Flak 570715000001543196 762329 6105439 

Kriegers Flak 570715000001543202 763049 6104719 

Kriegers Flak 570715000001543219 762419 6103639 

Kriegers Flak 570715000001543226 757146 6103999 

Kriegers Flak 570715000001543233 758909 6102739 

Kriegers Flak 570715000001543240 761609 6102289 

Kriegers Flak 570715000001543257 760709 6101119 

Kriegers Flak 570715000001543264 755579 6103099 

Kriegers Flak 570715000001543271 755765 6102069 

Kriegers Flak 570715000001543288 756197 6101326 

Kriegers Flak 570715000001543295 755669 6100489 

Ukendt 570715000000062605 452355 6279600 
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Object ID Easting Northing 

Anholt 1 570715000000256998 634392 6264751 

Anholt 1 570715000000257001 634426 6265371 

Anholt 1 570715000000257018 634452 6265992 

Anholt 1 570715000000257025 634470 6266613 

Anholt 1 570715000000257032 634479 6267234 

Anholt 1 570715000000257049 634479 6267855 

Anholt 1 570715000000257056 634471 6268476 

Anholt 1 570715000000257063 634454 6269097 

Anholt 1 570715000000257070 634429 6269718 

Anholt 1 570715000000257087 634395 6270338 

Anholt 1 570715000000257094 634343 6271072 

Anholt 1 570715000000257100 634281 6271806 

Anholt 1 570715000000257117 634205 6272538 

Anholt 1 570715000000257124 634128 6273195 

Anholt 1 570715000000257131 634040 6273851 

Anholt 1 570715000000257148 633943 6274505 

Anholt 1 570715000000257155 633837 6275158 

Anholt 1 570715000000257162 633720 6275809 

Anholt 1 570715000000257179 633594 6276459 

Anholt 1 570715000000257186 633459 6277106 

Anholt 1 570715000000257193 633191 6278267 

Anholt 1 570715000000257209 633045 6278846 

Anholt 1 570715000000257216 632892 6279423 

Anholt 1 570715000000257223 632731 6279997 

Anholt 1 570715000000257230 632562 6280570 

Anholt 1 570715000000257247 632386 6281140 

Anholt 1 570715000000257254 632202 6281709 

Anholt 1 570715000000257261 632011 6282274 

Anholt 1 570715000000257278 631812 6282837 

Anholt 1 570715000000257285 631606 6283397 

Anholt 1 570715000000257292 635583 6265833 

Anholt 1 570715000000257308 636168 6266364 

Anholt 1 570715000000257315 636171 6267250 

Anholt 1 570715000000257322 636142 6268126 

Anholt 1 570715000000257339 636090 6269001 

Anholt 1 570715000000257346 636015 6269874 

Anholt 1 570715000000257353 635917 6270745 

Anholt 1 570715000000257360 635797 6271613 

Anholt 1 570715000000257377 635442 6273559 

Anholt 1 570715000000257384 635243 6274436 

Anholt 1 570715000000257391 634775 6276173 

Anholt 1 570715000000257407 632421 6276173 

Object ID Easting Northing 

Anholt 1 570715000000257414 636774 6266915 

Anholt 1 570715000000257421 637369 6267456 

Anholt 1 570715000000257438 637965 6267997 

Anholt 1 570715000000257445 637779 6268927 

Anholt 1 570715000000257452 637579 6269853 

Anholt 1 570715000000257469 637365 6270777 

Anholt 1 570715000000257476 637138 6271698 

Anholt 1 570715000000257483 636897 6272615 

Anholt 1 570715000000257490 636650 6273483 

Anholt 1 570715000000257506 636402 6274351 

Anholt 1 570715000000257513 636141 6275170 

Anholt 1 570715000000257520 635875 6275987 

Anholt 1 570715000000257537 635589 6276850 

Anholt 1 570715000000257544 635331 6277617 

Anholt 1 570715000000257551 635052 6278430 

Anholt 1 570715000000257568 634769 6279241 

Anholt 1 570715000000257575 634309 6280530 

Anholt 1 570715000000257582 634072 6281189 

Anholt 1 570715000000257599 633166 6283679 

Anholt 1 570715000000257605 632816 6284616 

Anholt 1 570715000000257612 632598 6285195 

Anholt 1 570715000000257629 632384 6285755 

Anholt 1 570715000000257636 632069 6286316 

Anholt 1 570715000000257643 638560 6268538 

Anholt 1 570715000000257650 639155 6269079 

Anholt 1 570715000000257667 639751 6269619 

Anholt 1 570715000000257674 639421 6270433 

Anholt 1 570715000000257681 639089 6271245 

Anholt 1 570715000000257698 638755 6272056 

Anholt 1 570715000000257704 638418 6272866 

Anholt 1 570715000000257711 637736 6274483 

Anholt 1 570715000000257728 637391 6275290 

Anholt 1 570715000000257735 636695 6276901 

Anholt 1 570715000000257742 632985 6286311 

Anholt 1 570715000000257759 640346 6270160 

Anholt 1 570715000000257766 640942 6270701 

Anholt 1 570715000000257773 641537 6271242 

Anholt 1 570715000000257780 640698 6271605 

Anholt 1 570715000000257797 640183 6272260 

Anholt 1 570715000000257803 639695 6272935 

Anholt 1 570715000000257810 639236 6273630 

Anholt 1 570715000000257827 638806 6274344 
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Object ID Easting Northing 

Anholt 1 570715000000257834 642115 6271767 

Anholt 1 570715000000257841 642718 6272315 

Anholt 1 570715000000257858 642154 6272717 

Anholt 1 570715000000257865 641594 6273136 

Anholt 1 570715000000257872 641053 6273574 

Anholt 1 570715000000257889 640527 6274034 

Anholt 1 570715000000257896 640021 6274513 

Anholt 1 570715000000257902 639533 6275013 

Anholt 1 570715000000257919 639029 6275572 

Anholt 1 570715000000257926 638563 6276134 

Anholt 1 570715000000257933 638205 6276600 

Anholt 1 570715000000257940 637861 6277079 

Anholt 1 570715000000257957 637534 6277568 

Anholt 1 570715000000257964 637254 6278095 

Anholt 1 570715000000257971 636711 6279161 

Anholt 1 570715000000257988 636451 6279695 

Anholt 1 570715000000257995 636196 6280232 

Anholt 1 570715000000258008 635705 6281314 

Anholt 1 570715000000258015 635469 6281859 

Anholt 1 570715000000258022 635239 6282406 

Anholt 1 570715000000258039 635015 6282956 

Anholt 1 570715000000258046 634797 6283509 

Anholt 1 570715000000258053 634585 6284064 

Anholt 1 570715000000258060 634380 6284621 

Anholt 1 570715000000258077 634181 6285181 

Anholt 1 570715000000258084 633988 6285743 

Anholt 1 570715000000258091 633802 6286307 

Ukendt 570715000000023972 584396 6203077 

Ukendt 570715000000023989 584396 6203277 

Object ID Easting Northing 

Ukendt 570715000000023996 584395 6203477 

Ukendt 570715000000024009 584391 6203679 

Ukendt 570715000000024016 584390 6203879 

Ukendt 570715000000024023 584796 6203010 

Ukendt 570715000000024030 584795 6203211 

Ukendt 570715000000024047 584793 6203411 

Ukendt 570715000000024054 584792 6203611 

Ukendt 570715000000024061 584791 6203811 

Offshore 570715000001592651 599466 6175756 

Uoplyst 570714700000003592 730459 6179565 

Uoplyst 570714700000003608 730499 6179386 

Uoplyst 570714700000003615 730535 6179207 

Uoplyst 570714700000003622 730568 6179027 

Uoplyst 570714700000003639 730597 6178847 

Uoplyst 570714700000003646 730624 6178665 

Uoplyst 570714700000003653 730647 6178484 

Uoplyst 570714700000003660 730666 6178300 

Uoplyst 570714700000003677 730683 6178120 

Uoplyst 570714700000003684 730696 6177937 

Uoplyst 570714700000013713 730705 6177755 

Uoplyst 570714700000013720 730712 6177572 

Uoplyst 570714700000013737 730715 6177389 

Uoplyst 570714700000013744 730714 6177206 

Uoplyst 570714700000013751 730711 6177023 

Uoplyst 570714700000013768 730704 6176840 

Uoplyst 570714700000013775 730693 6176658 

Uoplyst 570714700000013782 730680 6176475 

Uoplyst 570714700000013799 730662 6176293 

Uoplyst 570714700000013805 730642 6176111 

Existing Swedish and German wind-turbine positions, position coordinates according to UTM 32 Euref89 

ID Easting Northing 

EnBW Baltic 2 A1 377314 6090888 

EnBW Baltic 2 B1 377894 6091719 

EnBW Baltic 2 B2 378079 6090925 

EnBW Baltic 2 C1 378472 6092514 

EnBW Baltic 2 C2 378652 6091796 

EnBW Baltic 2 C3 378819 6091075 

EnBW Baltic 2 D1 379064 6093320 

EnBW Baltic 2 D2 379230 6092634 

EnBW Baltic 2 D3 379384 6091986 

ID Easting Northing 

EnBW Baltic 2 D4 379549 6091317 

EnBW Baltic 2 E1 379614 6094064 

EnBW Baltic 2 E2 379764 6093429 

EnBW Baltic 2 E3 379915 6092794 

EnBW Baltic 2 E4 380065 6092159 

EnBW Baltic 2 E5 380215 6091524 

EnBW Baltic 2 F1 380161 6094804 

EnBW Baltic 2 F2 380307 6094199 

EnBW Baltic 2 F3 380453 6093593 
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ID Easting Northing 

EnBW Baltic 2 F4 380599 6092987 

EnBW Baltic 2 F5 380745 6092381 

EnBW Baltic 2 F6 380892 6091775 

EnBW Baltic 2 G1 380691 6095520 

EnBW Baltic 2 G2 380862 6094804 

EnBW Baltic 2 G3 381032 6094088 

EnBW Baltic 2 G4 381202 6093373 

EnBW Baltic 2 G5 381373 6092657 

EnBW Baltic 2 G6 381543 6091942 

EnBW Baltic 2 H1 381255 6096265 

EnBW Baltic 2 H2 381392 6095679 

EnBW Baltic 2 H3 381529 6095092 

EnBW Baltic 2 H4 381666 6094506 

EnBW Baltic 2 H5 381804 6093919 

EnBW Baltic 2 H6 381941 6093333 

EnBW Baltic 2 H7 382078 6092746 

EnBW Baltic 2 H8 382215 6092160 

EnBW Baltic 2 I1' 381785 6096969 

EnBW Baltic 2 I2 381946 6096319 

EnBW Baltic 2 I3 382097 6095680 

EnBW Baltic 2 I4 382248 6095041 

EnBW Baltic 2 I5 382399 6094402 

EnBW Baltic 2 I6 382550 6093763 

EnBW Baltic 2 I7 382701 6093123 

EnBW Baltic 2 I8 382852 6092484 

EnBW Baltic 2 J1' 382589 6096520 

EnBW Baltic 2 J2' 382444 6097125 

EnBW Baltic 2 J3 382734 6095915 

EnBW Baltic 2 J4 382879 6095310 

EnBW Baltic 2 J5 383025 6094705 

EnBW Baltic 2 J6 383170 6094100 

EnBW Baltic 2 J7 383315 6093495 

EnBW Baltic 2 J8 383461 6092890 

EnBW Baltic 2 K1' 383163 6097142 

EnBW Baltic 2 K2' 383315 6096509 

EnBW Baltic 2 K3 383467 6095877 

EnBW Baltic 2 K4 383619 6095244 

EnBW Baltic 2 K5 383771 6094612 

EnBW Baltic 2 K6 383924 6093979 

EnBW Baltic 2 K7 384076 6093347 

EnBW Baltic 2 L1' 383875 6097146 

EnBW Baltic 2 L2' 384037 6096466 

ID Easting Northing 

EnBW Baltic 2 L3 384199 6095786 

EnBW Baltic 2 L4 384361 6095105 

EnBW Baltic 2 L5 384523 6094425 

EnBW Baltic 2 L6 384685 6093745 

EnBW Baltic 2 M1' 384582 6097138 

EnBW Baltic 2 M2' 384762 6096397 

EnBW Baltic 2 M3 384942 6095657 

EnBW Baltic 2 M4 385122 6094917 

EnBW Baltic 2 M5 385302 6094176 

EnBW Baltic 2 N1' 385306 6097126 

EnBW Baltic 2 N2' 385458 6096494 

EnBW Baltic 2 N3 385609 6095862 

EnBW Baltic 2 N4 385760 6095230 

EnBW Baltic 2 N5 385912 6094599 

EnBW Baltic 2 O1' 386147 6096609 

EnBW Baltic 2 O2' 386016 6097160 

EnBW Baltic 2 O3 386278 6096059 

EnBW Baltic 2 O4 386410 6095508 

EnBW Baltic 2 P1' 386718 6097183 

EnBW Baltic 2 P2' 386894 6096457 

EnBW Baltic 2 OSS 382322 6093242 

EnBW Baltic 1 "1 346945 6054077 

EnBW Baltic 1 "2 346925 6053477 

EnBW Baltic 1 "3 346905 6052880 

EnBW Baltic 1 "4 346885 6052279 

EnBW Baltic 1 "5 346865 6051680 

EnBW Baltic 1 "6 346844 6051081 

EnBW Baltic 1 "7 347767 6054683 

EnBW Baltic 1 "8 347747 6054082 

EnBW Baltic 1 "9 347727 6053481 

EnBW Baltic 1 "10 347707 6052882 

EnBW Baltic 1 "11 347687 6052283 

EnBW Baltic 1 "12 348578 6055071 

EnBW Baltic 1 "13 348558 6054472 

EnBW Baltic 1 "14 348538 6053873 

EnBW Baltic 1 "15 348540 6053307 

EnBW Baltic 1 "16 349391 6055406 

EnBW Baltic 1 "17 349371 6054805 

EnBW Baltic 1 "18 349351 6054206 

EnBW Baltic 1 "19 350201 6055776 

EnBW Baltic 1 "20 350181 6055174 

EnBW Baltic 1 "21 351014 6056143 
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ID Easting Northing 

Lillgrund ER S1 359870 6152751 

Lillgrund ER S2 360137 6153050 

Lillgrund ER S3 360403 6153348 

Lillgrund ER S4 360670 6153647 

Lillgrund ER S5 360936 6153945 

Lillgrund ER S6 361203 6154244 

Lillgrund ER S7 361469 6154543 

Lillgrund ER S8 (OSS) 361736 6154841 

Lillgrund 2R S1 359347 6152597 

Lillgrund 2R S2 359612 6152897 

Lillgrund 2R S3 359877 6153196 

Lillgrund 2R S4 360143 6153496 

Lillgrund 2R S5 360408 6153796 

Lillgrund 2R S6 360673 6154095 

Lillgrund 2R S7 360938 6154395 

Lillgrund 2R S8 361203 6154695 

Lillgrund 3R S1 359071 6152758 

Lillgrund 3R S2 359337 6153056 

Lillgrund 3R S3 359604 6153355 

Lillgrund 3R S4 359871 6153653 

Lillgrund 3R S5 360138 6153951 

Lillgrund 3R S6 360404 6154250 

Lillgrund 3R S7 360671 6154548 

Lillgrund 3R S8 360937 6154846 

Lillgrund 4R S1 358816 6152907 

Lillgrund 4R S2 359081 6153206 

Lillgrund 4R S3 359346 6153505 

Lillgrund 4R S5 359875 6154103 

Lillgrund 4R S6 360140 6154402 

Lillgrund 4R S7 360405 6154701 

Lillgrund 4R S8 360670 6154999 

Lillgrund 5R S1 358807 6153361 

Lillgrund 5R S2 359071 6153657 

Lillgrund 5R S4 359598 6154248 

Lillgrund 5R S5 359862 6154544 

Lillgrund 5R S6 360126 6154840 

Lillgrund 5R S7 360390 6155136 

Lillgrund 6R S1 358806 6153812 

Lillgrund 6R S2 359072 6154110 

Lillgrund 6R S3 359338 6154408 

Lillgrund 6R S4 359604 6154706 

Lillgrund 6R S5 359870 6155005 

ID Easting Northing 

Lillgrund 7R S1 358805 6154263 

Lillgrund 7R S2 359072 6154561 

Lillgrund 7R S3 359338 6154859 

Lillgrund 7R S4 359605 6155158 

Lillgrund 8R S1 358806 6154714 

Lillgrund 8R S2 359072 6155011 

Lillgrund 8R S3 359339 6155307 

 

 

Wind turbine positions Lillgrund 
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Wind turbine positions EnBW Baltic 1 

 

Wind turbine positions EnBW Baltic 2 

 



 

  
 

 

 

 

  



 

  
 

 

 

 

APPENDIX C. ASSUMPTION REGISTER 

C.1 Probabilistic Model Assumptions 
Revision / Date Cf. Earlier studies as per 2021, adopted for MH2030 studies 2024-01-10 (Fast Ferry causation 

reduction) 

Purpose Definition of the probabilistic parameters in the IWRAP tool 

Description Human failure relevant parameters 

Ship-ship collision incidents Causation factors 
Merging 1.3E-4 (IWRAP default) 
Crossing 1.3E-4 (IWRAP default) 
Bend 1.3E-4 (IWRAP default) 
Head-on 0.5E-4 (IWRAP default) 
Overtaking 1.1E-4 (IWRAP default) 
Area moving 0.5E-4 (IWRAP default) 
Area stationary 0.5E-4 (IWRAP default) 
Ship grounding incidents  
Grounding - forget to turn 1.6E-4 (IWRAP default) 
Ship-turbine collision incidents  
Collision - forget to turn 1.6E-4 (IWRAP default, as for grounding) 
Ship type specific reductions Causation reduction factors 
Passenger ships 20 (IWRAP default) 

Fast ferries 1 (IWRAP default is 20), see 
justification 

 
Machine failure relevant parameters 

Drift speed 1 knot(s) (IWRAP default) 

Probability of successful anchoring 0.98 (Assessment by Søfartstyrelsen based on seabed 
conditions) 

Max. anchor depth 7 times design draught (IWRAP default) 
Min. anchor distance from ground 3 times ship length (IWRAP default) 

Probability of self-repair 

 
0   for t < 0.25 hour 
 
1 − 1

1.5(𝑡𝑡−0.25)+1
  for t > 0.25 hour 

 
Blackout frequencies  
RoRo and passenger ships 0.1 per year (IWRAP default) 
Other vessels 1.75 per year (IWRAP default) 

   

Impact The calculated incident frequencies are linearly proportional with the causation factors 

Justification/ 
References 

/1/ IWRAP Mk II, Basic Modelling Principles for Prediction of Collision and Grounding 
Frequencies, (draft working document), Rev. 4, 2008.03.09, Peter Friis-Hansen, 
Technical University of Denmark. 

/2/ IWRAP Mk2 Extended v6.6.0 (software) 



 

  
 

 

 

 

The causation reduction for Fast Ferries (High Speed Craft) has been reduced to 1 (i.e., no 
reduction) as the relevant HSC operations in the model areas (Kattegat and Western Baltic) 
are mainly limited to the Crew Transfer Vessels servicing the OWFs, normally transporting no 
more than 20 passengers. This assumption is supported by the preliminary conclusions of the 
Dutch Safety Board concerning the fatal accident involving Fast Ferry “De Tiger” and water 
taxi (comparable to Crew Transfer Vessel) “Stormloper”, 2023-10-21 near Terschelling, NL.  

Prepared by Nijs Jan Duijm 

Review Lasse Sahlberg-Nielsen 

 

  



 

  
 

 

 

 

C.2 Drift directions 
Revision / 
Date 

First Issue / 2024-01-16  

Purpose IWRAP requires probabilities for drift directions 

Description Drift directions are derived from wind data from the Global Wind Atlas /1/. 

As likelihood and consequence of drifting is largest for high wind speeds (storm), the probabilities 
have been taken from the wind speed rose (showing the relative contribution to the averaged 
windspeed from each wind direction) rather than the wind frequency rose (the distribution of wind 
direction occurrence).  

This data is distributed over 12 sectors, IWRAP uses 8 drift directions, so the data is redistributed:  

Kriegers Flak (55.13493°N, 12.85675°E) 
Data from Global Wind Atlas Transferred to 8 sectors 

12 
sectors 

Center 
(degr.) 

Fraction of yearly 
averaged windspeed 

8 
sectors 

Center 
(degr.) 

Fraction of yearly 
averaged windspeed 

Drift 
direction 

1 0 0.03 1 0 0.05 S 

2 30 0.02 2 45 0.05 SW 

3 60 0.05 3 90 0.13 W 

4 90 0.09 4 135 0.09 NW 

5 120 0.08 5 180 0.12 N 

6 150 0.06 6 225 0.19 NE 

7 180 0.06 7 270 0.29 E 

8 210 0.11 8 315 0.09 SE 

9 240 0.17     

10 270 0.2     

11 300 0.09     

12 330 0.05     

Sum  101% Sum  101%  

 

Kattegat (56.386543°N, 11.66748°E) 
Data from Global Wind Atlas Transferred to 8 sectors 

12 
sectors 

Center 
(degr.) 

Fraction of yearly 
averaged windspeed 

8 
sectors 

Center 
(degr.) 

Fraction of yearly 
averaged windspeed 

Drift 
direction 

1 0 0.04 1 0 0.06 S 

2 30 0.02 2 45 0.04 SW 

3 60 0.04 3 90 0.11 W 

4 90 0.07 4 135 0.10 NW 

5 120 0.08 5 180 0.14 N 

6 150 0.07 6 225 0.21 NE 

7 180 0.07 7 270 0.25 E 

8 210 0.14 8 315 0.09 SE 

9 240 0.17     



 

  
 

 

 

 

10 270 0.16     

11 300 0.1     

12 330 0.04     

Sum  100% Sum  100%  
 

Impact The distribution of drift direction affects the number of drifting allisions in relation to the location of 
the structure and the traffic leg 

Justification/ 
References 

/1/ https://globalwindatlas.info/en/ 

/2/ IWRAP Mk II, Basic Modelling Principles for Prediction of Collision and Grounding 
Frequencies, (draft working document), Rev. 4, 2008.03.09, Peter Friis-Hansen, Technical 
University of Denmark. 

Prepared by Nijs Jan Duijm 

Review Lasse Sahlberg-Nielsen 
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C.3 Fraction of Pleasure Vessels using AIS 
Revision / Date First Issue / 2023-03-16  

Purpose AIS is not obligatory for smaller vessels such as Pleasure Vessels (including smaller fishing 
vessels and other small commercial craft). In order to include a realistic number of pleasure 
vessel in the assessment, it is necessary to assume what fraction of pleasure vessels is using 
AIS 

Description According to the Lynetteholm report /1/, comparison of visual observations of Pleasure Vessel 
passages and AIS data for 6 days in August 2018 and September 2019 through channels 
close to Copenhagen, the number of visually observed vessels is 10.4 +/- 3.4 times the 
number of vessels observed by AIS. 

This number (10.4) will be applied for “domestic” Pleasure Vessels (Pleasure Vessels not 
registered in Austria, Belgium, Germany, Netherlands or Switzerland). 

For foreign pleasure vessels (from A, B, D, NL or S), a factor of 2.8 will be used following an 
analysis of foreign ships visiting Klintholm Harbour (See justification below) 

For the Kattegat model area, the AIS data as analysed by IWRAP shows 33478 pleasure 
Vessel Trips. According to the country code of the MMSI numbers, 10411 trips, i.e. 31%, have 
been by foreign vessels (Austria, Belgium, Germany, Netherlands, Switzerland). Therefore, it 
is estimated that the actual number of Pleasure Vessel trips in the Kattegat area is 0.31*2,8 + 
0.69*10.4 = 8.0 times the number of trips as registered by AIS. The uncertainty range is 
between 5.6 and 10.4. 

For the Kriegers Flak model area, the AIS data as analysed by IWRAP shows 35006 pleasure 
Vessel Trips. According to the country code of the MMSI numbers, 17221 trips, i.e. 49%, have 
been by foreign vessels (Austria, Belgium, Germany, Netherlands, Switzerland). Therefore, it 
is estimated that the actual number of Pleasure Vessel trips in the Kattegat area is 0.49*2.8 + 
0.51*10.4 = 6.7 times the number of trips as registered by AIS. The uncertainty range is 
between 4.8 and 8.4. 

Impact The number of Pleasure Vessel relate linearly to the number of incidents related to Pleasure 
Vessels. 

Justification/ 
References 

/1/ Ramboll, SEJLADSANALYSE FOR LYNETTEHOLM – BAGGRUNDSRAPPORT, Doc 
ID 1100038380-1940442988-101, 2020 

/2/ Emails Rigo Jørgensen Klintholm havn, to DNV, dated 2024-01-10 8:28 and 9:59 

Justification on factor for foreign Pleasure vessels: 

Klintholm Harbour is frequently visited by foreign guests from mainly Germany, but also 
Austria, Belgium, The Netherlands and Switzerland. For these countries, the Klintholm Harbour 
master has registered the overnight stays in 2022, being 7105 nights /2/. 

By comparing these numbers with the AIS registrations (using the country code as included in 
the MMSI number) of Pleasure Vessels visiting Klintholm Harbour, it can be estimated how 
many of the foreign ships apply AIS. Figure C.3-17 shows the passage line used for the 
analysis.  



 

  
 

 

 

 

 

Figure C.3-17 Passage line South of Klintholm Harbour. The traffic density shows 
pleasure vessels, the distribution along the passage line shows all ships. 
In order to relate the passages to the number of stays and nights, the passages of ships have 
been arranged, so arrivals (North going passage) and departures (South going passage) of 
single ships have been paired. For these pairs, the number of nights can be extracted on the 
basis of time of passage. Some passages could not be paired (e.g. because ships have kept 
close to coastline to the West, or had AIS turned off during arrival or departure, or AIS analysis 
did not identify passage). Results of the analysis is in Table C.3-8. An outlier of a stay duration 
of 44 days (Figure C.3-18) has been subtracted from the number of nights from paired arrivals 
and departures. 

 
Figure C.3-18 Distribution of duration of stay per visit of AIS-equipped pleasure vessels 
(from A, B, D, NL or S). The duration of >40 days is considered erroneous (departure not 
registered correctly) 
 

Table C.3-8 Analysis of AIS arrivals and departures at Klintholm Harbour in 2022 

Total registered guest nights (Klintholm Harbour) 7105 

Nights from paired arrivals and departures (AIS) 2510 

Paired arrivals and departures (AIS) 1616 
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Averaged nights per stay for paired arrivals and departures 1.55 

Unpaired arrivals or departures (AIS), sum 230 

Corresponding overnight stays of unpaired arrivals or departures  357* 

Expected total overnight stays (AIS) 2867 

Ratio between registered guest nights and nights w/AIS 

Best estimate 2.5* 

Highest estimate (conservative) 2.8* ** 

*) It is assumed that the average duration of a stay of foreign pleasure vessels without AIS or 
unpaired visits with AIS is the same as for the vessels with paired visits with AIS, 1.55 night per 
stay. 

**) the highest estimate is based on paired arrivals and departures only. 

As it is not intended to underestimate the number of total pleasure vessels, a factor of 2.8 will 
be used for the foreign pleasure vessels (vessels from A, B, D, NL and S). 

Prepared by Nijs Jan Duijm 

Review Lasse Sahlberg-Nielsen 

 

 

  



 

  
 

 

 

 

C.4 Number of Pleasure Vessels crossing OWF 
Revision / Date First Issue / 2024-01-09  

Purpose Estimating how many Pleasure Vessels will decide to cross an OWF rather than sail around 

Description The fraction of Pleasure Vessels that decide to cross though an OWF rather than sailing 
around the OWF is calculated based on the relative increase in sailing distance with this 
formula, where the extra sailing distance is the difference between the length of the route 
around the OWF and the shortest sailing distance through the OWF: 

𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹 = �
𝑒𝑒𝑒𝑒𝐹𝐹𝐹𝐹𝐹𝐹 𝑠𝑠𝐹𝐹𝐹𝐹𝑠𝑠𝐹𝐹𝐹𝐹𝑠𝑠 𝑑𝑑𝐹𝐹𝑠𝑠𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝑒𝑒

𝑠𝑠ℎ𝐹𝐹𝐹𝐹𝐹𝐹𝑒𝑒𝑠𝑠𝐹𝐹 𝑠𝑠𝐹𝐹𝐹𝐹𝑠𝑠𝐹𝐹𝐹𝐹𝑠𝑠 𝑑𝑑𝐹𝐹𝑠𝑠𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝑒𝑒 𝐹𝐹ℎ𝐹𝐹𝐹𝐹𝑟𝑟𝑠𝑠ℎ 𝑂𝑂𝑂𝑂𝐹𝐹�
0.4135

  

Impact Sailing through an OWF will lead to more allisions with OWF structures 

Justification/ 
References 

From AIS data for 2022 for the Kattegat area it can be deducted how many ships are passing 
through the Anholt OWF rather than passing to the South of the OWF when sailing between the 
harbours of Grenaa and Anholt. The traffic was analysed using a “passage line”, Figure C.4-19 
and Figure C.4-20.  

 

Figure C.4-19 Traffic density plot between Grenaa Harbour and Anholt Harbour for the 
whole year 2022, showing most traffic (including ferries) passing South of the Anholt 
OWF. The black line indicates the passage line for which the analysis is made. Density 
plot shows Pleasure Vessels; passage line distribution shows all ships. 



 

  
 

 

 

 

 

Figure C.4-20 Distribution of Pleasure Vessels crossing the passage line. 
In total 130 and 71 Pleasure Vessels passed through OWF in northerly and southerly direction, 
respectively (between -5200 and 0 m in Figure C.4-20) against 361 and 327 vessels passing 
outside the OWF (between 0 and 2000 m). So, between 18% and 26% passed through the 
OWF. 

It is expected that the longer the detour around the OWF, the more boats will decide to cross 
the OWF instead. There will be other factors determining this decision, including means of 
propulsion (sailing boats tending to avoid dirty wind inside the OWF) and sailing conditions 
(e.g., wind direction).  

Detour length can be considered relative and absolute. The direct route from Grenaa to Anholt 
harbour crossing the OWF is 23.4 NM, whereas the route around the OWF would take 24.3 
NM, i.e., an extra distance of 0.9 NM (absolute) or 3.8% (relative).  

No other data is available, and further assumptions are speculative, but here it is assumed that 
when the sailing distance is doubled (relative), all boats will decide to cross. For this case, given 
a sailing speed of 5 to 10 knots, this would mean that a crossing of 3 to 5 hours would become 
6 to 10 hours. These two points (a fraction of 26% with a relative increase of distance of 3.8% 
and a fraction of 100% at a doubling of the distance) are fitted with a power function with 
exponent 0.4135, Figure C.4-21  

 

Figure C.4-21 relation between fraction crossing OWF and extra sailing distance. 
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C.5 Number of Crew Transfer Vessel operations for new OWF 
Revision / Date First Issue / 2024-01-09  

Updated / 2024-02-22 – data from existing Kriegers Flak added 

Purpose Estimating additional service traffic generated by new OWFs 

Description Crew Transfer Vessels classified as “Fast Ferry” (HSC – High Speed Craft) are expected to 
perform 5 return trips per year per wind turbine. Average speed of a CTV during transit is 17 
m/s 

Impact Additional ship traffic crossing existing shipping routes may cause additional incidents 

Justification/ 
References 

AIS data for 2022 in the Kattegat area show CTV’s servicing Anholt OWF from Grenaa 
Harbour. This traffic was analysed across a “passage line”,  

 
Figure C.5-22 Traffic density plot between Grenaa Harbour and Anholt OWF for the 
whole year 2022. The black line indicates the passage line for which the analysis is 
made. Density plot shows passenger ships (including HSC); passage line distribution 
shows all ships. 
 

Three Crew Boats, with AIS classification “Fast Ferry” (HSC – High Speed Craft) were 
identified, performing 533 North going passages and 570 South going passages. It is 
assumed that the highest number corresponds with the number of visits, and representative 
for the service traffic (some of the outbound trips may have been passing outside the passage 
line)  

The OWF exists of 111 wind turbines of 3.6 MW each. This suggests that an OWF generates 
about 5 service trips per year per wind turbine. This will be used to estimate the additional 
service vessel traffic generated by new OWFs. There is quite some difference in average 
speed for outbound (North going) and inbound (south-going) service traffic, 11.9 and 16.6 m/s, 
respectively. For the new traffic, an average speed of 17 m/s will be assumed (high speed 
being more hazardous)  

As additional evidence the study for Kriegers Flak shows that HSC to existing Kriegers Flak 
(Leg 39 in the IWRAP model) include 343 HSC trips West bound, and 346 trips East bound. 



 

  
 

 

 

 

Given 72 turbines in the existing Kriegers Flak OWF, 360 trips would correspond to 5 trips per 
turbine. 

Prepared by Nijs Jan Duijm 

Review Lasse Sahlberg-Nielsen 

  



 

  
 

 

 

 

C.6 Mapping trips to legs 
Revision / Date First Issue / 2023-03-16  

Purpose Generate traffic distribution along legs from AIS data, IWRAP Extract Model Data 

Description The width of legs is defined manually, attempting to ensure that all relevant traffic is covered 
by a leg. 

Parameters used for extracting model data: 

Season: not used (IWRAP default) 

Angle: 25 Degr (IWRAP default is 10 degr.) 

Bin size: 100 m 

Max time: 900 s (IWRAP default, maximum time between AIS records, if time is 

longer new trip is started) 

Min calculated speed: Disabled (IWRAP default) 

Max calculated speed: 100 kn (IWRAP default) 

Max distance: 4000 m (IWRAP default, maximum distance between AIS record, if 

longer new trip is started) 

Calculated geographical boundary used (IWRAP default) 

New algorithm disabled (IWRAP default) 

Impact The traffic assigned to legs will be used for the calculation of number of incidents. It is 
important to ensure that a maximum amount of traffic that can cause incidents is assigned to a 
leg, traffic not assigned to a leg will not be included in the calculations 

Justification/ 
References 

The angle is set at 25 degrees, so that also reasonable misalignment between leg direction 
and course still leads to assignment to that leg. Especially relevant to Pleasure Vessel traffic 
not aligned with leg definition. 

Prepared by Nijs Jan Duijm 

Review Lasse Sahlberg-Nielsen 

 

  



 

  
 

 

 

 

APPENDIX D. HAZID REPORT 
 

The HAZID report is provided as a pdf attachment within this pdf file. 
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1 EXECUTIVE SUMMARY  
DNV has been tasked with carrying out an analysis of navigational safety in connection with Energinet's preparatory 
studies regarding offshore wind farms Hesselø, Kattegat and Kriegers Flak II (North and South). This report concerns 
the hazard identification for Kriegers Flak II (North and South). 


The analysis follows the IMO "Guidelines for Formal Safety Assessment" /1/ where the first step cf. the guidelines are to 
identify the possible hazards (possible accidents) that could cause personal injury, damage to the environment or 
financial losses. Shipping in the area has been visualised based on AIS data as basis for this hazard identification. The 
AIS data covers a period of 12 months from January to December 2022. 


The HAZID (HAZard IDentification) was carried out at Hotel "Klinten", Tuesday 14 November 2023. 


The HAZID group reflected the various stakeholders and professional areas and consisted of people with experience 
and competences within navigational safety and/or knowledge of local conditions regarding navigation. The HAZID 
group identified hazards related to the ship types found in the AIS analysis.  


For the identified hazards, frequencies and consequences have been estimated, and based on this, the risk has been 
evaluated based on the established risk matrix. 


Finally, different possible risk-reducing measures (preventive or mitigative safety measures) were identified in relation to 
the various hazards. The introduction of some of these measures should be based on a closer evaluation. 


The hazards where the risk is estimated to be in the ALARP area (As Low As Reasonably Practicable – yellow area in 
the risk matrix) or in the not acceptable area (red area in the risk matrix) will be analyzed in more detail together with the 
identified possible risk-reducing measures as part of the subsequent quantitative navigational safety analysis. 


The most important conclusions from HAZID are: 


• The ferry route between Rostock/Travemünde and Trelleborg is most affected and must be rerouted with an 
additional course change where the route passes between the existing Kriegers Flak I and the new Kriegers 
Flak II Nord. Since the worst consequences of an accident with the passenger ferry can be catastrophic, the 
HAZID group has assessed that the new parks pose the greatest risk for this ferry route. 


• Thirteen (13) possible extra safety measures have been identified, which relate to the boundaries of the parks, 
extra emergency preparedness, traffic monitoring and coordination, radar and radio communication and a 
number of measures relating to the construction phase. 


1.1 Resume (DK) 
DNV har fået til opgave at udføre en analyse af sejladssikkerheden i forbindelse med Energinets forberedende studier 
vedrørende vindmølleparker Hesselø, Kattegat og Kriegers Flak II (Nord og Syd). Denne rapport vedrører 
fareidentifikationen for Kriegers Flak II (Nord og Syd). 


Analysen følger IMO “Guidelines for Formal Safety Assessment” /1/ hvor det første trin jfr. retningslinjerne er at få 
identificeret de mulige hazards (mulige uheld), der kan medføre personskade, skade på miljøet eller økonomiske tab. 
Som baggrund for denne øvelse er skibstrafikken kortlagt i området baseret på AIS-data. AIS dataene dækker en 
periode af 12 måneder fra januar til december 2022.  


HAZID’en (HAZard IDentification) blev udført på Hotel ”Klinten”, tirsdag d. 14. november 2023. 


HAZID-gruppen afspejlede de forskellige interessenter og fagområder, og bestod af personer med erfaring og 
kompetencer indenfor sejladssikkerhed og/eller kendskab til lokale forhold vedrørende skibsnavigation. HAZID-gruppen 
identificerede hazards relateret til skibstyperne fundet i AIS analysen. 
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For de identificerede hazards er frekvenser og konsekvenser skønnet, og på baggrund af dette er risikoen evalueret ud 
fra den opstillede risikomatrice. 


Endelig blev der i relation til de forskellige hazards identificeret forskellige mulige risikoreducerende tiltag (forebyggende 
eller afværgende sikkerhedsforanstaltninger). Indførelsen af nogle af disse tiltag bør baseres på en nærmere evaluering. 


De hazards, hvor risikoen er skønnet til at være i ALARP området (As Low As Reasonably Practicable – gult område i 
risikomatrice) eller i det ikke acceptable område (rødt område i risikomatrice), vil blive analyseret nærmere sammen 
med de identificerede mulige risikoreducerende tiltag som en del af den efterfølgende kvantitative 
sejladssikkerhedsanalyse. 


De vigtigste konklusioner fra HAZID er: 


• Færgeruten mellem Rostock/Travemünde og Trelleborg påvirkes mest og skal omlægges med et ekstra 
kursskifte hvor ruten passerer mellem den eksisterende Kriegers Flak I og den nye Kriegers Flak II Nord. Da de 
værste konsekvenser ved uheld med passagerfærgen kan være katastrofale, har HAZID gruppen vurderet at 
de nye parker medfører mest risiko for denne færgerute. 


• Der er identificeret tretten (13) mulige ekstra sikkerhedsforanstaltninger, som vedrører parkernes afgrænsning, 
ekstra beredskab, trafikovervågning og -koordinering, radar og radiokommunikation og en række tiltag 
vedrørende anlægsfasen. 
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2 BAGGRUND 
I forbindelse med udarbejdelse af tekniske forundersøgelse for etablering af Kriegers Flak II (Nord og Syd) skal 
mølleparkens effekt på sejladsforhold og sejladssikkerhed vurderes. Analysen følger IMO “Guidelines for Formal Safety 
Assessment” /1/ hvor det første trin jfr. retningslinjerne er at få identificeret de mulige hazards (mulige uheld), der kan 
medføre personskade, skade på miljøet eller økonomiske tab. Denne fareidentifikation er gennemført ved afholdelse af 
en såkald ”HAZID” (hazard identification) workshop. Formålet med HAZID-studiet er at sikre at alle relevante farer 
inkluderes i det endelige sejladssikkerhedsstudie. Denne rapport beskriver processen for gennemførelse og resultaterne 
af HAZID-workshoppen. Resultaterne skal betragtes som input for den endelige sejladssikkerhedsstudie. 


2.1 Beskrivelse af området 
Vindmølleparkerne er markeret i Figur 1. De gule områder markerer ”Kriegers Flak II (Nord og Syd)”. De røde områder 
er eksisterende parker eller parker under konstruktion /3/, /4/. 


Der tages hensyn til kumulative effekter af parkerne og de fremtidige planlagte vindmølleparker er derfor markeret i 
Figur 1, /3/. Dette vedrører umiddelbart Kriegers Flak SE (i den svenske sektor) og Kadetbanke1. Der er andre planlagte 
parker med større afstand til Kriegers Flak II (Nord og Syd), hvor der ikke forventes kumulative effekter, dvs. 
Aflandshage; det område i den svenske sektor som omfatter Skåne vindmøllepark, Triton og Arkona; og Nordre Flint. 
Nordre Flint ligger i Øresund, og skibe ud af Øresund skal gennemføre flere kursskifter, inden de sejler direkte mod 
Kriegers Flak II Nord (og omvendt), og derfor er området ikke inkluderet i studiematerialet. 


På nuværende tidspunkt er der forskellige alternative scenarier til vindmølleplaceringer /4/. For de forberedende 
sejladssikkerhedsstudier anvendes scenarierne for ”overplantning”, som med de fleste vindmøller vil udgøre størst risiko 
for kollision, se Figur 2. 


De vigtigste ruter er markeret i Figur 3. Intensiteten af trafik er afledt fra AIS registreringer for 2022 som er gjort 
tilgængelig via Søfartsstyrelsen. Intensiteter for nogle specifikke skibstyper (passagerskibe, tankskibe, lystfartøjer og 
fiskerfartøjer) findes i Appendiks B.  


Syd for Kriegers Flak II Syd er ruten fra Østersøen til Kattegat/Nordsøen via Kadetrenden til rute ”T” gennem Storebælt, 
som indeholder en dybvandsrute. I forlængelse af Kadetrenden og sydøst for Kriegers Flak II Syd er en 
separeringszone (”North of Rügen”). I østlig retning flettes denne trafik med trafikken fra/til Østersøen via Øresund 
(separeringszone ”Bornholmsgat”) /5/, /6/.  


Erhvervstrafik via Øresund dirigeres via separeringszonen ”Off Falsterbrorev” lige nord for det planlagte Kriegers Flak II 
Nord. Denne separeringszone ligger indenfor et område, som er kontrolleret af VTS (Vessel Traffic Service) ”Soundrep”, 
hvor erhvervsskibe over 300 ton har meldepligt /5/, /6/.  


Desuden er der flere færgeruter, dvs. Rostock-Trelleborg og Travemünde-Trelleborg langs Møn og vest for Kriegers 
Flak II (Nord og Syd); Travemünde-Malmø, ligeledes forbi Møn og via TSS Falsterbrorev; og Trelleborg Sassnitz og 
Trelleborg-Swinoujscie øst for Kriegers Flak II (Nord og Syd). 


Nogle havområder er udlagt til anden anvendelse (indvindingsområder, deponi, havbrug, fiskeri m.fl.). På nuværende 
tidspunkt er ”Havplanen” ikke udgivet. Områderne er derfor identificeret ud fra tilgængeligt kortmateriale. Herfra er der 
identificeret områder, som er, eller kan anvendes, som indvindingsområder. Disse er markeret i Figur 3. For dette studie 
er indvindingsområderne mellem de eksisterende parker Kriegers Flak I Øst og Vest af betydning. For disse områder, 
kendt som områder 522-AC Kriegers Flak Sydvest, 552-AB Kriegers Flak, og 552-AD Kriegers Flak Nord /7/, foreligger 
p.t. tre (3) tilladelser til indvinding, til hhv. København By & Havn (Lynetteholm) til 2026, Vejdirektoratet ifm. 


 
1 Det blev politisk besluttet i december 2023, at annullere Open Door projekterne, som også omfatter Kadetbanke. HAZID materialet og HAZID workshop i november 


2023 blev gennemført under antagelse at Kadetbanke skulle inkluderes i de kumulative effekter, derfor er Kadetbanke nævnt og inkluderet i kortmaterialet. 
Registreringer i HAZID-skemaet vedr. Kadetbanke (Appendiks C) er bibeholdt, men ikke refereret eller inkluderet i denne rapport. 
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Storstrømsbro til 2027 og Femern A/S til 2029. Indvinding medfører skibsbevægelser fra dette indvindingsområde til og 
fra de forskellige projekter, enten forbi Møn eller mod København. Nye tilladelser kan udstedes i fremtiden. 


Figur 3 viser, at servicefartøjer betjener Kriegers Flak I havvindmølleparker ud fra Klintholm havn, og ligeledes EnBW 
Baltic 2 (som i 2022, som AIS data dækker, var under konstruktion). Dette er endnu tydeligere i AIS plot for 
passagerskibe, som er inkluderet i Appendiks B (servicefartøjer er under AIS registreret som passagerskibe).  


Figur 3.viser også, at der er skibstrafik fra indvindingsområdet mellem Kriegers Flak I Vest og Øst nordpå. Dette er 
muligvis i forbindelse med Lynetteholm. 


2.2 Forhold under anlægsfasen 
I anlægsfasen vil parkområdet som arbejdsområde være spærret for anden skibstrafik end arbejdsrelaterede 
skibsbevægelser. Derudover vil der i almindelighed udlægges en extra arbejdszone omkring parkområdet på maksimalt 
500 m. Det er op til den endelige entreprenør at definere arbejdszonen i samråd med Søfartsstyrelsen. 
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Figur 1 Position af de projekterede vindmølleparker. De gule områder behandles i denne rapport, de røde 
områder er eksisterende eller under konstruktion, og grønne områder er fremtidige planlagte vindmølleparker 
/3/, /4/, /5/. Noter at “Kadetbanke” ikke længere betragtes som planlagt, se fodnote 1 på side 3 
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Figur 2 Kriegers Flak II, scenario “Overplanting”, 118 (Nord) og 112 (Syd) vindmøller /4/ 
 


 


Figur 3 Trafikmønstre baseret på AIS data og de vigtigste skibs- og færgeruter. Blå med rød omkreds markerer 
trafiksepareringszoner (TSS); VTS-område er markeret med rød brudt linje, Indvindingsområder er markeret 
med brun /5/ /6/.  
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3 ORGANISERING AF STUDIET 


3.1 Forberedelse 
Til forberedelse blev der samlet en liste med mulige interessenter (stakeholders). Interessenter er de nationale 
myndigheder, nationale interesseorganisationer, nationalt (eller internationalt) opererende selskaber (f.eks. 
lodsorganisationer) og de lokale interessenter, som havne, færgeselskaber, og lokale lystfart- og fiskeriforeninger. 
Listen blev oprettet i samarbejde med Energinet og på baggrund af deltagerlister fra tidligere HAZID workshops (mest 
dækkende de nationale organisationer) og en identifikation af lokale havne, kommuner og færgeruter. Invitationslisten er 
tilføjet som Appendiks A - Invitationsliste HAZID Kriegers Flak II. Invitationer blev sendt til alle e-mailadresser på 
invitationslisten den 26. september 2023. Der blev senere tilføjet mulighed for at deltage online via en MS Teams 
forbindelse. 


Tilmeldte deltagere fik tilsendt en informationspakke én uge inden HAZID-workshoppen. Informationspakken indeholder 
oplysninger om programmet, fremgangsmåden og beskrivelse projektet med kort over de planlagte vindmølleparker og 
skibstrafikintensitet fra AIS data, udspecificeret for forskellige skibstyper. Informationspakken er tilføjet som Appendiks B 
- HAZID dokumentation Kriegers Flak II N+S. 


3.2 HAZID mødet 
HAZID-workshoppen blev afholdt på hotel ”Klinten” i Rødvig, tirsdag den 14. november 2023. Deltagerne og deres 
organisationer er angivet i afsnit 3.3. 


Hovedformålet var at identificere risiko scenarier, som vil være forårsaget af etablering af Kriegers Flak II Havmøllepark 
(Nord og Syd). Den nuværende generelle sejladsrisiko i området er således ikke omhandlet, men kun den forøgede 
risiko forårsaget af etableringen af den nye møllepark. 


Da der er tale om en overordnet vurdering af sejladssikkerhed i området, blev der ikke anvendt standard spørgeord som 
ofte anvendes i HAZIDs. I stedet blev der foretaget en “systematisk brain-storming”, hvor for både anlægsfasen og 
driftsfasen blev set på mulige farer relateret til skibsruter, skibstype, dele af vindparken (fx turbine fundament, 
transformer platform) og fejlårsager. Informationspakken (Appendiks B) indeholder en liste med nøgleord til inspiration. 
Nøgleord er opstillet på baggrund af DNV’s erfaring med andre lignende projekter, se Tabel 2. Herudover er generelle 
emner, som vindmøllernes indflydelse på navigation i området, kort diskuteret. 


3.3 HAZID Gruppen 
Deltagerne til HAZID og deres organisatoriske forhold er i Tabel 1. Oprindeligt var der ingen deltagelse fra lodser. Det 
blev agtet, at deres input vil være relevant. DNV arrangerede derfor et særskilt møde den 21. december 2023 med en 
repræsentant fra DanPilot. DanPilot modtog informationspakken (Appendiks B) og skemaet med resultatet af 
workshoppen den 14. november 2023. På denne baggrund blev der diskuteret, om der skulle tilføjes yderlige til 
skemaet. 


Navn Organisation Tilstedeværelse 


Nijs Jan Duijm DNV  x 


Lasse Sahlberg-Nielsen DNV  x 


Rigo Jørgensen Klintholm Havn x 


Brian Jensen Præstø Havn x 


Dorthe Vennits Vordingborg/Masnedsund Havn x 
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Flemming S. Sørensen Søfartstyrelsen x 


Amalie Rasmussen  Energinet x 


Pernille Skyt Energinet x 


Mikael Lindgren  StenaLine x 


Fredrik Löfvendahl  StenaLine x 


Randi Aliaga Energistyrelsen x 


Allan Bach Pedersen WSP x 


Simon Vammen Geodatastyrelsen x 


Jacob Kristensen Geodatastyrelsen x 
   


Online: 
  


Camilla Rosenhagen Danske Havne x 


Stefan Böhme TT-Line ej mødt pga sprog 


Christiane Schubert TT-Line ej mødt pga sprog 


Ann Carolin Veigel TT-Line ej mødt pga sprog 


Tomas Balldin TT-Line x 


   


Møde 2023-12-21:   


Dick Danielsen DanPilot Separat møde 


Tabel 1 Deltagerliste 


3.4 Risikovurdering 
HAZID-processen er delt i to delprocesser. I første omgang identificeres de forskellige farer og mulige hændelser 
kvalitativt. I anden omgang tildeles farerne eller hændelserne en risikoklasse, som er baseret på alvorlighed af 
konsekvenserne (de værste) og sandsynligheden for (den forventede frekvens), at faren udløses. Risikoklasse tildeles i 
princippet under hensyntagen, at de ”eksisterende” (godkendte og planlagte) risikoreducerende foranstaltninger virker 
efter hensigt, men uden hensyn til de ekstra foreslåede foranstaltninger. 


Klassificering af konsekvenser og forventet frekvens følger anbefalinger fra IMO /1/, se Tabel 3 og Tabel 4. IMO’s liste 
med frekvensklasser er udvidet med mellemliggende klasser for at sikre, at intervallerne for både konsekvens og 
frekvens er omkring en faktor 10. Det sikrer, at en risikomatrice ikke behøves at blive korrigeret for skjult ”major hazard 
aversion”. 


Risikoklassen tildeles via risikomatricen (Tabel 5), som kombinerer konsekvens og frekvens. Risikomatricen viser 
uacceptable risici (rød), hvor ekstra risikoreducerende foranstaltninger vil være påkrævet; generelt acceptable risici 
(grøn), hvor eksisterende tiltag er tilstrækkelige, og mellem disse de risici (gul), som skal nedbringes så meget som 
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rimelig praktisk muligt (ALARP). Risikomatricen i Tabel 5 er opstillet på baggrund af lignende matricer for risikoaccept i 
samfundet for andre aktiviteter og erhverv. 


Driftsfase Skibsrute Skibstype OWT-del Årsag/hændelse Fare/uheld Konsekvens 


Drift (iht AIS) Hurtigfærge Flere turbiner navigationsfejl kollision skib-
installation 


skade på skib 


Installation Alle Færge Fundament teknisk fejl kollision skib-
skib 


forlis 


Vedligehold   Fiskeri Tårn blackout/skib på 
drift 


grundstødning brand 


Kabel-
udlægning 


  Fragtskibe i transit Vinge interferens/ 
radarskygge 


bølgegang skade på installation 


Alle   Passagerskibe i 
transit 


Nacelle manglende AIS rammer 
undersøisk 
kabel/rør 


tab af installation 


    Tankskibe /Skibe 
med farligt gods 


Service vessel manøvrer 
(undvige, …) 


anker skader 
kabel/rør 


tårn+ vinger vælter på 
skib 


    lystbåde /lystsejlere Kabeludlægger trafik anker skader 
fast installation 


miljøudslip 


    Øvrige skibe 
(service vessels) 


Kranskib vejr   tilskadekommen/dødsfald 


    Små skibe under x 
ton 


Transformer strøm     


    Store skibe over x 
ton 


  Afstand/fart     


    Alle         
Tabel 2 Nøgleord til HAZID 
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Betegnelse Person Ækvivalente 
dødsfald Ejendom Miljø Økonomisk Klasse 


(IMO) 


Ubetydelig Ubetydelig tilskadekommen 0.001 ubetydelige 
materielle skader 


meget lille 
miljøpåvirkning, 
ubetydeligt spild 


  0 


Lille Let tilskadekommen 0.01 ubetydelige 
materielle skader 


Lille 
miljøpåvirkning, 
oliespild < 100 tons 


10 000 til 
100 000 DKK 1 


Betydelig 


Alvorlig eller flere skader under 
skibets besætning 
Alvorlig eller flere skader under 
installationsmedarbejdere 
Alvorlig eller flere skader under 
vedligeholdelsespersonale  


0.1 


Skader på skibe 
og/eller vindmøller 
som kan repareres 
indenfor nogle 
måneder; eventuelt 
forlis af et mindre 
(lyst)fartøj 


Miljøpåvirkning som 
kan rettes op 
indenfor ca. et år, 
oliespild 1 - 10 tons 


100 000 til 
1 million DKK 2 


Alvorlig 


Enkelt dødsfald eller flere alvorlig 
skadede under skibets besætning 
Enkelt dødsfald eller flere alvorlig 
skadede under 
installationsmedarbejdere 
Enkelt dødsfald eller flere alvorlig 
skadede under 
vedligeholdelsespersonale  


1 


Tab af vindmølle 
eller mindre 
erhvervsfartøjer, 
alvorlige skader på 
store skibe eller tab 
af last. 


Alvorlig 
miljøpåvirkning af 
stort område, som 
tager flere år at 
genoprette; oliespild 
over 10 - 100 tons 


1 million til 
10 millioner 
DKK 


3 


Katastrofal 


Tab af hele skibets besætning 
Tab af alle som arbejder med 
vindmøllens installation 
Tab af alle som vedligeholder en 
vindmølle 


10 
Tab af stordel af 
parkens elementer, 
forlis af store skibe. 


Uoprettelig 
miljøpåvirkning af 
følsomme områder 
(Natura 2000); 
oliespild mere end 
100 tons 


Mere end 
10 millioner 
DKK 


4 


Tabel 3 Definition af konsekvensklasser i overensstemmelse med definitionen af IMO /1/ 
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Betegnelse Frequency (IMO) Gentagelsesperioden 
Forventet 
frekvens 
(per år) 


class  
(FI IMO) 


Ofte Frequent Månedlig 10 7 


Meget sandsynlig   årligt 1 6 


Sandsynlig Reasonably probable 10 år (I parkens levetid) 0.1 5 


Mulig   100 år (på verdensplan) 0.01 4 


Usandsynlig Remote 1000 år 1E-03 3 


Meget usandsynlig   10 0000 år 1E-04 2 


Ekstrem usandsynlig Extremely Remote >100 000 år 1E-05 1 
Tabel 4 Definition af sandsynligheds- eller frekvensklasser i overensstemmelse med definitionen af IMO /1/  
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    Konsekvens 


   Betegnelse: Ubetydelig Lille Betydelig Alvorlig Katastrofal 


   Klasse 0 1 2 3 4 


   Mennesker: 
Ubetydelige 


skader  
Let 


tilskadekomne 
Alvorlig 


tilskadekomne 
Et enkelt 
dødsfald 


Mange 
dødsfald 


   
Økonomi 
(MDKK): <0.01 0.01- 0.1 0.1-1 1-10 > 10 


 Klasse Betegnelse 
Gentagelses- 
perioden         


Sa
nd


sy
nl


ig
he


d 


7 Ofte Månedlig 7 8 9 10 11 


6 Meget 
sandsynlig Årligt 6 7 8 9 10 


5 Sandsynlig 10 år (I parkens 
levetid) 5 6 7 8 9 


4 Mulig 100 år (på 
verdensplan) 4 5 6 7 8 


3 Usandsynlig 1000 år 3 4 5 6 7 


2 Meget 
usandsynlig 10 0000 år 2 3 4 5 6 


1 Ekstrem 
usandsynlig >100 000 år 1 2 3 4 5 


Tabel 5 Definition af risikomatricen  
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4 RESULTATER 


4.1 HAZID skemaet 
HAZID-skemaet er inkluderet i Appendiks C. Efter workshoppen har DNV lavet mindre redigering og oprydning af 
skemaet for at sikre entydighed. Dette har også inkluderet flytning af tekstfelter mellem kolonner, typisk 
fra ”eksisterende sikkerhedsforanstaltninger” til ”Foreslåede sikkerhedsforanstaltninger”, hvor det skulle være tilfældet. 
DNV har tilføjet detaljer, f.eks. på baggrund af kommentar eller erfaring/input fra andre HAZIDs (især de sideløbende 
HAZIDs vedrørende Hesselø og Kattegat). Disse tilføjelser er inkluderet med orange tekst. Efter denne redigering er 
skemaet sendt til godkendelse eller kommentar hos alle deltagere for at sikre, at det noterede er i overensstemmelse 
med hensigten. Eventuelle ændringer, foreslået af deltagere, er inkluderet med kursiv tekst.  


Det noteres, at følgende deltagere har kommenteret HAZID skemaet: 


• Flemming S. Sørensen, Søfartsstyrelsen 


• Dorthe O. Hansen, Søværnets Overvågningsenhed (deltog ikke) 


Søfartsstyrelsen bemærker generelt at: 


1) Der ikke har været deltagelse fra lodser og andet erhverv end færger;  


2) De enkelte risici og konsekvenser er vurderet konservativt (”hårdt”) 


Den 21. december 2023 blev der holdt et separat møde med en repræsentant af DanPilot (Dick Danielsen), da DanPilot 
ikke kunne deltage i workshoppen. Dette møde ledte ikke til yderlige identifikation af farer eller aspekter relevant for 
sejladssikkerhed vedr. Kriegers Flak II (Nord og Syd). 


4.2 Generel risikovurdering 
Der er identificeret 35 farer i alt; 25 for driftsfasen og (yderlige) 10 for anlægsfasen. Otte (8) farer har karakter af 
generelle bemærkninger eller kunne ikke på anden vis risikovurderes, herunder fem (5) for driftsfasen og tre (3) for 
anlægsfasen. I alt 21 farer blev vurderet som ”gul”; 16 farer for driftsfasen og fem (5) for anlægsfasen. Seks (6) farer 
blev vurderet ”rød” (uacceptabel uden yderlige sikkerhedsforanstaltninger); fire (4) for driftsfasen og to (2) for 
anlægsfasen. Disse farer er: 


• Fare ID 1 (driftsfasen): Vedrørende færgeforbindelse TT/Stena Line Trelleborg-Rostock; disse færger skal 
omlægge kurs for at sejle fri mellem eksisterende Kriegers Flak I Vest og det nye Kriegers Flak II Nord og 
holde længere østpå med øget mulighed for sammenstød med anden trafik. 


• Fare ID 5 (driftsfasen): Trafik vest for Kriegers Flak II Nord har risiko (vind fra vest) for at drive ind i parken ved 
blackout. 


• Fare ID 20 (driftsfasen): Skibe, som kommer fra Trelleborg, møder sydgående trafik vest om Kriegers Flak II 
Nord. Mulighed for ikke at se skibe, hvis der er dårlig sigtbarhed samtidigt med dårlig radardækning pga. 
vindmøllepark mellem de to ruter. Mulighed for reduceret situationsfornemmelse af navigationslys bland mange 
andre informationer pga. lanterner på vindmøller. 


• Fare ID 21 (driftsfasen): Skibe som kommer fra Bornholm møder nordøst-gående trafik syd for Kriegers Flak II 
Syd. Mulighed for ikke at se skibe, hvis der er dårlig sigtbarhed samtidigt med dårlig radardækning pga. 
vindmøllepark mellem de to ruter. Mulighed for reduceret situationsfornemmelse af navigationslys blandt 
mange andre informationer pga. lanterner på vindmøller. 
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• Fare ID 26 (anlægsfasen): Vedrørende færgeforbindelse TT/Stena Line Trelleborg-Rostock; i lighed med fare 
ID 1 under hensyntagen, at der er en arbejdszone på 500 m, vil der være endnu mindre plads til 
undvigemanøvrer. 


• Fare ID 27 (anlægsfasen): Vedrørende færgeforbindelse TT/Stena Line Trelleborg-Rostock; under 
hensyntagen, at der er en arbejdszone på 500 m, vil der være snævert farvand med mulighed for sammenstød 
mellem færge og vindmølle eller fundament 


Det noteres, at de hændelser, som involverer færger, er tildelt en høj konsekvensklasse pga. de mange passagerer om 
bord og dermed medfører en højere risiko. 


4.3 Foreslåede sikkerhedsforanstaltninger 
Følgende sikkerhedsforanstaltninger er foreslået til overvejelse. Den efterfølgende kvantitative analyse som del af 
denne forundersøgelse og videre studier i en følgende fase af projektet (herunder detaljerede radar studier) vil give 
mere detaljeret indsigt i nødvendigheden og/eller de positive effekter af disse anbefalinger. 


1. Vedr. fare ID 1 (”rød”): At ændre områdets udformning ved at flytte det sydøstlige hjørne af Kriegers Flak II 
Nord nordpå således at der er mere plads for skibstrafikken. 


2. Vedr. farer ID 2 og 8: At der oprettes et beredskab, som sikrer, at vindmøller standses i tilfælde af blackout af 
et skib, som kan drive ind i parken – herunder skal det undersøges, hvor hurtigt en mølle kan bringes til 
standsning (i betragtning af kommunikationskæden). 


3. Vedr. fare ID 6 (og vurderet relevant for fare ID 31): At undersøge mulighed for monitorering af servicefartøjer 
fra Klintholm til Kriegers Flak II Syd, som krydser ruten vest for parken (ruter til/fra Rostock og Travemünde, se 
Figur 3). 


4. Vedr. fare ID 18: At undersøge nødvendighed og effekt af etablering af ekstra radarstationer for at kompensere 
for forstyrrelse på landbaseret national radarkæde. 


5. Vedr. Fare ID 19: At undersøge nødvendighed og effekt af etablering af ekstra AIS basestationer, f.eks. ved 
flere AToN og/eller øget trafik i området. 


6. Vedr. farer ID 20 og 21 (”rød”): For at kompensere for manglende overblik og radardækning ved krydsende 
skibsruter: såfremt Søfartsstyrelsen finder det nødvendigt, er det eventuelt muligt at oprette et VTS-område. 
Det skal være, hvis risikoen for skader på skibe, personer eller miljø vurderes højt. 


7. Vedr. fare ID 26 og 27 (”rød”): Manglende manøvrerum på færgeruten Rostock-Trelleborg under anlægsfasen. 
Overvej om færger skal sejle længere mod øst, eventuelt øst om EnBW Baltic II. 


8. Vedr. fare ID 26 og 27 (”rød”): Manglende manøvrerum på færgeruten Rostock-Trelleborg under anlægsfasen, 
overvej størrelsen af den udvidede arbejdszone på 500 m. 


9. Vedr. farer ID 29: Lystbåde som ikke respekterer arbejdsområder. Overvej brug af afviserfartøj, eventuelt 
begrænset til bestemte perioder (sejlsæson). 


10. Vedr. fare ID 29: Lystbåde som ikke respekterer arbejdsområder. Overvej kommunikation via en række 
kanaler: Dansk Sejlunion, Danske Tursejlere, Søfartsstyrelsens ”Sejl Sikkert” app, Bådmagasinet, og mere 
information i f.eks. destinationskataloger og andre skrifter som ”Visit Denmark” og ”Sejlerens”, ligesom svenske 
og tyske foreninger bør underrettes.  


11. Vedr. farer ID 32, 33, og 34: Skibe (inkl. lystbåde) som ikke respekterer arbejdsområder. Overvej brug af 
vagtskib eller afviserfartøj. 
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12. Vedr. fare 35: For at undgå interferens/overbelastning af VHF-kommunikation, overvej tildeling af bestemte 
VHF-kanaler (CH) i kommunikation mellem arbejdet og skib/havn/VTS. 


13. Det blev nævnt under de parallelle HAZIDs for Hesselø og Kattegat vindparker, at det bør undersøges 
koordinering af arbejdsfartøjer (Work Vessel Co-ordination) under anlægsfasen for trafik, som krydser ruter for 
almindelig skibstrafik. 


Det er noteret (Farer ID11, 12 og 28), at der ved den oprindeligt foreslåede grænse af Kriegers Flak II Nord (som 
beskrevet i denne rapport, f.eks. Figur 2) ikke er plads for lystbåde øst for den sydlige ”gren” af trafiksepareringssystem 
(TSS) ”Off Falsterbrorev”. Efter HAZID- workshoppen er Energistyrelsen og Søfartsstyrelsen nået til en beslutning om at 
flytte grænsen ved det nordlige hjørne ca. 500 m østpå.  


4.4 Øvrige aspekter 
Der er registreret bemærkninger, som ikke nødvendigvis repræsenteret farer.  


• Hvordan vindmølleparker skal repræsenteres på kort er en udfordring. På oversigtskort (som DK 104, 
1:200000) vil der ikke altid være mulighed for at vise alle mølleplaceringer. I så fald vil yderste række 
vindmøller kunne blive vist, men ingen anden information. Alle vindmøller kan vises på 1:75000 (som DK 198).  


• Som del af forundersøgelserne har DNV lavet en overordnet gennemgang af vindparkernes effekt på civile 
radar (radar til styring af lufttrafik, meteorologiske radar og radar på skibe), og Energinet har sideløbende fået 
udført en analyse af militær-radar, herunder kystradar anvendt til VTS. Der bør gennemføres detaljerede 
radarstudier, som kortlægger interferens af radar, skyggevirkning og nødvendighed af etablering af ekstra 
landbaserede stationer, efter der er truffet endelig beslutning om parkens udseende (antal vindmøller, 
placering, højde osv.) ved tildeling af etableringstilladelser. Det vurderes, at disse studier udføres som del af 
VVM under regi af den endelige operatør. 


4.5 Aktioner 
På HAZID-skemaet ses en kolonne ”Kommentar/Aktioner”, hvor der påføres aktioner (f.eks. indhentning af flere 
oplysninger), som skal følges op. Der er fire (4) registreringer, som fører til en aktion. Disse er håndteret i Appendiks D, 
som ”close-out skemaer”. To (2) af aktionerne er indarbejdet i afsnit 4.3 (Foreslåede sikkerhedsforanstaltninger). De 
øvrige to er udført. 


4.6 Ændring af trafikmønstre 
Til brug i den kvantitative analyse skal det vurderes, hvordan de nuværende skibsruter vil ændre sig. Følgende baseres 
på workshoppens diskussioner og bemærkninger: 


• Den mest betydelige ændring indebærer, at færgeruten Trelleborg-Rostock (eller Travemünde) påvirkes af 
Kriegers Flak II Nord. Ruten vil gå øst om det sydøstlige hjørne af parken. 


• Der er erhvervsskibe (se Appendiks B) som sejler fra/til retning Bornholm syd for TSS ”Off Falsterbrorev” og 
dermed krydser området Kriegers Flak II Nord. Denne trafik forventes fremover at følge TSS systemet. 


• Trafik fra indvindingsområdet Kriegers Flak (I) i retning København vil (særligt under anlægsfasen) være 
tvunget til at sejle udenom Kriegers Flak II Nord, formodentligt vest om. 


• Fremtidig trafik fra indvindingsområdet Kriegers Flak (I) i retning Femern vil være nødt til at sejle udenom 
Kriegers Flak II Syd. Det forventes, at ruten vil lægges vest om Kriegers Flak II Syd (der kan vælges forskellige 
ruter afhængig af retning, og hvad der er mest hensigtsmæssig til at krydse ruten i Kadetrenden). 
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• Der er lidt trafik fra/til TSS ”Off Falsterbrorev” vest om Kriegers Flak til/fra retning Rügen, som nu krydser 
Kriegers Flak II Syd. Denne trafik vil passere vest om Kriegers Flak II Syd, alternativt helt øst om EnWB Baltic 
2. 


• Trafik fra Rügen mod Møn (især lystbåde) vil (delvis) sejle vest om Kriegers Flak II Syd.  


• Lystbåde fra Møn til den svenske sydkyst (Ystad) skal koncentreres nord for Kriegers Flak II Syd og syd om 
EnWB Baltic 2 (eller delvis sejle gennem Kriegers Flak I Øst), så længe Kriegers Flak SE ikke er etableret.  


• Der er lystbådstrafik fra Møn til/fra Falsterbro, som vil passere Kriegers Flak II Nord vest for TSS ”Off 
Falsterbrorev”. Under anlægsfasen vil denne trafik være tvunget til at enten sejle vest for TSS og krydse 
længere mod nord, eller at sejle syd om Kriegers Flak II Nord (parallel med færgen til Trelleborg). 


• Der vil være ekstra sejlads af servicefartøjer til og fra de nye vindmølleparker. Det forventes, at trafikken vil 
være i forhold til det antal opstillede vindmøller. Trafik til Kriegers Flak II (Syd og Nord) forventes at sejle fra 
Klintholm, da der vil være en enkelt operatør. 


• Der vil være ekstra trafik under anlægsfasen. Det er dog ukendt ud fra hvilken havn, anlægsarbejdet vil foregå.  


4.7 Kumulative effekter 
Der blev ikke identificeret kumulative effekter i forhold til andre planlagte havvindmølleparker3. 


  


 
3 Se også fodnote 1 på side 3 vedr. Kadetbanke 
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5 KONKLUSIONER 
• Vindmølleparken Kriegers Flak II Nord og Syd er placeret mellem de travleste danske farvande: alt skibstrafik 


ind og ud af Østersøen passeres enten nord eller syd.  


• Parkerne er på tilstrækkelig afstand fra de vigtigste skibsruter, undtagen det nordlige hjørne af Kriegers Flak II 
Nord, som ligger meget tæt på Trafikseparareringssystemet (TSS) ”Off Falsterbrorev”. Efter HAZID-
workshoppen har Energistyrelsen den 18. januar 2024 meddelt at grænsen af Kriegers Flak II Nord er tilpasset, 
således at der er plads mellem parkens grænse og trafiksepareringssystemet. 


• Færgeruten mellem Rostock/Travemünde og Trelleborg påvirkes mest og skal omlægges med et ekstra 
kursskifte, hvor ruten passerer mellem den eksisterende Kriegers Flak I og det nye Kriegers Flak II Nord. Da de 
værste konsekvenser ved uheld med passagerfærgen kan være katastrofale, har HAZID-gruppen vurderet, at 
af de farer som Kriegers Flak II (Nord og Syd) udsætter skibstrafikken for, farerne for denne færgerute 
medfører de største risici. 


• Der er identificeret en række mulige ekstra sikkerhedsforanstaltninger, som vedrører: 


o Flytning af grænsen af parker (Kriegers Flak II Nord i forhold til TSS og færgeruten, dette er 
implementeret efter HAZID workshoppen) 


o Oprettelse af beredskab for håndtering af skibe, som driver ind i parkerne 


o Udvidet overvågning og koordinering af trafik (navnlig under anlægsfasen) 


o Undersøgelse om det er nødvendigt at tilpasse/udvide radar og VHF/AIS systemerne 


o Overvejelse om arbejdszoner og ekstra omlægning af ruter under anlægsfasen 


o Anvendelse af afviserfartøjer under anlægsarbejder 


o Udnyttelse af alle tænkelige kommunikationskanaler til lystsejlere under anlægsfasen 


o Koordination af VHF-kanaler under anlægsfasen 
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APPENDIKS A - INVITATIONSLISTE HAZID KRIEGERS FLAK II 
 


Organisation Kontaktperson Email 


Danmarks Fiskeriforening  Henrik S. Lund;  
Ole Lundberg Larsen 


oll@dkfisk.dk;  
hl@dkfisk.dk 


Danmarks Rederiforening  Morten Glamsø  mgl@shipowners.dk 


Danpilot Niels Bergmann Rasmussen 
Vicelodschef / Deputy Chief Pilot 


nra@danpilot.dk 


Dansk Havne Camilla Rosenhagen cr@danskehavne.dk 


Dansk Sejlunion  Christian Lerche, direktør christian@sejlsport.dk 


Danske Lodser  Mikael Pedersen formand@danskelodser.dk 


Danske Tursejlere Sune Abelgren Olsen Sune@dansketursejlere.dk 


Energinet Amalie Rasmussen,  
Pernille Skyt 


ARW@energinet.dk; XPESK@energinet.dk 


Energistyrelsen Anders vindmøller Jørgensen anmj@ens.dk 


Fiskeristyrelsen 
 


mail@fiskeristyrelsen.dk 


FLID Foreningen af 
Lystbådehavne i Danmark 


Tom Elmer Christensen tom@flidhavne.dk  


Geodatastyrelsen Simon Tranbjerg Vammen,  
Jakob Terp Christensen 


sitra@gst.dk 


Kystdirektoratet  Kamilla Fiedler Terkildsen kamft@kyst.dk 


Svenska Seglarförbundet Mikael Stamming ssf@ssf.se 


Swedish Maritime 
Administration / sj 


Olle Lewis olle.lewis@sjofartsverket.se 


Søfartsstyrelsen  Flemming S. Sørensen;  
Peter Dam 


fss@dma.dk; sifa@dma.dk; 
cde@dma.dk; ped@dma.dk;  


VTS 
Søværnskommandoen,  
Søværnets 
Overvågningsenhed,  
Flyverkommandoen 


Dorte Olbæk Hansen,  
Maritim Sagsbehandler 


3E-SOE-ST103@mil.dk;  
FKO@mil.dk  
 


Abbekås hamn 
 


abkordforande@gmail.com  


Balle strand bådehavn   
 


larsrene@hotmail.com  


Barhöft hafen 
 


hafen@sprenger-barhoeft-maritim.de  


Bogø havn 
 


bogoe@vordingborg.dk  
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Bøgeskov havn 
 


bogeskovhavn@gmail.com  


Erria A/S 
 


info@erria.dk  


Fakse Ladeplads sejlklub Formand: Gert Bøyesen formand@flsk.dk  


Falsterbokanalens Hamn 
 


hamnkontoret@falsterbokanalen.se 


Faxe kommune 
 


kommunen@faxekommune.dk  


Faxe Ladeplads 
Fiskerihavn A.M.B.A. 


  


Faxe Ladeplads 
Lystbådehavn 


 
fl.juel.faxe@gmail.com  


Fed havn 
 


naturogmiljoe@faxekommune.dk  


Finnlines Malmö - 
Travemunde 


? info.dk@finnlines.com  booking@nordoe-
link.com  


Gedser havn 
  


Hafen Zingst 
 


hafen@zingst.de  


Hörte hamn 
 


 bertilskivarp@hotmail.com  


Hårbølle havn 
 


haarboelle@vordingborg.dk  


Kalvehave havn   
 


kalvehavehavn@vordingborg.dk  


Kindvig havn 
 


fpeiter@gmail.com  


Klagshamns 
småbåtshamn 


 
khf@klagshamn.nu  


Klintholm Havn/lyst, 
erhverv og fiskeri  


Havnefoged - Rigo Jørgensen ryjn@vordingborg.dk 


Køge Bornholmslinien 
(Molslinien) 


Thomas Bisgaard Jensen  tbj@molslinjen.dk 


Køge havn 
 


info@koegehavn.dk  


Lund havn 
 


espemose@c.dk  


Nyord havn 
  


Port of Trelleborg 
 


trelleborgs.hamn@port.trelleborg.se 


Præstø havn Brian Jensen, Havnefoged reej@vordingborg.dk  


Rødvig fiskerihavn 
 


roedvighavnekontor@mail.dk  


Rødvig Havn (lyst - fiskeri) 
 


havnekontor@roedvighavn.dk  


Sandvig fiskerihavn 
 


sandvighavn@gmail.com  
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mailto:booking@nordoe-link.com
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Schaprode Yacht hafen 
 


anfrage@hafen-schaprode.de  


Skanör Marina 
 


semesterkansla@vellinge.se  


Skanör småbåthamn 
 


hamnkapten@skanorshamn.se  


Skåninge havn 
 


skaaningebro@vordingborg.dk  


Skåre hamn 
 


info@skarefiskelage.se  


Smyge hamn 
 


kundtjanst@trelleborg.se  


Stavreby havn 
 


pmp@pha.dk  


Stege havn 
 


stege@vordingborg.dk  


Stena Line  Mikael Lindgren,  
Christian Rudkilde 


mikael.lindgren@stenaline.com; 
Christian.Rudkilde@stenaline.com 


Stevns kommune 
 


stevns@stevns.dk  


Stubbekøbing havn 
 


stubhavn@guldborgsund.dk  


Trelleborg Kommune 
 


kundtjanst@trelleborg.se 


Trelleborgs hamn 
 


trelleborgs.hamn@port.trelleborg.se  


TT-line Ann Carolin Veigel 
Operations Manager 


AnnCarolin.Veigel@ttline.com 


Vellinge Kommun 
 


vellinge.kommun@vellinge.se 


Vordingborg Kommune 
 


trafikogpark@vordingborg.dk; 
kommunikation@vordingborg.dk 


Vordingborg Nordhavn & 
Masnedsund Havn  


Dorthe Vennits, Havnefoged dove@vordingborg.dk 
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APPENDIKS B - HAZID DOKUMENTATION KRIEGERS FLAK II N+S 
 


Informationspakke sendt til deltagere 


  







 


HAZID – Kriegers Flak II Nord og Syd Offshore 
Vindmøllepark 
Informationspakke vedr. HAZID workshop: 


Tirsdag den 14. november 2023 
Mødested: 
Konference & hotel Klinten 
Søndervej 8 
DK-4673 Rødvig Stevns 


 
 
Dagsorden 


8:00 – 8:30 Ankomst - kaffe 
8:30-8:45 Introduktion af projektet  
8:45-9:00 Kort præsentation af deltagere 
9:00-9:15 Introduktion til HAZID workshop ved DNV 
9:15-11:00 HAZID session 1: kvalitativ identifikation af mulige hændelser – Kriegers Flak II North  


(kort pause undervejs) 
11:00-12:30 HAZID session 2: kvalitativ identifikation af mulige hændelser – Kriegers Flak II South 


(Forventet at flere aspekter kopieres fra Kriegers Flak II North) 
12:30-13:30 (ca) Frokost 
13:30-14:00 Opsummering/afrunding af HAZID sessions 1 og 2 – diskussion af kumulative effekter 


(svenske parker Galatea & Galene) 
14:00-15:00 HAZID session 3: risiko estimater for Kriegers Flak II North 


(kort pause undervejs) 
15:00-15:30 HAZID session 4: risiko estimater for Kriegers Flak II South(forventet at flere estimater 


kopieres fra Kriegers Flak II North) 
15:30-16:00 Videre forløb, planlægning og afslutning 


 


Kriegers Flak II North and South Vindmølleparker (Offshore Wind Farm OWF) 
I forbindelse med miljøundersøgelser vedrørende de planlagte etableringer af Kriegers Flak II Syd og Nord 
Vindmølleparker ønsker Energinet at der udføres en undersøgelse af ændring i sejladssikkerheden som 
følge af vindmølleparkerne. 


Projektområderne er identificeret (Figur 1). Der arbejdes med forskellige cases, med forskelligt antal og 
størrelsen af vindturbiner, til denne studie betragtes cases med den største antal vindturbiner, se Figur 2. 


Fareidentifikation med hensyn til sejladssikkerhed 
Med henblik på at vurdere hvilken indflydelse Kriegers Flak II (Syd og/eller Nord) vil have på 
sejladssikkerhed, gennemføres en HAZID (Hazard Identification) workshop og en numerisk analyse af 
ændring i frekvensen af skibstød og grundstød. 







Formålet med HAZID er at etablere en liste med mulige farlige hændelser, som er så fyldestgørende som 
muligt. Det gøres ved at gennemføre en struktureret brainstorm på en workshop med bred deltagelse af 
aktører med ekspertise i relation til projektet og i dette tilfælde sejladssikkerhed. Forskellige aspekter af 
projektet gennemgås systematisk ved anvendelse af nogle nøgleord (Tabel 1). Deltagere vil bidrage med de 
farer, som de kommer i tanker om. Farerne skrives ind i et regneark, hvor alle deltagere kan følge med.  


Fareidentifikationen deles op i to gange to sessioner. I de første to sessioner (for hhv. Kriegers Flak Nord og 
Syd) identificeres farer gennem brainstorm. Alle deltagere kommer med input. Det er vigtigt, at man ikke 
kritiserer hinanden. Der stilles kun afklarende spørgsmål. 


I de sidste to sessioner forsøges de identificerede farer fra første session at blive risikovurderet – her 
diskuterer vi: 


• Hvor sandsynlige og hvor alvorlige farerne er (se tabellerne sidst i pakken); 
• Hvilke sikkerhedsforanstaltninger der findes i forvejen og 
• Hvilke ekstra sikkerhedsforanstaltninger man ellers kunne foreslå. 


Regnearksskemaet er vist nedenfor; venstre del udfyldes i første session og højre del i anden session:   


 


Til brug under workshoppen vedhæftes den måde konsekvenser og sandsynlighed klassificeres (Tabel 2 og 
Tabel 3) samt den måde den endelige risiko estimeres ved hjælp af en risikomatrice (Tabel 4). 


Sejladssikkerheden under anlægsfasen skal også vurderes, fx fare for kollision med entreprenørernes 
fartøjer. Nærmere informationer vedr. anlægsfasen, fx udskibningshavn og ruter, følger senere, muligvis 
først på workshoppen.  


Workshoppen skal også diskutere, hvordan de planlagte (dvs. Hesselø, Kattegat II men også svenske 
Galatea) og eksisterende (Anholt) OWF påvirker sejladssikkerheden samlet (som kaldes for de ”kumulative 
effekter” 


Det forventes også input til vurdering, hvordan skibstrafikken vil ændre sig efter etablering af 
vindmølleparken (denne ændring indarbejdes i den numeriske analyse). 


Opfølgning efter workshop 
• Efter workshoppen renskrives HAZID skema og aktionslisten og sendes til workshop deltagere inden 


ugens udgang; 







• Deltagerne melder tilbage, om der er faktiske fejl eller mangler i skemaet (tidsfrist bestemmes på 
workshop) 


• Det endelige skema bearbejdes som rapport til videre brug i vurderingsprocessen. Der udarbejdes 
separate rapporter for Kriegers Flak II Nord og Kriegers Flak II Syd 


Organisationer som er inviteret til HAZID workshop 
Listen er tilføjet sidst i denne pakke. 


Den endelige deltagerliste vedlægges rapporterne. 


Oplysning om placering og analyse af skibstrafik 
Følgende sider (Figur 1 -Figur 2) viser placering af projektområdet og placering af turbinerne. 


Figur 4 - Figur 8 viser skibstrafik for 2022, som vil blive brugt til den numeriske studie. Figur 5 - Figur 8 viser 
trafik for typiske skibstyper, hhv. passagerskibe; fiskeri, lystbåde og tankskibe (alle typer). 


 







 


Figur 1 Markering af projektområderne. De orange områder skal vurderes, de røde områder er eksisterende parker, de gule områder er planlagte parker 


  







 


Figur 2 Kriegers Flak II, scenario “Overplanting”, 118 (North) og 112 (South) vindturbiner 


  







 


Figur 3 Skibsbevægelser baseret på AIS registreringer i 2022 







 


Figur 4 Skibsruter – passagerskibe (inkl. færger og hurtigfærger). Noter at skibe som servicerer eksisterende parker (fx ud fra Rødvig) angiveligt er klassificeret som ”passagerskibe” 


  







 


Figur 5 Skibsruter - fiskerfartøjer 


  







 


Figur 6 Skibsruter - lystfartøjer 


 







 


Figur 7 Skibsruter – tankskibe.







 


Figur 8 Skibsbevægelser baseret på AIS registreringer i 2022 – på søkort 


  







 


Figur 9 Skibsruter – passagerskibe (inkl. færger og hurtigfærger) – på søkort. Noter at skibe som servicerer eksisterende parker (fx 
ud fra Rødvig) angiveligt er klassificeret som ”passagerskibe” 


  







 


Figur 10 Skibsruter – fiskerfartøjer – på søkort 


  







 


Figur 11 Skibsruter – lystfartøjer – på søkort 


  







 


Figur 12 Skibsruter – tankskibe på søkort 


 







 


 


Tabel 1 Nøgleord til HAZID 


Driftsfase Skibsroute Skibstype OWT-del Årsag/hændelse Fare/uheld Konsekvens 


Drift (iht AIS) Hurtigfærge Flere turbiner navigationsfejl 
kollision skib-
installation skade på skib 


Installation Alle Færge Fundament teknisk fejl kollision skib-skib forlis 


Vedligehold   Fiskeri Tårn 
blackout/skib på 
drift grundstødning brand 


Kabel-udlægning   Fragtskibe i transit Vinge 
interferens/ 
radarskygge bølgegang skade på installation 


Alle   Passagerskibe i transit Nacelle manglende AIS 


rammer 
undersøisk 
kabel/rør tab af installation 


    
Tankskibe /Skibe med 
farlig gods Servicevessel 


manøvrer 
(undvige, …) 


anker skader 
kabel/rør 


tårn+ vinger vælter på 
skib 


    lystbåde /lystsejlere Kabeludlægger trafik 
anker skader fast 
installation miljøudslip 


    
Øvrige skibe (service 
vessels) Kranskib vejr   tilskadekommen/dødsfald 


    Små skibe under ??ton Transformer strøm     


    Store skibe over ?? Ton   Afstand/fart     
    Alle         


 


 
 


  







 


 


Tabel 2 Konsekvensvurdering efter IMO 


Betegnelse Person Dødsfald 
Ækvivalent  Ejendom Miljø Økonomisk 


IMO 
risiko 
klasse 


Ubetydelig Ubetydelig tilskadekommen 0.001 ubetydelige materielle 
skader 


Meget lille 
miljøpåvirkning, 
ubetydeligt spild 


Mindre end 
10 000 DKK 0 


Lille Let tilskadekommen 0.01 ubetydelige materielle 
skader 


Lille miljøpåvirkning, 
oliespild < 100 tons 


10 000 til 100 
000 DKK 1 


Betydelig 


Alvorlig eller flere skade under 
skibets besætning 
Alvorlig eller flere skade under 
installationsmedarbejdere 
Alvorlig eller flere skade under 
vedligeholdelsespersonale  


0.1 


Skader på skibe og/eller 
vindmøller som kan 
repareres indenfor nogle 
måneder; eventuelle forlis 
af et mindre (lyst)fartøj 


Miljøpåvirkning som er 
oprettelig indenfor ca et 
år, oliespild 1 - 10 tons 


100 000 til 1 
million DKK 2 


Alvorlig 


Enkelt dødsfald eller flere alvorlig 
skadede under skibets besætning 
Enkelt dødsfald eller flere alvorlig 
skadede under 
installationsmedarbejdere 
Enkelt dødsfald eller flere alvorlig 
skadede under 
vedligeholdelsespersonale  


1 


Tab af vindmølle eller 
mindre erhvervsfartøjer, 
alvorlige skader på store 
skibe eller tab af last. 


Alvorlig miljøpåvirkning af 
stort område, som tager 
flere år at genoprette; 
oliespild over 10 - 1000 
tons 


1 - 10 
millioner DKK 3 


Katastrofal 


Tab af hele skibets besætning 
Tab af alle som arbejder med 
vindmøllens installation 
Tab af alle som vedligeholder en 
vindmølle 


10 
Tab af stordel af parkens 
elementer, forlis af store 
skibe. 


Uoprettelig 
miljøpåvirkning af 
følsomme områder 
(Natura 2000); oliespild 
mere end 100 tons 


Mere end 10 
millioner DKK 4 


  







 


 


Tabel 3 Sandsynlighedsvurdering 


Sandsynlighed    


Betegnelse Gentagelsesperioden Frekvens (per år) Klasse (FI IMO) 


ofte Månedlig 3 7 


meget sandsynlig Årlig 0.3 6 


sandsynlig 10 år (I parkens levetid) 0.03 5 


mulig 100 år (på verdensplan) 0.003 4 


usandsynlig 1000 år 0.0003 3 


meget usandsynlig 10 0000 år 0.00003 2 


ekstrem usandsynlig >100 000 år 0.000003 1 


 







 


 


Tabel 4 Risikomatricen 


 


 


Betegnelse: Ubetydelig Lille Betydelig Alvorlig Katastrofal
klasse 0 1 2 3 4
Mennesker: Ubetydelige skader Let tilskadekomne Alvorlig tilskadekomne En enkel dødsfald Mange dødsfald
Økonomi (MDKK): <0.01 0.01- 0.1 0.1-1 1-10 > 10


klasse Betegnelse Gentagelsesperioden


7 ofte Månedlig 7 8 9 10 11


6
meget 
sandsynlig


årligt 6 7 8 9 10


5 sandsynlig
10 år (I parkens 
levetid)


5 6 7 8 9


4 mulig
100 år (på 
verdensplan)


4 5 6 7 8


3 usandsynlig 1000 år 3 4 5 6 7


2
meget 
usandsynlig


10 0000 år 2 3 4 5 6


1
ekstrem 
usandsynlig


>100 000 år 1 2 3 4 5
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Invitationslisten 


Danmarks Fiskeriforening  Henrik S. Lund; Ole Lundberg Larsen 
Danmarks Rederiforening  Morten Glamsø  
Danpilot Niels Bergmann Rasmussen, Vicelodschef / Deputy Chief Pilot 
Dansk Havne Camilla Rosenhagen 
Dansk Sejlunion  Christian Lerche, direktør 
Danske Lodser  Mikael Pedersen 
Danske Tursejlere Sune Abelgren Olsen 
Energinet Amalie Rasmussen, Pernille Skyt 
Energistyrelsen Anders Møller Jørgensen 
Fiskeristyrelsen 


 


FLID Foreningen af Lystbådehavne i Danmark Tom Elmer Christensen 
Geodatastyrelsen Simon Tranbjerg Vammen, Jakob Terp Christensen 
Kystdirektoratet  Kamilla Fiedler Terkildsen 
Svenska seglarförbundet Mikael Stamming 
Swedish Maritime Administration Olle Lewis 
Søfartsstyrelsen  Flemming S. Sørensen 
VTS 
Søværnskommandoen,  
Søværnets Overvågningsenhed,  
Flyverkommandoen 


Dorte Olbæk Hansen, Maritim Sagsbehandler 


Anholt Havn 
 


Bønnerup 
 


Bønnerup havn 
 


Gilleleje 
 


Grenaa Anholt Færgefart  
 


Grenaa Havn A/S Theis Gisselbæk 
Grenaa Marina 


 


Grenaa sejlklub 
 


Helsingør 
 


Hou havn 
 


Hundested 
 


Kaløvig bådelaug 
 


Knebelbro havn 
 


Lynæs 
 


Maarup/Langør/Ballen havn 
 


Nappedam lystbåde havn 
 


Norddjurs kommune 
 


Odden 
 


Randers havn  
 


Rederiet C. Rousing Aps 
 


Røsnæs havn/Havnsø havn 
 


Stena Line  Mikael Lindgren, Christian Rudkilde 
Æbletoft fregathavn 


 


Ørsted Wind Power A/S (O&M Anholt) 
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APPENDIKS C - HAZID SKEMA KRIEGERS FLAK II N+S 
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Fare- 
ID 


Skibsrute Skibstype Område Årsag/hændelse Fare/uheld Konsekvens Eksisterende sikkerheds 
foranstaltninger 


Frekv. M.F. Alvor - 
Person 


Alvor – 
Ejen- 
dom 


Alvor - 
Miljø 


Risiko Foreslåede sikkerheds 
foranstaltninger 


Kommentar/Aktioner Aktions-
ansvarlige 


Driftsfase 


1 Trelleborg-
Rostock; 
korridor 
mellem KF 
og KF II N 


TT/Stena-Line KF Nord Trængt med afstand 
til eksisterende KF, 
nødvendigt at gå 
længere østpå, især i 
hårdt vejr.  


Sammenstød med 
anden trafik 


Personskade (mange 
personer ombord), 
skade på materiel, 
oliespild 


PIANC guidelines bør 
undersøges og sikres at der 
er plads til 
undvigemanøvre. 


4 1 4 4 3 8 Anbefales af flytte 
sydligt hjørne af KF II N 
nordpå.  


Tjek anbefalinger til 
afstand fra SFS 


DNV 


2 Trelleborg-
Rostock 


TT/Stena-Line KF Nord Trængt med afstand 
til eksisterende KF, 
nødvendigt at gå 
længere østpå, især i 
hårdt vejr.  


Sammenstød med 
vindmøller 


Personskade (mange 
personer ombord), 
skade på materiel, 
oliespild 


  4 1 3 3   7 Mølle standses hvis skib 
driver i kollisionskurs 


    


3   Sandsuger KF Nord Råstofindvinding fra 
Kriegers Flak (mellem 
de to eksisterende 
parker) op til 
København. 
Sandsugere forventes 
at sejle øst om KF II N 


Sandsuger kolliderer 
med anden trafik 


Personskade, skade 
på materiel, oliespild 


  3 1 3 3   6       


4   Store 
sandsugere 


KF Syd Råstofindvinding fra 
Kriegers Flak (mellem 
de to eksisterende 
parker) til Femern. 
Uklart om sandsugere 
forventes at sejle 
sydøst og ned på rute 
T (Kadet renden). 
Eller sydvest (mod 
Møn/Falster). 
Nordgående trafik 
tilbage til område vil 
antageligt sejle på 
rute T/Kadet renden 
op til markeringer 
DW79 og DW 80 og 
nordvest ind på KF for 
ikke at krydse 
trafikseparering. 


Sandsuger kolliderer 
med anden trafik 


Personskade, skade 
på materiel, oliespild 


  3 1 3 3   6   Valg af route påvirkes 
også af eventuel 
etablering af OWF på 
Kadetbanke 
(kumulativ effekt) 
Kun relevant mens 
Femerntunnel 
arbejdet forestår. 


  


5   Alle KF Nord Trafik vest for KF 
Nord har risiko (vind 
fra vest) for at drive 
ind i parken ved 
blackout. 


Drivende sammenstød 
med vindmøller 


Personskade, skade 
på materiel, oliespild 


  5 1 3 3   8       


6   Vedligehold Begge Vedligeholdelsestrafik 
til begge parker. 
Trafik vil komme 
vestfra enten 
Klintholm eller 
Rødvig. 


Sammenstød mellem 
servicefartøj og trafik 
på rute 


Servicefartøj: 
Personskade, skade 
på materiel, oliespild.  


  4 1 3 2 2 7 Mulig monitorering 
(VTS) i anlægsfasen.  


    


7   Fiskeri Begge Fiskeri generelt 
nedadgående,  
men kan være øget 
sandsynlighed for 
sammenstød med 
vindmølle 


Sammenstød mellem 
fiskeriskib og 
vindmølle 


Personskade, skade 
på materiel, oliespild 


  5 0.01 3 2 2 6       
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Fare- 
ID 


Skibsrute Skibstype Område Årsag/hændelse Fare/uheld Konsekvens Eksisterende sikkerheds 
foranstaltninger 


Frekv. M.F. Alvor - 
Person 


Alvor – 
Ejen- 
dom 


Alvor - 
Miljø 


Risiko Foreslåede sikkerheds 
foranstaltninger 


Kommentar/Aktioner Aktions-
ansvarlige 


8   Passagerskib Begge Passagerskib kommer 
for tæt på mølle 


Passager/krydstogtskib 
rammer vindmøller 


Krydstogtskib har 
mange ombord.  
I tilfælde af uheld 
mange personer 


  4 0.01 4 3 3 6   Anbefales at 
undersøge hvor 
hurtigt en mølle kan 
stoppes 


  


9   Passagerskib Begge Passagerskib kommer 
for tæt på mølle 


Vinge rammer 
passager/krydstogtskib 


Krydstogtskib har 
mange ombord.  
I tilfælde af uheld 
mange personer 


  3 1 4 3 0 7       


10   Tankskib Begge Tankskib rammer 
mølle 


Tankskib rammer 
mølle 


Risiko for stort 
oliespild 


  4 0.01 3   4 6       


11   Lystfartøjer KF Nord Manglende plads til 
eksisterende  
nord/sydgående 
trafik øst om TSS vest 
for KF Nord 


Lystbåde kommer ind i 
TSS zone, med større 
sandsynlighed for 
sammenstød. Lav fart, 
manglende mulighed 
for at reagere 


Risiko for forlis af 
lystfartøj.  


Hvis det nordlige hjørne 
skæres af vil der være ca. 
500 m mere plads. 


4 1 3 2 2 7       


12   Lystfartøjer KF Nord Manglende plads til 
eksisterende  
nord/sydgående 
trafik øst om TSS vest 
for KF Nord 


For tæt på vindmøller. 
Lav fart, manglende 
mulighed for at 
reagere, kollision med 
vindmøller 


Risiko for skade af 
lystfartøj.  


Hvis det nordlige hjørne 
skæres af vil der være ca. 
500 m mere plads. 


4 1 2 2 2 6       


13   Lystfartøjer Begge Motorsejlere kan 
have øget interesse 
for mølleområdet.  
Sejlskibe vil generelt 
holde sig væk (Brugt 
vind) 


Skib-mølle kollision. Risiko for forlis af 
lystfartøj.  


  3 0.1 3     5       


14   Lystfartøjer Begge Skib-mølle kollision Mast på store sejlskibe 
højere end frihøjde til 
vinge 


Risiko for 
personskade/dødsfald 


  2 1 3     5       


15 Rügen til 
Klintholm 


Stor Kumulativ.  
KF Syd, 
Kadetbanke 


Stor mængde af både 
motorsejlere  
og sejlskibe vil sejle 
igennem parkerne 


Skib-mølle kollision. Risiko for forlis af 
lystfartøj.  


  3 1 3 2 2 6       


16     Begge Eksisterende kort (DK 
104, 1:200000) 
muligvis ikke 
detaljeret nok. Ikke 
altid mulighed for at 
vise alle 
mølleplaceringer.  
Praktisk vil yderste 
række vindmøller 
kunne blive vist, men 
ingen anden 
information. Alle 
vindmøller kan vises 
på 1:75000 (som fx 
DK 198). Alle større 
skibe vil ikke gå inden 
for mølleområdet.  


  Ikke risikovurderet                 Samme som for mølle   
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Fare- 
ID 


Skibsrute Skibstype Område Årsag/hændelse Fare/uheld Konsekvens Eksisterende sikkerheds 
foranstaltninger 


Frekv. M.F. Alvor - 
Person 


Alvor – 
Ejen- 
dom 


Alvor - 
Miljø 


Risiko Foreslåede sikkerheds 
foranstaltninger 


Kommentar/Aktioner Aktions-
ansvarlige 


17   Skibsradar Begge Skibsradar, falske 
ekkoer forstyrrelser 
og støj, blinde vinkler. 


Manglede 
situationsoverblik. 
Med mulighed for 
sammenstød 


Ikke risikovurderet                 Identificer mulige 
radarstudier. F.eks. 
MGM543 


  


18   Landbaserede 
radar 


Begge Forstyrrelser på VTS 
radar 
Forstyrrelse af 
national radarkæde --
> Forstyrrelse af 
Schengen 
forpligtigelser og 
forsvarslovens § 4. 


Manglede 
situationsoverblik. 
Med mulighed for 
sammenstød 


Ikke risikovurderet Der laves landbaserede 
radarstudier 


            Etablering af ekstra 
radar stationer 


Forstyrrelser på VTS 
radar på Sprogø, 
ekstra blev sat op.  


  


19     Begge Flere AIS 
transmissioner 


  Ikke risikovurderet               Ekstra AIS basestation 
skal muligvis sættes op, 
f.eks. ved flere AToN 
og/eller øget trafik i 
området.  


Vil der blive foretaget 
analyse af dette 
sammen med analyse 
af radar?  
Der forventes ikke 
interferens mellem 
vindmøller og VHF. 


  


20 Trelleborg-
Rostock 


Skibe KF Nord Skibe som kommer 
fra Trelleborg, møder 
sydgående trafik vest 
om KF Nord. 
Mulighed for ikke at 
se skibe hvis der er 
dårlig sigtbarhed 
samtidigt med dårlig 
radardækning pga. 
park. Forvirring 
mellem mange 
informationer pga. 
lanterner på 
vindmøller 


Skib-skib kollision Personskade, skade 
på materiel, oliespild 


  4 1 4 4 3 8 Såfremt SFS finder det 
nødvendigt, er det 
muligt at oprette et 
midlertidig VTS område. 
Det skal være hvis 
risikoen for skader på 
skibe, personer eller 
miljø vurderes højt.  


Det er en antagelse at 
det samme kan være 
tilfældet for skibe der 
kommer fra 
Kadetrenden på vej 
mod Drogden L/H - på 
vestsiden af parken.  


  


21 Kadetrenden 
mod 
Bornholm 


Alle KF Syd Skibe som kommer 
fra Bornholm møder 
NE-gående trafik syd 
for KF South. 
Mulighed for ikke at 
se skibe hvis der er 
dårlig sigtbarhed 
samtidigt med dårlig 
radardækning pga. 
park. Forvirring 
mellem mange 
informationer pga. 
lanterner på 
vindmøller 


Skib-skib kollision Personskade, skade 
på materiel, oliespild 


  4 1 4 4 3 8 Såfremt SFS finder det 
nødvendigt, er det 
muligt at oprette et 
midlertidig VTS område. 
Det skal være hvis 
risikoen for skader på 
skibe, personer eller 
miljø vurderes højt.  


    


22   Alle KF Nord Koncentration af 
skibe syd for KF Nord 
af forskellige slags 
skibe med forskellige 
fart giver mulighed 
for kollision 


Skib-skib kollision Personskade, skade 
på materiel, oliespild 


  3 1 3 3 3 6       


23   Lystfartøjer KF Nord Blanding af 
lystfartøjer og anden 
skibstrafik mellem KF 
nord og KF giver 
mulighed for kollision 


Skib-skib kollision Forlys af lystfartøj På begge sider af 
sikkerhedskorridoren for 
færger og andre 
erhvervsskibe er der plads 
for lystfartøjer 


3 1 3 2 2 6       
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Fare- 
ID 


Skibsrute Skibstype Område Årsag/hændelse Fare/uheld Konsekvens Eksisterende sikkerheds 
foranstaltninger 


Frekv. M.F. Alvor - 
Person 


Alvor – 
Ejen- 
dom 


Alvor - 
Miljø 


Risiko Foreslåede sikkerheds 
foranstaltninger 


Kommentar/Aktioner Aktions-
ansvarlige 


24   Servicefartøj Begge Service fartøj skal 
sejle til bestemt 
mølle i parken 


Skib-mølle kollision. Personskade, 
dødsfald 


Ikke risikovurderet som del 
af denne HAZID for almen 
sejladssikkerhed, dækket af 
farer for drift af parken 


                  


25   Alle Begge Der er transformer 
platforme 
(forventelig kun én i 
hver park)  mellem 
vindmøllerne 


Skib-Transformer 
kollision 


Større konsekvens 
end ved sammenstød 
med mølle 


  2 1 4 4   6       


Anlægsfase                                 


26 Trelleborg-
Rostock 
(TT/Stena-
line) 


Færger KF Nord Med arbejdszone på 
500m vil der være 
snævert.  


Sammenstød med 
anden trafik. F.eks. 
Manglende plads til 
undvigemanøvre. 


Personskade, skade 
på materiel, oliespild 


  5 1 4 4 3 9 Passagerfærger vil  sejle 
længere østpå.  
Worst case øst om 
EnBW Baltic 2. 
Alternativt arbejdszone 
indsnævres 


    


27 Trelleborg-
Rostock 
(TT/Stena-
line) 


Færger KF Nord Med arbejdszone på 
500m vil der være 
snævert.  


Sammenstød med 
vindmøller/fundament 


Personskade, skade 
på materiel, oliespild 


  5 1 3 3   8 Passagerfærger vil  sejle 
længere østpå.  
Worst case øst om 
EnBW Baltic 2. 
Alternativt arbejdszone 
indsnævres 


    


28   Alle KF Nord Det skal undgås at 
vestlig grænse af  
arbejdszone går ud i 
TSS Falsterbro 


  Ikke risikovurderet Der arbejdes på at flytte 
grænse mod øst 


                  


29 Rügen til 
Klintholm 


Lystbåde Kumulativ.  
KF Syd, 
Kadetbanke 


Skib-mølle kollision Stor mængde både 
motorsejlere  
og sejlskibe kan 
forsøge at sejle 
igennem 


Risiko for forlis af 
lystfartøj.  


Afviserfartøj i anlægsfasen 3 1 3 2 2 6 Overvej afviserfartøj.  
Kommunikation via 
Dansk 
Sejlunions/Tursejlerens 
kommunikationskanaler.  
Søfartsstyrelsen "Sejl 
sikkert" app. Mere 
information i f.eks. 
destinationskataloger.  
Andre blade såsom 
"Visit Denmark" og 
"Sejlerens" 


    


30 Rügen til 
Klintholm 


  Kumulativ.  
KF Syd og  
Kadetbanke 
bygges 
samtidigt. 


Skib-skib kollision Stor mængde både 
motorsejlere  
og sejlskibe sejler 
rundtom 


Risiko for forlis af 
lystfartøj.  


  3 1 3 2 2 6       


31   Servicefartøj Begge   Skib-mølle kollision. Personskade, 
dødsfald 


Ikke risikovurderet som del 
af denne HAZID for almen 
sejladssikkerhed, dækket af 
farer for etablering af 
parken 
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Fare- 
ID 


Skibsrute Skibstype Område Årsag/hændelse Fare/uheld Konsekvens Eksisterende sikkerheds 
foranstaltninger 


Frekv. M.F. Alvor - 
Person 


Alvor – 
Ejen- 
dom 


Alvor - 
Miljø 


Risiko Foreslåede sikkerheds 
foranstaltninger 


Kommentar/Aktioner Aktions-
ansvarlige 


32   Kabeludlægger Begge Krydser trafik vest om Sammenstød mellem 
skib og kabeludlægger 


Personskade, 
dødsfald 


Fartøjet har en dynamisk 
sikkerhedszone i 
efterretninger for 
søfarende 


2 1 4 3 3 6 Vagtskib/afviserfartøj     


33   Lystfartøjer Begge Skibe respekterer 
ikke arbejdsområde 


Sammenstød mellem 
skib og arbejdsfartøj 


Personskade, skade 
på materiel, oliespild 


  7 0.001 3 2 2 7 Vagtskib/afviserfartøj     


34   Andre Begge Skibe respekterer 
ikke arbejdsområde 


Sammenstød mellem 
skib og arbejdsfartøj 


Personskade, skade 
på materiel, oliespild 


  5 0.001 3 3 3 5 Vagtskib/afviserfartøj     


35 Alle Alle Begge Kommunikation - 
mere radiotrafik pga 
arbejdet 


Interferens mellem 
kanaler 


Ikke risikovurderet               VHF CH skal tildeles 
således at der ikke er 
interferens mellem 
arbejdet og 
skib/havn/VTS 
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APPENDIKS D - AKTIONSLISTE 
HAZID: action close out skemaer 


 


Fare ID: 1 Er anbefalinger fra SFS til bredden af skibsruter i overensstemmelse med PIANC 


Ansvarlig DNV (Nijs Jan Duijm) 


Opfølgning Svar fra SFS (Peter Dam), email 2023-11-16 10:50 og 2021-11-16 12:09  


Det skal huskes at formlen er vejledende og hovedsageligt brugt, hvor det er muligt, i 
hovedsejladskorridorerne (Rute T mv.) 


Korridoren mellem KFII N og KF er ca. 2 sm, og det er beregnet ud fra et standardskib på ca. 230 
meters længde. I beregningen er der beregnet at to skibe på 230 meter kan passere samtidig 
med, at der er en sikkerhedsbuffer på 6 gange 230 meter på hver side. 


Beregningen giver i dette tilfælde: 2*230m plus (6*230m)2 plus 0,3sm (0,2sm+1,3sm+0,3sm) = ca. 
2,05sm 


Afstanden mellem parkerne KFIIN og KF er ca. 3,2 sm, så der burde være nok plads til at holde 
afstand. De 500 meter i PIANC benyttes ikke i Danmark, da der åbent for sejlads i parkerne, når 
de er etableret. 


Normalt tilsiger formlen, at der skal benyttes minimum to skibslængder, når to skibe passerer 
hinanden. 500 meter zonen anses som UNCLOS 500 meter sikkerhedszone eller 
eksklusionszone, hvor det ikke er tilladt at sejle. Da sejladsen er åben i parkens driftsfase, er det 
derfor ikke muligt at benytte eksklusionszonen. 


Konklusion Det konkluderes at PIANC formlen bruges med disse to forskelle:  


• Der bruges ikke 500 m sikkerhedszonen  


• Der bruges en ekstra skibslængde (til begge sider, så gange 2) for samtidig passage 


PIANC er beskrevet i reference /2/. 


 


Fare ID: 8 Anbefales at undersøge hvor hurtigt en mølle kan stoppes 


Ansvarlig DNV (Nijs Jan Duijm) 


Opfølgning ikke udført – – inkluderet som anbefaling i sektion 4.3 under Fare ID 2 


Konklusion - 
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Fare ID: 17 Identificer mulige radarstudier. F.eks. MGN 543 


Ansvarlig DNV (Nijs Jan Duijm) 


Opfølgning Identificerede studier fra relevante myndigheder: 


US DoE - Final Report DE-EE0005380 Assessment of Offshore Wind Farm Effects on Sea 
Surface, Subsurface and Airborne Electronic Systems 2013 


UK Maritime and Coastguard Agency – MGN 543 (M+F) (Marine Guidance Note): Safety of 
Navigation: Offshore Renewable Energy Installations (OREIs) - Guidance on UK Navigational 
Practice, Safety and Emergency Response, 2016  


UK Min of Defence - Policy paper Mitigating the adverse effects of offshore wind farms on air 
defence radar: concept demonstrations, 2022 


Energistyrelsen – Terma: Analysis of Impact on Radar Coverage due to Planned Wind Farm Thor 
Havmøllepark Doc. no.: 1793903, Rev.: A, 2021 


Energinet – Ramboll - Thor Offshore Wind Farm Radar and Radio Interference, 2021  


Konklusion Der gennemføres en særskilt radar studie som del af forundersøgelsen (DNV Report no 2023-4114 
Rev.A/Doc No 2088015, ENERGINET – Marine Environmental Studies - Radar (Civil) and Radio 
Interference – Kriegers Flak II South & North) 


Rapporter vedr Thor vindmøllepark konkluderer at effekt på mobile skibsradar forventes at være 
lille. Der kan være en moderat effekt på landbaserede overvågningsradar.  


 


Fare ID: 19 Identificer nødvendighed af ekstra AIS basestationer 


Ansvarlig DNV (Nijs Jan Duijm) 


Opfølgning ikke udført – inkluderet som anbefaling i sektion 4.3 


Konklusion - 


 
 
 







 


  
 


 


 


 


 


  







 


  
 


 


 


 


 


About DNV 
DNV is the independent expert in risk management and assurance, operating in more than 100 countries. Through its 
broad experience and deep expertise DNV advances safety and sustainable performance, sets industry benchmarks, 
and inspires and invents solutions.  
 
Whether assessing a new ship design, optimizing the performance of a wind farm, analyzing sensor data from a gas 
pipeline or certifying a food company’s supply chain, DNV enables its customers and their stakeholders to make critical 
decisions with confidence.  
 
Driven by its purpose, to safeguard life, property, and the environment, DNV helps tackle the challenges and global 
transformations facing its customers and the world today and is a trusted voice for many of the world’s most successful 
and forward-thinking companies. 
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