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1. Introduction 


 At Deadline 4 (REP4-012) the Applicant, stated that it was prepared to make a commitment (subject 


to agreement with the SNCB and MMO) to decommission any remedial cable and/or scour protection 


within designated sites at the end of the operation and maintenance phase for the project, subject 


to agreement from regulatory and nature conservation bodies at that time.  


 At Issue Specific Hearing 5, the Applicant advised the ExA that it would provide information at 


Deadline 6 on the feasibility of removing rock protection based on current technology. This being 


acknowledged, the Applicant is therefore providing with this note, documentation written by Jan de 


Nul to support the Race Bank Marine Licence applications for remedial rock protection 


(MLA/2017/00277/4 and MLA/2018/00385) to evidence existing methods and tools for removing rock 


from the marine environment. The documents provided are as follows: 


1.2.1 Annex 1: Rock Installation Method Statement, Jan De Nul (2018).  


This document demonstrates that the rock berms can be removed on decommissioning without 
permanent impact by outlining the methods for decommissioning which are currently available on 
the market and discussing the options which are likely to be available at the time of 
decommissioning.  
 
1.2.2 Annex 2: Technical Note for Decommissioning Race Bank Export Cable Rock Protection, 


Jan De Nul (2018).                                                                                                      


This note provides case studies where the two proposed decommissioning methods in Annex 1 have 


been successfully used to remove rock of similar size to those proposed for Hornsea Three and 


Race Bank and lessons learnt from previous these projects.  


 The Applicant acknowledges that there are constraints associated with different technology types, 


one of the main ones being water depth.  However, the Applicant can confirm that water depths 


within the designated sites overlapping with Hornsea Three are within the operational limits for the 


proposed methodologies. Given the water depths, both tools would be appropriate for the Cromer 


Shoal Chalk Beds MCZ, the Wash and North Norfolk Coast SAC and the majority of the North Norfolk 


Sandbanks and Saturn Reef SAC, with only trailing suction hopper dredging appropriate in short 


sections of deeper water (i.e. up to approximately 41 m depth) within of the North Norfolk Sandbanks 


and Saturn Reef SAC, where backhoe dredging is not possible (i.e. backhoe dredging not possible 


in water depths greater than 32 m). Water depths are greater within Markham’s Triangle rMCZ which 


would render backhoe dredging unfeasible (i.e. >32 m), however in these areas trailing suction 


hopper dredging would be an appropriate method for removal of rock protection.   
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 The Applicant acknowledges that at the time of decommissioning the decommissioning of rock 


protection and subsequent disposal activity would need to be duly assessed and licenced. However, 


with respect to effects on protected features of the relevant designated sites, as outlined in paragraph  


3.3 of the Written Summary of Applicant's oral case put at Issue Specific Hearing 5, disturbance to 


these features during decommissioning of rock protection is within the envelope assessed within the 


Volume 2, Chapter 2: Benthic Ecology of the Environmental Statement (APP-062) and the Report to 


Inform Appropriate Assessment (APP-051).    
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Annex 1 - Race Bank Decommissioning Method Statement 
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1. INTRODUCTION 


Race Bank Offshore Windfarm (ROW) will have a capacity of approximately 580 MW. The Race Bank 


project is located approximately 27km from the nearest landfall on the UK east coast of north Norfolk 


(Blakeney Point) and just over 28km from Chapel Point, Chapel St. Leonards on the Lincolnshire coast. 


 


 
Figure 1-1: ROW01 Approximate position 


 
Figure 1-2: Export cable layout ( 2 x 71 km submarine cables + 6 km Interlink) 
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The wind farm consists of 91 wind turbines (WTGs) each of 6 MW – max wind farm production of 580 


MW and two offshore substations (OSSs) connected with an interlink cable. The WTGs are 


interconnected to the two offshore substations with 34 kV internal array cable systems. 


The two offshore substations are situated inside the wind farm area and are connected to the onshore 


Transition Joint Bay (TJB) through 2 x 220kV submarine cables of approximately 71 km each. 


 


One part of the ROW01 project includes supply of approx. 2 x 71km 220kV submarine cable systems 


with integrated fibre optic cable between the offshore substations and the transition joint onshore and 


supply of a 220kV underground cable system. 


 


1.1 Purpose and scope 


The purpose of this document is to: 


 Introduce the methods for decommissioning which are currently available on the market and 


discuss the options which are likely to be available at the time of decommissioning 


 Provide an explanation of each of the methods, discuss any positives and negatives associated with 


each method 


 It demonstrates that the rock berms can be removed on decommissioning without permanent 


impact by describing the options for rock berm decommissioning, an outline of the method 


statement, the physical impact from rock berm decommissioning on the immediate and 


surrounding seabed and the disposal of the materials.  
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2. DECOMMISSIONING 


2.1. Method of removal 


Contractor has several vessels available to decommission as much as possible of the installed rock 


material. A first option, to minimise the impact of the removal contractor proposes to deploy two 


trailing suction hopper dredgers which can remove almost all the installed material with the least 


impact on the original seabed. A second option to remove the rock material is the deployment of 


backhoe dredgers which can dredge the installed rock berm and load it in to barges. In the future it is 


expected that even more alternatives will become available on the market which may even further 


reduce the impact on the seabed and guarantee removal of the rocks without influencing the 


surrounding seabed. 


2.2. Option1: TSHD equipment 


Two Trailing Suction Hopper Dredgers are proposed to be used on the project: TSHD Bartolomeu Dias 


(BA) and TSHD Taccola (TL). See Table 6-1 for mains specifications of TL: 


 


Taccola     


draft empty 3.7 m 


draft fully loaded 7.3 m 


max dredge depth  28.5 m 


dump through bottom doors yes   


discharge through suction pipe yes   


Table 1: Taccola specifications 


See Table 6-2 for main specifications of BA: 


 


Bartolomeu Dias     


draft empty 5.6 m 


draft fully loaded 11.2 m 


max dredge depth 43.8 m 


dump through bottom doors yes   


discharge through suction pipe no   


Table 2: Bartolomeu Dias specifications 
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2.3. Option 2: Backhoe dredger equipment 


In view of the soil conditions, the design, the bathymetry, the metocean conditions and the project 


location, an alternative option to the deployment of the TSHD vessel is to deploy our Backhoe Dredgers 


‘Mimar Sinan’ and ‘Postnik Yakovlev’ to remove the installed rock material.  


 


Figure 2-1: BHD ' Postnik Yakovlev’  


The material from the rock removal operations shall be disposed offshore. Therefore, in view of this 


requirement, we propose to deploy the above mentioned backhoe dredger in combination with several 


Split Hopper Barges such as “L’Aigle”. 


 


Table 2-3: Split Hopper Barge 'L'Aigle' 
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2.4. Impact to the seabed 


The preferred option, using a TSHD, will remove the installed material using its draghead. The width of 


the draghead is normally between 3-6m and thus normally one or two passes of the draghead should 


be sufficient. The position of the draghead can be fully controlled by using the Suction Tube Positioning 


Monitoring System (STPM) which is a system of angle transducers on every lid of the suction pipe. This 


allows determination of the draghead position relative to the ship and makes relative X, Y and Z co-


ordinates of the draghead available to the positioning and dredging computers.  


The draghead will be kept at a constant height just above the seabed and the rocks will be sucked into 


the draghead. The draghead will therefore not penetrate in the original seabed deeper than 30cm 


below the rock level and thus minimal seabed below the rock level will be disturbed and brought into 


suspension at the draghead of the TSHD. Additionally the overflow will result in process water being 


released though the overflow pipe underneath the vessel. This process water will contain only a small 


amount of fines (most areas have a sandy seabed) and thus the sediment brought into suspension via 


the overflow is expected to settle down relatively fast. However the temporal and spatial extent of the 


plume also depends on the depth of release point in the water column and the hydrodynamic 


conditions at the time. 


 


After the TSHD has removed the rock berm, a shallow trench will be left in the seafloor.  


The tidal current regime is considered to be an important governing factor for the sediment transport 


and morphological regime in offshore locations and also throughout The Wash (Royal Haskoning, 2004). 


The median grain size of the seabed sediments within the Wash range from 170µm (KP8-15) to 480µm 


(KP15-22.5) and 240 µm (KP22.5-KP35) (Burial performance assessment study, Deepocean 2016). 


Analysis of bed shear stress measurements within the Project ES, identified that fine sands KP08-15 and 


KP22.5-35) would be mobilised up to 85% of the time during a representative spring-neap tidal cycle. 


The larger median grain size of 480 μm (KP15-22.5), would be mobilised approximately 76% of the time 


during a representative spring-neap tidal cycle and would be immobile during the lowest neaps (ES, 


Centrica, 2009).  


It is estimated that approximately 1.4x10
4
 Ton of material per annum enters the Wash from marine 


sources through bedload transport. Approximately 500-1000 times more is transported into the Wash 


by suspended load (Royal Haskoning, 2004).  


Taking these natural movement of the sediment into account and due to the reduced wave and current 


energy inside the lowered part of the seabed it is expected that this area will be filled in relatively fast 


and therefore the seabed is expected to return relatively fast to its original profile. 


 


2.5. Disposal of the decommissioned materials 


The material will be disposed offshore at a dedicated disposal area. Different disposal areas are 


available near the rock berm area but a permit will be requested and specific areas will be selected for a 


licensed area where the rock can be relocated. A licenced disposal site will be selected as close to the 


site as possible, and all consents/licences will be secured in advance of the works 
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3. GENERAL WORKING PRINCIPLES 


3.1. Option 1: Main working components TSHD 


A Trailing Suction Hopper Dredger is a common dredging vessel. It is a sea-going, self-propelled vessel 


that is suitable to remove, transport and dispose silty, sandy or gravely soils or soft clayey soils. Its main 


working components and their respective function in the dredging process are briefly explained below. 


A general layout of a TSHD can be seen in Figure 3-1.  


 


 
Figure 3-1: General layout of a TSHD 


The draghead (Figure 3-2) is the T-shaped part mounted at the end of the suction pipe. It has several 


movable parts that ensure that the draghead makes good contact with the soil that needs excavating. It 


can also be fitted with a set of teeth that help loosen the soil. A set of jet nozzles through which water 


is jetted at high flow rates is also used to loosen cohesive soils. A grid can be installed inside the 


draghead to prevent objects larger than a certain size to enter the pumps. Such grid also prevents 


ordnance entering the pumps. 
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Figure 3-2: Draghead 


The suction pipe (Figure 3-3) is the tube that transports the dredged materials to the hopper. It is made 


up of two sections that hinge at a flexible pipe section but the movement is limited by a metal frame 


(cardan) to allow a certain range of movement flexibility. On the suction pipe an underwater pump is 


mounted to boost the vessel’s output while removing the rock material. 
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Figure 3-3: Suction pipe 


The hopper well (Figure 3-6) is the large compartment in which the removed material from the seabed 


are pumped and stored for transport disposal area. 


 


 
Figure 3-4: Hopper well 


Suction is provided by the inboard pump (Figure 3-5), for during rock removal as well as for discharging. 
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Figure 3-5: Inboard pump 


 


The overflow funnel(s) (Figure 3-6) are vertically mounted tubes inside the hopper well that are 


normally used to drain off (through the keel) excess water inside the hopper well allowing the hopper 


load to be maximized. The funnels are adjustable in height and can be controlled by the dredging 


operator from the bridge. The anti-turbidity valve or so-called “green valve” is a hydraulically controlled 


valve mounted inside the overflow funnel(s). This valve drastically reduces the turbidity generated by 


the overflow water drained through the overflow funnels. 
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Figure 3-6: Overflow funnel 


3.2. Working principle of the TSHD for decommissioning the installed rock 


berm 


For the decommissioning works the TSHD will go through a typical set of four consecutive activities, 


called a dredging cycle. This conventional dredging cycle can be divided in following activities: sailing 


empty to the rock berm area, loading (rock removal), sailing loaded to the discharge area and 


discharging. 
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3.2.1. Sailing to the Rock berm area 


The dredging cycle starts with the empty hopper dredge sailing to the rock berm area guided by its 


navigation systems.  In this stage of the dredging cycle, the hopper dredge is regarded as a normal 


cargo vessel. 


 


3.2.2. Rock removal 


Once the hopper dredger approaches the rock berm area, the sailing speed is reduced, the suction tube 


will be hoisted over board, the dredge pump will be started and the draghead is lowered to the seabed 


The draghead is attached at the lower end of the suction tube, which is designed for maximizing the 


removal production during the loading phase. During rock removal operations, the draghead will 


penetrate typically 30 cm below the rock level, depending on the size of the draghead and type of soil, 


into the seabed and the TSHD will maintain a low trailing speed around 2kn.  


Sailing empty to rock berm area 


 


Rock removal 


Sailing loaded to discharge area 


Discharging 
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Figure 3-7: TSHD while removing rock from the seabed 


The rock material thus lifted (dredged) from the seabed, will be pumped through the suction pipe and 


inboard pipelines into the hopper well as a soil/water mixture as schematically presented on Figure 3-8.  


 
Figure 3-8: Mixture flow while dredging 


To minimize the caused turbidity and optimize the load of the vessel, use will be made of the overflow 


funnel in the hopper – however this will be limited as the material. Material enters the hopper well in a 
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soil/water mixture and at a certain point the water level in the hopper reaches the top of the overflow 


funnel; mixture of water and soil will thus be present in the hopper (Figure 3-9).   


Once the hopper level reaches the overflow, water will flow back into sea through the overflow, while 


the soil in the soil/water mixture will settle in the hopper. More and more soil will settle in the hopper, 


increasing the load of the vessel. This process will continue until the vessel reaches its dredging draught 


with a minimal possible water layer on top of the settled soil by adjusting the funnel height. At this 


moment the hopper is fully loaded.  


 
Figure 3-9: Hopper content when reaching the overflow 


Anti-turbidity valve 


 


To minimize the turbidity that is being created while overflowing, the overflow of the hopper is 


provided with an anti-turbidity valve (also known as “green valve”). The purpose of the valve is to 


throttle the flow through the overflow. This results in a raising water level inside the overflow and 


consequently the water flowing into the overflow falls over a lower height (difference between 


maximum level of the hopper and the waterline). 


The valve is used to minimise the sediment plume and decrease the environmental impact. Without 


such a valve, the water would fall over a large height, especially at start of loading with a small vessel’s 


draught. The result of this “waterfall” is that large amounts of air are entrained. This air is led under the 


vessel, and returns to the surface at the sides and aft of the vessel. The raising air bubbles entrain the 


small sand or silt particles in the overflow water, and so cause a large turbid plume around and aft of 


the dredger. 


The plume for this work scope will however be limited as the material that needs to be removed is rock 


material and only a small part of the original seabed will be removed as well and may cause a plume 


during the operations. 


 


Reference is made to Figure 3-10 for a picture of the anti-turbidity valve.  
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Figure 3-10: Anti-turbidity valve 


3.2.3. Sailing to the discharge location 


With the TSHD fully loaded, the draghead is lifted from the seabed and the dredge pump is stopped. As 


discharge will be done though the suction pipe, it will depend on the discretion of the vessel master if 


the suction pipe is hoisted back on board; this will mainly be influenced by the distance to the discharge 


area. The TSHD sails from the rock berm area to the predefined discharge location by its navigation 


systems. 


 


3.2.4. Discharging 


Discharging with the TSHD can be done in different ways, depending on the specific TSHD. 


On the project 2 different ways of discharging methods are used: 


 


Option 1: Dumping dredged material through bottom doors: 


 


Both TSHD TL and BA are able to open their bottom doors and discharge the dredged material through 


the bottom doors. 


 


 


Option 2: Discharge dredged material through suction pipe: 


 


To be able to pump the material, the soil in the hopper will be fluidized by jetting water into the hopper 


prior to discharging. The fluidized mixture is then transported to the dredge pump via “direct suction”. 


The inlet of the dredge pump is connected to a central self-emptying line installed in the hopper 
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buoyancy space. Five branches are provided on this line acting as suction lines in the hopper. By means 


of valves the material is redirected through the inboard pipelines from the hopper to the dredge pump 


and back through the suction pipe. 


 


 
Figure 3-11: Mixture flow while discharging 


BA can only discharge through the bottom doors. TL can discharge through bottom doors and through 


the suction pipe. 
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3.3. Option 2: General Working Principles of a Backhoe Dredger 


 


Figure 3-12: Backhoe Dredger 


3.3.1. Method 


The backhoe dredger is a common type of dredger, which dredges mechanically. The main component is a 


hydraulic excavator, performing the rock removal operation, mounted on a pontoon. 


The BHD is equipped with the latest technology in computer systems, used for on-line positioning and 


dredging monitoring. The BD also complies with the latest requirements of International Safety and 


Environmental standards. 


The Backhoe Dredger is equipped with three spuds: 


one spud is located in the centre of the pontoon at 


the stern in a spud carriage system; this spud can be 


lifted and moved along the centre line of the pontoon 


(or the pontoon can be moved with respect to the 


spud fixed onto the sea bottom); the two other spuds 


can only be lifted/lowered. 


The working method of the backhoe dredger is as 


such that the dredger is towed into location by the 


assisting tug and is then fixed into position by its 


three spuds. Before lowering the spuds, the exact 


position as shown on the DGPS positioning system is checked in order to ensure that the spuds are 


lowered in the trench alignment. The dredger will then move into the exact starting position by using the 


spud carrier and the bucket. The dredger will excavate in steps of approximately 5 to 7.5 m length. When 


one step has been completed, the dredger will release the front spuds from the sea bottom and raise 


them approximately 2 m above the seabed. The spud carrier then shifts the dredger 5 to 7.5 m backwards 


along the rock berm and then a new rock berm removal cycle starts. 
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Repositioning of the Backhoe Dredger using the spuds is done as follows: 


Action  Description 


1 The spud in the spud carriage is lifted and moved to the front of the carriage. 


2 On arrival of the spud at the end of the carriage the spud is lowered 


3 The two fixed spuds are lifted from the sea bottom while the crane bucket is lowered onto 


the sea bottom. 


4 The pontoon is then pushed against the spud in the carriage system approx. 7.5 m 


backwards. 


5 On confirmation of the correct alignment of the Backhoe Dredger the two fixed spuds are 


lowered to the sea bottom and the excavation operations can start. 


Table 3-1: repositioning of BHD 


The dredger will step forwards, dredging its own flotation channel were needed. The extra volume to be 


dredged in order to create this flotation channel was estimated at only 4,000m³. 


3.3.2. Rock removal control 


For horizontal positioning the dredger will use Differential GPS systems in combination with 


gyrocompasses, which will give satisfactory accuracy. 


For controlling the bucket position, the 


dredger is fitted with IHC digviewer / 


Seatools Digmate systems or similar. These 


systems will measure: 


 the angles for the boom, stick & bucket 


 the pontoon draught 


 the pontoon tilt 


 bearing 


The operator can follow the excavation 


operation on two video screens, one for 


horizontal bucket position and the other for 


vertical bucket position. The system will 


enable the dredge operator to follow the 


exact movements and the depth of the bucket, and facilitates digging in a controlled manner to the 


designed limits. 


In this system the required rock removal levels and slope angles can be pre-set in the computer so the 


operator can see the digging lines as well as the bucket position, in relation to the pre-set limits, on his 


video screens. 


Water level information will be provided by a radio-linked tide gauge. The tide gauge will be placed in the 


water close to the rock berm area. The dredger will be equipped with a radio-linked receiver to monitor 


the tide level during the rock removal operation. The "digviewer system" will receive the actual tide level 


several times per minute and the rock removal depth is automatically updated.  
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The supervisor or the main operator on each shift will keep a log for noting events of significance for the 


rock removal operation, such as operation hours, breakdowns, repairs, production rates, weather 


conditions, rock berm area, rock removal depth etc. The area, which has been dredged during the last 


shift, will be marked on the specially designed rock removal lay out drawings. 
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1. INTRODUCTION 


Race Bank Offshore Wind Farm was commissioned in 2017 and is now fully operational. The wind Farm 
consists of 91 Siemens 6MW turbines and two offshore substations. The wind farm has a generating capacity 
of 571 MW. The electricity is fed to the UK national grid via two export cables which reach landfall at Sutton 
Bridge and connect to the grid at a new substation in Walpole.   
 
The post construction survey of the export cable identified sections on C1 and C2 that require remedial cable 
protection. Two Marine Licence applications were submitted to the MMO in July and August 2018; 
MLA/2017/00277/4 and MLA/2018/00385 for these works. 
 
As part of the Marine Licence application, Ørsted has made a proposal to decommission the cable rock 
protection at the end of the project life. This purpose of this document is to provide additional information 
in relation to the JDN Method Statement for Decommissioning which was submitted as part of the Marine 
Licence Applications.  
 
 


1.1 Purpose and scope 


The purpose of this document is to provide additional information to answer the clarifications raised by 
Natural England and/or MMO related to the decommissioning of cable rock protection along the Race Bank 
Export cables. Marine Licence Applications MLA/2017/00277/4 and MLA/2018/00385. 
 
 
This technical note aims to:  
 


1. Describe JDN’s track record with using the proposed decommissioning tools: the Trailing Suction 
Hopper Dredger (TSHD) and Backhoe Dredger (BD).  


2. Provide examples where JDN has used the BD and TSHD for similar works. 
3. Describe lessons learnt from previous projects in order to ensure successful rock removal and 


propose measures to minimize the environmental impact during removal works.  
4. Provide an estimate for the expected recovery rate / success rate for removal of rock which has a 


footprint on the seabed 
 
 


  







  


  


2. TERMS & DEFINITIONS 


2.1 Abbreviations 


Table 2-1: Abbreviations 
 


 


 


2.2 Definitions 


Table 2-2: Definition 


Term Definition 


Employer 


Orsted Wind Power A/S   


Kraftværksvej 53,  


Skærbæk 


Fredericia 7000  


Denmark 


Contractor 


Jan De Nul Luxembourg SA. 


34-36, Parc d’Activités Capellen, 8308 Capellen 


Grand Duchy of Luxembourg 


T +352 39 89 11 


Project Contract for the Installation of Export Cable 


3. REFERENCES 


3.1 Contractor’s documents 


Table 3-1: Contractor's documents 


Document Title Document No. 


/1/. Rock installation Decommissioning method statement N/A 


  


Abbr. Written in full 


LAT Lowest Astronomical Tide 


NE Natural England 


BD Backhoe Dredger 


TSHD Trailing Suction Hopper Dredger 







  


  


4. JAN DE NUL 


4.1 Innovation, expertise and sustainability are the driving forces supporting the success of Jan De Nul 
Group. Thanks to our committed employees and tailored solutions, the Group is the current market leader in 
dredging and marine works as well as a specialised provider of services for the offshore market of oil, gas and 
renewables. The Group is also a major player in civil engineering, environmental and brownfield development 
projects. The professional and innovative solutions of Jan De Nul Group are trusted across the industry. 
Whether it concerns the construction of new locks in the Panama Canal, the installation of offshore wind 
turbines or the redevelopment of contaminated industrial sites, together with its clients Jan De Nul Group 
builds for future economic development. 
 
4.2 The company owes its current leading position to its vision and courage. Courage of the founder, Jan 
De Nul, who developed the company from a small scale contractor to a genuine dredging company. Also the 
courage of the next generation, which has given the Group its current enviable reputation throughout the five 
continents. Jan De Nul started as a civil works contractor. Anticipating the market opportunities of that time, 
the De Nul family took on its first dredging contract in 1951. This was followed by securing the first 
international dredging project and the rest is history. Over the years, Jan De Nul Group grew to become a 
global market leader within the dredging industry. The Group would never have reached this position if it did 
not have had the courage and vision to continue investing in new equipment, a new dredging fleet, new 
employees and new activities. Over the years, Jan De Nul Group invested in expanding its expertise, always 
looking for new interdisciplinary synergies. Jan De Nul Group is and has always been a versatile company. As 
such, it is a company that is ready for the future. 
 
4.3 Jan De Nul Group is the owner of the world’s most modern and most diverse dredging fleet. This is the 
result of its policy to invest continuously in its own equipment. The new vessels and their state-of-the-art on-
board technology have been designed by the internal design and engineering department. Also, Jan De Nul 
Group manufactures in its own workshops and supplies the specialist dredging equipment to the shipyard, this 
is unequalled within the dredging industry. Jan De Nul Group’s fleet includes some of the world’s most 
powerful dredgers and multi-purpose installation vessels: J.F.J. De Nul, the most powerful cutter suction 
dredger, sister vessels Cristóbal Colón and Leiv Eiriksson, the largest trailing suction hopper dredgers with a 
hopper capacity of 46,000 m³, sister vessels Simon Stevin and Joseph Plateau, the largest rock installation 
vessels, and Isaac Newton, the most high-tech cable-laying vessel that is currently available on the market. 
 
4.4 Worldwide, Jan De Nul Group executes dredging and land reclamation projects from start to finish: 
design, development and maintenance of ports, deepening of channels, land reclamation and shore protection 
works, dredging in the most diverse conditions. Often, these dredging activities are part of a comprehensive 
port infrastructure project entrusted by the client to one contractor. The company already completed 
numerous prestigious projects across the world such as the construction of a second runway for the airport of 
Brisbane in Australia or the construction of the second Suez Canal in Egypt. Jan De Nul Group owes its position 
as global leader above all to its technical know-how and very diverse fleet. By investing in its own installations, 
machines and vessels, the Group has today the world's most modern dredging fleet at its disposal. Meanwhile, 
its employees continue to look for new opportunities... 
 
4.5 Jan De Nul Group offers a range of offshore services for the installation of submarine structures, cables 
and umbilicals for the oil, gas and renewable energy market. These services included: the preparation of the 
seabed, dredging of trenches, installation, rock placing for stabilising and ballasting of submarine pipelines, 
cables, umbilicals, foundations, platforms and complete wind farms. All these services are offered according 
to the specific needs and requirements of our respective clients including as a comprehensive Engineer-
Procure-Construct (EPC) package. 
 







  


  


5. PREVIOUS PROJECTS 


5.1 ROCK DREDGING WITH BACKHOE DREDGER 


Backhoe dredgers are designed to handle hard and stiff ground soils. They have been used worldwide to deliver 
accurate dredge profiles in difficult reachable locations. Below are two example locations where rock was 
removed by use of backhoe dredgers: ’Il Principe‘ and ‘Jerommeke‘. All backhoe dredgers in the JDN fleet have 
similar working principles and capabilities. They can operate to capital dredge hard material or alternatively 
re-handle material that was pre-cut with a cutter suction dredger. In the latter case, the cutter suction dredger 
cuts the material to a certain design depth after which the backhoe dredger removes the loose rock to a certain 
dredge design. The experience gained in this second modus operandi can be used to accurately remove rocks 
to a certain design on the Race Bank scope. 
 


• Backhoe dredger ‘Il Principe’ – Panama: Widening and Deepening of the Atlantic Entrance & North 
Approach channel of the Third Set of Locks of the Panama Canal. Pre-cutting and capital dredging of 
muck and gatun rock at the existing navigation channel and the north approach channel to the third 
set of locks. 


• Backhoe dredger ‘Jerommeke’ – Qatar: Barzan Offshore project. Shore approach trenching and 
backfilling.  


  


Figure 5.1-1 Rock dredged by backhoe dredgers 


5.2 ROCK DREDGING WITH TRAILING SUCTION HOPPER DREDGER 


Below a selective list can be found of relevant projects where rocky material was dredged using TSHD:  
 


• Filippo Brunelleschi – Panama: Dredging works for the port of Balboa. Capital dredging, deepening 
specific areas of the Port’s basin and berths, the dredged material includes residual soil and rock. 


• Filippo Brunelleschi – Colombia: Pre-cutting and dredging works in the access channel, turning basin and 
the new berthing dolphin in the Buenaventura TC Buen S.A. container terminal. The activities were 
developed in two phases in 2013 and a third smaller phase in 2014. Soils consisted of soft sediments, 
clayey silts, soft and medium hard rock. 


• Charles Darwin – Taiwan: Linkou Fossil plant. Dredging and reclamation works in the Linkou port, 
dredging cobbles + mudstone. 


• Vasco Da Gama – Taiwan Linkou Fossil plant. Dredging and reclamation works in the Linkou port, 
dredging cobbles + mudstone. 
 


Below pictures show rocky material that was dredged by JDN’s trailing suction hopper dredgers on various 
locations in the world. It shows rocky material of various sizes found in the draghead or inside the hopper. 







  


  


 
Figure 5.2-1 Rock dredged by hopper dredger, found under draghead 


 
 


 
 


Figure 5.2-2 Rock dredged by hopper dredger, found inside the hopper 


 







  


  


5.3 CABLE ROCK PROTECTION ON RACE BANK EXPORT CABLES 


 
Figure 5.3-1: Rock loaded on Simon Stevin 


5.1 The rock material that will be installed over the Race Bank export cable has grade CP 45/125 and is 
identical as the rock shown on Figure 5.3-1. In fact, rock size is rather fine & smaller than what was dredged 
on the above-mentioned projects. This adds confidence that the installed rock can be removed without any 
issues by both TSHDs and BDs. 
 


6. EXPERIENCES FROM DREDGING FOR FUTURE OFFSHORE WINDFARMS 


6.1 This section explains how techniques used in dredging project could be used in offshore wind farms, 
and more specifically in the decommissioning of rocks. 
 
6.2 Water depths encountered on the Race Bank export cable vary from approx. -11.2 m LAT up to approx. 
-31.2 m LAT, reference to Figure 6-1 for the water depths of each rock dump location. Typically a BD in deep 
dredge configuration can remove all rocks to a water depth of maximum 32.0m. Because of this, not all rock 
dump locations are within reach of the BD bucket. As Race Bank site is highly affected by tidal variations the 
BD can take away rock up to approx. -27.0 m LAT. Rocks installed on a depth over this limit will have to be 
removed by a hopper dredger. Jan De Nul, being a dredging specialist, has a fleet of hopper dredgers available 
that can dredge up to 155m water depths. Of the total installed volume of rock, 40% will to be removed using 
TSHD & 60% using BD.  
 
6.3 The plot in figure 6-1 below identifies rock berm sections for each section of the export cables where 
rock protection is will be installed. It plots the average water depth for each section of rock berm and identifies 
which decommissioning method is suited for that section. The plot aims to give the reader an idea on the 
number of sections, their average water depth; and related to that, the proposed method for 
decommissioning. 
 
 







  


  


 
Figure 6-1 Water depths per rock dump section. 


 
6.4 Typical accuracies that are achieved with BD and TSHD are within 30cm. A rock berm can be levelled 
or removed up to a vertical accuracy of 30cm. The multibeam in Figure 6-2 below shows a trench design 
dredged up to a vertical accuracy of 30cm. 
 


 
Figure 6-2 Achieved dredging accuracies. Blue and red line show tolerances. Green is the achieved result. 


 
6.5 Drag Head vertical accuracy 
The high accuracy in the vertical direction can be achieved by controlling the draghead height with the 
draghead winch wire. By hauling or veering this winch an accurate height of the draghead can be achieved. 
This results in highly accurate trenching profiles in vertical direction: 30cm.  
 


6.6 Drag Head horizontal accuracy 
The same level of accuracy cannot be achieved in the horizontal plane, this is mainly because the draghead 
doesn’t have active steering in the horizontal direction. Repositioning the draghead would require the vessel 
to reposition or adjust its course. This lower accuracy in the horizontal plane is not an issue for the rock removal 
scope on Race Bank as the ultimate goal will be to dredge back to original seabed. 
 
6.7 Figure 6-2 depicts the level of accuracy that can be dredged with a TSHD. In this case, the dredge design 
was a pre-lay trench for a pipeline. Obviously, this design differs from Race Bank rock removal scope, but it 
confirms that the above mentioned accuracies can be achieved. On Race Bank Project, dredge design will be 
flush with seabed & all material above natural seabed level will be accurately removed.  
 
6.8 To reduce the environmental impact of the decommissioning works JDN proposes to execute most 
part of the works with a BD. The sediment plumes and environmental impact with a BD are extremely limited. 
The TSHD scope will be limited to the locations where the BD cannot operate due to water depth restrictions. 
 







  


  


7. CLOSING NOTE 


7.1 Two important aspects to consider when assessing the feasibility to remove rock from the seabed are 
the ability to handle the material and the working accuracy of the tool. The accuracy of the working method 
relates directly to the impact on the natural environment. With the above examples of the BD and TSHD, we 
have shown to have extensive experience in handling rocks both larger and smaller than the rocks that will be 
installed on the Race Bank project.  
 
7.2 This note also details the dredging accuracies that have been achieved. The removal of rock by applying 
traditional dredging methods is in essence not different from any other dredging project (e.g. dredging a 
shipping channel design or pipeline trench). Being a market leader in dredging industry, JDN has delivered a 
broad variety of dredging projects all over the world within design accuracy.  
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1. Introduction 


 This note provides the Applicant’s comments on the latest condition assessment for the Wash and 


North Norfolk Coast SAC, as updated in January 2019. This note is set out as follows:  


• Section 2: Summary of the Natural England condition assessment for Annex I features and 


sub-features (summarised from the Natural England website) relevant to Hornsea Three, 


including reference to cabling impacts.  


• Section 2.11: The Applicant’s comments on the condition assessments, including availability of 


Race Bank data. The Applicant’s position is therefore confined to Section 2.11 only, with 


Section 2 representing a summary of the Natural England condition assessment.  


2. Summary of condition assessment for Annex I features and sub-


features relevant to Hornsea Three 


 Natural England have published an updated (28 January 2019) condition assessment for the 


features of The Wash and North Norfolk Coast SAC. This updated condition assessment considered 


whether Annex I features were in favourable condition based on whether targets for the individual 


attributes for these features (and their relevant sub-features) have been met.  


 Table 2.1, Table 2.2 and Table 2.3 present a summary of the condition assessment of features 


relevant to Hornsea Three, as presented on the Natural England Designated Sites View webpage1. 


Table 2.1 presents those Annex I features for the SAC where assessments are available. Note, the 


only Annex I feature further considered in this note is the Annex I Sandbanks feature (and associated 


sub-features), as for all other features, there is either no receptor-impact pathway, or where such a 


pathway has the potential to exist (e.g. Annex I reefs), there will be no significant effects due to 


appropriate measures in place (i.e. avoidance of reef features; (see Table 2.1). Table 2.2 presents 


the condition assessment for the individual sub-features of the Annex I Sandbank feature, with Table 


2.3 presenting the relevant attributes and targets for those sub-features relevant to Hornsea Three 


where the condition is considered to be Unfavourable Recovering (i.e. Subtidal Mixed Sediments 


and Subtidal Coarse Sediments). 


 The Applicant has provided in paragraphs 2.4 et seq. below, a brief summary of the rationale for 


judgement for those attributes where the target has not been met, drawn from the information 


presented on the Natural England Designated Sites View website for the relevant sub-features2. 


 


                                                      
 


1 Available at (accessed 1 February 2019): 
https://designatedsites.naturalengland.org.uk/Marine/MarineFeatureCondition.aspx?SiteCode=UK0017075&SiteName=&SiteNameD
isplay=The+Wash+and+North+Norfolk+Coast+SAC&countyCode=&responsiblePerson=&SeaArea=&IFCAArea=v  
2 Subtidal mixed sediments available here: 
https://designatedsites.naturalengland.org.uk/MarineCondition/PublicFeatureAttributes.aspx?featureGuid=455dbf45-a650-e411-
a6ba-000d3a2004ef&SubFeatureCode=A5.4&SiteCode=UK0017075v  
Subtidal coarse sediments available here: 
https://designatedsites.naturalengland.org.uk/MarineCondition/PublicFeatureAttributes.aspx?featureGuid=455dbf45-a650-e411-
a6ba-000d3a2004ef&SubFeatureCode=A5.1&SiteCode=UK0017075 



https://designatedsites.naturalengland.org.uk/Marine/MarineFeatureCondition.aspx?SiteCode=UK0017075&SiteName=&SiteNameDisplay=The+Wash+and+North+Norfolk+Coast+SAC&countyCode=&responsiblePerson=&SeaArea=&IFCAArea=v

https://designatedsites.naturalengland.org.uk/Marine/MarineFeatureCondition.aspx?SiteCode=UK0017075&SiteName=&SiteNameDisplay=The+Wash+and+North+Norfolk+Coast+SAC&countyCode=&responsiblePerson=&SeaArea=&IFCAArea=v

https://designatedsites.naturalengland.org.uk/MarineCondition/PublicFeatureAttributes.aspx?featureGuid=455dbf45-a650-e411-a6ba-000d3a2004ef&SubFeatureCode=A5.4&SiteCode=UK0017075v

https://designatedsites.naturalengland.org.uk/MarineCondition/PublicFeatureAttributes.aspx?featureGuid=455dbf45-a650-e411-a6ba-000d3a2004ef&SubFeatureCode=A5.4&SiteCode=UK0017075v

https://designatedsites.naturalengland.org.uk/MarineCondition/PublicFeatureAttributes.aspx?featureGuid=455dbf45-a650-e411-a6ba-000d3a2004ef&SubFeatureCode=A5.1&SiteCode=UK0017075

https://designatedsites.naturalengland.org.uk/MarineCondition/PublicFeatureAttributes.aspx?featureGuid=455dbf45-a650-e411-a6ba-000d3a2004ef&SubFeatureCode=A5.1&SiteCode=UK0017075
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Table 2.1: The Wash and North Norfolk Coast SAC Annex I features assessed. F: Favourable; U: 
Unfavourable; UR: Unfavourable recovering; UD: Unfavourable declining; NA: Not assessed.  


Feature 


Number 
Feature Name 


Last 


Assessed 
Condition 


5357 
H1110 Sandbanks which are slightly covered 
by seawater all the time 


25/1/19 F:72%; UR:28% 


5359 
H1140 Mudflats and sandflats not covered 
by seawater at low tide. a 


25/1/19 U:99%; UD:1% 


5360 H1150 Coastal lagoons a 1/6/18 F:100% 


5361 H1160 Large Shallow inlets and bays a 25/1/19 NA:1%; F:39%; U:60% 


5362 H1170 Reefs b 25/1/19 NA:1%; F:1%; UR:37%; U:61% 


a Not considered within this note as no impact – receptor pathway. 


b Not considered further as Hornsea Three will avoid direct impacts on these, should these be recorded (no 
Annex I reefs have been recorded within the Hornsea Three offshore cable corridor to date). 


 


Table 2.2: H1110 Sandbanks which are slightly covered by seawater all the time – Sub-features 
condition assessment.  


Sub-feature 


Code 
Sub-feature Name Condition Confidence 


Assessment 


date 


Whole feature N/A N/A Never 


A5.1 Subtidal Coarse Sediment Unfavourable No change Low 25/1/19 


A5.4 Subtidal Mixed Sediment Unfavourable No change Low 25/1/19 


A5.3 Subtidal Mud a Unfavourable No change Low 25/1/19 


A5.2 Subtidal Sand b Favourable Medium 25/1/19 


a Not considered within this note as no impact – receptor pathway. 


b Not considered further as the condition of this sub-feature is favourable and therefore there is no change 
to the assumptions and conclusions of the Hornsea Three RIAA. 
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Table 2.3: Attributes and Targets for the Subtidal Coarse Sediment and Subtidal Mixed Sediment Sub-
features of the Annex I Sandbank feature (Note: attributes and targets are identical across these sub-features, 


unless otherwise stated).  


Attribute Attribute Name Target 
Target 


met 
Confidence 


Hab_Att_
1.01 


Extent and 
distribution 


Maintain the total extent and spatial distribution 
of Subtidal Coarse Sediment/Subtidal Mixed 
Sediment. 


True Medium 


Hab_Att_
3.01 


Structure: 
species 
composition of 
component 
communities 


Subtidal Coarse Sediment: Maintain the species 
composition of component communities. 


False Low 


Subtidal Mixed Sediment: Recover the species 
composition of component communities. 


False Low 


Hab_Att_
3.03 


Structure: 
sediment 
composition and 
distribution 


Maintain the distribution of sediment composition 
types across the feature. 


True Medium 


Hab_Att_
3.09 


Structure: non-
native species 
and pathogens 


Restrict the introduction and spread of non-native 
species and pathogens, and their impacts. 


False Medium 


Hab_Att_
6.02 


Supporting 
processes: water 
quality - 
contaminants 


Restrict aqueous contaminants to levels equating 
to high status according to Annex VIII and good 
status according to Annex X of the Water 
Framework Directive, avoiding deterioration from 
existing level. 


True Medium 


Hab_Att_
6.03 


Supporting 
processes: water 
quality – 
dissolved oxygen 


Maintain the dissolved oxygen (DO) 
concentration at levels equating to High 
ecological Status (specifically ≥ 5.7mg per litre 
(at 35 salinity) for 95% of the year), avoiding 
deterioration from existing levels. 


True Low 


Hab_Att_
6.04 


Supporting 
process: water 
quality - nutrients 


Maintain water quality at mean winter dissolved 
inorganic nitrogen levels where biological 
indicators of eutrophication (opportunistic 
macroalgal and phytoplankton blooms do not 
affect the integrity of site and features, avoiding 
deterioration from existing levels. 


True Medium 


Hab_Att_
6.05 


Supporting 
processes: water 
quality - turbidity 


Maintain natural levels of turbidity (e.g. 
suspended concentrations of sediment, plankton 
and other material) across the habitat. 


True Low 


Hab_Att_
2 


Distribution: 
presence and 
spatial 
distribution of 


Subtidal Coarse Sediment: Maintain the 
presence and spatial distribution of Subtidal 
Coarse Sediment communities according to the 
map. 


False Low 
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Attribute Attribute Name Target 
Target 


met 
Confidence 


biological 
communities 


Subtidal Mixed Sediment: Recover the presence 
and spatial distribution of Subtidal Mixed 
Sediment communities according to the map. 


False Low 


Hab_Att_
4.10 


Structure and 
function: 
presence and 
abundance of 
key structural 
and influential 
species 


[Maintain OR Recover OR Restore] the 
abundance of listed species*, to enable each of 
them to be a viable component of the habitat. 


N/A a N/A 


a Assessment date is noted as: Never. 


 


 Rationale for judgement  


 As outlined above, Natural England have produced a rationale for their judgement on the condition 


of the features of The Wash and North Norfolk Coast SAC. Most of the attributes of sub-features 


relevant to Hornsea Three (i.e. Subtidal Coarse Sediment and Subtidal Mixed Sediment) achieved 


their target for the relevant attributes (see Table 2.3). For those attributes where the target was not 


met, the rationale, as presented on the Natural England Designated Sites View website, is 


summarised in the following paragraphs, with the Applicant’s response to these and implications for 


Hornsea Three presented in section 3.  


 Attributes where the target has been met have not been further discussed.  


 Hab_Att_3.01: Maintain/Recover the species composition of component communities.  


 Using the Infaunal Quality Index tool (IQI) the faunal quality of the sub-feature should be maintained 


at Good Status, with no sustained deterioration within the status. Results from 2011 and 2015 give 


the site a value of Good which equates to favourable condition (Environment Agency, 2016). This is 


an improvement on the result from 2005, when the site was designated. This indicates that 


improvements in organic enrichment or pollution have been made and maintained (Environment 


Agency, 2016).  


 The attribute has failed due to fisheries using bottom towed gear being active in the site at levels 


which have the potential to impact the presence and spatial distribution of the species composition 


of component communities through abrasion, penetration and catching non-target species. 


Management measures for fisheries to protect coarse and mixed sediments have been proposed/are 


being considered by the Eastern Inshore Fisheries and Conservation Authority (IFCA) and the 


condition assessment will be updated once management measures are implemented in these areas.   
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 Additionally, impacts from the installation of the Race Bank offshore wind farm cable in the Well area 


of the Wash embayment are said to have repeatedly negatively impacted the Subtidal Coarse 


Sediment/Subtidal Mixed Sediment species composition of component communities in this area. 


This is in addition to impacts from sand wave levelling, dredging and joint pit creation which are 


repeated impacts, that have also occurred in the Well. Race Bank cable installation operations are 


continuing and therefore impacts from cable installation are ongoing and the species composition of 


component communities have not yet had the chance to recover. The Lincs cable whilst currently 


not impacting the Subtidal Coarse Sediment/ Subtidal Mixed Sediment, if in the future cable 


maintenance works are needed in the vicinity of the Subtidal Coarse Sediment/Subtidal Mixed 


Sediment this assessment could be altered.  


 This assessment has been made using expert judgement based on knowledge of the sensitivity of 


Subtidal Coarse Sediment/Subtidal Mixed Sediment to activities that are occurring / have occurred 


in the site.  


 Hab_Att_3.9: Restrict the introduction and spread of non-native species and pathogens, 


and their impacts.  


 This attribute has failed as the following non-native species have been found at the site: Darwin’s 


barnacle (Elminius modestus), soft shelled clam (Mya arenaria), pacific oyster (Magallana gigas), 


jack knife clam (Ensis directus) and the American slipper limpet (Crepidula fornicata)3.  


 Hab_Att_2: Maintain/Recover the presence and spatial distribution of Subtidal Coarse 


Sediment/Subtidal Mixed Sediment communities according to the map.  


 It has not been possible for Natural England to conduct a condition assessment using the full method 


outlined in the technical guidance. To aid the completion of the condition assessment a vulnerability 


assessment type approach has been used which requires that the attribute fails due to impacts from 


fisheries.  


 Fisheries using bottom towed gear are active in the site at levels which have the potential to impact 


the presence and spatial distribution of biological communities through abrasion, penetration and 


catching non-target species. Management measures for fisheries to protect coarse and mixed 


sediments have been proposed/are being considered by the Eastern Inshore Fisheries and 


Conservation Authority (IFCA) and the condition assessment will be updated once management 


measures are implemented in these areas.4   


 Additionally, impacts from the installation of the Race Bank cable in the Well area of the Wash 


embayment are said to have repeatedly negatively impacted the biological communities of the 


Subtidal Coarse Sediment/Subtidal Mixed Sediment in this area. This is in addition to impacts from 


sand wave levelling, dredging and joint pit creation which are repeated impacts, which has also 


occurred in the Well. Race Bank cable installation operations are continuing and therefore impacts 


from cable installation are ongoing and the biological communities have not yet had the chance to 


                                                      
 


3 Note: Offshore wind farm cabling would have no influence on this attribute; further discussed in paragraph 3.4 below. 
4 Note: Hornsea Three would not hinder the implementation of these management measures and therefore would not affect the 
recovery of sub-features as a result of fisheries management.  
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recover. The Lincs cable whilst currently not impacting the biological communities within the Subtidal 


Coarse Sediment/Subtidal Mixed Sediment, if in the future cable maintenance works are needed in 


the vicinity of the Subtidal Coarse Sediment/Subtidal Mixed Sediment this assessment could be 


altered.  


 This assessment has been made using expert judgement based on knowledge of the sensitivity of 


Subtidal Coarse Sediment/Subtidal Mixed Sediment to activities that are occurring / have occurred 


on the site. 


3. Applicant’s comments on condition assessment 


 Implications for Hornsea Three assessments 


 The Applicant would first note that the condition assessment summarised above identifies that the 


main reason for the two sub-features described above currently being in unfavourable condition is 


due to fisheries activity in the areas using bottom towed gear, which has a repeated impact on 


biological communities over a relatively wide area. Due to the absence of direct monitoring data of 


the demersal fisheries, NE have adopted a vulnerability assessment-type approach as a proxy to 


assess the impact.  


 In contrast, impacts related to offshore wind farm cabling are more discrete and localised, with 


Hornsea Three affecting only one of the Annex I habitat features of the SAC, i.e. the Annex I 


Sandbank feature, and three associated sub-features. Where such effects on this Annex I feature 


and associated sub-features occur, Hornsea Three (alone and in-combination with other wind farms) 


will affect only a very small proportion of these broadscale habitat features with the majority of effects 


being short term, temporary and reversible, thereby not hindering the achievement of favourable 


condition. Furthermore, effects of cabling on benthic ecology are regularly monitored in order to 


demonstrate the predictions made in the corresponding project Environmental Statements 


(discussed further below for Race Bank). 
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 The Wash and North Norfolk Coast SAC In-combination Assessment (REP3-024) considered the 


impacts related to the Race Bank and Lincs export cables, in-combination with those associated with 


Hornsea Three. This included consideration of the attributes outlined above (i.e. Species 


composition of component communities and Presence and spatial distribution of biological 


communities) for the Annex I Sandbanks feature and associated sub-features. With respect to 


impacts related to cable installation and/or remedial burial, it was concluded that effects would be 


limited to discrete areas of the Annex I Sandbank feature (and sub-features) and that full recovery 


would occur within up to five years following completion of cable installation. The Race Bank export 


cables were installed in 2017, with some remedial burial operations undertaken in 2018 over discrete 


areas of cable where sufficient burial was not achieved and further works (i.e. dredging and back 


filling) are to be completed in 2019 (subject to granting of a marine licence). These are outlined in 


Table 2-2 of The Wash and North Norfolk Coast SAC In-combination Assessment. It is therefore 


predicted that full recovery of the communities associated with the Subtidal Coarse Sediments and 


Subtidal Mixed Sediments sub-features would not yet be complete given initial cable installation was 


completed less than two years ago. This is reflected in the “Unfavourable Recovering” condition 


which has been applied to these sub-features, although the Applicant would highlight that this 


conclusion is made with low confidence and is likely to be over-conservative due to the small 


proportion of the Annex I features and associated sub-features affected (discussed further under 


Future Reporting below).  


 In conclusion, the Applicant’s position of no adverse effects on integrity of the Wash and North 


Norfolk Coast SAC remains valid and adequately conservative, even when considering the updated 


condition assessment. As outlined in the Report to Inform Appropriate Assessment (RIAA; APP-051) 


and subsequent submissions during Examination (e.g. REP3-024), Hornsea Three (alone and in-


combination with other plans and projects) has the potential to affect only a small proportion (i.e. 


<0.3% for all in-combination effects) of Annex I Sandbank feature and associated sub-features which 


are broadscale in nature, with the vast majority of impacts being reversible and temporary. The latest 


condition assessment by Natural England is made with low confidence based on a precautionary 


assumption with respect to the impact of recent and ongoing cable laying activities in a discrete part 


of these broadscale habitat sub-features. Noting this overly precautionary condition assessment, 


only two attributes have been identified as being at risk from cabling and the condition assessment 


does not account for the recovery potential of the component communities of these sub-features (i.e. 


full recovery of these would be expected within five years post cable installation). It is therefore the 


Applicant’s position that Hornsea Three will not represent a risk to conservation objectives of the 


Wash and North Norfolk Coast SAC.  


 Invasive and non-native species 


 With respect to the attribute “Restrict the introduction and spread of non-native species and 


pathogens, and their impacts” there is no evidence that the existing cables within the SAC have 


influenced this target. Furthermore, as set out in the Wash and North Norfolk Coast SAC In-


combination Assessment (REP3-024, paragraph 3.13), any risk to this target will be minimised by 


the designed-in measures adopted for Hornsea Three (and other projects), including a biosecurity 


plan and vessels complying with International Maritime Organisation ballast water guidelines. 
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 Future reporting 


 As outlined above, there is low confidence in the condition assessment for these sub-features, due 


to the approach taken (i.e. a vulnerability assessment based on expert judgement), uncertainty with 


respect to the precise area of these sub-features impacted by Race Bank export cable and failure to 


account for recovery of communities following cable installation. This emphasises the importance of 


clear reporting and auditability of cable installation impacts within designated sites, as set out in the 


outline Cable Specification and Installation Plan (CSIP) provided by the Applicant at Deadline 5 


(REP5-011). The proposed approach for Hornsea Three (as outlined in the outline CSIP) would 


ensure future condition assessments for SACs could be undertaken accurately without the need for 


precautionary assessments based on vulnerability assessments and expert judgement.  


 Noting the comments made in the condition assessment in relation to Race Bank and Lincs export 


cables (both Ørsted projects), Ørsted will provide Natural England with the most accurate and up-


to-date information on the impacts of these projects on the relevant sub-features of the Annex I 


Sandbank feature as outlined above, to allow an evidence based condition assessment to be 


undertaken. This will include quantification of the cable lengths within sub-features and cable 


lengths/seabed areas affected by repeat disturbance (historic and future). Ørsted is also on schedule 


to deliver the latest benthic and bathymetric monitoring reports in an agreed format, in accordance 


with the accepted Environmental Monitoring Programme and appropriate marine licence conditions 


for the project. This is in line with the actions identified by Natural England to improve accuracy in 


the condition assessment, specifically “Timely submission of post construction monitoring reports 


would help understanding the impacts and any potential recovery.”  It is not currently anticipated that 


these documents will be provided to the Ex.A as these are not directly relevant to the Hornsea Three 


DCO application. 
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1. Introduction 


 At Issue Specific Hearing Five (29th January 2018) for Hornsea Three, the Examining Authority requested 


that the Applicant provide some clarifications in relation to offshore ornithology. These included: 


• Corrections to account for differences between assessed and consented/as-built turbine scenarios; 


and; 


• Alledged discrepancies in age class data highlighted by Natural England. 


 These clarifications are provided in this report in the following sections. 


2. Corrections to account for differences between assessed and 


consented/as-built turbine scenarios 


 Introduction 


 At the second Issue Specific Hearing (29th January 2018) for Hornsea Three, in relation to ornithology, the 


Examining Authority requested clarification of the approach taken by the Applicant to adjust the assumed 


impacts of other projects included in cumulative / in-combination impact assessment.  


 Specifically, further information was requested about those projects that were adjusted on the basis of a 


change in design between consent and operation. This issue arises because the impact assessments for 


most offshore wind farm projects are based on a design (‘Rochdale’) envelope and within this the worst 


case scenario is assessed. In some cases, during the determination of the application, changes may be 


made to the design in order for the consent to be made. In addition, as it is an envelope that is consented, 


the final built design may not reflect the worst case scenario assessed. 


 If these changes are not considered, then cumulative and in-combination impacts will be over-estimated. 


The Applicant has recommended adjustments to a number of existing projects and these can be 


categorised as follows: 


• Those projects where the consented design differs from that which was assessed at application; 


and/or, 


• Those projects where the final built configuration (‘as built’) differs from the worst case (‘as assessed’) 


scenario that was assessed at application. 


 Some projects may sit in both categories as it is possible that the as built design for a scheme still differs 


from the consented scheme which was itself revised from that which was applied for. 
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 Throughout the application the Applicant sought to follow the agreements reached at previous projects, 


especially those reached with Natural England at Hornsea Project Two. The approach applied in Volume 2, 


Chapter 5: Offshore Ornithology (APP-065) and the RIAA (APP-051) is identical to the approach applied at 


Hornsea Project Two with the suite of projects for which correction factors were applied agreed with 


Natural England during the examination of Hornsea Project Two. Collision risk estimates calculated using 


these correction factors were incorporated into the assessments undertaken by both the applicant for 


Hornsea Project Two (see SMartWind, 2015a and 2015b) and Natural England (see Natural England 


2015a and 2015b) with Natural England altering one of the correction factors as they did not agree with the 


correction factor applied by the applicant for Hornsea Project Two. A number of the associated correction 


factors were also applied as part of the assessments produced for the Dogger Bank Creyke Beck A&B 


offshore wind farms. 


 Volume 2, Chapter 5: Offshore Ornithology (APP-065) and the RIAA (APP-051) also looked at the 


differences between assessed and as-built turbine scenarios for certain projects which could result in a 


significant over-estimate of the impacts assumed in cumulative and in-combination assessments. 


MacArthur Green (2017) identified these differences and calculated a correction factor for each. This 


information was reviewed to identify projects where it would be reasonable to apply a correction factor, a 


key consideration being whether the design scenarios applied by MacArthur Green (2017) were 


appropriate and reflected current understanding.  Where appropriate, therefore, the correction factors 


recommended in that study were applied to help quantify the likely over-estimation of cumulative and in-


combination impacts. This information was used qualitatively in the assessments presented in Volume 2, 


Chapter 5: Offshore Ornithology (APP-065) and the RIAA (APP-051) to highlight the precaution in those 


assessments. 


 At Deadline 1 the Applicant submitted Appendix 4 (REP1-148) which provided updated information in 


relation to the differences between assessed and as-built turbine scenarios building on the approach 


considered qualitatively in the Hornsea Three application (APP-051 and APP-065). 


 These analyses illustrated that there are significant reductions in cumulative and in-combination collision 


risk totals even when including only the reductions at those projects at which future / further development is 


not possible (see Table 2.1).As there is no longer any potential for those projects for which a reduction was 


applied to be built out to the extent of the worst case associated with the assessed turbine scenario, it is 


incorrect to continue using collision risk estimates associated with the assessed scenario unless due 


consideration is given to the reductions presented in this and associated reports. 


 The projects and the corrections made are described in the following sections. Annex A lists all the projects 


for which an adjustment is proposed, the nature of that change and the rationale. 
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 Amended consent 


 In Volume 2, Chapter 5: Offshore Ornithology (APP-065) and the RIAA (APP-051) the Applicant applied 


correction factors to a number of projects to account for differences between the assessed and consented 


turbine scenarios at those projects. These projects were: 


• Beatrice (gannet = 142 to 125 turbines; other species = 277 to 125 turbines. These turbine scenarios 


represent the worst case scenario for each species); 


• Dudgeon (168 to 77 turbines); 


• East Anglia One (325 to 240 turbines) (note the correction factor used in for assessments was for a 


HVDC transmission option whereas the wind farm has opted to use a HVAC option (750 MW using 


150 turbines)); 


• Moray East (339 to 186 turbines); and 


• Neart na Gaoithe (128 to 75 turbines). 


 The application for Beatrice included an assessment for turbine scenarios using 277 or 142 turbines. The 


consent however was granted for 125 turbines. Consequently in this case a correction factor was applied in 


the cumulative and in-combination assessments undertaken for Hornsea Three (APP-051 and APP-065) to 


account for this difference. It is important to note that the project constructed at Beatrice comprises only 84 


turbines but this has not been taken into account in the cumulative and in-combination assessments 


produced for Hornsea Three (APP-051 and APP-065) because further development up to the consented 


maximum, if unlikely, might theoretically still occur. 


 The application for Dudgeon included an assessment for turbine scenarios using 168 turbines. The 


consent however was granted for 77 turbines. Consequently, in this case a correction factor was applied in 


the cumulative and in-combination assessments undertaken for Hornsea Three (APP-051 and APP-065) to 


account for this difference. This correction factor was identical to that applied in the cumulative and in-


combination assessments produced for Hornsea Project Two. It is now clear that the final as-built design at 


Dudgeon comprises 67 turbines with no further development predicted. The likely collision risk arising from 


this as-built scheme has therefore been estimated in Appendix 4 (REP1-148) and was found to be similar 


to that estimated for the 77 turbine scheme (when taking into account specific turbine parameters for the 


as-built scheme). 


 The application for East Anglia One included an assessment for turbine scenarios using 325 turbines. The 


consent however was granted for 240 turbines. Consequently, in this case a correction factor was applied 


in the cumulative and in-combination assessments undertaken for Hornsea Three (APP-051 and APP-065) 


to account for this difference. This correction factor was identical to that applied in the cumulative and in-


combination assessments produced for Hornsea Project Two. It is now clear that the final as-built design at 


East Anglia One comprises 102 turbines with no further development predicted. The likely collision risk 


arising from this as-built scheme has therefore been estimated in Appendix 4 (REP1-148) and was found 


to be lower than that estimated for the 240 turbine scheme (when taking into account specific turbine 


parameters for the as-built scheme). The scaling applied in the Hornsea Three application (APP-051 and 


APP-065) therefore over-estimates the collision risk likely at East Anglia One. 
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 The application for Moray East included an assessment for turbine scenarios using 339 turbines. The 


consent however was granted for 186 turbines. Consequently, in this case a correction factor was applied 


in the cumulative and in-combination assessments undertaken for Hornsea Three (APP-051 and APP-065) 


to account for this difference. This correction factor was identical to that applied in the cumulative and in-


combination assessments produced for Hornsea Project Two. Subsequently Moray East have proposed a 


revised scheme comprising 100 turbines for which they have undertaken a new collision risk assessment. 


Appendix 4 to Deadline 1 (REP1-148) therefore presents this revised collision risk estimate.  


 The application for Neart na Gaoithe included an assessment for turbine scenarios using 128 turbines. The 


consent however was granted for 75 turbines. Consequently, in this case a correction factor was applied in 


the cumulative and in-combination assessments undertaken for Hornsea Three (APP-051 and APP-065) to 


account for this difference. This correction factor was identical to that applied in the cumulative and in-


combination assessments produced for Hornsea Project Two. It is now clear that the final as-built design at 


Neart na Gaoithe comprises 56 turbines with no further development predicted. The likely collision risk 


arising from this as-built scheme has therefore been estimated in Appendix 4 (REP1-148) and was found 


to be lower than that estimated for the 75 turbine scheme (when taking into account specific turbine 


parameters for the as-built scheme). The scaling applied in the Hornsea Three application (APP-051 and 


APP-065) therefore over-estimates the collision risk likely at Neart na Gaoithe. 


 ‘As built’ design differs from previously ‘assessed’ design 


 Further information continues to come to light about the designs and likely impacts of other projects, 


Appendix 4 to the Applicant’s submission at Deadline 1 (REP1-148), therefore, provided further 


consideration of the differences between assessed (i.e. the position assessed in the relevant 


Environmental Statement submitted with the application for the other project) and as-built scenarios, 


utilising further project-specific information that had been obtained subsequent to the application for 


Hornsea Three. As above, and only where appropriate, the approach used in MacArthur Green (2017) was 


applied. 


 Table 2.1 identifies those projects for which a difference exists between their assessed position (at the 


point of their application) and as-built turbine scenarios. Annex A identifies the approach applied for each 


project in Appendix 4 of the Applicant’s submission at Deadline 1 (REP1-148) with Table 3.1 summarising 


those projects at which the as-built scenario, and therefore the collision risk estimates calculated in REP1-


148 represents the absolute worst case scenario, taking account of the theoretical likelihood of potential 


future development.  


Table 2.1: Projects for which there is a difference between the assessed and as-built/planned turbine scenarios as 
identified in REP1-148. 


Project 
Is there any theorectical scope for further 
development/increase in collision risk? 


Aberdeen (European Offshore Wind Development Centre) No 


Beatrice Yes 


Dogger Bank Creyke Beck A&B Yes 
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Project 
Is there any theorectical scope for further 
development/increase in collision risk? 


Dogger Bank Teesside A&B (now Dogger Bank Teesside 
A and Sofia) 


Yes 


Dudgeon No 


East Anglia One No 


Galloper Yes 


Greater Gabbard No 


Humber Gateway Yes 


Inch Cape Yes 


Kentish Flats Extension No 


Lincs No 


London Array; No 


Moray East No 


Neart na Gaoithe No 


Race Bank No 


Seagreen Alpha Yes 


Seagreen Bravo Yes 


Sheringham Shoal No 


Teesside Yes 


Thanet No 


Triton Knoll No 


Westermost Rough Yes 


 


 There are significant reductions in cumulative and in-combination collision risk totals even when including 


the reductions at only those projects at which future development is not possible (see Table 2.1).  


3. Age class data 


 At Deadline 4, Natural England requested that the Applicant explain the apparent discrepancies between 


age class data collected as part of aerial surveys (submitted as Appendix 17 at Deadline 3 (REP3-026)) 


and age class data that had previously been presented to Natural England as part of the Evidence Plan 


process specifically in relation to the proportion of unaged birds presented in each of these sources. 
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 The Applicant has attempted to investigate this alleged discrepancy but has been unable to identify a 


discrepancy. The document referenced by Natural England (Hi Def 23 May 2017, HC00002-002) does not 


appear to present any information in relation to the proportion of birds that were unaged during aerial 


surveys and it is therefore unclear to the Applicant that a discrepancy exists. The Applicant requests that 


Natural England identify those tables in the Hi Def 23 May 2017, HC00002-002 report that they believe 


contain unaged age class data from aerial surveys so that the Applicant may further investigate any 


potential discrepancy. 
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 Annex A. List of projects for which adjustments are proposed 


Project 
Assessed 


turbine 
scenario 


Consented scenario 
As-built 
scenario 


Approach applied in REP1-148 


Do collision risk estimates 
associated with as-built 


scenario represent the worst 
case scenario? 


Aberdeen (European 
Offshore Wind 
Development Centre) 


11 x 7 MW 
Total capacity = 100 MW 


No. of turbines = 11 
11 x 8.4 MW 


The project is now operational and uses higher capacity 
turbines than those assessed. The turbine parameters 
presented in MacArthur Green (2017) are different to those 
actually assessed and therefore a revised correction factor 
was calculated 


Yes. Project is operational and no 
further development is possible 


Beatrice 142 x 7 MW 
Total capacity = 750 MW 


No. of turbines = 125 
84 x 7 MW 


Collision risk estimates for the as-built turbine scenario are 
presented in the Scoping Opinion Addendum produced for 
the alternative design application for Moray East and in the 
application for Moray West. 


No. Although collision risk 
estimates for the as-built scenario 
provide an accurate 
representation of the likely 
collision risk associated with the 
project, further development is 
possible and therefore these may 
represent an underestimate if 
further development occurs 


Blyth Offshore- 
Demonstration 
Extension 


15 x 8 MW Unavailable 5 x 8 MW No information available No change proposed 


Dogger Bank Creyke 
Beck A & B 


400 x 6 MW 
Total capacity = 2400 MW 


No. of turbines = 400 


400 x 6 MW / 
176 turbines / 
140 turbines 


The project has recently submitted a non-material 
amendment which would alter the design envelope and 
potentially lead to a project with fewer, higher capacity 
turbines. This amendment does not remove the original 
turbine scenario and has not yet been authorised and 
therefore no quantitative change is considered in this 
report. 


No change proposed 
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Project 
Assessed 


turbine 
scenario 


Consented scenario 
As-built 
scenario 


Approach applied in REP1-148 


Do collision risk estimates 
associated with as-built 


scenario represent the worst 
case scenario? 


Dogger Bank Teesside 
A and Sofia 


400 x 6 MW 
Total capacity = 2400 MW 


No. of turbines = 400 


200 x 6 MW 
(Teesside A) 


66 – 200 
turbines of 
varying capacity 
(Sofia) 


The Sofia project has recently submitted a non-material 
amendment which would alter the design envelope and 
potentially lead to a project with fewer, higher capacity 
turbines. This amendment does not remove the original 
turbine scenario and has not yet been authorised and 
therefore no quantitative change is considered in this 
report. 


No updated information is available for the Dogger Bank 
Teesside A project. 


No change proposed 


Dudgeon 168 x 3 MW 
Total capacity = 560 MW 


No. of turbines = 77 
67 x 6 MW 


The project is now operational and uses fewer, higher 
capacity turbines than those assessed. The turbine 
parameters for these scenarios match those used in 
MacArthur Green (2017) to calculate a correction factor. 


Yes. Project is operational and 
updated collision risk estimates 
represent the as-built scenario and 
therefore provide an accurate 
representation of the likely 
collision risk associated with the 
project. Further development is 
considered to be unlikely as 
operational capacity equals CfD 
limits 


East Anglia One 325 x 3.6 MW 
Total capacity = 750 MW 


No. of turbines = 150 
102 x 7 MW 


The project is currently under construction and is deploying 
fewer, higher capacity turbines than those assessed. The 
turbine parameters presented in MacArthur Green (2017) 
are different to those actually assessed and therefore a 
revised correction factor was calculated 


Yes. Project is operational and 
updated collision risk estimates 
represent the as-built scenario and 
therefore provide an accurate 
representation of the likely 
collision risk associated with the 
project. Further development is 
considered to be unlikely as 
remaining capacity is limited. 
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Project 
Assessed 


turbine 
scenario 


Consented scenario 
As-built 
scenario 


Approach applied in REP1-148 


Do collision risk estimates 
associated with as-built 


scenario represent the worst 
case scenario? 


East Anglia Three 172 x 7 MW 
Total capacity = 1200 MW 


No. of turbines = 172 
Unknown 


Project recently consented, no further information, no 
change made 


No change proposed 


Seagreen Alpha 75 x 7 MW 


Total capacity = 525 MW 


No. of turbines = 
unavailable 


120 turbines 


Project submitted a revised application in 2018 proposing 
the use of fewer, higher capacity turbines. Revised collision 
risk estimates are presented for gannet and kittiwake. 
However, consent remains for original consented scenario 
and therefore no change was made 


No change proposed 


Seagreen Bravo 75 x 7 MW 


Total capacity = 525 MW 


No. of turbines = 
unavailable 


Galloper Wind Farm 140 x 3.6 MW 
Total capacity = 504 MW 


No. of turbines = 140 
56 x 6.3 MW 


The project is now operational and uses fewer, higher 
capacity turbines than those assessed. The turbine 
parameters for these scenarios match those used in 
MacArthur Green (2017) to calculate a correction factor. 


No. Although updated collision risk 
estimates calculated using the 
correction factor are considered to 
provide an accurate 
representation of the as-built 
scenario however, further 
development is possible 


Greater Gabbard Wind 
Farm 


140 x 3.6 MW Unavailable 140 x 3.6 MW 


The project is now operational, with the as-built turbine 
scenario having different turbine parameters to those 
originally assessed. The turbine parameters presented in 
MacArthur Green (2017) are different to those actually 
assessed and therefore a revised correction factor has 
been calculated 


Yes. Project is operational and no 
further development is possible 


Hornsea 1 240 x 5 MW 
Total capacity = 1200 MW 


No. of turbines = 120 
174 x 7 MW 


No change necessary. Collision risk estimates used in the 
Hornsea Three assessments were calculated using the 
planned turbine scenario 


No change required 
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Project 
Assessed 


turbine 
scenario 


Consented scenario 
As-built 
scenario 


Approach applied in REP1-148 


Do collision risk estimates 
associated with as-built 


scenario represent the worst 
case scenario? 


Hornsea 2 300 x 5 MW 
Total capacity = 1800 MW 


No. of turbines = 300 
92-231 turbines 


No change. Although the project is expected to construct 
fewer, higher capacity turbines, no information is available 
in relation to updated collision risk estimates or potential 
turbine parameters for the planned turbine scenario 


No change proposed 


Humber Gateway 83 x 3.6 MW 
Total capacity = 300 MW 


No. of turbines = 83 
73 x 3 MW 


The project is now operational and uses fewer, lower 
capacity turbines than those assessed. The turbine 
parameters for these scenarios match those used in 
MacArthur Green (2017) to calculate a correction factor. 


No. Although updated collision risk 
estimates calculated using the 
correction factor are considered to 
provide an accurate 
representation of the as-built 
scenario however, further 
development is possible 


Hywind 5 x 6 MW 


Total capacity = 30 MW 


No. of turbines = 
unavailable 


5 x 6 MW 
No difference between assessed and as-built turbine 
scenarios 


No change proposed 


Inch Cape 213 turbines Unavailable 72 turbines 


A Section 36 consent variation was authorised in 2015 with 
the project committing to reduce the number of turbines 
from 213 to 110 whilst also reducing the total generating 
capacity of the wind farm. In addition, the project submitted 
a revised application in 2018 proposing the use of fewer, 
higher capacity turbines. Revised collision risk estimates 
are presented for gannet and kittiwake. However, consent 
remains for original consented scenario and therefore no 
change was made and the revised collision risk estimates 
were not considered quantitatively 


New application submitted in 
2018, however original consent 
still valid and therefore any 
changes in the new application 
should only be considered 
qualitatively 


Kentish Flats Extension 17 x 3 MW 


Total capacity = 51 MW 


No. of turbines = 
unavailable 


15 x 3.3 MW 


The project is now operational and uses fewer, higher 
capacity turbines than those assessed. The turbine 
parameters for these scenarios match those used in 
MacArthur Green (2017) to calculate a correction factor. 


Yes. Project is operational and no 
further development is possible 
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Project 
Assessed 


turbine 
scenario 


Consented scenario 
As-built 
scenario 


Approach applied in REP1-148 


Do collision risk estimates 
associated with as-built 


scenario represent the worst 
case scenario? 


Kincardine 8 x 6 MW 


Total capacity = 50 MW 


No. of turbines = 
unavailable 


7 turbines 
Although the proposed number of turbines has reduced, 
the turbine parameters for the as-built turbine scenario are 
unknown. No change was therefore made. 


No change proposed 


Lincs 83 x 3 MW 
Total capacity = 250 MW 


No. of turbines = 83 
75 x 3.6 MW 


The project is now operational and uses fewer, higher 
capacity turbines than those assessed. The turbine 
parameters for these scenarios match those used in 
MacArthur Green (2017) to calculate a correction factor. 


Yes. Project is operational and no 
further development is possible 


London Array 271 x 3 MW 
Total capacity = 1000 MW 


No. of turbines = 341 
175 x 3.6 MW 


The project is operational and has deployed fewer, higher 
capacity turbines than those assessed. The turbine 
parameters presented in MacArthur Green (2017) are 
different to those actually assessed and therefore a revised 
correction factor was calculated 


Yes. Project is operational and no 
further development is possible 


Methil 1 turbine Unavailable 2 turbines 
No difference between assessed and as-built turbine 
scenarios identified 


No change proposed 


Moray East 


339 (139 x 
3.6, 100 x 5 
and 100 x 5 
MW) 


Total capacity = 1116 MW 


No. of turbines = 186 
100 x 9.5 MW 


Project submitted an application for a revised project 
design incorporating fewer, higher capacity turbines. This 
was supported by collision risk modelling incorporating four 
turbine scenarios. The collision risk estimates associated 
with the worst case scenario have been used in this report. 


Yes. Project is operational and 
updated collision risk estimates 
recommended for use in in-
combination assessments in 
Scotland represent the as-built 
scenario and therefore provide an 
accurate representation of the 
likely collision risk associated with 
the project. Further development 
is considered to be unlikely as 
operational capacity equals CfD 
limits 
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Project 
Assessed 


turbine 
scenario 


Consented scenario 
As-built 
scenario 


Approach applied in REP1-148 


Do collision risk estimates 
associated with as-built 


scenario represent the worst 
case scenario? 


Neart na Gaoithe 128 x 3.6 MW 
Total capacity = 450 MW 


No. of turbines = 75 
56 x 8 MW 


Collision risk estimates for the consented scenario were 
presented for gannet and kittiwake as part of a consent 
variation submitted in 2015 and these were therefore been 
used. Collision risk estimates were not presented for lesser 
black-backed gull or great black-backed gull, however, the 
turbine parameters for the associated turbine scenario are 
known and therefore a correction factor was  derived. 


The project also submitted a revised application in 2018 
proposing the use of fewer, higher capacity turbines. 
Revised collision risk estimates are presented for gannet 
and kittiwake. However, consent remains for original 
consented scenario and therefore no change was made 


Yes. Collision risk estimates 
representing the as-built scenario 
(derived from project-specific 
documentation or through the 
application of a correction factor) 
are considered to provide an 
accurate representation of the 
likely collision risk associated with 
the project. 


Race Bank 206 x 3 MW 


Total capacity = 580 MW 


No. of turbines = 
unavailable 


91 x 6.3 MW 


The project is now operational and uses fewer, higher 
capacity turbines than those assessed. The turbine 
parameters for these scenarios match those used in 
MacArthur Green (2017) to calculate a correction factor. 


Yes. Project is operational and no 
further development is possible 


Sheringham Shoal 108 x 3 MW 
Total capacity = 316.8 MW 


No. of turbines = 108 
88 x 3.6 MW 


The project is now operational and uses fewer, higher 
capacity turbines than those assessed. The turbine 
parameters for these scenarios match those used in 
MacArthur Green (2017) to calculate a correction factor. 


Yes. Project is operational and no 
further development is possible 


Teesside Offshore 
Wind Farm 


30 turbines 
Total capacity = 100 MW 


No. of turbines = 30 
27 x 2.3 MW 


The project is now operational and uses fewer turbines 
than those assessed. The turbine parameters for these 
scenarios match those used in MacArthur Green (2017) to 
calculate a correction factor. 


No. Although updated collision risk 
estimates calculated using the 
correction factor are considered to 
provide an accurate 
representation of the as-built 
scenario however, further 
development is possible 
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Project 
Assessed 


turbine 
scenario 


Consented scenario 
As-built 
scenario 


Approach applied in REP1-148 


Do collision risk estimates 
associated with as-built 


scenario represent the worst 
case scenario? 


Thanet 60 x 5 MW 


Total capacity = 300 MW 


No. of turbines = 
unavailable 


100 x 3 MW 


Collision risk estimates for the as-built turbine scenario are 
available in project-specific documentation. These were 
used in the original assessments for Hornsea Three and 
were also used in the report. 


No change proposed 


Triton Knoll 288 x 3.6 MW 
Total capacity = 900 MW 


No. of turbines = 90 
90 x 9.5 MW 


The project is consented and has committed to 
constructing fewer, higher capacity turbines than those 
originally assessed. The turbine parameters presented in 
MacArthur Green (2017) are different to those actually 
assessed and therefore a revised correction factor was 
calculated 


Yes. Collision risk estimates 
derived using the correction factor 
are considered to provide an 
accurate representation of the 
likely collision risk associated with 
the project. No further 
development is possible with 
proposed as-built scenario 


Westermost Rough 50 x 3.6 MW 
Total capacity = 245 MW 


No. of turbines = 80 
35 x 6 MW 


The project is now operational and uses fewer, higher 
capacity turbines than those assessed. The turbine 
parameters for these scenarios match those used in 
MacArthur Green (2017) to calculate a correction factor. 


No. Although updated collision risk 
estimates calculated using the 
correction factor are considered to 
provide an accurate 
representation of the as-built 
scenario however, further 
development is possible 
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FOREWORD 
 
The purpose of this work was to develop a method for analysing digital aerial ornithology survey 
data, to derive species-specific flight heights. The focus of this work has been to develop an 
approach to analysis, rather than analysing a comprehensive dataset to derive generic flight height 
values.  Although the project has been successful in developing such an approach to analysis, the 
BTO and Steering Group for the work emphasises that the values presented in this report are not 
intended to be used to inform assessments.  
 
Any party undertaking an ornithological collision risk assessment should seek advice from the 
relevant regulators and statutory nature conservation bodies on appropriate flight height values and 
avoidance rates to use. This report does not constitute such statutory advice.  
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EXECUTIVE SUMMARY 
 
1. The consideration of flight height is a key factor determining how seabirds interact with offshore 


wind farms. Of particular interest is the need to accurately estimate flight heights, in order to 
feed into Collision Risk Models (CRM).  


2. Methodological advances have made it possible to estimate the flight heights of birds from 
digital aerial surveys, and there has been interest in developing continuous flight height 
distributions from these data (similar to previous distributions estimated from data collected 
during boat surveys).   


3. The initial aims of this project were to: develop approaches to produce statistical distributions of 
seabird flight heights from digital aerial survey data; compare these distributions with those 
produced from boat survey data; assess the reasons for and implications of any differences 
between boat and aerial data for collision risk modelling; if appropriate, update boat-based 
distributions with data from digital aerial surveys. These objectives were delivered, but it was 
decided that due to limitations associated with data availability, it was not appropriate to update 
boat-based distributions with those produced here.  


4. We considered three different approaches for producing statistical distributions of seabird flight 
heights from digital aerial survey data – a spline, as was used with the original boat-based 
models, a log-normal mixture model and a Gamma mixture model. We tested each approach 
using simulated data. We found that the Gamma mixture model performed well with simulated 
data, particularly when the observation error was large. There was a strong correlation between 
the true proportion at risk and the estimated proportion at risk from the modelled distribution. 
Consequently, this approach was selected for analysis of real data.  


5. The Gamma mixture model was used to fit the flight height distributions of seven species  - 
Manx shearwater, gannet, kittiwake, lesser black-backed gull, herring gull, great black-backed 
gull and Sandwich tern. These species had estimated flight heights from digital aerial survey data 
for at least 100 individuals. For most species, the fitted distributions differed from distributions 
previously estimated with boat survey data. Most species had a peak at the sea surface with the 
distribution from boat survey data, but a peak above the sea surface with the distribution from 
digital aerial survey data. There are many reasons why these two estimated distributions may 
vary, including different observation processes and data collection processes, analytical 
differences, site-specific differences, survey times in different seasons or times of day, 
behavioural patterns affected by the presence of boats or planes. We conducted a simulation 
that demonstrated that a combination of different observation processes and analytical 
approaches could lead to different estimated distributions from the same underlying simulated 
distribution. However, given the data available, it is not possible to assess the relative 
importance of other factors in relation to these factors.  


6. Despite differing flight height distributions, the estimated proportion at potential collision height 
for the distributions derived from boat survey data and digital aerial data was similar for 5 out of 
7 species. However, as the distributions from aerial survey data are based on limited data, it is 
not possible to conclude whether or not these results are applicable more widely.  


7. There were substantial site-specific differences in the estimated flight height distribution for 
Kittiwake and this led to sizable differences in the estimated proportion at risk of collision at 
different sites. These differences may be driven by seasonal and spatial differences in flight 
behaviour.  Data from only a small number of projects were analysed as part of this study and 
unfortunately, data limitations in the number of observations meant that it was not carry out 
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similar analyses for the other six species. This finding for kittiwake highlights the importance of 
better understanding site-specific differences in flight behaviour, and the need to collect more 
site-specific data to better inform this understanding.  


8. The finer resolution of the digital aerial survey data has enabled the derivation of more precise 
estimated flight height distribution compared to boat-based surveys. These data collection 
protocols and analytical approaches outlined here will facilitate future development of generic 
continuous flight height distributions for use in impact assessments.   
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1.  INTRODUCTION 
 
Potential interactions between offshore renewables and marine wildlife are assessed through 
Strategic Environmental Assessment (SEA), Environmental Impact Assessment (EIA) and Habitats 
Regulations Assessment (HRA). Offshore wind farms have the potential to affect seabirds directly 
and indirectly. Of these, mortality caused by birds colliding with turbines is a key issue (Bradbury et 
al., 2014; Drewitt and Langston, 2006; Furness et al., 2013; Garthe and Hüppop, 2004), due to the 
high survival and longevity of seabirds. It is important to assess this risk and estimate the potential 
magnitude of the effect, as part of the information to inform a consent determination.  
 
Seabird collision rates with offshore wind turbines are estimated using a collision risk model (CRM)  
(Band et al., 2007) which requires estimates of seabird flight heights. The flight height distribution is 
a key factor determining collision risk of seabirds with offshore wind farms (Desholm and Kahlert, 
2005; Furness et al., 2013; Stumpf et al., 2011). A recently developed CRM called  the “extended” 
Band model (Band, 2012) allows for bird flight heights to be input as a continuous frequency 
distribution, to generate more refined estimates of collision mortality by accounting for the variation 
in bird density and probability of collision with height across the risk area. Modelled flight height 
distributions can be presented with confidence intervals, reflecting spatial and temporal variability in 
the data, which can be used to inform the uncertainty surrounding final collision estimates.  
 
Flight height information for marine birds has mostly been collected from baseline surveys for 
impact assessments. These surveys have predominantly estimated flight height from visual 
observers on boats or digital aerial surveys (Buckland et al., 2012; Camphuysen et al., 2004). 
Continuous flight height distributions have been calculated for multiple species using observational 
boat survey data (Johnston et al., 2014). However, the increased resolution of digital data has made 
it possible to identify species with a high degree of accuracy and to estimate their height above sea 
level. It is therefore now possible to use digital aerial survey data to create species-specific 
continuous flight height distributions. The use of species-specific flight height information is 
important since species differ greatly in their sensitivity to collision risk (Furness et al., 2013; Garthe 
and Hüppop, 2004; Johnston et al., 2014).  
 
With the increased use of digital aerial surveys, there is a need to develop a methodology that can 
be used to derive continuous flight height distributions comparable to those derived from boat 
surveys. Initially, this work had four aims: 
 


1. To develop statistical methods to produce flight height distributions from digital 
aerial survey data, and to apply these methods to a range of different species. 


2. To compare the flight height distributions derived from boat and digital aerial survey 
data and to describe and evaluate the differences between them 


3. Assess the implications for collision risk modelling of any significant differences 
identified between the distributions derived using the different survey methods. 


4. If appropriate, update existing collations of flight height data and distributions (e.g. 
Johnston et al. 2014) with any new data derived within this study and derive 
appropriate statistical model to describe those revised datasets.  


 
The data available for analysis were far more limited than initially anticipated, due to reasons of 
commercial confidentiality. This posed problems when making direct comparisons between 
distributions derived from boat and digital aerial surveys due to the confounding effects of survey 
platforms, site and seasonal differences in data collection, possible population changes over time 
and potential weather effects on flight behaviour. Consequently, this report focuses on developing a 
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methodology with which to produce continuous flight height distributions for a number of species. 
We discuss potential reasons for differences in the flight height distributions derived using different 
survey platforms and consider the possible implications of these differences. 
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2.  DIGITAL AERIAL FLIGHT HEIGHT DATA 
 
In response to methodological and analytical advances (Buckland et al., 2012; Johnston et al., 2015; 
Thaxter and Burton, 2009), the use of digital aerial surveys to collect data on seabird abundance and 
distribution has increased in recent years. Planes fly in transects across the survey region and 
camera(s) mounted inside the aircraft looking out through a hatch in the underside of the plane 
collect data using either still photography or video imagery. Individual birds in these images are 
identified to species by trained image reviewers and experienced ornithologists.  
 
With still photography, the flight height of each bird is estimated by trigonometry based on the size 
of the bird in the image and the known height of the plane. Confidence intervals are calculated by 
examining potential uncertainty in the size of the bird in the photograph.  
 
With video footage, the flight height of each bird is estimated by comparing the speed at which the 
bird passes the plane to the speed of the sea surface. This is calculated for each successive pair of 
video frames that contain an individual bird and the mean height across each pair is used as the 
estimate. Confidence intervals are calculated by bootstrapping the different pairs of frames and 
calculating a new mean for each bootstrapped sample. 
 
Data were collated from two companies: APEM and HiDef, across a total of seven sites (see 
Appendix 1). APEM collect data as still photographs and HiDef collect data as digital video footage. 
For each bird a flight height is supplied as a point estimate with an associated error. 
 
The uncertainty in the flight height estimate will vary for each bird with size, shape, behaviour and 
survey platform all affecting the error. The models will account for the uncertainty in each the 
estimate for each bird, so the model naturally incorporates the variation in error, some of which will 
be a result of the different survey platforms. Consequently, variation in error by survey platform is 
naturally accommodated in the models. Data analysis was conducted for seven species which had 
estimates of height for at least 100 individuals (Table 1). This threshold was chosen because models 
with fewer than 100 flight height estimates had a large degree of uncertainty around the estimated 
distributions.  
 
As individuals in a flock are likely to be flying at similar heights, their heights are not independent 
and it is important to consider this non-independence from a statistical point of view. It is therefore 
important to define individuals in the same flock. An approximation to identifying individuals in a 
flock, is to consider all individuals within a single frame to be part of the same flock. With still 
photographs, each ‘group’ refers to a single still photograph, which at the sea surface has typical 
dimensions of approximately 180m x 140m. With video data, identifying individuals in the same 
frame is more complex, as most individuals occur in at least 6-8 frames. Therefore ‘group’ as defined 
here refers to the central 15% region of each frame of video. Therefore a group includes all 
individual birds which share their central frame. This region is approximately 125m x 7m. However, 
large flocks which cover more than 7m are generally assigned to the same ‘group’, even if their 
central frames vary slightly amongst the group. These areas were defined by the characteristics of 
the still and video images.  
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Table 1. List of species for which data included at least 100 individuals and the number of sites from which data were 
available. A frame defines a fixed unit of area on the sea surface and individuals within a frame may therefore be part of a 
flock and not independent measures of flight height. There was sufficient distance between the sites such that they could 
be considered independent.  


Species 
Number of 
individuals 


Number of 
sites 


Number of 
sites ≥ 100 
individuals 


Kittiwake Rissa tridactyla 1429 7 3 


Lesser black-backed gull Larus fuscus 306 7 0 


Great black-backed gull Larus marinus 281 6 0 


Manx shearwater Puffinus puffinus 240 4 1 


Gannet Morus bassanus 223 5 0 


Herring gull Larus argentatus 222 7 0 


Sandwich tern Sterna sandvicensis 205 3 1 


 
We carried out some initial exploratory analyses on the data in order to investigate any potential 
correlation between estimated flight height and month of survey or distance to coast. To detect 
statistically significant variation in estimated height with season and distance to coast, we fitted a 
Gaussian GAM with a cyclic spline describing variation in the mean estimated height with month and 
a linear effect of distance to coast on mean height. The number of knots for the cyclic spline was set 
to three or half of the number of months of data, whichever was greatest. The gamma penalty for 
Generalized Cross Validation (GCV) was set at 1.4. Significant effects of month and distance to coast 
were assessed by F-tests and t-tests, respectively.  
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Figure 1. Exploratory analysis of the distribution of estimated height in relation to month. The numbers in grey indicate the 
sample size in each month. Fitted cyclic cubic splines and 95% confidence intervals (red solid and dashed lines) are shown 
for species which were modelled (for species with at least 10 observations in 4 months) and in which the effect of season 
was p<0.05. The species and significance values for the effect of season were: a) Manx shearwater p=0.042; b) Gannet 
p=0.717; c) Sandwich tern p=0.258; d) Kittiwake p=0.006; e) Great black-backed gull p<0.001; f) Lesser black-backed gull 
p=0.155; g) Herring gull p=0.713.  Some values are below zero because these are the estimates of flight height from digital 
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aerial methods, which sometimes result in estimates below zero due to error in the estimation. These negatives are 
assumed to be error and the main models ensure that modelled flight heights do not occur below zero, but presented here 
are the raw data.  


 
The fitted spline of month was significant for Manx shearwater, Kittiwake and Great black-backed 
gull (Figure 1). Manx shearwater indicated an increasing mean flight height estimate from April to 
September. Kittiwake had a spline that indicated very marginal effects as the magnitude of the 
variation was small. Great black-backed gull indicated an increasing average flight height towards 
the middile of the year, although there was a relatively small amount of data in the middle of the 
year. Flight heights are estimated with the digital aerial data with error, sometimes the point 
estimate for the flight height is below zero. Where this is observed, it is important to include these 
data in the models used to produce flight height distributions so that the full range of plausible 
errors are captured.  
 
Mean flight height was significantly correlated with distance to coast for the three gull species. The 
magnitude of the effect was very small for all species and the precision was low. For all of these 
three species, estimated flight heights were slightly lower for distances further from coast. These 
data are not illustrated graphically due to agreement with the data owners. These exploratory 
analyses are reflective of the data considered in this report and should not be considered to be 
applicable more broadly.  
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3. MODELLING FRAMEWORK 
 
3.1 Description of simulations 
 
To assess the extent to which the statistical analysis can reproduce a true distribution, we simulated 
flight height distributions that were observed with error. To replicate a situation of a non-parametric 
distribution of flight heights (which may exist due to different behaviours in different behavioural 
states or locations), we used a spline to fit to a combination of 4 distributions (see Appendix 2). The 
fitted spline was converted to a probability distribution between 0-300m above sea level and this 
was assumed to be the true distribution underlying the simulation. The simulations also 
incorporated an observation error, which was assumed to be normally distributed around the true 
value. Each individual bird was assumed to have a different error distribution and each simulation 
had 500 individual birds (see Appendix 2 for further details of the simulations).  
 
We initially produced a set of 100 random simulations (each with 500 birds), all with a small 
observation error, to test the ability of the statistical methods to infer the true flight height 
distribution of birds. The observation error was randomly selected for each bird and was simulated 
so that the average 95% confidence range was 5m. In order to understand how the magnitude of the 
error surrounding flight height estimates may influence the final distribution, we produced a second 
set of 100 random simulations, each with a large observation error, with the average 95% 
confidence range of 30m. Further details of the simulations are given in Appendix 2. 
 
 
3.2 Methods for analysis of simulated data 
 
There are two processes which determine estimated flight heights from digital aerial survey data.  
 


1. The underlying flight height distribution of each species.  
2. The observation process which determines how the flight height of each individual bird is 


estimated.  
 
To understand the ability of the data and the models to infer the underlying distributions, we first 
analyse simulated data. To reflect the data, the simulations include both stage 1 (the underlying 
flight height distribution of the population) and stage 2 (the estimation of flight height of each bird 
with error). In the simulations each individual bird was independent from other birds.  
 
To analyse the simulated data, we fitted a finite mixture model with two mixtures, and each mixture 
was assumed to be a Gamma distribution. A log-spline and a log-Normal mixture model were also 
tested, but the mixture of Gamma distributions performed best for goodness of fit. Each bird 
observation was determined to be drawn from one of the two mixtures (i.e. distributions): 
 
     𝑚𝑖𝑥𝑖 ~ 𝐶𝑎𝑡𝑒𝑔𝑜𝑟𝑖𝑐𝑎𝑙(𝑝1,  𝑝2) 
 
where mixi is the mixture of individual bird i and this is defined by a categorical distribution with  
probabilities p1 and p2. The sum of p1 and p2 is constrained to be 1. Here p1  was defined as a normal 
distribution on the logit scale:  
 


𝑙𝑜𝑔𝑖𝑡(𝑝1) ~ 𝑁(𝜃, 𝜏2) 
 
Each Gamma distribution gk(x) was defined by shape 𝜔𝑘  and rate 𝜌𝑘  parameters:  
 


𝑔𝑘(𝑥) ~ 𝐺𝑎𝑚𝑚𝑎(𝜔𝑘, 𝜌𝑘) 
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The mean of the distributions were constrained to be increasing with at least 0.1 between the two 


means, such that   
𝜔1


𝜌1
+ 0.1 <  


𝜔2


𝜌2
 . Weakly informative priors led to good performance of the 


mixture models with no evidence of label switching (Jasra et al., 2005). The priors were defined as 
follows: 
 


𝑙𝑜𝑔𝑖𝑡(𝑝1) ~ 𝑁(0, 1.5) 
 


𝜔𝑘 ~ 𝐺𝑎𝑚𝑚𝑎(1, 0.1) 
 


𝜌𝑘  ~ 𝐺𝑎𝑚𝑚𝑎(1, 1) 
 
 
Analyses of the 200 simulations were run in JAGS (Plummer, 2003) using the Gamma mixture model 
described above. Models were fitted by Markov Chain Monte Carlo (MCMC) using three chains, 250 
000 iterations and a burn-in of 50 000 iterations (which was visually assessed to be a very 
conservative estimate of convergence time in several simulations). Automated thinning was used to 
reduce autocorrelation. Convergence was assessed with the BGR statistic, which (unlike several 
other diagnostic criteria) will identify non-convergence if there is label switching of the two mixture 
distributions. Credible intervals were calculated from the 2.5th and 97.5th quantiles of the posterior 
distributions.  
 
To assess the models applied to the simulated data we compared the true simulated distributions to 
the estimated distributions in a number of ways. 
 


1. Visual comparison of the distributions 
2. Assessment of the proportion of credible intervals that contain the true values and how this 


varies with metres above sea level 
3. Assessment of the error between estimated and true values and how this varies with metres 


above sea level 
4. Comparison of the true proportion at potential collision height with the estimated 


proportion at potential collision height.  
 
3.3 Validation of models using simulated data analysis 
 
Convergence was reached for 80/100 of the simulations with a small observation error and 65/100 
of the simulations with a larger observation error. Visual assessment of the converged distributions 
revealed broad agreement between the true and estimated distributions. The credible intervals for 
the simulations with a large observation error were larger (Figure 2). Total error between true and 
estimated distributions was greater for the large observation error (Figure 3), so the models were on 
average further from the true distributions. However, the larger credible intervals from the models 
with large observation error led to a greater proportion of true values within the credible intervals 
(Figure 4), so the models were more conservative when observation error was large. Conversely, the 
models produced confidence intervals that were too narrow when observation error was small. At 
high heights above sea level, the proportion of true values within the credible intervals was generally 
very low (Figure 4).  
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Figure 2. Examples of four simulated Spline distributions (black line) with the estimated distributions from a Gamma 
mixture model (grey line) and associated 95% credible intervals (pale grey polygon). Examples are for a mean standard 
error of the observation distribution of 5 (a, b) and 30 (c, d).  
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Figure 3. Total error summed into 10m categories across 100 simulations for a) small observation error (mean sd=5) and b) 
large observation error (mean sd=30).  


 
To assess the sensitivity of the proportion of species at potential collision risk height, we compared 
the true proportion at potential collision height with the estimated proportion at potential collision 
height. For the simulations, potential collision height we defined as 20-120m. The correlations 
between the true proportion at potential collision height and the median proportion at potential 
collision height from the posterior distribution were r=0.98 and r=0.94 for the small and large 
observation error simulations, respectively (Figure 5). The 95% credible intervals around the 
estimated proportion at potential collision height were calculated by taking the 2.5th and 97.5th 
quantiles of the proportion at potential collision height from the posterior distribution. 81% and 94% 
of the credible intervals contained the true simulated value for the small and large observation error 
simulations. Although some of the credible intervals did not contain the true values (Figure 4), it is 
clear that the estimated proportion at potential collision height is a more robust metric to derive 
from these models (Figure 5). 
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Figure 4. Leafplots of the proportion of 95% credible intervals that contain the simulated true value for: a) small 
observation error (mean sd=5) and b) large observation error (mean sd=30). Median values for each 50m height category 
are shown as black points. The grey boxes show the distribution across all simulations of the proportion of estimated 
confidence intervals that contain the true value. For the models with large observation error, the majority of confidence 
intervals contain the true value as the larger grey areas are near 1. Between 250-300m there are a low proportion of the 
estimated confidence intervals that contain the true value, regardless of the observation error. Generally, the confidence 
intervals estimated from the simulations with larger observation error (lower graph) contain a higher proportion of the 
true values.  
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Figure 5. Comparison of true simulated proportion at potential collision height (20-120m) and Estimated proportion at 
potential collision height with 95% credible intervals for: a) small observation error (mean sd=5) and b) large observation 
error (mean sd=30). Estimated proportions and credible intervals that contain the true value are shown in black and 
overlap the grey line. Estimated credible intervals that contain the true value are a) 65/80 = 81% and b) 60/65 = 94%. 
Estimated proportions and credible intervals that do not contain the true value are shown in grey.   
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4. ANALYSING BIRD DATA 
 
4.1 Methods for analysis of bird data 
 
Data from seven species (Table 1) were analysed using the methods described in section 3 above to 
estimate species-specific flight height distributions. Analyses of the 200 simulations were run in JAGS 
(Plummer, 2003) using the Gamma mixture model code in Appendix 3. The modelling procedure 
followed that described in section 3.2 for the simulated data. 
 
The flight heights of birds in groups are unlikely to be independent and therefore it would be ideal to 
account for this in the analysis. Birds were grouped (as described above) into those in the same 
frames. The distribution of number of birds in each ‘group’ (i.e. frame) was highly positively skewed 
for each species (Figure 6). We attempted several approaches to incorporate the non-independence 
in flight height in groups. Firstly, we attempted to include group size as a random variable in the 
model and group size was dependent on height. Each group was modelled with a mean flight height. 
The flight height of each individual bird was drawn from a distribution with a group-specific mean 
and constant variance. This model did not converge, which is likely due to the highly skewed 
distribution of group sizes and the high number of groups with only one or two individuals, which 
makes it challenging to estimate group variances. Secondly, we attempted to define two types of 
groups: large groups and small groups. The probability of a group being large or small was related to 
the mean flight height of the group. This model also did not converge, which is likely due to the 
extremely small number of ‘large’ groups. Treating each group as a single datapoint without 
considering the group size, may have resulted in estimated distributions that were not 
representative of the population, given that group size and flight height are likely correlated. Given 
the very skewed distribution of group sizes and the consequent challenges of convergence, the 
results below are from models in which each individual bird as was assumed to be independent. 
 
Each estimate of bird flight height is has an associated estimate of error and these vary across 
individuals. The error varies with height for some species (Figure 7) and also varies slightly with the 
method of flight height estimation (digital stills or videos). The analytical method described above in 
section 3.2 incorporates the individual estimate of error in the analysis. The 95% confidence 
intervals for the true flight height are automatically incorporated: estimates with a narrow 95% 
confidence interval are assumed by the model to be nearer the true value, than estimates with wide 
confidence intervals. Therefore these differences in precision are fully accommodated in the 
modelling process. Note that in some instance the algorithms used to estimate bird flight heights 
may result in confidence intervals which overlap with zero (i.e. imply that birds are flying under the 
sea surface, see figure 7). Whilst these estimates are clearly wrong, it is important that these data 
are included in the analysis so that the models fully capture the plausible error associated with 
estimates of seabird flight heights from digital aerial survey data.  
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Figure 6. Distribution of group sizes (number of individual birds per frame) for a) Manx shearwater, b) Gannet, c) Sandwich 
tern, d) Kittiwake, e) Great black-backed gull, f) Lesser black-backed gull, g) Herring gull.  
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Figure 7. Relationship between estimated height above sea level and the 95% confidence interval range for a) Manx 
shearwater, b) Gannet, c) Sandwich tern, d) Kittiwake, e) Great black-backed gull, f) Lesser black-backed gull, g) Herring 
gull. 
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4.2 Bird flight height distributions 
 
We plotted the estimated distributions and 95% credible intervals (Figures 8-14) for seven species 
(Table 1). We also show for comparison the curve that was previously estimated from boat survey 
data (Johnston et al., 2014). Most of the flight height distributions calculated from boat survey data 
have the peak of flight heights at 0m or very close to the sea surface, whereas most of the 
distributions from digital aerial survey data have a primary or secondary peak above the sea surface 
(Figures 8-14). There are two potential explanations for this. Firstly, the lower resolution of the boat 
survey data may mean that this secondary peak is not captured as it falls within one of flight height 
bands to which birds in flight are assigned. This may be particularly important for species such as 
Manx Shearwater which take advantage of the air currents generated by waves to minimise the 
energetic cost of flight (Spear & Ainley 1997). Alternatively, it may reflect a response to the survey 
platform. Digital aerial surveys appear to show a greater proportion of birds on the sea surface than 
is the case for boat surveys (WWT 2012). In the case of gulls (Figures 11-14), the presence of a peak 
close to the sea surface in the boat survey data may reflect the response of the birds to the survey 
platform as they are either flushed from the sea surface, or attracted to the boat as a potential 
foraging opportunity. The height of the planes used for digital aerial surveys means that they are 
unlikely to influence the behaviour of birds in this way (Buckland et al. 2012).  
 
 


 
Figure 8. Estimated average flight height distribution for Manx shearwater (black line) with 95% credible intervals (grey 
area). The previously estimated curve from the boat survey data distributions is shown as a dashed red line.  


 


 
Figure 9. Estimated average flight height distribution for Gannet (black line) with 95% credible intervals (grey area). The 
previously estimated curve from the boat survey data distributions is shown as a dashed red line.  
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Figure 10. Estimated average flight height distribution for Sandwich tern (black line) with 95% credible intervals (grey 
area). The previously estimated curve from the boat survey data distributions is shown as a dashed red line.  
 


 


 
Figure 11. Estimated average flight height distribution for Kittiwake (black line) with 95% credible intervals (grey area). The 
previously estimated curve from the boat survey data distributions is shown as a dashed red line.  
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Figure 12. Estimated average flight height distribution for Great black-backed gull (black line) with 95% credible intervals 
(grey area). The previously estimated curve from the boat survey data distributions is shown as a dashed red line.  
 


 
Figure 13. Estimated average flight height distribution for Lesser black-backed gull (black line) with 95% credible intervals 
(grey area). The previously estimated curve from the boat survey data distributions is shown as a dashed red line.  
 


 


 
Figure 14. Estimated average flight height distribution for Herring gull (black line) with 95% credible intervals (grey area). 
The previously estimated curve from the boat survey data distributions is shown as a dashed red line.  
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4.3 Site-specific distributions 
 
As at least 100 observations were required in order to derive flight height distributions from digital 
aerial survey data, it was only possible to derive site-specific distributions for Kittiwake from three 
sites (sites 1, 2 and 3 Appendix 1). Previous analyses (see section 2) suggest that the level of 
uncertainty surrounding distributions derived from less than 100 observations would lead to little 
certainty about site-specific differences. Most species did not have sufficient data to calculate site-
specific flight height distributions, although Kittiwake had at least 100 observations at three sites 
(Table 1). To examine the extent to which there may be site-specific differences for Kittiwake, we ran 
the model described above for each of the three sites.    
 
The three sites had distinctly different estimated flight height distributions (Figure 15). For the two 
sites with the most different distributions there was little overlap in the 95% credible intervals, 
suggesting clear differences between the distributions (Figure 16). These differences may relate to 
either site-specific differences in bird behaviour or to seasonal differences in data collection at the 
three sites. For example, data at site one were only collected in August whereas data from sites two 
and three were collected over the course of a full year.  
 


 
Figure 15. Estimated average flight height distribution for Kittiwake for the three sites (green = site 1, light blue =  site 2, 
dark blue =  site 3) with at least 100 individual birds with estimated flight heights.  
 
 


 
Figure 16. Estimated average flight height distribution and 95% credible intervals for Kittiwake for two of the three sites 
(green = site 1 green, light blue =  site 2) with at least 100 individual birds with estimated flight heights. For most of the 
distributions below 30m there is no overlap in the 95% credible intervals at the two sites.  
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4.4 Discussion of the differences between boat and digital aerial survey data distributions 
 
It is notable that there are a number of differences between the estimated flight height distributions 
from digital aerial survey data and those previously estimated from boat survey data. There are 
many possible reasons for these differences in estimated distributions. However, as the distributions 
are based on a relatively limited number of surveys and observations, which were carried out at 
different locations and over different time periods, it is not possible to assess the reasons for these 
differences statistically as any explanatory variables are likely to be confounded in a small dataset. 
Here we list five categories of possible reasons for this variation in estimated distributions from boat 
and digital aerial survey data:  
 


1. Differences in the flight height distributions between sites 
2. Differences in the flight height distributions between times or seasons  
3. Differences in bird response behaviour with the different survey platforms 
4. Differences in the accuracy of the different survey methods 
5. Differences in the analytical methods 


 
1. Differences in the flight height distributions between sites 
In section 4.3 we highlight the differences in the estimated flight height distributions of kittiwake 
between sites (derived from digital aerial survey data). These differences may be due to differences 
in weather, season, habitat use or behaviour at the different sites. Alternatively they may be a 
reflection of the natural variability in flight height distributions. Given the level of uncertainty 
associated with distributions derived from fewer than 100 observations, such an analysis was not 
possible for other study species. Data contributing to the boat survey based analyses were collected 
from a broad range of sites (Johnston et al., 2014), whereas the digital aerial data contain greater 
information about a smaller range of sites. This may lead to the possibility that differences between 
the distributions derived from different platforms result from genuine site-specific differences in the 
heights at which birds fly at the various sites sampled from the two differing survey platforms. This is 
particularly likely to be the case if the distributions from either platform are produced with data 
from a small number of sites, as the individual sites will always show deviation from an average 
distribution.  
 
In previous work (Johnston et al. 2014), in order to determine how well the modelled distributions 
from the boat data could be applied to novel sites a jacknife procedure was used, whereby each site 
in turn was dropped from the analysis and the remaining data used to estimate a flight height 
distribution (Johnston et al. 2014). The data from the excluded site was then compared to the 
resultant distribution in order to determine whether the proportion of birds within each flight height 
band fell within the 95% CIs of the modelled distribution.  For the six of the seven species considered 
here modelled boat-based distributions were a poor match for novel sites (39-59% of independent 
observations within modelled 95% CIs for all species except Manx shearwater). This suggests that 
given there are also differences between the boat datasets collected from different sites. There may 
also be genuine differences between the flight height distributions at sites used for the analysis of 
boat data and those used for the analysis of digital aerial survey data. This would be consistent with 
the site-specific differences in kittiwake flight height distributions described here. These analyses 
suggest that for the three kittiwake sites, flight height distributions were more similar at the two 
sites which are closest together, and further offshore, than the distribution at the site closest to 
shore, although this suggestion must be treated with caution given that it is drawn from only three 
sites.  
 
2. Differences in the flight height distributions between times or seasons 
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Data from boat surveys were collected as part of assessments of the potential impacts of proposed 
offshore wind farms, and will, consequently have year round coverage (Cook et al., 2012; Johnston 
et al., 2014). However, the times of day of collection may differ, primarily because boat surveys take 
a long time to cover the area of a proposed offshore wind farm (typically one to three days). A digital 
aerial survey is typically completed within a day and frequently in only part of a day. The result is 
that boat surveys typically start from first light and continue to the end of the daylight whereas a 
digital aerial survey will start with mobilisation from an airfield early in the day, start on-survey an 
hour or two later and finish with sufficient time to return to land in daylight. Collection of digital 
aerial survey data can also be restricted at times of day when the sun is low in the sky, leading to 
glare in the cameras although this effect can be managed with the angle that is flown relative to the 
sun and any angle placed on the camera mount. Whilst observers on boats may not be restricted in 
this way, sun glare may still affect their ability to detect and correctly identify birds and to correctly 
estimate flight height or distance. Consequently, there may be some differences in the times of day 
in which the data are collected and the reliability of data collected at certain times of day. These 
differences may be important if flight behaviour varies over the course of a day. For example, birds 
may time their foraging trips to coincide with tidal cycles (Irons, 1998), or have different levels of 
flight activity throughout the day (Daunt et al., 2002). These behavioural patterns may lead to 
differences in the flight heights of birds detected from boat and digital aerial surveys if one platform 
is better able to avoid systematic bias than the other. 
 
Flight behaviour may also differ according to weather conditions. Health and safety concerns limit 
boat-based surveys to conditions where sea-state is less than 5 (Camphuysen et al., 2004). 
Technological limitations may similarly restrict digital aerial survey data as good visibility is required 
in order to detect birds. However, digital aerial surveys are typically carried out over shorter time 
periods than boat surveys and do not require prolonged periods of stable conditions. Consequently, 
digital aerial surveys may be able to capture weather conditions temporally nearer to more adverse 
weather conditions than boat-based surveys and therefore better reflect climatic variability. 
However, at present, the influence of weather conditions on seabird flight heights remains relatively 
uncertain.  
 
Whilst boat survey data were collected throughout the year, digital aerial survey data used in this 
report tend to focus on the breeding season (Appendix 1), although two of the seven sites included 
in the data analysed here did include year-round data collection. Analysis of kittiwake data revealed 
differences in the flight heights between sites where bird abundance peaked during the breeding 
season and those where activity peaked over winter. However, it was not possible to separate any 
seasonal effects from site effects. Detecting any seasonal effects from surveys may be complicated 
by the fact that multiple years of data are often required to properly capture the environmental 
variation that may influence flight behaviour at a site (Grecian et al. 2010). As both boat and digital 
aerial survey data collection are typically limited to 2 years monitoring pre-construction, it is likely 
that neither method fully captures the range of flight heights used by a species at any given site.  
 
Potential differences in seasons or times of day for the two different data collection methods may be 
important if birds’ behaviour varies over the course of the day or the year. Behavioural patterns that 
alter with season or time of day may lead to a difference in the average flight heights of the data 
collected from boat and digital aerial surveys. 
 
 
3. Differences in bird response behaviour with the different survey platforms 
The height at which the aerial survey planes fly mean that birds are less likely to be attracted to, or 
disturbed by, the survey platform than boats (Buckland et al., 2012). There is the potential for boat-
based surveys to negatively bias estimates of species flight heights as birds may fly at lower altitudes 
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when attracted to boats (Krijgsveld et al., 2011) or be recorded by observers having just taken to 
flight after being flushed from the sea surface (Johnston et al., 2015; Schwemmer et al., 2011). The 
distributions for most species estimated from the boat survey data are positively skewed and have 
the highest density at zero. This is potentially consistent with negatively biased estimates of altitude 
from boats, as birds fly lower near boats or are flushed from the sea surface.  
 
There are species-specific differences in the extent to which modelled estimates of flight height from 
digital aerial surveys differ from modelled estimates from boat-based surveys. These differences 
may relate to the ecology of the species concerned. Kittiwake, Herring gull, Lesser black-backed gull 
and Sandwich tern all have higher numbers estimated near the sea surface from the boat surveys, 
compared to the digital aerial surveys. Gulls in particular may be attracted to boats as they have 
learned to associate fishing vessels with feeding opportunities (Sotillo et al., 2014; Tyson et al., 
2015). Consequently, the flight height of these birds when attracted to survey vessels may be 
atypical of their flight heights elsewhere in the marine environment. In contrast, a far greater 
proportion of gannets were near the sea surface from digital aerial surveys than from boat surveys. 
This finding is consistent with information presented in WWT (2012) which suggested that more 
gannets were recorded in flight from boat-based surveys than was the case in visual aerial surveys. 
The digital aerial survey data may therefore be picking up a greater proportion of birds as they 
taking off from the sea surface or commuting between breeding colonies and foraging areas 
(Cleasby et al. 2015), while boat-based surveys are detecting a greater proportion of birds already in 
flight or actively foraging. Whilst gannets may make use of the feeding opportunities provided by 
fishing vessels, they may be less likely to do so than gulls or kittiwakes (Camphuysen, 2011; Hudson 
and Furness, 1989; Krijgsveld et al., 2011). The boat surveys may be detecting birds attracted to the 
survey vessel by perceived feeding opportunities but the flight behaviour of these birds may not be 
typical of the behaviour of gannets elsewhere in the marine environment where boats (e.g. fishing 
boats) are absent. Better data on the at-sea flight behaviour of gannets, and the other species 
covered by this report, are needed in order to better understand the reasons for these differences. 
This might, for example, be collected using altimeters or GPS telemetry (e.g. Corman and Garthe, 
2014; Cleasby et al. 2015) but even these techniques have limitations including the small sample 
numbers of birds that are fitted with such devices, the potential for such devices to affect the 
behaviour of the birds and their inherent measurement errors (see Thaxter et al. 2015). 
 
 


4. Differences in the accuracy of the different survey methods 
All ecological surveys measure a target parameter with some error, whether population density, 
annual survival or flight height. Boat surveys and digital aerial surveys have very different structures 
to the error and very different precision of the flight height estimate, and these may lead to 
different estimated distributions.  
 
Boat surveys use human observers to estimate the flight height of birds. Although observers are 
often trained according to industry standards (Camphuysen et al., 2004) to identify birds in offshore 
conditions, they are not specifically trained in height estimation, and may not detect birds that are 
particularly high, particularly low, or those that are further from the boat (up to 300m horizontal 
distance from the boat). Furthermore, they may estimate the flight height of detected birds with 
some bias or error, which is unlikely to be independent of the true height of the bird. There have 
been few studies, onshore or offshore, that have assessed the ability of observers to accurately 
estimate the height of birds, so it is difficult to suggest levels of bias. Pearce-Higgins et al. (2009) 
found there was more consistency amongst observer estimates at low heights, suggesting that 
height is easier to estimate low heights and more challenging at greater heights.  Results from recent 
RSPB trials (RSPB unpublished data) suggest that observers assign birds to the correct height band 
between only 30%-50% of the time. In other words observers are as likely as not to assign birds to 
the wrong flight height band. That is a very severe limitation to the reliability of boat-based flight 
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height data and of any modelled flight height distribution derived from such data.  Further, there are 
likely to be differences in the skill of observers at detecting birds and estimating their height.  
 
The estimate of flight heights within height categories is likely to reduce error and larger categories 
should lead to more accuracy in assigning birds to height bands. But broader height categories mean 
that there is lower precision and it is more challenging to model detailed variation in the flight height 
distribution. This coarse data format may lead to little information about detailed variation in the 
flight height distribution and perhaps leads to a parsimonious fitted distribution with a simple shape, 
similar to the exponential shape fitted for many of the species (Johnston et al., 2014). 
 
Digital aerial surveys also have error associated with the estimate of flight height, but the structure 
of the error is very different to the boat survey error structure. The aim of the modelling framework 
adopted here is to explicitly model the observation error process, to produce a flight height 
distribution that accounts for the observation error. The extent to which this is successful depends 
on how accurately the estimates of error (95% confidence intervals on the flight height observations) 
reflect the true error. Sources of uncertainty and variation in the estimates of flight height are likely 
to be the quality of the image, and the species, size and variability in size (which in themselves may 
be related to age and sex), position, height and behaviour of the bird. If image quality and/or bird 
behaviour varies with the height of the bird, then height may also impact the magnitude of the 
observation error.  
 


The digital aerial survey data record the estimated height of each bird to the nearest metre, rather 
than assigning birds to height categories. This higher resolution of data is likely to give substantially 
improved inference about detailed variation in the flight height distribution. This may be a large 
factor in the different distributions with the boat survey data and the digital aerial survey data.  In 
Appendix 2 we explored error structure in the two survey types and Figures S5 and S7 show the data 
from different simulated surveys from the same underlying simulated distribution. In addition, by 
capturing images from above, digital aerial surveys may be less prone than boat based observers to 
missing birds which are either hidden between wave troughs or those which are flying particularly 
high or particularly low.  
 
The summary of this section is that there are a number of sources of uncertainty in the estimation of 
flight height and not all of these are encompassed in the estimates of error. Therefore any 
unmodelled error or bias in the estimate of flight heights may lead to differences in the estimated 
distributions. The different resolution of the data types (height categories and individual height 
estimates) may give much richer data from the digital aerial survey data, with which to estimate the 
peaks and troughs of the flight height distribution.  
 
5. Differences in the analytical methods 
The analytical framework has been adapted to suit the different data types from boat and digital 
aerial surveys and therefore differences in the analysis may lead to differences in the flight height 
distribution. The Gamma mixture model performed better than the spline function for simulations 
tested with this Bayesian model and the digital aerial data. The spline function used in Johnston et 
al. (2014) may fit a different range of functions than the Gamma-mixture models used here. 
Alternatively, the Gamma mixture may fit better to the digital aerial survey data, given the higher 
resolution of the data, with a point estimate of flight height for each individual bird.  
 
To understand the combined potential impact of 4 (differences in the accuracy of the different 
survey methods) and 5 (differences in the analytical methods) we used a simulation. This is 
described in detail in Appendix 3. We used one simulated distribution and firstly simulated sampling 
500 individuals with the digital aerial data and analysed the data with the method described above. 
Secondly we simulated sampling almost 45000 individuals with the boat survey and analysed the 
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data with the methods described in Johnston et al. (2014). This was the number of gannets assigned 
to height categories and used in the analysis in Johnston et al. (2014).  
 
The confidence intervals from the analysis with simulated boat data are considerably larger but 
contain the majority of the true distribution. The credible intervals from the analysis with simulated 
digital aerial data are narrower, but also contain the majority of the true distribution (Appendix 3). 
The estimated distribution from simulated digital aerial data is more closely aligned with the true 
distribution. This demonstrates that a combination of different sampling and different analysis can 
lead to varying estimated distributions, even when the true underlying distribution is the same. 
However, it is not possible to separate the effects of the sampling and the effects of the analysis 
using this approach.    
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5. CONSIDERATION OF IMPLICATIONS OF DIFFERENCES IN ESTIMATED FLIGHT HEIGHT 
DISTRIBUTIONS 
 
Differences in flight height distributions resulting from differing  data collection methods may have 
implications, for example on the proportion of individuals estimated to be flying at the potential 
collision risk height for renewable energy structures such as wind turbines. In order to compare the 
proportion of individuals estimated to be flying at potential collision height as a result of the 
differences between flight height distribution curves from this analysis and previous work (Johnston 
et al. 2014), we used a collision risk window of 20-120m. It is recognised that this does not 
correspond to current turbine designs which typically have a minimum clearance height of at least 
22m, but this range allows comparison with previous studies to be made. The proportion at 
potential collision height was calculated for each iteration of the chains (after the burn-in period and 
with thinning). The median of these values was calculated as the median posterior estimate of the 
proportion at potential collision height. The 2.5th and 97.5th quantiles were taken as the 95% 
posterior credible intervals for the proportion at potential collision height. These estimates and 
credible intervals were compared to the proportion flying at potential collision height (20-120m) 
estimated from distributions calculated from boat survey data (Johnston et al., 2014). Additional 
analyses were then undertaken to explore differences in the proportion of birds at risk of collision in 
relation to current turbine designs (with rotor sweeps of 22-250m, 25-253m and 30-258m above sea 
level). In relation to these analyses, no confidence intervals were presented for the boat-based 
survey data as this would have involved re-generating these distributions and was beyond the scope 
of this work. Consequently, for these alternative turbines, comparisons are made by considering 
whether the 95% CIs for the distribution derived from digital aerial survey encompass the point 
estimate of the proportion at risk height predicted from the distribution derived from boat-based 
surveys.  
 
5.1 Comparing proportions at risk from boat and digital aerial survey data distributions                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                    
 
For 5/7 species, the proportion at potential collision height was not markedly different between 
distributions from boat and digital aerial survey data (Figure 17). For these five species either the 
boat survey data 95% confidence intervals included the digital aerial survey data midpoint estimate, 
or the digital aerial survey data 95% credible intervals included the boat survey data midpoint 
estimate (Figure 17; Table 2). Sandwich tern and Gannet appeared to have substantially higher 
estimates of the proportion at potential collision height based on the digital aerial survey data in this 
analysis (Figure 17; Table 2). We discuss possible reasons for this difference in these species in 
section 5.4. However, it should be noted that it is premature at this stage to draw firm conclusions 
regarding differences in the proportions at potential collision height due to differences in when and 
where the data were collected and differences in the sample sizes  underlying the distributions. 
 
Recent studies using tagging data have suggested that flight heights can vary depending on whether 
birds are actively foraging or commuting between breeding colonies and foraging areas during the 
summer months (Corman & Garthe, 2014 Cleasby et al., 2015). For Gannet, boat-based distributions 
were derived from 27 different sites gathered throughout the year, whilst distributions from digital 
aerial survey data were derived predominantly from a single site in August with supplementary data 
from three other sites which gathered some data between the months April to July (Appendix 1 ). 
Consequently, the distributions derived from boat-based survey data are likely to capture a greater 
range of behaviour than those derived from digital aerial surveys, which were at five sites during a 
single year.  It is therefore not possible to conclude if these differences reflect true site and seasonal 
differences or are an artefact of methodological differences. Since Gannets have been shown to fly 
at greater altitudes when foraging (Cleasby et al. 2015), a reason for the difference in the proportion 
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at risk estimated from different platforms may be that data collected during digital aerial surveys are 
predominantly  of foraging individuals although this is only conjecture at this time.   


 
Figure 17. Estimated proportion at potential collision height (20-120m rotor swept area) from flight height distributions 
calculated from boat and digital aerial survey data. Lines indicate 95% confidence intervals and 95% credible intervals, 
respectively.  
 


 
This pattern was similar when considering the three alternative heights for potential collision risk. At 
22-250m (Figure 18) the patterns were similar to 20-120, with gannet and Sandwich tern showing 
the greatest deviation across the two distributions.  As the lower limit increase, the estimated 
proportion at risk for Sandwich tern from the digital aerial data, reduced towards that estimated 
from the boat data. However, it should be noted that the majority of observations for this species 
are from a single site. Gannet remained the species with the greatest difference between the two 
estimates at all risk heights (Figures 17-18).  
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Figure 18. Estimated proportion at potential collision height from flight height distributions calculated from boat and 
digital aerial survey data using rotor sweeps of a)  22m-250m, b) 25m-253m, c) 30m -258m. Lines indicate 95% credible 
intervals and there are no confidence intervals for the estimates from the boat distributions 
 


 
Table 2. Estimated proportion of birds flying at potential collision height (20-120m) and 95% credible intervals. These 
estimates are calculated from the above models for digital aerial survey data. Species in bold have overlap between the 
95% confidence intervals and 95% credible intervals from the two models.  


Species 


Proportion of birds flying at 20-120m above 
sea level 


Estimated from boat 
survey data (95% 
confidence interval) 


Estimated from 
digital aerial survey 
data (95% credible 
intervals) 


Kittiwake Rissa tridactyla 0.15 (0.12, 0.17) 0.13 (0.09, 0.16) 


Lesser black-backed gull Larus fuscus 0.28 (0.20, 0.43) 0.42 (0.33, 0.52) 


Great black-backed gull Larus marinus 0.33 (0.29, 0.43) 0.26 (0.16, 0.46) 


Manx shearwater Puffinus puffinus 0.00 (0.00, 0.00) 0.00 (0.00, 0.02) 


Gannet Morus bassanus 0.13 (0.06, 0.20) 0.50 (0.43, 0.57) 


Herring gull Larus argentatus 0.32 (0.25, 0.41) 0.36 (0.28, 0.46) 


Sandwich tern Sterna sandvicensis 0.07 (0.06, 0.15) 0.57 (0.45, 0.68) 


 


 
 


(a) 


(c) 


(b) 
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5.2 Comparing kittiwake proportions at potential collision height across different sites 
 
Flight height distributions of Kittiwake across separate sites led to substantially different estimates 
of the proportion of birds at potential collision height (Table 3). Although this could equally be the 
case for other species, kittiwake was the only species where analysis at individual sites was possible 
due to sample sizes. Sites 2 and 3, which are further offshore, showed some similarity in the 
distributions derived using digital aerial survey whilst site 1 differed markedly from both. In addition, 
Kittiwake numbers peaked between January and December in sites 2 and 3, but site 1 was only 
surveyed during August. These differences between datasets gathered using the same survey 
platform suggest that there are spatial and/or seasonal patterns in kittiwake flight heights. However, 
with the available data, it is not possible to separate out site from seasonal differences in flight 
height distribution. This appears to emphasise the high degree of variability in flight height data and 
suggest that it is difficult to distinguish between variability across the sites from variability across 
time. The validation exercise carried out as part of the analysis of boat survey data (Johnston et al. 
2014) also revealed site-specific differences, since modelled distributions were often a poor match 
when applied to novel sites with only 44% of kittiwake data from independent sites falling within the 
95% CIs of the distributions. Therefore the only firm conclusion one can reach for kittiwake on the 
basis of this analysis is that their flight height can be variable in space and/or time.  
 
Table 3. Estimated proportion of Kittiwakes flying at potential collision height (20-120m) and 95% credible intervals. These 
estimates are calculated from the above models for digital aerial survey data, using separate analysis for three sites.  
 


Site 
(sample 
size) 


Proportion at 
potential collision 
height (95% credible 
interval) 


Site 1 
(131) 


0.04 (0.01, 0.09) 


Site 2 
(603) 


0.16 (0.09, 0.26) 


Site 3 
(462) 


0.31 (0.19, 0.44) 


 
5.3 Considerations for estimates of collision risk 
 
This study found clear differences between the estimated distributions from boat and digital aerial 
survey data (Section 4).  However, the implications for estimates of collision risk are a little more 
subtle. The differences in collision risk are only affected by differences in the distributions above the 
lower limit of the turbine blade, which here we set at 20m above sea level to compare directly to 
Johnston et al. (2014). So some species have distributions which look very different (e.g. kittiwake; 
Figure 11), but the distributions are similar above 20m and therefore give a similar estimate of the 
proportion flying at potential collision height (Figure 17; Table 2).  
 
Sandwich tern and Gannet have substantially higher estimates of the proportion at potential 
collision height from the digital aerial survey data distributions, compared to the boat survey data 
distributions (Figure 17; Table 2).  This difference may be attributed to several, or all, of the five 
factors mentioned in Section 4.4, which may be contributing to differences in the overall 
distributions between boat survey data and digital aerial survey data. However, due to the lack of 
comprehensive flight height data from every site in every month and spanning a large enough 
sample of years and sites from  both survey platforms, it has not been possible to determine the 
degree to which these apparent differences are due to differences in the survey method (with 
perhaps one method yielding a better reflection of reality than the other) (factors 3-5 listed in 
section 4.4) or due to differences in the sites, periods of the year, periods of the day and weather 
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conditions under which the data from the two platforms were gathered (factors 1 & 2 listed in 
section 4.4), all of which may lead to real differences in the height at which birds fly. For some 
species in particular, we believe that behavioural differences of birds around boats and planes 
(Borberg et al., 2005; Buckland et al., 2012; Spear et al., 2004; Thaxter and Burton, 2009) may be a 
major cause of  the differences in estimates of proportion at potential collision height. Whilst data 
from digital aerial survey offer greater precision, in some circumstances, flight height data may only 
be available from boat-based surveys.  
 
The key considerations that can be drawn from this work therefore are that: 
 
1) Careful consideration should be given to the most suitable survey platform to collect flight height 
and behavioural data, with aerial survey appearing to provide a better precision overall (but with 
caveats relating to the factors listed in section 4.4). 
2) Since flight heights of many species vary considerably both temporarily and spatially, this 
variability should be captured by collision risk modelling, either through use of simulation 
approaches like Masden (2015), or by using the upper and lower confidence intervals surrounding 
estimated flight height distributions in the extended Band collision risk model.  
 
Some recommendations and next steps are outlined in Section 6. 
 
 
  







 


35 
 


6. CONCLUSIONS, RECOMMENDATIONS AND NEXT STEPS 
 
6.1 Conclusions 
 
Here we presented a methodology for deriving continuous flight height distributions from digital 
aerial survey data, suitable for use in the extended Band (2012) collision risk model. Digital aerial 
surveys estimate the height of each individual bird (with an associated estimate of uncertainty) and 
these data were used to estimate flight height distributions. We compared these distributions to 
those produced from boat data (Johnston et al. 2014) and found that the distributions from digital 
aerial data differ from the distributions from boat data. For many species, the distributions from 
digital aerial data had peaks above the sea surface and the mixture model selected more than one 
peak. In contrast, the previous distributions derived from boat data (Johnston et al. 2014) generally 
had the most parsimonious model with a peak at the sea surface and an exponential-type curve 
towards higher heights.  We discussed several potential reasons for the differences in the estimated 
distributions from the two types of data and these are: 1.) differences in the flight height 
distributions between sites, 2.) differences in the flight height distributions between times or 
seasons in which data are collected, 3.) differences in bird response behaviour with the different 
survey platforms, 4.) differences in the accuracy of the different survey methods, 5.) differences in 
the analytical methods. However, due to the lack of comprehensive data from both survey platforms 
it was not possible to conclude with certainty why differences were observed.  
 
For illustrative purposes the different flight height distributions from the two types of data were 
used to estimate the proportion at potential collision risk height. For five species the estimated 
proportion at risk was similar from the distributions derived from the two types of data. This 
suggests that despite the differences between the overall distributions, the tails of the distributions 
(above risk height) are sufficiently similar to lead to similar proportions at potential collision risk 
height for these five species. Gannet and Sandwich tern had higher estimates of the proportion at 
potential collision risk height from the distribution derived from digital aerial data.  However our 
analyses suggest there is spatial and temporal variation in flight height behaviour. This result is 
consistent with findings for gannet and lesser black-backed gull from tagging data (Corman & 
Garthe, 2014; Cleasby et al., 2015) and Johnston et al. (2014) that found evidence of site-specific 
variation across many species from boat data. All of this suggests that the flight heights of many 
species vary considerably in space and time, irrespective of the survey platform used to study them. 
In the face of such variation, CRM should be based on either i) generic flight height distributions 
derived from data pooled across many sites, months and years, and exploring  the uncertainty and 
variation within those data, or ii) very robust site specific data covering the entire period of the year 
for which a species is  present at a site, with multiple years of data,  and again acknowledging 
uncertainty and variation in the data. In either case, it is likely that use of seasonal variation in the 
flight height figures used to derive PCH or distributions will yield a more reliable estimate of year-
round collision mortality than one based on an average value of PCH or average distribution that is 
applied across every month.  
 
6.2 Recommendations 
 
For most species, the distributions derived from boat and digital aerial surveys result in similar 
predictions in the proportion of birds flying at collision risk height. However, the different underlying 
shapes of the distributions may lead to significant differences in the number of collisions predicted 
when using an extended version of the Band model to carry out CRM. It is important to note that if 
the extended Band model is used, the flight height distributions may not be transferable across 
platforms, i.e. distributions derived from digital aerial survey data should not be used with densities 
derived from boat-based surveys and vice versa. Digital aerial surveys detect significantly fewer birds 
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in flight than boat surveys (WWT Consulting, 2012). Therefore, if estimates of the number of birds in 
flight derived from boat surveys are used with flight height distributions estimated from digital aerial 
survey data, may significantly over-state collision risk. 
 
It is also clear from these results that there are notable seasonal or site-specific differences in the 
proportion of kittiwake at potential collision height. It is likely, that with additional information from 
a range of sites and across multiple seasons, the same would be found to be true for several of the 
other species considered here. This highlights the importance of collecting robust site-specific data 
where possible, to inform collision risk models. This recommendation is subject to the caveat that 
site-specific data must be robust  in terms of numbers of birds recorded and the times of day, 
months of the year and weather conditions covered to reliably capture the full range of flight height 
behaviour exhibited by the birds over time at the site in question. Furthermore, it is recommended 
that provided sufficient data are available to do so, month to month variation in flight heights should 
be incorporated in CRM in the same way as variation in bird density is already dealt with. 
 
This report also found seasonal differences in estimated heights for some species. Therefore we 
recommend that the seasonal impacts on height be considered when examining the estimated 
proportion at risk.  
 
Distributions of flight heights derived from different survey platforms have different strengths and 
weaknesses (Thaxter et al. 2015) and it is important that these are considered when using 
distributions derived from either platform. Whilst there are some similarities in the proportion of 
birds at estimated risk height from different platforms, there is also evidence of seasonal and site-
specific differences for some species. By making better use of site-specific data, where available in 
sufficient quantity to yield reliable estimates of average figures and of variance around those, it will 
be possible to reduce the assumptions underpinning estimated flight height distributions resulting in 
more robust estimates of the number of birds at risk of collision from collision risk models.  
 
 
6.3 Next steps 
 
There is a clear need to fully understand the biases and errors associated with flight height estimates 
from boat and digital aerial survey data. This could be done as part of a multi-platform study in 
which estimates of flight height are made from using both boat and digital aerial survey in the same 
area over a similar time frame. If possible, these data could be compared with flight height data 
obtained from tagged birds in the same area.  
 
More generally, there is a need for wider collection of flight height estimates covering a range of 
different habitats, locations, times and species. This will help us understand the extent of variation in 
flight heights in different sites, years, seasons and weather conditions. A key requirement is to 
understand how much site specific data might be needed to capture flight height variability at a site 
and how flight height data should be used within the collision risk modelling. For example, whether 
flight heights should be stratified by month or season, and how many years of site-specific data are 
needed to capture inter-annual variation. This is a key requirement to inform decisions about 
whether site specific flight height data are adequate to provide an accurate representation of flight 
behaviour and hence collision risk potential at a site, or whether it would be more appropriate to 
use generic data on flight heights derived from a larger sample of data pooled across a range of sites, 
years and months.   
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APPENDIX 1: SITE DESCRIPTIONS 
 
Due to the sensitive nature of the data used in the modelling process, it is not possible to supply exact information describing each of the sites used in this 
analysis. However, in order to help understand how site-specific processes may be influencing the distributions derived by this analysis we present 
summary information describing each site in the following table.  
 
 


Site Minimum distance 
From Shore 


Months Surveyed 
(Years Surveyed) 


Species Present Number of Each 
Species Recorded 


Month of peak 
abundance 


1 0 km August (1 Year) 


Gannet 82 August 


Great Black-backed Gull 3 August 


Herring Gull 15 August 


Kittiwake 131 August 


Manx shearwater 9 August 


Sandwich Tern 19 August 


2 WITHELD 
January – December (2 


Years) 


Great Black-backed Gull 104 December 


Herring Gull 59 January 


Kittiwake 603 December 


Lesser Black-Backed 
Gull 


42 November 


3 WITHELD 
January – December (2 


Years) 


Great Black-backed Gull 146 January 


Herring Gull 74 January 


Kittiwake 462 January 


Lesser Black-backed 
Gull 


66 January 


4 15 km April – July (1 Year) 


Gannet 25 July 


Great Black-backed Gull 3 June 


Herring Gull 3 July 


Kittiwake 100 July 


Lesser Black-backed 
Gull 


13 July 


Manx Shearwater 223 June 
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Site Minimum distance 
From Shore 


Months Surveyed 
(Years Surveyed) 


Species Present Number of Each 
Species Recorded 


Month of peak 
abundance 


5 0 km April – July (1 Year) 


Gannet 12 June 


Great Black-backed Gull 16 June 


Herring Gull 30 June 


Kittiwake 16 April 


Lesser black-backed 
Gull 


36 June 


Sandwich Tern 181 June 


6 8 km April – June (1 Year) 


Gannet 35 June 


Herring Gull 19 June 


Kittiwake 62 April 


Lesser black-backed 
Gull 


5 June 


Manx shearwater 4 April 


7 27 km 
March – December (1 


Year) 
Lesser Black-backed 
Gull 


141 September 


8 0 km August (1 Year) 


Gannet 69 August 


Great Black-backed Gull 8 August 


Herring Gull 22 August 


Kittiwake 55 August 


Lesser black-backed 
Gull 


3 
August 


Manx shearwater 4 August 


Sandwich Tern 5 August 
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APPENDIX 2: SIMULATIONS 
 
To understand how well the modelling process can recreate the underlying distribution, we 
simulated data and analysed these data for which the underlying true distribution is known. 
Simulated data were generated using three different distributions – a log-Normal mixture, a Gamma 
mixture, and a spline. All of these generating distributions are non-parametric distributions and 
therefore are reasonably realistic distributions of seabird flight heights and a range of distributional 
shapes are enabled. The three generating distributions are described in detail below and there are 
also examples of random distributions provided.  
 
 
Spline Generating Distribution 
 
To simulate a spline distribution, 4 distributions were randomly generated with a uniform 
distribution, a log-normal distribution and two Gamma distributions. A number of individuals (birds) 
were selected from each of the distributions and these numbers were generated randomly from a 
Poisson distribution with mean 1000. Some of the parameters of each of the distributions were also 
randomly generated. The four distributions were defined as:  
 


𝑋1~𝑈(0, 150) 
 


𝑋2~exp ( 𝑁(  𝜇 = 𝑁(2, 0.5), 𝜎 = 1.5)) 
 


𝑋3~𝐺𝑎𝑚𝑚𝑎(𝑠ℎ𝑎𝑝𝑒 = 𝑃𝑜𝑖𝑠(1, 10), 𝑟𝑎𝑡𝑒 = 𝐺𝑎𝑚𝑚𝑎(2, 1)) 
 


𝑋4~𝐺𝑎𝑚𝑚𝑎(𝑠ℎ𝑎𝑝𝑒 = 𝑃𝑜𝑖𝑠(1, 5), 𝑟𝑎𝑡𝑒 = 𝐺𝑎𝑚𝑚𝑎(1, 1)) 
 
The draws from these four random distributions were combined and a spline fitted through the log 
of flight heights. This spline was converted to a probability distribution by dividing by the sum of all 
fitted values between 0-300m. This spline-based probability distribution was used to produce non-
parametric simulated distributions (Figure S1).  


 







 


44 
 


 
Figure S1. Example randomly generated probability distributions using a spline function.  


 
 
Simulating the Observations 
 
For each simulation, 500 birds were randomly simulated from a distribution generated from one of 
the three generating distributions. Bird flight heights are not measured directly, but derived and 
calculated from photo characteristics. Flight heights are therefore observed with error and it was 
important to simulate an observation process. Initially to assess how well each analysis distribution 
is able to fit to the simulated distributions, we used a small observation error. The observation 
process for each bird was assumed to be an independent error distribution and flight heights were 
assumed to be observed with no bias (i.e. centred on the true value). The simulated error 
distribution was assumed to be normally distributed and was defined as:  
 


𝑜𝑏𝑠𝑒𝑟𝑣𝑒𝑑 ℎ𝑒𝑖𝑔ℎ𝑡𝑖 ~ 𝑁(𝑡𝑟𝑢𝑒 ℎ𝑒𝑖𝑔ℎ𝑡𝑖,  𝜎𝑖
2) 


 
So the observed height of an individual bird i was estimated from a normal distribution centred on 
the true height and with an individual standard deviation for bird i. The standard deviations were 
drawn from a Gamma distribution with a shape parameter 7 and a variable rate parameter. To 
achieve an average standard deviation of 5m, we used a rate parameter of 1.4.  
 


 𝜎𝑖
2 ~ 𝐺𝑎𝑚𝑚𝑎(7, 𝑟𝑎𝑡𝑒) 


 
This produced a distribution of standard deviations with a desired median standard deviation (Figure 
S2). Comparisons of simulations with large and small error distributions will help clarify the 
contribution of error in the observation process to the estimated distributions. 
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Figure S2. Example distributions of the observation standard deviation with a median SD of a) 5m; b) 10m and c) 30m. 
Examples of 40 random error distributions for a hypothetical bird flying at a height of 10m above sea level, with median 
standard deviations of d) 5m; e) 10m and f) 30m.  


 
For the first 100 random simulations we used a standard deviation resulting in an average 95% 
confidence range in the error distribution of 5m. This simulates a flight height estimation process 
which has good precision. The second 100 random simulations we used a larger standard deviation, 
such that the average 95% confidence range was 30m. This simulates a flight height estimation 
process with less precision. Examples of the effect of this observation error on the estimates of flight 
heights is shown in Figure S3.  
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Figure S3. Two simulations were conducted: one with large observation error (left hand column) and one with small 
observation error (right hand column). The respective simulated flight heights (c and d) are from the same distribution, but 
the observed flight heights (e and f) vary substantially due to the different error distributions.  
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APPENDIX 3: COMPARING DISTRIBUTIONS FROM BOAT SURVEY DATA AND DIGITAL AERIAL DATA 
In order to investigate the potential differences between the distributions derived from data from 
boat surveys and aerial surveys, we conducted a simulation. Using one simulated distribution from 
section 3.1 (Figure S4) we simulated surveying by digital aerial and by boat methods.  
 
Firstly, we simulated digital aerial survey methods described in section 3.1 and Appendix 2. This 
simulated estimating the flight height of 500 birds with error, with the mean standard deviation of 
the observations at 30m (this is similar to the digital aerial survey data) (Figure S5). This was 
analysed as described in section 3.2 to estimate a flight height distribution (Figure S6).  
 
Secondly, we simulated a survey protocol similar to the boat surveys. We used the boat data for 
gannets from Johnston et. al. (2014) to act as a framework for simulating the boat distributions. We 
simulated data collection that followed the pattern of the gannet data. We used the height bands 
and number of individual gannets observed at each site, to replicate the sampling regime of the boat 
surveys (Figures S7 & S8). We used the simulated flight height distribution and simulated sampling 
this using the gannet distribution of sites and number of individuals. We then analysed this 
simulated boat survey data with the analysis protocol for boat data (Johnston et al. 2014) (Figure 
S9).  
 


 
Figure S4. True distribution of flight heights in the simulation. 


 


 
Figure S5. Distribution of estimated flight heights of 500 birds using the simulated survey protocol similar to digital aerial 
surveys, so heights are estimated with error.  
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Figure S6. Estimated distribution of flight heights using the simulated survey protocol similar to digital aerial surveys and 
the modelling approach described above. Estimated distribution (blue line) and 95% credible interval (pale blue) compared 
to true simulated distribution (black line). 


 


 
Figure S7. Distribution of estimated flight heights from one site using the simulated survey protocol similar to boat surveys, 
in which birds are assigned to height categories.  


 


  







 


49 
 


Figure S8. Distribution of estimated flight heights using the simulated survey protocol similar to boat surveys, so birds are 
assigned to height categories. To create this histogram, all birds within each height category are assumed to be evenly 
distributed across the height category (replicating the level of information available in the height categories).  


 


 
Figure S9. Estimated distribution of flight heights using the simulated survey protocol similar to boat surveys, using the 
modelling approach described in Johnston et al. (2014). Estimated distribution (red line) and 95% credible interval (pale 
red) compared to true simulated distribution (black line). 
 


 
Figure S10. Comparison of true simulated distribution (black line), the estimated distribution using the approach to analyse 
digital aerial data described above (blue) and the estimated distribution using the approach to analyse boat survey data 
described in Johnston et al. (2014) (red).   


 
These results indicate that a combination of the data collection regime and the analytical approach 
may lead to different estimates of the same underlying distribution. Boat surveys and digital aerial 
surveys have very different characteristics of error and precision. It is also important to note that 
birds may have different behavioural responses to each survey platform. Whilst many species show 
attraction to, or displacement by, boats (Camphuysen et al. 2004, Schwemmer et al. 2011) the 
altitude of digital aerial surveys may be less likely to trigger a response (Rojek et al. 2007, Buckland 
et al. 2012). These differences may influence the final derived distributions, but cannot be 
incorporated into simulation excercises such as this. The analysis protocols for the two sources of 
data use different analytical structures to estimate the flight height distributions. The combination of 
the data collection and the analysis may result in differences (Figure S10), however, it is impossible 
to separate here whether that is a consequence of the data collection or the analysis. In reality, it is 
likely to be a combination of both of these factors. 
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APPENDIX 4: UPDATED FLIGHT HEIGHT RISK SUMMARY 
 
Here we have updated Table 34 from the Report from Objective 1 (Thaxter et al., 2015) to include 
estimates of the proportion at potential collision risk from the digital aerial survey flight height 
distributions presented here. We have calculated the median and 95% credible intervals for the 
proportion of the population flying between 30m and 150m above sea level. Although different to 
the risk height bands used elsewhere in this paper, we have copied this directly from Thaxter et al. 
(2015) and therefore use the lower and upper heights used in this report. The results in this table 
differ from those listed in Table 2 (20-120m). Note that the information in this table is intended to 
illustrate how comparable estimates of flight heights from different platforms may be. However, 
given the data available, it is not possible to determine whether any differences are the result of the 
platform from which the measurements were made or if they may relate to site or seasonal 
differences in data collection.  
 
 
Table S3. Summary of flight height distribution data from different methods for UK species, taken from (Thaxter et al., 
2015). Updated with an additional column from the flight height distributions in this report. Flight height data was 
summarised in two ways: (1) As a percentage of the flight height distribution (for example, % time/birds/GPS fixes), at or 
below minimum turbine height where risk of collision is reduced – based on the studies reviewed, we assumed a vertical 
turbine rotor sweep zone (RSZ) of 30-150 m; and (2) Percentage of the distribution at collision risk height using study-
specific RSZs. Highlighted cells indicate a subjective gradation of risk (green = low, yellow = medium, red = high) based on 
these two data summaries (see key).
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Species  
Visual methods (+) 


Tags GPS and altimeter (++) Radarb (++) Laser rangefinderh (+) Digital aerial survey data Boata
  Visual Panoramab 


Common Eider 
34.6% [3.5-55.8 CI] 


in RSZ   Marine duck species: <100 m, 
most <10m 


 
 


Common 
Scoter 


1.9% [0.1-10.9 CI] 
in RSZ 


ca 30% at RSZ 
outside WF   


 


Red-throated 
diver 


6.2% [1.5-32.3 CI] 
in RSZ   Diver species: Variable, 


generally low <30 m ASL. 


 
 


Black-throated 
diver 


8.1% [6.8-33.1 CI]  
in RSZ    


 


Grebe spp    
Variable, generally low <50 m 


ASL.  
 


Northern 
Fulmar 


1.0% [0.0-9.2 CI] in 
RSZ     


 


Manx 
Shearwater 


0% [0.0-0.0 CI]  in 
RSZ     


0.0% [0-0.2 CI] 


Northern 
Gannet 


12.6% [6.2-20.0 CI] 
in RSZ 


41% at RSZ outside 
WF, 21% inside 


Plunge-dives, most at 11–60 
m (mean±SE = 37.1±2.8 m; 


range 3-105 m)
c
 


Most <10 m, some foraging 
up to 50 m searching for 


food. Gannets plunge from 
10-30 m. 


Boxplot whisker range: 1.7-
40.5 m, median 18.8 m, 


whisker RSZ overlap 26.3%, 
IQR overlap 0% 


34.5% [28.6 – 40.8 CI] 


Great 
Cormorant 


1.7% [0.8-27.1 CI] 
in RSZ 


24% at RSZ outside 
WF, 33% inside  


Cormorant species: Low-
intermediate altitude most 
<5m not higher than 75m 


 
 


European Shag 
12.6% [2.0-64.3 CI] 


in RSZ    
 


Arctic Skua 
2.6% [1.7-10.0 CI] 


in RSZ     
 


Great Skua 
5.9% [3.5-17.9 CI] 


in RSZ  
<5 m; 4.4% daytime collision 


risk height
d
   


 


Black-legged 
Kittiwake 


15.0% [11.7-17.3 
CI] in RSZ 


ca 50% at RSZ 
outside WF, ca 40% 


inside 
 


Gull species: see below 


Boxplot whisker range: 1-
34.8 m, max ca. 80 m; 


median 16.6 m, whisker RSZ 
overlap 13.9%, IQR overlap 


0% 


3.3% [2.3 – 4.4 CI] 


Black-headed 
Gull 


13.9% [5.7-25.5 CI] 
in RSZ 


41% at RSZ outside 
WF, 21% inside  


Migrating flocks mostly in the 
RSZ and above; gull species 


see below 
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Little Gull 
0.0% [0.0-100.0 CI] 


in RSZ   


Gull species: Locally < 50 m 
above sea level, mean 


(foraging, travelling during 
breeding) up to 250 m. 


Boxplot whisker range: 8.6-
24.5 m, max ca. 48 m; 


median 18.8 m, whisker RSZ 
overlap 0%, IQR overlap 0% 


 


Common Gull 
21.9% [19.0-30.1 


CI] in RSZ 
46% at RSZ outside 


WF, 55% inside   
 


Lesser Black-
backed Gull 


28.2% [20.3-43.1 
CI] in RSZ 


>50% at RSZ 
outside/inside WF 


89 % fixes below 20 m
e
 


Boxplot whisker range: 0-
69.6 m; median 26.3 m, 


whisker RSZ overlap 56.0%, 
IQR overlap 37.4%; max, ca 


131 m 


32.3% [25.7 – 39.7 CI] 


Typically <20 m, most <5 m; 
31.2% daytime at collision risk 


height 
d
 


Estimation from figure 6: 
Spring and Autumn migration 
travel ca. >70% values <250 m 


AGL (coarse banding)
f
 


ca.90% flying fixes < 25m (Fig 
5.12); 3.7% >75 m; Lesser 


Black-backed Gulls were more 
common than Herring Gulls 


>75 m (5.2 and 2.4%)
g
 


Herring Gull 
31.9% [25.2-41.2 


CI] in RSZ 
>50% at RSZ 


outside/inside WF 


ca.90% flying fixes < 25m (Fig 
5.12); 3.7% >75 m; Lesser 


Black-backed Gulls were more 
common than Herring Gulls 


>75 m (5.2 and 2.4%)
g
 


Boxplot whisker range: 0-
74.2 m; median 32.4 m, 


whisker RSZ overlap 58.0%, 
IQR overlap 42.2%; max, ca 


180 m 


25.8% [19.6 – 32.3 CI] 


Great Black-
backed Gull 


32.5% [28.5-42.8 
CI] in RSZ 


>50% at RSZ 
outside/inside WF 


  


Boxplot whisker range: 6.1-
66.1 m; median 34.4 m, 
whisker RSZ overlap 59.5%, 
IQR overlap 66.9% 


16.2% [10.8 -22.6 CI] 


Sandwich tern 
7.0% [6.1-14.9 CI] 


in RSZ 


ca 50% at RSZ 
outside WF, ca 30% 
inside 


  


Tern species: Generally up to 
20 m average, but through 
RSZ on migration 


  
13.7% [7.3 – 21.9 CI] 


Common Tern 
7.4% [4.4-9.9 CI] in 


RSZ   
  


  
 


Arctic Tern 
4.0% [0.6-14.3 CI] 


in RSZ   
  


  
 


Common 
guillemot 


0.4% [0.0-10.2 CI] 
in RSZ   


  Alcid species: Hardly ever 
higher than 50m and nearly 
always very low <5m 


  
 


Razorbill 
2.7% [0.0-13.7 CI] 


in RSZ   
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a Johnston et al. 2014a; b Krijgsveld et al. 2011; c Garthe et al. 2014; d Ross-Smith et al. (unpubl data); e Corman & Garthe (2014); f Klaassen et al. (2011); 
 g Ens et al. (2008); h Mendel et al. (2014, extracted from Fig 11.12).  


 
Key 


Green = <10% time/birds/fixes > 30 m; <10% at collision risk height (in RSZ) 


Yellow = 10-30% time/birds/fixes > 30 m  or <30% at collision risk height (in RSZ) 


Red = >30% time/birds/fixes >30m; or more than 30% at collision risk height (in RSZ) 


Grey = Hard to categorise or lacking full distribution 


 
 
 


Little Auk 
3.6% [0.0-5.0 CI] in 


RSZ   
  


  
 


Atlantic Puffin 
0.0% [0.0-6.8 CI] in 


RSZ   
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1 Introduction 


1.1 Outputs from the Band collision risk model (CRM) for use in the impact 
assessments and Habitats Regulations Assessments for recent Round 3 
offshore wind farms, including Dogger Bank Creyke Beck and Hornsea 
Project One, have been derived through use of the extended model (Band 
2012a). 


1.2 Following submission of Development Consent Order (DCO) applications, 
representations have been received from the statutory nature conservation 
bodies (SNCBs) and the Royal Society for the Protection of Birds (RSPB) in 
relation to the use of the extended model and how certain avoidance rates 
may, or may not, be appropriate for use within the extended versions of the 
Band model.  As the selection of avoidance rate plays such a critical role in 
determining predicted collision numbers (and therefore potential impact on 
bird populations), deriving a rate that is appropriate for use with the selected 
model option is an important consideration (Chamberlain et al., 2006).  Given 
the potential implications raised by the issue in respect of the assessment 
outcomes for the current Round 3 offshore wind farms, it is considered 
necessary to review the application of existing avoidance rates in the Band 
Model and confirm whether or not these rates can be justifiably applied in 
situations where the extended model is used. 


1.3 This Report provides a synthesis and review of the information relevant to 
determining which avoidance rates are appropriate for use with the extended 
model and presents the findings to inform discussion with relevant parties. 
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2 Background 


2.1 The standard method to estimate collision risk to bird populations is based on 
pre-construction counts of bird activity at a proposed wind farm site and the 
input of such data into a model to assess numbers likely to be killed by 
collisions.  The assessments are normally made using the Band model (Band 
et al., 2007; Band, 2012a).  The Band model calculates the proportion of birds 
flying at rotor height that would be expected to pass through a turbine 
unscathed and the proportion expected to collide if no evasive action was 
taken.  In practice, birds tend to take evasive action, and the numbers likely to 
be killed are mainly determined by the extent of evasive action rather than by 
features of turbine design or species’ flight speed or bird size (Chamberlain et 
al., 2005 and 2006). 


2.2 To use the Band model, a correction factor has to be applied to account for 
the extent to which birds avoid turbines.  The specific avoidance correction 
factor (generally referred to as an avoidance rate), which needs to be applied 
should be species specific and take into account observed avoidance 
behaviour (SNH 2010)). 


2.3 Before data on bird behaviour at wind farms were available, SNH 
recommended use of a precautionary avoidance rate estimate of 95%, but 
with accumulation of data at terrestrial wind farms this has been revised to 
98% for most species, except kestrel (95%), golden eagle and hen harrier 
(99%) and geese (99.8%), (SNH 2010; 2013).  With development of offshore 
wind farms, there is a need to consider whether avoidance rates of seabirds, 
and appropriate avoidance correction factors for application of the Band 
models, are the same as, or different from those of terrestrial birds. 


2.4 The updated Band Model (Band, 2012a) differs from the original (developed 
for onshore wind farms (Band et al., 2007)) in two key ways.  Firstly, bird 
numbers are input as densities rather than raw counts, which better reflects 
the way in which data are collected in the offshore environment.  Secondly, 
the updated Band model takes better account of the distribution of birds in 
relation to the rotor swept area and is capable of incorporating the following 
options for considering the input of flight heights: 


 Option 1 - using the basic model, i.e. assuming a uniform distribution of 


flight heights between lowest and highest levels of the rotors; and using 


the proportion of birds at risk height as derived from site survey; 


 Option 2 - again using the basic model, but using the proportion of 


birds at risk height as derived from generic flight height information; 


 Option 3 - using an ‘extended’ version of the model and taking account 


of modelled flight height distributions for each of the study species; and 


 Option 4 - .using an ‘extended’ version of the model and taking account 


of flight height distribution for each of the study species derived from 


specific observational data. 
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2.5 Options 3 and 4 provide the most sophisticated representation of the way that 
birds are likely to interact with turbines because, as Band (2012a) points out, 
they take account of the fact that seabirds tend to fly at relatively low altitude 
over the sea surface and that the distribution of flight heights will tend to be 
skewed towards lower altitudes.  This influences modelling in 3 ways: 


i. The proportion of birds flying at potential collision height will decrease 


with the height of the rotor above the sea surface.  That is, there will 


always tend to be more birds distributed towards the lower part of the 


potential collision height window than its upper part. 


ii. The risk of passing through the area swept by a rotor is lower at the 


lower part of the potential collision height window, because the rotor 


circle occupies less width at that level than, for example, at the 


midpoint of its diameter.  This reduces the number of transits predicted 


to pass through the rotor swept area and.  Band (2012a) estimates, for 


some species, this could represent a reduction of 50% or more 


resulting in a corresponding reduction in collision risk. 


iii. If birds fly through the rotor swept area close to the extremity of the 


blades, the single-transit probability of collision there is less than for 


passages closer to the hub.  Whilst a smaller effect than that expected 


in (ii), this may still account for a reduction in collision of about 10%. 


2.6 Option 1 is the least sophisticated approach and takes no account either of 
the distribution of birds within the zone of potential collision risk nor their 
differential risk of collision with the turbine. 


2.7 Option 2 offers an intermediate position as it takes account of the distribution 
of birds within the zone of potential collision risk but uses the less 
sophisticated, basic model to calculate the risk of those birds colliding with a 
turbine blade. 


2.8 Avoidance rates for use in the Band model have been derived from reported 
mortality rates (rather than direct observations of avoidance) following the 
formula given in SNH (2010), whereby observed mortality is divided by the 
mortality expected in the absence of avoidance based on the flux of birds 
through the rotor-swept area: 


                 (
                   


                                               
) [eq. 1] 
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2.9 The resultant avoidance rates have then been used to infer likely avoidance 
rates for species for which insufficient data exist to allow such a calculation.  
Estimation of the number of collisions expected in the absence of avoidance 
requires details of the flux rates of the species through the focal site and for 
an assumption to be made as to the species’ flight height distribution.  In the 
studies reported in SNH (2010), avoidance rates have been derived assuming 
a homogenous flight height distribution (i.e. all birds are distributed equally 
within the rotor-swept area of the turbine) within the framework of the basic 
Band model (Band, 2012a).  However, as birds are unlikely to be distributed 
evenly within the rotor-swept area of a turbine, this assumption is unlikely to 
realistic.  Indeed, as seabird flight height distributions are skewed towards 
lower altitudes (Cook et al., 2012, Johnston et al., in press), such an 
assumption will lead to an overestimate of the total number of birds at risk, 
and therefore an overestimate of the total avoidance rate.  


2.10 In respect of the use of avoidance rates when using the extended model, the 
following statement is provided in Band (2012a): 


“In particular, if the extended model taking account of flight height distribution 


is used, it is important that the calculations on which avoidance rates are 


based also start with a no-avoidance collision rate derived using the 


extended model.” 


2.11 This statement relates to the skewed nature of bird flight density, as noted 
above, and the effect that this has on collision risk as noted above. 


2.12 The extended model already takes account of the high proportion of low flying 
birds which will miss the rotor discs without taking avoidance action.  As these 
birds may have contributed to avoidance statistics calculated in respect of the 
basic Band model (Option 1), using the avoidance rate calculated for use with 
Option 1 in conjunction with the extended model would effectively lead to 
double counting of this proportion of birds. 


2.13 The significant influence that the choice of avoidance rate has on model 
predictions is recognised and the need to consider the appropriate avoidance 
rates to use with the extended model (Options 3 and 4) is not under question.  
It should not be assumed though that this implies that 98% is not the 
appropriate rate to use with the extended model.  In the first instance, there is 
now a significant body of work indicating that avoidance rates for seabirds 
when at sea may be very high because of the interplay of a range of factors 
linked to bird ecology and behaviour, topography and weather and that a 98% 
avoidance rate (as regularly advocated by the statutory nature conservation 
bodies) is overly precautionary for seabirds (see Appendix 3).  Furthermore, it 
is clear that where avoidance rates have been derived from observations of 
behaviour (rather than being inferred from a comparison of predicted and 
actual collision rates) that these rates will provide a better representation of 
the level and reality of collision. 
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3 Study Components 


3.1 There are four key components to the overall study, as set out below, and 
these are discussed in this report.  The outputs from each of these are 
important in providing an integrated view and understanding in respect of the 
use of appropriate avoidance rates in the extended Band model.  While the 
information presented relates to general aspects of avoidance rate derivation 
for the offshore environment, there is a focus on those seabird species that 
have been identified through the project specific assessment work to be at 
particular risk of collision, namely: northern gannet, black-legged kittiwake, 
great black-backed gull and lesser black-backed gull. 


Component 1 – review of assumptions and data used to support the 


avoidance rates utilised for onshore wind farms using Option 1 of the 


Band model 


3.2 Limited consideration appears to have been given to the applicability and 
transferability of the avoidance rates derived for use with terrestrial bird 
species at onshore wind farms to use with seabirds at offshore wind farms. 


3.3 This component of the study provides a review of the assumptions / 
precautions used in the derivation of avoidance rates used in CRM for 
onshore wind farms.  On the basis of the review, consideration is given as to 
whether these assumptions specifically apply to the transposition of the same 
avoidance rates in assessing the collision risk associated with offshore wind 
farms.  Where it is considered that the assumptions are invalid or should be 
modified the implications with regard to the use of the terrestrially derived 
default 98% avoidance rate in collision risk assessment for offshore wind 
farms are provided.  The results of this work are presented in Appendix 1. 


Component 2 - comparison of avoidance levels between the basic Band 


model (Options 1 and 2) and the extended Band model (Options 3 and 4) 


3.4 This part of the study considers what avoidance rates would need to be 
applied in order to achieve parity in the impact outputs (i.e. number of 
collisions) between the basic model (Option 1) and extended model (Options 
3 and 4).  This was undertaken for the four seabird species under 
consideration.  Some initial results for northern gannet are presented in the 
worked example presented as part of the Strategic Ornithological Support 
Services (SOSS) 2 project on collision risk (Band, 2012b).  From this it is 
apparent that in order to generate collision numbers that are the same or 
similar to the outputs from Option 1, that the avoidance rates required to be 
used for Options 3 / 4 would be lower than is acknowledged to be realistic.  It 
is expected that such a situation also applies to other seabird species.  The 
outputs of these two analyses are presented in Appendices 2A and 2B.  
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Component 3 - review of available studies providing information on 


seabird avoidance rates 


3.5 Only limited work has been undertaken in recent years to review existing 
observational data that may be of use in providing a more accurate idea of 
avoidance rates for seabird species.  This aspect of the study provides a 
comprehensive review of the available avoidance rate (macro-avoidance and 
micro-avoidance) data from coastal, offshore and selected onshore wind 
farms.  The findings of the review are used to determine whether the default 
98% avoidance rate currently used in the majority of assessment work is 
reflective of the observational data for seabirds and, if not, what avoidance 
rates would be appropriate.  The review is presented at Appendix 3. 


Component 4 - review of avoidance rate evidence base in consent 


decisions 


3.6 This part of the study considers the evidence base that has been utilised in 
previous offshore wind farm consent decisions where avoidance rates have 
changed from those previously acknowledged by the industry.  Where it is 
apparent that deviations from use of the standard 98% avoidance rate have 
been made, then there may be either useful evidence put forward to justify 
specific rates or principles of position that are relevant to the discussion 
regarding the applicability of rates in respect of the extended model.  The 
outputs from this component of the review are presented in Appendix 4. 
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4 The evidence base for avoidance rates in 
seabirds 


4.1 For the purposes of the assessment of collision risk at offshore wind farms, 
the general practice has been to adopt the default 98% avoidance rate (SNH, 
2010) derived for terrestrial bird species and transpose this to seabirds in the 
offshore environment.  This situation has arisen largely due to the 98% rate 
being viewed as ‘safe’ because of the inherent precautionary considerations 
built into the rate and also, historically, due to the limited evidence base to 
indicate that avoidance rates should be any different for seabirds in the 
offshore environment. 


4.2 When SNH originally devised its collision risk model (Band et al., 2007) a 
precautionary avoidance rate of 95% was chosen.  This figure was based 
solely on expert opinion, with little or no empirical basis, as no sound, relevant 
data were available at the time.  The SNH (2010 & 2013) updates of the use 
of avoidance rates in the SNH CRM, used data from a number of studies to 
propose revised avoidance rates for a number of species (e.g. 99% for golden 
eagle and hen harrier, 99.8% for geese) and a default avoidance rate of 98% 
for species where there was no existing empirical evidence to suggest an 
alternative rate.  The change from the previous default value of 95% (for the 
majority of species) to 98% was justified on the basis of a number of studies 
and reviews of available data, many of which dated back to at least 2006-
2007. 


4.3 Since publication of the SNH (2010) guidance there has not been a 
comprehensive review of the evidence base for avoidance rates in seabirds in 
order to update and inform the use of CRM outputs in the assessment 
process for offshore wind farms.  It is now apparent, however, from monitoring 
work undertaken over the past 5-10 years that there is a significant body of 
information that provides a strong evidence base that enables appropriate 
(and realistic) avoidance rates to be determined for seabirds in the marine 
environment.  This work is reviewed in Appendix 3 and summarised for key 
species groups below: 


 Gulls: Post-construction monitoring data from a variety of offshore, 


coastal and terrestrial wind farms show that levels of active avoidance 


that may occur at short distances (termed the micro-avoidance rate) by 


gulls are consistently extremely high.  Of the 16 studies reviewed in 


Appendix 3, the minimum calculated micro-avoidance rate is 99.25%, 


maximum 100%, median 100% and mean 99.97%.  There is no 


evidence from the available studies that micro-avoidance rates of gulls 


differ significantly between offshore/coastal and terrestrial sites, or 


among gull species.  In addition to these very high micro-avoidance 


rates, gulls also show moderate levels of active avoidance at long 


distances, up to several kilometres from a wind farm, (termed macro-


avoidance) at around 50%, so combined with the minimum estimate of 


99.25% micro-avoidance a total avoidance rate of 99.625% is obtained. 
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 Terns: Monitoring data from a variety of offshore and coastal wind 


farms show that micro-avoidance rates of terns are consistently 


extremely high.  From the available data, micro-avoidance rates by 


terns are a minimum of 99.83%, maximum 100%, median 99.97% and 


mean 99.945%.  Terns also show moderate macro-avoidance at 


around 50%. Combined with the minimum micro avoidance rate this 


gives a total avoidance rate for terns of 99.91%. 


 Gannets: Observed avoidance rates of gannets are consistently 


extremely high with particularly high macro-avoidance, consistent with 


the recommendation of a precautionary estimate of 99.8% avoidance 


suggested by Whitfield and Urquhart (2013). 


 Sea ducks: Avoidance rates of sea ducks (predominantly common 


eider) are consistently extremely high with high macro-avoidance and 


high micro-avoidance; Danish data suggest an avoidance rate of 


99.98%. 


4.4 The overall conclusion from the studies reviewed in Appendix 3 is that 
observed avoidance rates in all seabirds considered to be prone to collision 
with wind turbines are high and generally greater than 99.5%.  It is important 
to note that, in many of the studies, the derived avoidance rates are based on 
empirical (observational) data.  These studies therefore provide the data to 
fulfil the requirement set out in the SNH (2010) guidance that if potential 
change to the default 98% rate for a species is to be advocated that this 
should be based on a sound evidence base.  Another key aspect is that there 
is strong consistency across all of the studies showing that high avoidance 
rates in seabirds are observed for a range of locations and situations, 
indicating that such rates are more than likely to apply in all situations that are 
typical of those represented by the studies to date. 
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5 Derivation of the default 98% avoidance 
rate and its applicability to seabirds in the 
marine environment 


5.1 The default 98% avoidance rate for the majority of species advocated in the 
SNH (2010) guidance is based upon post-construction studies at terrestrial 
wind farms.  In these studies the avoidance rate is derived by comparing the 
numbers of birds killed by collision (i.e. the mortality rate rather than direct 
observation) in relation to numbers flying close to turbines and at risk height.  
In deriving the avoidance rates for terrestrial species there are a number of 
factors which indicate that the overall rates are overly precautionary (see 
Appendix 1) for use in the offshore environment where there are significant 
differences with respect to the collection of data for use in the CRM and 
seabird behaviour.  The following key points can be drawn out from the work 
presented in Appendix 1 and Appendix 3: 


 At terrestrial sites the derived rates are primarily ‘micro-avoidance’ 


rates, since birds that undertake avoidance action at distance from 


terrestrial wind farms are not normally counted in post-construction 


surveys.  Thus the SNH recommended avoidance rates essentially 


represent micro-avoidance rates, with the macro-avoidance component 


generally excluded, and therefore the derived rates will underestimate 


the total avoidance rate shown by birds.  Such underestimation may be 


minimal for most terrestrial bird species as there is little evidence to 


suggest that terrestrial birds (apart perhaps from golden eagle and 


geese) show macro-avoidance (Devereux et al., 2008; Garvin et al., 


2011; Pearce-Higgins et al., 2012; SNH 2013; Haworth and Fielding, in 


press). 


 Surveys of avian flight activity at onshore wind farms are typically 


carried out using a series of vantage points selected so that no part of 


the wind farm is more than 2km from at least any one vantage point 


(SNH, 2013).  However, over a distance of 2km, a relatively high 


proportion of birds flying through the area are unlikely to be detected as 


the probability of detecting a bird decreases as distance from the 


observer increases (Buckland et al., 2001; Madders & Whitfield, 2006; 


SNH 2013).  Although it is possible to correct for imperfect detection 


through distance sampling, in practice, this does not appear to have 


been done in any of the studies in which derived avoidance rates have 


informed recommendations provided in SNH (2010). 


 The flight behaviour of seabirds at proposed offshore wind farms is 


surveyed using techniques such as radar, high definition aerial 


photography and video, and boat transects.  Digital photographic and 


video methods are likely to detect a very high proportion (close to 


100%) of the birds present (Buckland et al., 2012).  If, as is quite likely, 


bird detection rates over a 2000m range vantage point survey at 
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terrestrial sites are about 50% for many species (Diefenbach et al., 


2003; Madders and Whitfield, 2006; Calladine et al., 2009; Warren and 


Baines, 2011), then a 98% precautionary avoidance rate for terrestrial 


birds would be equivalent to a 99% precautionary avoidance rate for 


offshore wind farms where virtually all birds will be detected. 


5.2 On the basis of the review work presented in Appendix 1 and Appendix 3 it is 
clear that the default 98% avoidance rate is in itself precautionary with respect 
to use in the terrestrial environment.  As the avoidance rate is largely derived 
from studies of interactions of terrestrial bird species at onshore wind farms, 
there are several aspects and assumptions that do not specifically apply to 
CRM in the offshore environment.  The general lack of macro-avoidance 
exhibited by terrestrial species, in comparison to seabirds, and the level of 
detection error inherent in terrestrial surveys indicates that the 98% avoidance 
rate should be viewed as overly precautionary with respect to CRM for 
seabirds. 
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6 Selection of an appropriate avoidance rate 
to use in Options 3 and 4 of the extended 
Band Model 


6.1 The SNCBs in their consultation responses to date on the use of Options 3 
and 4 of the extended Band model have made it clear that in order for the 
outputs from these options to be considered it cannot be assumed that the 
standard 98% default avoidance rate should apply.  In their relevant 
representation to the Planning Inspectorate on the proposed Dogger Bank 
Creyke Beck wind farm development, Natural England and the Joint Nature 
Conservation Committee (JNCC) make the following statement: 


“The use of Option 3 to inform the impact assessment results in significantly 


lower predicted mortalities when compared with Option 1 results. JNCC and 


Natural England currently recommend the use of the “basic” Band model (i.e. 


Option 1 or 2 depending on whether site specific data is appropriate, see 


Band 2012), not the “extended” Band model used in Option 3. This advice is 


based on issues regarding some of the assumptions underpinning these 


options, and in particular from the uncertainty around the appropriateness of 


applying Avoidance Rates (ARs) derived using the ‘basic’ Band model to the 


’extended’ Band model”. 


6.2 A very similar statement was provided by JNCC and Natural England in their 
relevant representation on Hornsea Project One: 


“JNCC and Natural England currently recommend the use of the ‘Basic’ Band 


model (i.e. Options 1 or 2) (see Band 2012), not the ‘Extended’ Band model 


used in Option 3, and now Option 4. This advice is based on reservations 


regarding some of the assumptions underpinning these options, and in 


particular stems from the uncertainty around the appropriateness of applying 


Avoidance Rates (ARs) derived using the ‘Basic’ Band model to the 


‘Extended’ Band model.” 
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6.3 The current 98% default avoidance rate derived from onshore studies (see 
Appendix 1) is unlikely to be realistic for seabirds in the marine environment.  
Terrestrial survey methods are likely to significantly underestimate bird flux 
(leading to a lower expected number of collisions and a derived avoidance 
rate that will also be an underestimate) and rates for terrestrial species are 
unlikely to incorporate any macro-avoidance behaviour.  As seabirds show 
medium to high macro-avoidance behaviour, the application of a rate that 
effectively incorporates no macro-avoidance element is likely to be 
significantly over precautionary when applied to seabirds.  This suggests that 
the default 98% avoidance rate currently applied in CRM for seabirds, and as 
used in the ‘basic’ model (i.e. Option 1 of the Band model) is not realistic and 
it can be argued that for seabirds the default rate should be greater than 98%. 


6.4 As summarised in the previous section and detailed in Appendix 3, there is 
now significant evidence from observational studies that avoidance rates for 
seabirds in the coastal and offshore environment are high for all species 
studied.  The available evidence suggests that a 99.5% avoidance rate would 
be precautionary for gulls (including black-legged kittiwake), northern gannet, 
terns and sea-ducks. 


6.5 A comparison of the avoidance rates that would be required for both basic 
and extended models to predict similar rates has been undertaken.  Appendix 
2A and 2B provide the results of reverse calculations undertaken on the 
collision risk predictions using the extended model for four seabird species 
and indicate the avoidance rates required to produce similar collision rates to 
the basic model (Option 1).  This work shows that the rates that would need to 
be applied to the extended model are much lower than those typically used in 
the basic model and significantly lower than the observed avoidance rates for 
all of the seabird species considered (see Appendix 3). 


6.6 This exercise is essentially a comparison of the accuracy of the basic and 
extended versions of the model.  It indicates the correction required to the 
basic verison to compensate for its inherent over-estimate of collision rates.  
This over-estimation arises because, compared to the extended version, the 
basic version coarsely approximates the number of birds at risk.  Any 
differences in the avoidance rates calculated to equalise the number of 
collisions between options (see Appendix 2) are essentially a reflection of 
differences in the capacity of the individual model options to predict the 
number of collisions. 
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6.7 In order to equalise collision rate estimates between model options the 
avoidance rate needs to take account of both bird avoidance behaviour and a 
correction for model conservatism.  A higher correction factor will be required 
to those options that coarsely approximate the number of birds at risk (i.e. a 
greater correction factor needs to be applied for use with options 1 and 2 of 
the model than for options 3 and 4).  Defining the specific correction factor 
that needs to be applied to each of the Band model options (and in respect of 
each species under consideration) depends on the characteristics of the 
model rather than on the observed avoidance rate.  Options 3 and 4 provide 
significantly more accurate estimates of collision than options 1 and 2 of the 
model as they represent a better ‘model’ of seabird behaviour (i.e. by taking 
into account flight height).  As such, only limited correction (relative to the 
observed avoidance rate) is likely to be required in comparison to the basic 
model.  Put another way, it is considered unlikely that the inaccuracies in the 
extended model would overestimate collision by a significant factor.  Based 
on observed avoidance rates of 99.5%, a ‘corrected’ minimum rate of 98%, 
which would represent a fourfold increase in collision numbers over observed 
rates, is therefore considered suitably precautionary for use with the extended 
model.  Given the greater inherent accuracy of the extended model, it is 
considered that the extended model together with an appropriate avoidance 
rate for this version of the model (i.e. a minimum of 98%) should be used to 
determine what avoidance rate (i.e. the necessary correction) should be 
applied to the basic model in order to deliver approximate parity in the 
predicted outcomes.   
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7 Conclusions 


7.1 This review of the use of avoidance rates for seabirds in CRM for offshore 
wind farms has drawn together information and evidence from a number of 
sources.  The main points that can be drawn from the studies and analysis 
presented here are as follows: 


 The default 98% avoidance rate largely derived from studies of 


interactions of terrestrial bird species at onshore wind farms is based 


on a number of aspects and assumptions that do not specifically apply 


to the offshore environment.  The general lack of macro-avoidance 


exhibited by terrestrial species, in comparison to seabirds, and the level 


of detection error inherent in terrestrial surveys indicates that the 98% 


avoidance rate should be viewed as overly precautionary with respect 


to CRM for seabirds. 


 As the summary of the evidence base for the derivation of 


recommended avoidance rates (see Appendix 1) illustrates, in the 


studies that informed the SNH (2010) guidance, where avoidance rates 


have been derived from empirical data on mortality, reported values for 


avoidance have been in excess of 99% (Pendlebury, 2006; Whitfield & 


Madders, 2006; Whitfield, 2009).  In these cases, estimates of the 


number of collisions expected in the absence of avoidance would need 


to be at least double to reduce the derived avoidance rate to the 98% 


default value. 


 A review of available data from studies of avoidance rates in seabirds 


shows that both micro-avoidance and macro-avoidance rates are high 


and, when combined, the overall avoidance rate for all species 


considered to be potentially prone to collision risk is typically greater 


than 99.5%. 


 To date there has been very limited acceptance of anything but the use 


of the 98% default avoidance rate with Option 1 for use in CRM for 


seabirds (see summary provided in Appendix 4).  This situation is likely 


to have arisen for a number of reasons, chief of which are: 


o The precautionary nature and applicability of the onshore derived 


98% avoidance rate has not been fully considered / understood in 


respect of its application for use in the offshore environment; 


o The lack of any specific and up to date review of the available 


data for seabird avoidance rates in the offshore environment; 


o There has been a certain amount of inertia on the part of both 


developers and statutory bodies to investigate the issue.  A large 


element of this probably relates to the fact that the scale and 


nature of previous offshore wind farm developments has enabled 


precautionary avoidance rates to be applied without leading to 


any predicted detriment to designated seabird populations (i.e. a 
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conclusion of adverse effect on integrity would be unlikely to 


arise).  Therefore the need to query further the use of such 


precautionary rates has occurred infrequently.  It would also 


appear that in cases where high (non-standard) avoidance rates 


have been utilised, that unless it was apparent from the 


assessment work that a potential adverse effect on integrity could 


arise, the use of these rates has not been fully scrutinised. 


 In those instances where greater than 98% avoidance rates have been 


utilised in CRM (see Appendix 4) the weight of evidence used to argue 


for a higher rate has varied.  With respect to Sandwich tern, data from 


a limited number of studies has been sufficient to enable the competent 


authority to use a higher rate in their determination.  In other situations, 


for example, the assessment of the impact of collision for lesser black-


backed gull at the Galloper wind farm, the evidence presented in a 


number of studies was not accepted by the SNCBs and the competent 


authority as sufficient to warrant an alteration to the standard 


avoidance rate.  In respect of this point regarding the evidence base, it 


is notable that the amount of data and consistency of the findings on 


gull avoidance rates presented in Appendix 3 is considerably greater 


than that which informed the decision to increase recommended 


avoidance rates for terrestrial species such as hen harrier and golden 


eagle (SNH, 2010) and geese (SNH, 2013).  


 It is clear from the project assessment information summarised in 


Appendix 4 that, by and large, the avoidance rate evidence base has 


been considered insufficient to deal with deemed uncertainty and meet 


the levels of precaution employed by the SNCBs in the consenting 


process.  To a degree this situation is largely a result of the outcomes 


of the issues highlighted above.  However, it is also apparent that 


limited consideration has been given in previous submissions to the 


significant levels of precaution built into the default 98% rate and the 


applicability of some of the assumptions used in deriving this rate to 


seabirds in the offshore environment. 


 Reverse calculation has been undertaken to demonstrate the 


avoidance rates that would be required when using the extended model 


to produce a similar number of collisions to that of the basic model.  


This shows that the rates that would need to be applied in the extended 


model CRM calculations would be significantly lower than observed 


avoidance rates for all of the seabird species considered in this review.  


In order to equalise collision rate estimates between model options a 


correction to the avoidance rate may be required.  This correction 


factor will be greater for use with the basic model than the extended 


model as options 3 and 4 represent a better ‘model’ of seabird 


behaviour.  


 Given the greater inherent accuracy of the extended model, it is 


considered that the extended model together with appropriate 
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avoidance rates should be used to set the avoidance rate (i.e. the 


necessary correction) for the basic model in order to approximate parity 


in predicted collision outcomes.   


7.2 In conclusion, and taking into account the above points a minimum avoidance 
rate of 98% for use with the extended Band model, which would represent a 
fourfold increase in collision numbers over observed rates, is considered 
suitable for addressing aspects of uncertainty and precaution in the 
assessment process. 
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Review of assumptions used in generating avoidance rates for onshore wind farms and 
applicability for conversion to avoidance rates for offshore wind farms 


Aonghais S. C. P. Cook 


Objectives 


- Review of the evidence base for onshore avoidance rates, including identifying species for 
which avoidance rates have been calculated and a description of the methodologies used to 
derive them. 


- A comparison of the ecological and behavioural characteristics of species for which 
avoidance rates have been derived for onshore wind farms and relating these to those of 
seabirds.  


- A consideration of whether rates derived for terrestrial species incorporate avoidance within 
the rotor-swept area, and therefore whether use with the extended Band model would 
constitute double-counting.  


- An assessment of other precautions built into avoidance rates for onshore species, for 
example detectability, and how these may affect the applicability of avoidance rates for 
birds offshore.  


Background 


In the onshore environment, existing Scottish Natural Heritage (SNH) guidance is that a default 
avoidance rate of 98% should be used in wind farm collision modelling for most species, with the 
exception of greylag goose, pink-footed goose, Greenland white-fronted goose, barnacle goose, 
golden eagle, hen harrier, white-tailed Eagle and kestrel (SNH 2010). Rates of 95% have been 
recommended for white-tailed eagle and kestrel, 99% for golden eagle and hen harrier and 99.8% 
for the four geese species (SNH 2010, SNH 2013a). Previous guidance, based on expert opinion 
rather than on evidence, was that a precautionary default rate of 95% should be used for all species, 
but evidence obtained from reported mortality rates, mostly for geese and raptors in the USA (see 
Pendlebury 2006, Whitfield & Madders 2006a) suggested that this value was overly precautionary 
and a revised default rate of 98% was recommended. In the absence of specific guidance relating 
English sites, these guidelines have also been adopted for projects in England.  
 
The importance of flight height distributions to the derivation of avoidance rates 


These recommendations have been based on a relatively limited number of studies, covering just a 
subset of the species assessed as part of the guidance for onshore wind farms (Table 1). In these 
studies, avoidance rates have been derived from reported mortality rates (rather than direct 
observations of avoidance) following the formula given in SNH (2010), whereby observed mortality is 







divided by the mortality expected in the absence of avoidance based on the flux of birds through the 
rotor-swept area: 
 


                 (
                   


                                               
) [eq. 1] 


The resultant avoidance rates have then been used to infer likely avoidance rates for species for 
which insufficient data exist to allow such a calculation. Estimation of the number of collisions 
expected in the absence of avoidance requires details of the flux rates of the species through the 
focal site and for an assumption to be made as to the species’ flight height distribution. In the 
studies reported in SNH (2010), avoidance rates have been derived assuming a homogenous flight 
height distribution (i.e. all birds are distributed equally within the rotor-swept area of the turbine) 
within the framework of the basic Band model (Band 2012). However, as birds are unlikely to be 
distributed evenly within the rotor-swept area of a turbine, this assumption is unlikely to realistic. 
Indeed, as seabird flight height distributions are skewed towards lower altitudes (Cook et al. 2012, 
Johnston et al. in press), such an assumption will lead to an overestimate of the total number of 
birds at risk, and therefore an overestimate of the total avoidance rate.  


Band (2012) developed an extended model, capable of incorporating these heterogeneous 
distributions into the estimates of avian collision risk. Johnston et al. (in press) describe a 
methodology whereby such a distribution can be defined for seabird species. These heterogeneous 
distributions can be incorporated into the Band collision risk model under the extended Band model 
(Band 2012). Birds flying at collision risk height tend to be clustered towards the lower edge of the 
rotor swept-area, where both the probability of being hit by a blade and the proportion of the total 
area occupied by a blade are at their lowest, fewer collisions would be predicted under a model 
using this distribution, than under the model assuming a homogenous distribution. This would 
consequently lead to the derivation of lower estimates of avoidance rates as avoidance behaviour is 
effectively double-counted. For this reason, Band (2012) states that where the extended model is 
used, and avoidance rates have been derived from reported mortality rates, “it is important that the 
calculations on which avoidance rates are based also start with a no-avoidance collision rate derived 
using the extended model”. However, if avoidance rates are derived from actual observations of 
avoidance behaviour (i.e. Krijgsveld et al. 2011) this will not be the case, and avoidance rates may be 
transferable between the basic and extended Band models.  


 


 


 


 


 


 


 


 


 


 







 


Table 1 Summary of evidence base presented for avoidance rates presented in SNH (2010 & 2013a). 
Red highlights indicate rates derived from eq. 1, where flight activity data and mortality rates are 
combined to compare observed collision rates with those expected in the absence of avoidance, 
given the levels of flight activity recorded at a site. Orange highlights indicate where avoidance rates 
have been derived based on whether recorded collision rates were proportional to bird abundance 
at the relevant site.  


Species Avoidance 
Rate 


Evidence base 


Red-throated 
Diver 


98% Unpublished report describing behaviour and collision rates 
around turbines 


Black-throated 
Diver 


98%  


Whooper Swan 98% Unpublished report describing flight behaviour and similarity with 
other species 


Greylag Goose 99.8% Initial review of Canada Goose avoidance rates at 5 onshore wind 
farms in the USA (Fernley et al. 2006, Pendlebury 2006). 
Subsequent investigations at a Bulgarian wind farm suggest a high 
avoidance rate for Red-breasted Geese and Greater White-
fronted geese (Zhetindijev & Whitfield 2011), whilst review of 
collisions involving geese at European wind farms suggests that 
they are very rare (Rees 2012). 


Pink-footed 
Goose 


99.8% 


Greenland 
White-fronted 
Goose 


99.8% 


Barnacle Goose 99.8% 


Red Kite 98% Regression showing that number of Red Kite collisions was in line 
with what would be expected given the total number of birds at a 
site (Whitfield & Madders 2006) 


Hen Harrier 99% Based on data combining mortality rates and flight activity 
records at eight sites in the USA demonstrating that avoidance 
rates were likely to exceed 99% (Whitfield & Madders 2006a).  


Goshawk 98%  


Golden Eagle 99% Based on data combining mortality rates and flight activity 
records at four sites in the USA demonstrating that avoidance 
rates were likely to exceed 99% (Whitfield 2009).  


White-tailed 
Eagle 


95% Study showing that a greater number of White-tailed Eagle 
collisions were recorded at a site than would have been expected 
given the total number of birds present (Bevanger et al. 2009) 


Osprey 98%  


Merlin 98%  


Peregrine Falcon 98%  


Kestrel 95% Regression showing that number of Kestrel collisions was greater 
than would be expected given the total number of birds at a site 
(Whitfield & Madders 2006) 


Short-eared Owl 98%  


Black Grouse 98%  


Golden Plover 98%  


Dunlin 98%  


Curlew 98%  


Greenshank 98%  


Skua (all species) 98%  


Gull (all species) 98%  







Tern (all Species 98%  


 


Summary of the evidence base for current recommendations on avoidance rates  


Pink-footed goose, greylag goose, Greenland white-fronted goose, barnacle goose 


The evidence presented for avoidance rates in geese is based on a series of studies on Canada geese 
at five operational wind farms in the USA (Fernley et al. 2006, Pendlebury 2006, SNH 2013a). Whilst, 
avoidance rates were not derived using the Band Collision Risk Model, the resultant avoidance rates 
did not differ significantly from those that would have been derived from the Band Model 
(Pendlebury 2006). Geese were relatively abundant within the study area, with between 0.68 and 
14.3 birds recorded per hour in circles with a diameter of 800 m (Pendlebury 2006). These studies all 
showed that collisions were an extremely rare event, with no corpses discovered during 
standardised searches. Instead, mortality estimates had to be based on incidental corpse discovery. 
The resultant avoidance rates were found to be between 99.77% and 100%.  Subsequent analysis on 
data from a wind farm in Bulgaria have shown high avoidance rates for both Red-breasted and 
Greater White-fronted Geese (99.7%; Zehtindjiev & Whitfield 2011), and a review of data from 
around Europe has confirmed that collisions involving geese are extremely rare events (Rees 2012).  


Golden eagle 


The avoidance rate recommended in SNH (2010) for golden eagle is based on empirical data 
obtained from four sites in the USA, analysed using the Band Collision Risk Model and summarised 
by Whitfield (2009). Whilst mortality rates were relatively high at one site, Altamont Pass where they 
were estimated at 67 birds per annum, this in the context of a site with in excess of 5,000 turbines. 
When adjusted to reflect a mortality per turbine per year, this gives a value of 0.012 collisions per 
turbine per year, still high in comparison to the remaining sites, which ranged from 0.001-0.006 
collisions per turbine per year, but still reflecting a relatively low risk. 


Red kite, kestrel and white-tailed eagle 


In order to assess collision risk in kestrel and red kite, Whitfield & Madders (2006b), compare 
recorded mortality rates to the abundance of birds around wind farms at a site in Spain. They use a 
linear regression to demonstrate the number of collisions that would be expected given the 
abundance of each species at the site. Their analysis demonstrates that the number of red kite 
collisions was in line with what would be expected given a 98% avoidance rate. In contrast a far 
higher number of kestrel collisions were recorded than would have been expected assuming a 99.8% 
avoidance rate. SNH (2010) therefore recommended that a rate of 98% is used for red kite and 95% 
is used for kestrel. Similar evidence is presented for white-tailed eagle where recorded collisions 
were disproportionately higher than would have been expected given the abundance of the species 
at a site in Norway (Bevanger et al. 2009). Such an approach makes no assumptions about the flight 
height distributions of the species concerned. Therefore, avoidance rates derived following this 
methodology are likely to be applicable to alternative collision risk models, including the extended 
Band model.  


Hen harrier 


The avoidance rate for hen harrier recommended in SNH (2010) is based on empirical mortality data 
and predictions of mortality from eight sites in the USA made using the Band Collision Risk Model 
and summarised in Whitfield & Madders (2006a). At six of the study sites, no collisions were 
reported (and thus avoidance was estimated to be 100%). At the other two sites, avoidance rates of 







99.7% and 93.2% were derived, although in the latter case, it was suggested that the derived value 
was an underestimate as flight activity was underestimated (Whitfield & Madders 2006a).  


Red-throated diver and whooper swan 


SNH (2010) cites unpublished reports by Natural Research, which we have been unable to obtain, in 
support of avoidance rates of 98% for red-throated diver and whooper swan.  


For the remaining species covered by the guidance – Black-throated diver, Goshawk, Merlin, 
Peregrine Falcon, Short-eared Owl, Black Grouse, Golden Plover, Dunlin, Curlew, Greenshank and 
Skuas – guidance is to use a default value of 98%, based, presumably, on evidence from similar 
species. It is also worth noting that, at least in the case of raptors, levels of recorded flight activity 
are likely to be considerably lower than those of seabirds. This is likely to be reflected in significant 
uncertainty surrounding final estimates of avoidance behaviour in raptors due to the low power of 
the data.  


Flight behaviour 


The following section considers whether the flight behaviour of offshore species might be expected 
to differ to that of the onshore species for which evidence was used as the basis for 
recommendations provided in SNH (2010) and SNH (2013a) and thus how applicable the current 
default avoidance rates are likely to be for seabirds. 


As outlined above, the recommendations provided in SNH (2010) and SNH (2013a) are based on 
relatively limited data, and evidence to support the recommended rates was available for only 11 of 
the 25 species covered by the guidance. For four of these species, evidence includes assessment of 
typical flight behaviour or extrapolation from closely related species.  


While such extrapolation may have merit for closely related species, studies of avian interactions 
with overhead power lines suggest that vulnerability to collision may be highly species-specific due 
to differences in flight behaviour (Janss 2000, Martin & Shaw 2010) and thus that caution should be 
exercised in making generalisations about avoidance rates between groups. It is highly debateable 
how applicable avoidance rates derived for geese and raptors are for seabird species for this reason.  


Raptors are often amongst the species which are most prone to collision with wind turbines (i.e. 
Barrios & Rodriguez 2004, de Lucas et al. 2004, 2008, Farfan et al. 2009). In contrast, geese are 
thought to be amongst the species least prone to collisions, with high avoidance rates (SNH 2013a; 
see also evidence of observed behaviour in Plonczkier and Simms 2012). This may, in part, reflect 
differences in flight behaviour. In flight, geese tend to be commuting between feeding and roosting 
sites, or migrating and so their eyes are fixed on the horizon. In contrast, raptors may be hunting for 
prey with eyes focussed on the ground, which increases their risk of collision (Martin 2011). The 
same may be true for some seabird species.  


Similarly, when hunting, species such as golden eagle tend to soar at considerable height, whilst hen 
harriers may hunt closer to the ground (Cramp 1980). This soaring behaviour and interactions with 
landscape topology may increase the risk of collision amongst species like eagles (Ferrer et al. 2012), 
characteristics likely to be rare amongst seabirds. Of the three species for which avoidance rates 
have been derived from real data, the flight behaviour and flight height distributions of seabirds 
may, therefore, most closely resemble those of the hen harrier.  


Deriving avoidance rates with a heterogeneous flight height distribution for terrestrial species 







Band (2012) emphasises that avoidance rates derived for the basic model are not applicable to the 


extended model. Avoidance rates suitable for the extended Band model could be derived by 


recalculating the number of collisions that would be predicted by incorporating a variable flight 


height distribution. In order to achieve this, it would need to be possible to access the original data 


used to derive the rates previously. These data include: 


 Turbine parameters (hub height, rotor speed, rotor radius, etc.); 


 Turbine operational periods; 


 Proportion of birds at risk height; 


 Species flux rates; and 


 Avian mortality rates, including details of any corpse detection corrections. 


One would also need details of the total numbers of birds at each site and, then, sufficient data to be 


able to statistically model a robust heterogeneous flight height distribution. In practice, the latter 


would require data describing how birds have been assigned to different flight heights. Whilst data 


describing the turbine parameters, mortality rates and flight heights are available for hen harrier, 


crucially, the cited report (Whitfield & Madders 2006a) gives no details about the total numbers of 


birds at each site. This means it is not possible to estimate the number of collisions expected in the 


absence of avoidance using a method that makes use of heterogeneous flight height distributions.  


Accounting for a heterogeneous flight height distribution is likely to reduce the resultant avoidance 
rate derived. Deriving such distribution for the onshore species, whilst of value, would require 
considerable work to source and model the required data and is beyond the scope of this review. 


Flight height distribution shape is species-specific (Cook et al. 2012, Johnston et al. 2013) and 
therefore, the magnitude of this reduction will also be species-specific. As outlined above, in the 
studies that informed the SNH (2010) guidance, where avoidance rates have been derived from 
empirical data on mortality, reported values for avoidance have been in excess of 99% (Pendlebury 
2006, Whitfield & Madders 2006a, Whitfield 2009). In these cases, estimates of the number of 
collisions expected in the absence of avoidance would need to halve in order to reduce the derived 
avoidance rate below the 98% default value. 


Other considerations concerning the derivation of reported avoidance rates  


Surveys of avian flight activity at onshore wind farms are typically carried out from a series of 
vantage points selected so that no part of the wind farm is more than 2km from at least any one 
vantage point (SNH 2013b). When flight activity data are collected in this fashion, it is important that 
all birds within the survey area are accounted for. However, this is unlikely to be the case for two 
reasons. Firstly, as levels of flight activity increase, it becomes more difficult to accurately track all 
birds present within the survey area (Madders &Whitfield 2006). Secondly, as distance from the 
observer increases, the probability of detecting a bird decreases (Buckland et al. 2001). For example, 
Madders & Whitfield (2006) demonstrated that the detectability of golden eagles declined at 
distances greater than 750m, and that merlin could not be reliably detected at distances greater 
than this and are likely to be imperfectly detected at distances greater than this. Studies have found 
similar results for other species, including the short-eared owl (Calladine et al. 2010). Although it is 
possible to correct for imperfect detection through distance sampling, in practice, this does not 
appear to have been done in any of the studies in which derived avoidance rates have informed 
recommendations provided in SNH (2010), and is not routinely carried out as part of the 
assessments for onshore wind farms.  







Following the formula for calculating avoidance rates given in SNH (2010) (eq. 1), if the number of 
birds passing through the rotor-swept area of a turbine, and therefore the expected number of 
collisions, is underestimated, the derived avoidance rate will also be an underestimate, a point 
acknowledged in Madders and Whitfield (2006). The default 98% avoidance rate recommended by 
SNH (2010) and informed by evidence dependent on these methods can thus be regarded as in fact 
encompassing two sources of precaution: in the actual rate at which birds avoid turbines, and also in 
the likelihood that bird flight activity will have been under recorded due to the limitations of the 
survey methods (MacArthur Green 2012).  


An example of the potential impact of imperfect detection on calculated avoidance rates is 
presented below for merlin. 


Total survey area assuming a 2km vantage point survey of a semi-circular area all of which is visible 
(following SNH 2013b): 


                      [eq. 2] 


Total area in which merlin can be detected, following Madders and Whitfield (2006) in which it is 
suggested that Merlin may not be detected beyond 0.75km: 


                          [eq. 3] 


Proportion of survey area in which merlin can be detected: 


    


    
        [eq. 4] 


Estimates of actual avoidance rates (when calculated) are based on comparison of predicted 
mortality and actual mortality. Therefore, all that is needed to update the ‘actual’ avoidance rate 
estimates would be to divide them by the estimated detection rate. 


In the hypothetical merlin example, a maximum detection rate of 0.14 was calculated (i.e. 14% of 
birds are seen, but note this is precautionary since it assumes all birds within 750m are detected 
whereas actual detection rates will decline with distance up to 750m), the flight activity would be 
increased (activity/0.14) thereby increasing the predicted collisions by the same amount. The ratio 
of actual mortality to predicted avoidance would thus also be reduced by the same amount. 


In this example the 98% avoidance rate suggested by SNH for merlin (SNH 2010) would become: 


  ((      )      )          [eq. 5] 


 


As a consequence, avoidance rates derived for onshore wind farms, must also account for imperfect 
detection. In the offshore environment, it is likely that detection of flying birds will be at or close to 
100%. In the case of boat-based surveys, only the 300m in front and to the side of the survey vessel 
is covered meaning all flying birds are likely to be detected (Camphuysen et al. 2004). Similarly, 
digital aerial surveys are also likely to detect all birds (Buckland et al. 2012). As there is no need to 
correct for imperfect detection within offshore survey data, using data derived from surveys of 
onshore wind farms is likely to significantly underestimate the true scale of avoidance behaviour.  


Conclusions 







Following review of studies for which avoidance rates have been derived from reported mortality 
rates, SNH (2010) provided revised guidance on the use of avoidance rates in collision risk modelling 
for onshore wind farms, recommending a default avoidance rate of 98%. In the absence of 
equivalent evidence-based guidance for offshore sites, this avoidance rate has been adopted for the 
modelling of collision risk at offshore wind farms. Uncertainty about the comparability of the flight 
behaviours of terrestrial and marine species means that this default value may not be applicable to 
offshore sites. Furthermore, the reasoning behind the acceptance of the 98% rate in the offshore 
environment is unclear, particularly given differences in data collection methodology which may 
mean that it is inappropriate to simply transfer the rate used in the onshore environment to the 
offshore environment.  


For the three species (hen harrier, golden eagle and Canada goose) for which avoidance rates have 
been derived following equation 1, these rates have been shown to exceed 99%. However, even in 
these instances, derived avoidance rates are likely to be underestimates as there is no correction for 
imperfect detection during surveys. Avoidance rates are highly species specific, yet even amongst 
species, such as golden eagle, which may be more prone to collision they have been found to exceed 
99%. These rates also capture imperfect detection of birds within onshore wind farms. Differences in 
survey methodology mean that this is unlikely to be an issue for birds within offshore wind farms.  
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Reverse calculation of option 3 numbers to show the avoidance rates that would be required to 


produce an equivalent collision rate to those derived from option 1 


Aonghais S. C. P. Cook 


Option 3 of the Band collision risk model typically results in lower collision estimates in comparison 


to those obtained from option 1. We use a reverse calculation to demonstrate the avoidance rate 


that would be required using option 3 to produce a similar number of collisions to option 1. To do 


this, we divide the option 1 collision rate by the option 3 collision rate and then multiply this by 1 - 


the avoidance rate used in both models (eq. 1). Band (personal communication to A. Cook) suggests 


that this is a reasonable methodology for deriving a conversion factor for avoidance rates.  


                             (
                       


                       
   (                         ))  


[eq. 1] 


We assess this for four species, northern gannet, black-legged kittiwake, lesser black-backed gull and 


great black-backed gull, assuming a 98% avoidance rate, with an additional 99% avoidance rate for 


northern gannet. This analysis demonstrates that for the species listed, avoidance rates would need 


to be 93% for northern gannet (based on a 98% avoidance rate in option 1 or 96% based on 99%), 


57% for black-legged kittiwake and 92% for lesser black-backed and great black-backed gulls, for the 


number of collisions predicted using option 3 to match those predicted using option 1 (Table 1). 


These results highlight that the final estimated collision rates are extremely sensitive to the 


assumptions made about the flight height distribution of the species concerned, particularly in the 


case of Black-legged Kittiwake. The avoidance rate required for the option 3 collision rate to match 


the option 1 collision rate for Black-legged Kittiwake appears wildly unrealistic, raising questions of 


the appropriateness of using a default 98% avoidance rate for Black-legged Kittiwake within option 1 


of the Band model.  


 


 


 


 


 







 Table 1. Predicted collision rates for Creyke Beck A + B using options 1 and 3 of the Band 


Collision Risk Model and the avoidance rate that would be required for option 3 to 


produce an equivalent number of collisions to option 1.  


 Option 1 
Avoidance Rate 


Creyke Beck A + B 
Collision using 
Option 1 


Creyke Beck A + B 
Collision using 
Option 3 


Avoidance rate 
required for 
Option 3 to 
produce 
equivalent 
number of 
collisions to 
Option 1 


Northern Gannet 98% 397 121 93% 


Northern Gannet 99% 199 60 96% 


Black-legged 
Kittiwake 


98% 4,678 217 57% 


Lesser Black-
backed Gull 


98% 129 34 92% 


Great Black-
backed Gull 


98% 214 53 92% 
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Reverse calculation of collision rates from Option 4 of the Band collision 


risk model to show the avoidance rates that would be required to produce 


an equivalent collision rate to those derived from Option 1 


Option 4 of the Band (2012) collision risk model typically results in lower collision 


estimates in comparison to those obtained from Option 1. The predicted collision 


rate, however, is the product of the model prediction and an avoidance rate.  For 


Option 1 a set of default rates are used (typically 98%), the purpose of this exer-


cise is to explore what avoidance rates would need to be applied to Option 4 


model outputs to yield the same collision rate indicated by Option 1 together with 


a default avoidance rate. 


 


A reverse calculation is used to demonstrate the avoidance rate that would be 


required for Option 4 to produce a similar number of collisions to Option 1.  


The collision rate predicted using Option 1 with a default avoidance rate is 


equivalent to: 


 


                                                              


 


The collision rate predicted using Option 4 with a modified avoidance rate is 


equivalent to: 


 


                                                           


 


The avoidance rate (AROp 4) that would be required to produce a collision rate 


derived from Option 4 (Collision rateOp4) that is equivalent to the collision rate 


generated by Option 1 at a default avoidance rate(Collision rateOp1) can be calcu-


lated as follows: 
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   (             ))  
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Work Package 2: Hornsea Project 1 data 







 


 


2 


The avoidance rate (AROp 4) has been calculated for four species (table 1): 


 northern gannet (at default avoidance rates of 98% and 99%) 


 black-legged kittiwake (at a default avoidance rate of 98%) 


 lesser black-backed gull (at a default avoidance rate of 98%) 


 great black-backed gull (at a default avoidance rate of 98%) 


 


 


Table 1. Predicted collision rates for Hornsea Project 1 using Options 1 and 4 of 


the Band (2012)collision risk model. The value (AROp 4) that would be required for 


the predictions from Option 1 and 4 to be equivalent is also shown. The collision 


rates are unpartitioned annual rates and include all birds (adult, immature and 


juvenile) 


 Avoidance 


Rate 


 


(AR default) 


Hornsea P1 


Option 1 


 


(Collision 


rate Op1) 


Hornsea P1 


Option 4 


 


(Collision 


rate Op4) 


Avoidance 


rate for 


equivalence 


(AR Op4) 


 


Northern 


gannet 


98% 119 54 95.6% 


Northern 


gannet 


99% 60 27 97.8% 


Black-legged 


kittiwake 


98% 225 31 85.5% 


Lesser 


black-


backed gull 


98% 90 22 91.8% 


Great black-


backed gull 


98% 377 127 94.1% 
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Appendix 3 – Review of avoidance rate 
estimates for seabirds 
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SUMMARY 


 
The ‘default’ 98% avoidance rate for birds recommended for use at terrestrial wind farms is not an 


appropriate value for offshore wind farms due to differences in the way survey data are collected 


and differences in the prevalence of ‘macro-avoidance’ which is much less for terrestrial bird species 


than for seabirds, but is not generally measured in terrestrial post-construction monitoring. 


Post-construction monitoring data from a variety of offshore, coastal and terrestrial wind farms 


show that micro-avoidance rates of gulls are consistently extremely high. The 40 measurements of 


micro-avoidance rates by gulls (including one measurement for kittiwake) gave a minimum of 


99.25%, maximum 100%, median 100% and mean 99.95%. Only one out of the 40 measurements 


was below 99.8% (a measurement for ‘gulls’ rather than a particular species). In addition to these 


high micro-avoidance rates, gulls also show moderate macro-avoidance at around 50%. 


Post-construction monitoring data from a variety of offshore and coastal wind farms show that 


micro-avoidance rates of terns are consistently extremely high. The ten measurements of micro-


avoidance rates by terns gave a minimum of 99.83%, maximum 100%, median 99.97% and mean 


99.945%. In addition to these high micro-avoidance rates, terns also show moderate macro-


avoidance at around 50%. 


Post-construction monitoring data from offshore and coastal wind farms show that avoidance rates 


of gannets are consistently extremely high with particularly high macro-avoidance in that species, 


consistent with the recommendation of a precautionary estimate of 99.8% avoidance suggested by 


Whitfield and Urquhart (2013).  


Post-construction monitoring data from offshore wind farms show that avoidance rates of sea ducks 


(predominantly common eider) are consistently extremely high with high macro-avoidance and high 


micro-avoidance; Danish data suggest an avoidance rate of 99.98%.  


We conclude that it would be appropriate to use a 99.5% total avoidance rate as a precautionary 


default for seabirds given that there is strong evidence of macro-avoidance in many seabirds which 


is not incorporated into micro-avoidance measurements, and that mean micro-avoidance rates 


(whether weighted for sample size or not) are higher than 99.5% for all species and sites studied to 


date. We recommend that Band model avoidance corrections for gulls, terns, sea ducks, and 


gannets, should be computed from a precautionary 99.5% total avoidance rate, and that this rate 


should be considered appropriate as a precautionary default estimate for seabirds in general.  
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2. DEFINITIONS OF AVOIDANCE 


Wind turbines represent a hazard to birds. Risk of collision mortality depends on the flight height of 


birds which may vary with environmental conditions (Shamoun-Baranes et al. 2006; Kahlert et al. 


2012; Mateos-Rodriguez and Liechti 2012), their size and flight speed (Band et al. 2007; Perrow et al. 


2011), and whether or not they change their flight trajectory to avoid collision (Chamberlain et al. 


2006). Some birds flying directly towards rotating blades will miss the blades by chance and pass 


through unscathed. This makes it difficult to distinguish between passive avoidance and change to 


flight to avoid a collision that would otherwise have occurred.  


Collision rates of birds with turbines can be measured by counting carcasses of birds killed by wind 


turbines. When combined with counts of numbers of birds ‘at risk’ this provides a collision mortality 


rate. Carcass count data can then be used to assess population level impacts through modelling of 


the additional mortality rate imposed on bird populations (Peron et al. 2013). Avoidance rate can be 


calculated as 1-collision rate (and thus incorporates both passive avoidance and active avoidance). 


However, active avoidance may occur at short distances (termed micro-avoidance) or at long 


distances up to several kilometres from a wind farm (termed macro-avoidance). When numbers of 


birds ‘at risk’ are counted at existing wind farms, the counts often ignore macro-avoidance since 


birds ‘at risk’ are counted when close to turbines. Hence, a true avoidance rate would require 


assessment of macro-avoidance as well as micro-avoidance. That could be done by comparing 


numbers coming close to wind turbine sites before and after wind farm construction. A reduction in 


numbers after construction, if corrected for any other long-term trends by a Before-After-Control-


Impact (BACI) design, would indicate the extent of macro-avoidance. However, this approach has not 


generally been used.  
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The standard method to estimate collision risk to bird populations is based on pre-construction 


counts of bird activity at a proposed wind farm site and the input of such data into a model to assess 


numbers likely to be killed by collisions. The assessments are normally made using the Band model 


(Band et al. 2007), although other similar models can be used. The Band model calculates the 


proportion of birds flying at rotor height that would be expected to pass through a turbine 


unscathed and the proportion expected to collide if no evasive action was taken. In practice, birds 


tend to take evasive action, and the numbers likely to be killed are mainly determined by the extent 


of evasive action rather than by features of turbine design or species’ flight speed or bird size 


(Chamberlain et al. 2006). So understanding avoidance rates of birds is key to assessing numbers 


likely to be killed by collisions.  


To use the Band model, a correction factor has to be applied to account for the extent to which birds 


avoid turbines. Unfortunately, this correction factor has often also been called an ‘avoidance rate’, 


but in fact it should be used to determine an ‘avoidance correction’ to the Band model to account 


for avoidance, since new formulations of the Band model have been developed that take account of 


the particular flight height distribution of seabirds, and the correction factor required to account for 


avoidance will depend on which model is being used. In each case a correction factor will be 


required, based on the species-specific avoidance rate, but the correction factor may differ 


depending on the version of the Band model.  


Before data on bird behaviour at wind farms were available, SNH recommended use of a 


precautionary avoidance rate estimate of 95%, but with accumulation of data at terrestrial wind 


farms this has been revised to 98% for most species (SNH 2010). With development of offshore wind 


farms, there is a need to consider whether avoidance rates of seabirds, and appropriate avoidance 


correction factors for application of the Band models, are the same as, or different from those of 


terrestrial birds. Many factors differ between seabirds and most terrestrial birds: many seabirds 


(such as gulls for example) are adapted to highly competitive aerial flock foraging where agility is a 


key to foraging success, so it may be anticipated that seabirds will be especially capable of aerial 


agility. Marine environments generally lack the thermals and deflected air currents off slopes that 


permit soaring flight in many large terrestrial birds which is a major factor influencing collision risk of 


large raptors and other soaring birds (Ferrer et al. 2012). Whereas large terrestrial birds minimize 


costs of flight by taking advantage of terrain and thermals to soar, seabirds minimize costs of flight 


during migration by travelling slowly, flying close to the sea surface to gain from the ground effect, 


and refuelling during migration (Klaassen et al. 2012).  


 


3. THE CONCEPT AND USE OF AVOIDANCE RATES  


Predicting numbers of birds that might be killed by collision with wind farm turbines requires 


estimation of numbers of birds flying through the area (pre-construction) within the height window 


in which collision with rotors might occur, combined with assessment of how many of these will 


avoid the blades, either passively or by behavioural response to the collision hazard. Such 


assessments are mostly made using the Band Model (Band et al. 2007), also known as the SNH 


collision risk model (SNH 2010), although other models of collision risk also exist (Whitfield and 
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Urquhart 2013), and the original Band model is often now being superceded for offshore wind farm 


assessments by new Band models that take account of seabird flight height distribution (Band 2012).  


SNH (2010) used accumulating evidence from post-construction studies at terrestrial wind farms to 


recommend use of a default 98% avoidance rate for most terrestrial bird species, with 99% for a few 


species where data indicated lower risk, and 95% for a few species where data indicated higher risk. 


These ‘avoidance rates’ were derived from post-construction studies of numbers of birds killed by 


collision in relation to numbers flying close to turbines and at risk height, for the set of species for 


which adequate data existed to permit such calculations.  


These rates are primarily ‘micro-avoidance’ rates, since birds that avoid the wind farm entirely are 


not normally counted in post-construction surveys. To assess how many birds avoid the wind farm so 


strongly that they are not counted post-construction (a form of avoidance termed ‘macro-


avoidance’) it would be necessary to compare bird numbers before and after construction using a 


BACI design to correct for trends over time caused by other factors. None of the SNH estimates of 


avoidance rate do that, but are based only on post-construction data. Thus the SNH recommended 


avoidance rates are micro-avoidance rates ignoring [some] macro-avoidance, and therefore 


underestimate the total avoidance rate shown by birds. Such underestimation may be minimal for 


most terrestrial bird species as there is little evidence to suggest that terrestrial birds (apart perhaps 


from golden eagle and geese) show macro-avoidance, but studies of seabirds at offshore wind farms 


show that some seabirds alter their flight path when as much as 5 km from a wind farm in order to 


avoid flying close to the wind farm (Christensen and Hounisen 2005; Desholm and Kahlert 2005; Fox 


et al. 2006; Blew et al. 2008; Krijgsveld et al. 2011; Cook et al. 2012).  


The 98% avoidance rate recommended by SNH for most terrestrial birds is not appropriate as a 


default for seabirds at offshore wind farms for at least two reasons: 


a) The 98% rate is selected to be precautionary for terrestrial wind farms because the standard 


method of studying bird flight at terrestrial wind farms is by Vantage Point (VP) surveys of 


bird activity at distances up to 2000 m from the observer (SNH 2013). Over such large 


distances, a moderately high proportion of birds flying through the area will not be detected 


(SNH 2013). Detection probability declines with distance, and also varies with bird species, 


weather conditions, and habitat type (SNH 2013). The VP method also requires the observer 


to follow flights of a focal bird, or birds, of a target species once detected until the bird is lost 


from the area; this means that any other target species flying through the area while the 


focal bird is still being tracked will not be recorded, so further contributes to the potential 


for under-recording of bird numbers and activity. In contrast, seabirds are studied at 


proposed offshore wind farms using techniques such as radar, high definition aerial 


photography and video, and boat transects. Digital photographic and video methods are 


likely to detect a very high proportion (close to 100%) of the birds present, so that there is 


no need to adjust avoidance rate estimates to allow for birds that have not been detected, 


while boat surveys extend to only 300 m from the vessel so will be expected to miss a much 


smaller proportion of birds than would be the case onshore, and record presence without 


tracking focal individuals over time, so avoid under-representation of birds. If, as is quite 


likely, bird detection rates over a 2000 m range VP study at terrestrial wind farms are about 
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50% for many species (Brown and Shepherd 1993; Diefenbach et al. 2003; Madders and 


Whitfield 2006; Calladine et al. 2009; Warren and Baines 2011), but all are detected at 


offshore wind farms, then a 98% precautionary avoidance rate for terrestrial birds would be 


exactly equivalent to a 99% precautionary avoidance rate for offshore wind farms. 


b) Macro-avoidance by seabirds is high (Cook et al. 2012), whereas it is not shown by most 


terrestrial birds (Garvin et al. 2011; Pearce-Higgins et al. 2012; SNH 2013; Haworth and 


Fielding 2014). Due to the high level of macro-avoidance shown by many species of seabirds, 


it is inappropriate to use the same default avoidance rate set for most terrestrial bird 


species.  


Based largely on the difference in macro-avoidance between seabirds and terrestrial birds, Whitfield 


and Urquhart (2013) suggest that a default avoidance rate for seabirds should be at least 99%, and 


higher for some species where there is evidence; for example they suggest a more appropriate 


avoidance rate for gannet would be 99.8%, and urge further research on the derivation of avoidance 


rates for gulls. Their review reiterates conclusions reached by Maclean et al. (2009) who suggested 


that a more appropriate default avoidance rate for seabirds should be 99%, but the rate should be 


higher still for auks, gulls and gannets (99.5%), and fulmars and shearwaters (99.9%). The very high 


rate suggested for fulmars and shearwaters was in recognition of the fact that these birds generally 


fly very low over the sea and therefore are rarely at risk of collision with rotors. The variations in 


flight height distributions of seabirds (Cook et al. 2012) indicate the need for different species-


specific avoidance corrections to be applied for different Band models based on these flight height 


distributions, since part of the avoidance corrected for by ‘avoidance rate corrections’ in the Band 


models is to allow for passive avoidance of birds caused by their flight not intersecting with rotors 


for purely mechanistic reasons. Although there are some seabirds that habitually fly high (e.g. 


marbled murrelets, Stumpf et al. 2011), most species in the UK and overseas tend to fly 


predominantly below rotor height. 


It is possible to assess bird collision risk based on expert opinion, as done for example in assessing 


risk of bird strikes by aircraft (Shamoun-Baranes et al. 2008), but here we consider evidence and 


avoid use of expert opinion. Evidence was obtained from studies at wind farms assessing mortality 


of seabirds due to collisions in relation to numbers of birds at risk, and assessing the extent of 


macro-avoidance at offshore wind farms studied using a combination of radar and direct 


observation. Studies of gulls at terrestrial and coastal wind farms are included as well as studies at 


offshore wind farms since gull avoidance rates appear not to have been reviewed in detail up to 


now. Behaviour of gulls may differ between terrestrial and offshore wind farms, so the estimates 


from terrestrial sites need to be considered with caution. For example, gulls may use thermals over 


terrain for soaring to reduce energy costs of travel (Shamoun-Baranes and van Loon 2006), which 


they do not at sea. This could increase their collision risk at terrestrial wind farms relative to their 


risk at offshore wind farms due to a wider flight height distribution over land. At the population 


level, there may also be a need to consider sex specific and age-related or status-related behaviour 


of birds that could alter risk of different components of bird populations (e.g. Stienen et al. 2008).  
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4. EMPIRICAL EVIDENCE FOR AVOIDANCE RATES FROM SITE-BASED STUDIES AT WIND FARMS 


The following sections present evidence from sites where avoidance has been studied. We include 
all of the examples we have been able to identify where seabird avoidance rates have been 
measured empirically and with moderate to large sample sizes. There are no examples of which we 
are aware that have been left out of this review. 
 
 


4.1 Blyth Harbour (coastal wind farm) 


Newton and Little (2009) suggested that Blyth Harbour Wind Farm (nine 0.3MW WindMaster 


turbines at a coastal site) might kill between 16.5 and 21.5 birds per turbine per year (mainly large 


gulls). This estimate was derived from survey of dead birds on the shoreline, of which 3% were 


estimated to be killed by collision with wind turbines. The total numbers were then multiplied up by 


a correction factor to account for the fact that not all birds killed would be deposited onto the 


shoreline. Direct observations at Blyth Harbour estimated 45,104 gull flights per year close to the 


turbines, with 5,367 of these within the rotor swept area. However, in contrast to the suggested 


numbers of Newton and Little (2009), an estimated 0.8 gull collisions per turbine per year were 


recorded, giving a corrected total of 1.48 per turbine per year. This represents a micro-avoidance 


rate of 99.25% (RPS 2011), despite the turbines at this site being relatively small and therefore likely 


to be a greater hazard (Krijgsveld et al. 2009).  


 


4.2 Terrestrial wind farms in The Netherlands 


Krijgsveld et al. (2009) used a combination of radar and carcass searches to estimate a collision risk 


of 0.14% for birds (including large numbers of gulls) flying past 1.65 MW turbines at three onshore 


wind farms in The Netherlands, a risk which the authors stated was three-fold lower than for smaller 


turbines in the same region (implying a micro-avoidance rate of 99.86%). This decrease in relative 


collision risk with increasing turbine size indicates that turbine size is one factor that needs to be 


taken into account when looking at detailed values of avoidance rate. Krijgsveld et al. (2009) suggest 


that the decreased risk can be explained by three factors: increased height of turbines presents a 


greater risk-free height band low over the ground which is where most bird flight was occurring; 


increased spacing between turbines may allow birds to fly between rows more easily; lower rotor 


speed of larger turbines may reduce collision risk.  


 


4.3 Egmond aan Zee offshore wind farm 


Radar studies combined with direct observation to check on species identification (Krijgsveld et al. 


2011) provided estimates of macro-avoidance of Egmond aan Zee OWF (seabirds changing flight 


direction to avoid entering the wind farm area). Macro-avoidance was around 20% for cormorants, 


30% for gulls and terns, 45% for alcids, 50% for divers, grebes, fulmars and other petrels, and 


seaducks, and 70% for gannets. However, this study did not measure micro-avoidance rates. 
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4.4 Horns Rev offshore wind farm 


Radar studies indicated that some ‘seabirds’ (a range of species mainly including sea ducks, gannets, 


gulls, terns and cormorants) changed flight direction when between 10 and 2 km away from the 


wind farm but the extent of this macro-avoidance was not quantified due to difficulty in detecting 


birds at a distance of 10 km from the site. Of those still heading towards the site when 1.5 to 2 km 


distant, 71-86% changed track to avoid entering the wind farm. Therefore, ‘macro-avoidance’ was at 


least 71-86% and probably considerably higher (Fox et al. 2006). From the same data, Petersen et al. 


(2006) estimated a macro-avoidance rate of 100% for gannets (n=268), and a macro-avoidance rate 


of about 70% for gulls (mostly great black-backed gulls and herring gulls) and for terns (common, 


Arctic and Sandwich). These estimates tend to be slightly higher than estimates for the same species 


at Egmond aan Zee OWF but it is unclear whether this is due to site-specific differences in macro-


avoidance or to differences in methodology (possibly including birds at greater distances than 


tracked in the Dutch study). Petersen et al. (2006) did not estimate micro-avoidance rates for 


gannets, gulls and terns as no gannets that were tracked by radar entered the wind farm, and 


sample sizes of gulls and terns observed entering the wind farm were small; however, Thermal 


Animal Detection System (TADS) recordings (infrared video) totalling 123.6 days did not record any 


collisions by any seabirds. Blew et al. (2008) present direct observations and radar studies in spring 


and autumn of 2005 and 2006 at the same site. Highest numbers of seabirds were sea ducks, gulls, 


cormorants, and terns, with small numbers of gannets, fulmars and auks. Most flying seabirds 


avoided entering the wind farm, indicating high macro-avoidance. Although the study presented 


data on flight heights and behaviour, the authors did not estimate micro-avoidance or collision rates.  


 


4.5 Nysted offshore wind farm 


Radar studies (Petersen et al. 2006) showed that 91-92% of ‘seabirds’ (mostly common eiders) 


avoided entering the wind farm by changing their flight direction as they approached the site 


(‘macro-avoidance’). Use of a thermal camera (TADS) sampling bird flights close to one turbine over 


two years recorded 100% micro-avoidance for that small sample of flights (mostly of eiders). 


Petersen et al. (2006) reported an avoidance rate of 99.98% for sea ducks (almost all of which were 


common eiders) based on radar studies combined with direct observations to identify species. Blew 


et al. (2008) present direct observations and radar studies in spring and autumn of 2005 and 2006 at 


the same site. Highest numbers of seabirds were eiders, cormorants, and gulls. Most flying seabirds 


avoided entering the wind farm, indicating high rates of macro-avoidance, although cormorants 


tended to congregate within the wind farm to forage communally despite also showing macro-


avoidance in flight. Although the study presented data on flight heights and behaviour, the authors 


did not estimate micro-avoidance or collision rates. 


 


4.6 Blyth offshore turbines 


Rothery et al. (2009), working at Blyth (2 turbines offshore, 2MW each, hub height 59.4m, rotor 


diameter 66m), reported on 352 hours of Vantage Point direct observations during 1998-2003 of 


seabirds passing close to the turbines (close being defined as ‘at risk’ and therefore not considering 
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macro-avoidance). All species watched showed 100% micro-avoidance (no collisions) as shown in 


Table 1.  


Table 1. Data from Rothery et al. (2009) of the micro-avoidance rates of seabirds passing close to 
offshore wind turbines near Blyth, Northumberland.  


Species 
Total number 
passing close 
to turbines 


Percent flying 
at rotor height 


Total 
number at 


rotor height 


Observed 
micro-


avoidance 
rate (%) 


Gannet 432 13 54 100 
Black-headed gull 978 4 42 100 
Herring gull 1408 33 460 100 
Great black-backed gull 564 44 249 100 
Kittiwake 1350 11 146 100 
Sandwich tern 2135 3 69 100 


 
 


4.7 Kessingland Wind Farm (terrestrial) 


Post-construction monitoring of non-breeding season birds at two turbines (Kessingland Wind Farm) 


was reported by Wild Frontier Ecology (2013). Large numbers of black-headed, common, herring, 


and lesser black-backed gulls were observed flying at risk height past these turbines, and carcass 


collections were carried out through winter study periods over two years post-construction. No 


comparison was made with numbers recorded before construction so macro-avoidance could not be 


assessed. Total numbers of gulls at risk were between 450 (common gull) and almost 2000 (herring 


gull). Micro-avoidance rates were 99.92% for common gull, 99.93% for herring gull, 99.94% for black-


headed gull, and 100% for lesser black-backed gull (Wild Frontier Ecology 2013).   


Table 2. Data from Wild Frontier Ecology (2013) indicating the avoidance rates of gulls passing close 
to wind turbines at Kessingland Wind Farm in the first two non-breeding seasons post-construction 
2011/12 and 2012/13. 


Species 
Total number passing 


turbines at rotor height 
Observed micro-avoidance 


rate (%) 


Black-headed gull 1135 99.94 
Common gull 454 99.92 
Herring gull 1920 99.93 
Lesser black-backed gull 480 100.00 


 
 


4.8 Avonmouth Docks (coastal wind farm) 


The Landmark Practice (2010) monitored bird activity at Avonmouth Docks wind farm (Ecotricity; 3 


Enercon E82 turbines). They carried out 264 carcass searches (approximately one search every three 


days over the first two years post-construction, 2007/08 and 2008/09) and a total of 340 hours of 


collision watch surveys (monthly surveys over the first two years post-construction, 2007/08 and 


2008/09). No estimates were made of carcass removal rates due to scavengers or of carcass 


detection efficiency, but it was considered that carcasses were unlikely to have been overlooked in 


view of the industrial nature of the area with little scope for carcasses to be hidden, and that even if 







  Seabird avoidance rates review 


  8 | P a g e  
 


carcasses were taken by scavengers, trace evidence such as patches of feathers would be seen (The 


Landmark Practice 2010). Numbers of gulls passing close to turbines were about 50% lower than 


before construction, suggesting some moderate level of macro-avoidance which might be as much 


as 50%, but the authors cautioned that other changes in the environment may have contributed to 


this decrease and no control site was monitored. No collisions were detected either by direct 


observation or by carcass searching, despite very large numbers of gulls (between 20,000 and 30,000 


each year) passing through the site close to turbines at rotor height, so that micro-avoidance was 


100% for all gull species in both years (Table 3). 


Table 3. Data from The Landmark Practice (2010) indicating the micro-avoidance rates of seabirds 
passing close to wind turbines at Avonmouth Docks in 2007/08 and 2008/09. 


Species 


Mean 
hourly 


number 
passing 
turbines 
2007/08 


Mean 
hourly 


number 
passing 
turbines 
2008/09 


Percent 
at rotor 
height 


2007/08 


Percent 
at rotor 
height 


2008/09 


Number 
at rotor 
height 


in 
2007/08 


Number 
at rotor 
height 


in 
2008/09 


Micro-
avoidance 


rate 
based on 
carcass 


searches 
(%) 


Black-headed gull 4.4 7.1 68 35 13,105 10,884 100 
Common gull 0.1 0.0 (68) - 298 0 100 
Lesser black-
backed gull 


3.4 0.6 (19) (18) 2,829 473 100 


Herring gull 6.8 13.0 19 18 5,659 10,249 100 
Great black-
backed gull 


0.1 0.0 (19) - 83 0 100 


Large gull sp. 8.1 1.6 (19) (18) 6,741 1,261 100 
All gulls 22.9 22.3   28,715 22,867 100 


*Number in year computed as hourly rate x 12 hours daily activity x 365 days 


The Landmark Practice (2011 and 2013) reported on two further years of monitoring at Avonmouth, 


in 2009/10 and in 2011/12. Monitoring involved carcass searches and vantage point surveys (108 


hours in 2009/10 and 108 hours in 2011/12). As in the earlier two years, no collisions were detected 


either by direct observation or by carcass searching, despite very large numbers of gulls (over 39,000 


in 2009/10 and over 55,000 in 2011/12) passing through the site close to turbines and at rotor 


height, indicating a micro-avoidance rate of 100% in these two years (Table 4). 


Table 4. Data from The Landmark Practice (2011 and 2013) indicating the micro-avoidance rates of 
seabirds passing close to wind turbines at Avonmouth Docks in 2009/10 and 2011/12. 


Species 


Mean 
hourly 


number 
passing 
turbines 
2009/10 


Mean 
hourly 


number 
passing 
turbines 
2011/12 


Percent 
at rotor 
height 


2009/10 


Percent 
at rotor 
height 


2011/12 


Number 
at rotor 
height 


in 
2009/10 


Number 
at rotor 
height 


in 
2011/12 


Micro-
avoidance 


rate 
based on 
carcass 


searches 
(%) 


Black-headed gull 2.9 12.8 67 25 8,510 14,016 100 
Lesser black-
backed gull 


1.3 4.3 (33) (21) 1,879 3,955 100 


Herring gull 18.8 38.2 33 21 27,174 35,136 100 
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Great black-
backed gull 


0.0 0.1 - (21) 0 92 100 


Large gull sp. 1.1 2.3 (33) (21) 1,590 2,116 100 
All gulls 24.1 57.7   39,153 55,315 100 


*Number in year computed as hourly rate x 12 hours daily activity x 365 days 


 


4.9 Belgian wind farms (terrestrial and coastal sites) 


Detailed studies have been carried out of bird collisions at terrestrial and coastal wind farms in 


Belgium over many years (Everaert 2003, 2008; Everaert et al. 2001, 2002; Everaert and Kuijken 


2002, 2007; Everaert and Stienen 2007). Estimates of avoidance rates of gulls and terns at these sites 


are listed in Table 5. Micro-avoidance rates must be treated with some caution (although there is no 


reason to anticipate bias in one direction or the other) for these sites however, as correction factors 


for carcass detection efficiency and corpse disappearance rates were taken as average values from 


earlier work in The Netherlands rather than from studies at these same sites. 


Table 5. Estimates of micro-avoidance rates of gulls and terns at terrestrial and coastal wind farms in 
Belgium, based on numbers of collision casualties (corrected for detection efficiency and corpse 
disappearance rates) and predicted casualties based on gull and tern numbers and flight heights at 
each site. 


Site Year Species 
Micro-


avoidance 
rate (%) 


Reference 


De Put, Nieuwkapelle  
(2 x 0.8MW, 75m tower) 


2006 
Black-headed gull 
and common gull 


99.90 
Everaert & Kuijken 
(2007) 


De Put, Nieuwkapelle  
(2 x 0.8MW, 75m tower) 


2006 
Lesser black-backed 
gull and herring gull 


100.00 
Everaert & Kuijken 
(2007) 


Boudewijn canal, Brugge  
(14 x 0.6MW, 55m tower) 


2001 Black-headed gull 100.00 
Everaert & Kuijken 
(2007) 


Boudewijn canal, Brugge  
(14 x 0.6MW, 55m tower) 


2001 Herring gull 99.87 
Everaert & Kuijken 
(2007) 


Boudewijn canal, Brugge  
(14 x 0.6MW, 55m tower) 


2005 Black-headed gull 99.97 
Everaert & Kuijken 
(2007) 


Boudewijn canal, Brugge 
 (14 x 0.6MW, 55m tower) 


2005 Herring gull 99.88 
Everaert & Kuijken 
(2007) 


Kleine Pathoekeweg, Brugge 
(7 x 1.8MW, 85m tower) 


2005 Black-headed gull 99.97 
Everaert & Kuijken 
(2007) 


Kleine Pathoekeweg, Brugge 
 (7 x 1.8MW, 85m tower)  


2005 
Lesser black-backed 
gull and herring gull 


99.86 
Everaert & Kuijken 
(2007) 


Kluizendok, Gent  
(11 x 2MW, 98m tower) 


2005-
2007 


Black-headed gull 99.96 Everaert (2008) 


Kluizendok, Gent  
(11 x 2MW, 98m tower) 


2005-
2007 


Lesser black-backed 
gull and herring gull 


100.00 Everaert (2008) 


Eastern port, Zeebrugge  
(24 x 0.4 MW, 23-55m towers) 


2001 
Lesser black-backed 
gull and herring gull 


99.95 
Everaert & Kuijken 
(2007) 


Eastern port, Zeebrugge  
(24 x 0.4 MW, 23-55m towers) 


2001 Little tern 99.99 Everaert (2008) 


Eastern port, Zeebrugge 2001 Common tern 99.83 Everaert (2008) 
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Site Year Species 
Micro-


avoidance 
rate (%) 


Reference 


 (24 x 0.4 MW, 23-55m towers) 
Eastern port, Zeebrugge  
(24 x 0.4 MW, 23-55m towers) 


2001 Sandwich tern 100.00 Everaert (2008) 


Eastern port, Zeebrugge  
(24 x 0.4 MW, 23-55m towers) 


2004 
Lesser black-backed 
gull and herring gull 


100.00 
Everaert & Kuijken 
(2007) 


Eastern port, Zeebrugge  
(24 x 0.4 MW, 23-55m towers) 


2004 Little tern 100.00 
Everaert & Kuijken 
(2007) 


Eastern port, Zeebrugge  
(24 x 0.4 MW, 23-55m towers) 


2004 Common tern 99.88 
Everaert & Kuijken 
(2007) ; Everaert & 
Stienen (2007) 


Eastern port, Zeebrugge  
(24 x 0.4 MW, 23-55m towers) 


2004 Sandwich tern 99.91 
Everaert & Kuijken 
(2007) ; Everaert & 
Stienen (2007) 


Eastern port, Zeebrugge  
(24 x 0.4 MW, 23-55m towers) 


2005 
Lesser black-backed 
gull and herring gull 


100.00 
Everaert & Kuijken 
(2007) 


Eastern port, Zeebrugge  
(24 x 0.4 MW, 23-55m towers) 


2005 Little tern 100.00 
Everaert & Kuijken 
(2007) 


Eastern port, Zeebrugge  
(24 x 0.4 MW, 23-55m towers) 


2005 Common tern 99.89 
Everaert & Kuijken 
(2007); Everaert & 
Stienen (2007) 


Eastern port, Zeebrugge  
(24 x 0.4 MW, 23-55m towers) 


2005 Sandwich tern 99.95 
Everaert & Kuijken 
(2007) ; Everaert & 
Stienen (2007) 


 
 


4.10 Oosterbierum ,The Netherlands (terrestrial) 


Winkelman (1992) estimated a micro-avoidance rate of 99.82% for gulls at Oosterbierum, Friesland, 


The Netherlands. 


4.11 Beatrice Offshore Turbines (Demonstrator Site) 


Observations of the two turbines recorded 6,434 gulls flying close to the turbines, with 4,321 at 


rotor height. None of these birds collided with turbines, indicating 100% micro-avoidance (RPS 


2010).  


4.12 Haverigg (terrestrial) 


Observations recorded 10,151 large gulls flying close to the turbines, with 252 at rotor height. None 


of these birds collided with turbines, indicating 100% micro-avoidance (RPS 2011).  


4.13 Hellrigg (terrestrial) 


Post-construction monitoring at Hellrigg Wind Farm included vantage point counts of bird numbers 


flying close to the turbines and carcass sampling over periods of about 100 days in December-March 


in 2011-12 and 2012-13 (Ecology Consulting 2012, 2013). These studies were primarily focused on 


geese, but included thorough sampling of carcasses of all bird species and counts of numbers of a 
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range of Target bird species including gulls. Small numbers of gulls were counted in 2011-12 but 


much larger numbers (primarily flying to and from roost sites) were counted in 2012-13. Although 


the carcass monitoring recorded 48 birds of 9 species in 2011-12 (Ecology Consulting 2012), only one 


of these was a gull (a herring gull). Although the carcass monitoring recorded 17 birds of 4 species in 


2012-13 (Ecology Consulting 2013), no gulls were included. Carcass monitoring at Hellrigg was 


carried out once per week following standard method recommended by SNH (2009). Individual 


carcasses remained detectable for many weeks with a mean time to disappearance of over 3 weeks 


(Ecology Consulting 2013). Almost all marked carcasses found were detected again at the search one 


week later, indicating high search efficiency as well as carcasses remaining evident, and indicating 


that for this site there was unlikely to be any problem with collision victims being undetected 


(Ecology Consulting 2013).   


Table 6. Data from Ecology Consulting (2012 and 2013) indicating the micro-avoidance rates of 
seabirds passing close to wind turbines at Hellrigg Wind Farm in mid-December to mid-March 
2011/12 and 2012/13. 


Species 


Mean 
number 


per 
hour 


passing 
turbines 
2011/12 


Mean 
number 


per 
hour 


passing 
turbines 
2012/13 


Percent 
at rotor 
height 


2011/12 


Percent 
at rotor 
height 


2013/13 


Number 
at rotor 
height 


in 
2011/12 


Number 
at rotor 
height 


in 
2012/13 


Micro-
avoidance 


rate 
based on 
carcass 


searches 
(%) 


Black-headed gull 5.1 131.5 25 81 1,148 95,864 100.00 
Common gull 8.9 507.2 50 88 4,005 401,702 100.00 
Lesser black-
backed gull 


0 0.4 - 88 0 317 100.00 


Herring gull 3.9 72.5 44 94 1,544 61,335 99.99 
Great black-
backed gull 


0.1 0.5 100 93 108 418 100.00 


All gulls     6,805 559,636 99.9998 


 


5.  CONCLUSIONS 


 


 Gulls: Post-construction monitoring data from a variety of offshore, coastal and terrestrial 


wind farms show that micro-avoidance rates of gulls are consistently extremely high. The 40 


measurements of micro-avoidance rates by gulls listed above (including one measurement 


for kittiwake) gave a minimum of 99.25%, maximum 100%, median 100% and mean 99.97%. 


This mean would not alter noticeably if computed using the sample size to weight the means 


by amount of data. There is no evidence that micro-avoidance rates of gulls differ 


significantly between offshore/coastal and terrestrial sites, or among gull species. Only one 


out of the 40 measurements was below 99.8%, a measurement of 99.25% for ‘gulls’ (at Blyth 


Harbour which is also the site with the smallest turbines and therefore the highest predicted 


risk, and so the least suitable model for a modern offshore wind farm). We also note that 


the amount of evidence, and consistency of the evidence, for gull avoidance rates is very 


considerably greater than the amount of evidence that was considered appropriate to allow 
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decisions to increase recommended avoidance rates for terrestrial species such as hen 


harrier and golden eagle (SNH 2010). 


 In addition to these very high micro-avoidance rates, gulls also show moderate macro-


avoidance at around 50%, so the minimum estimate of 99.25% micro-avoidance equates to 


99.625% total avoidance if this estimate of macro-avoidance is taken into account. 


 Terns: Post-construction monitoring data from a variety of offshore and coastal wind farms 


show that micro-avoidance rates of terns are consistently extremely high. The ten 


measurements of micro-avoidance rates by terns gave a minimum of 99.83%, maximum 


100%, median 99.97% and mean 99.945%.  


 In addition to these very high micro-avoidance rates, terns also show moderate macro-


avoidance at around 50%. Combined with the minimum micro avoidance rate this would 


give a total avoidance rate for terns of 99.91%. 


 Gannets: Post-construction monitoring data from offshore and coastal wind farms show that 


avoidance rates of gannets are consistently extremely high with particularly high macro-


avoidance in that species, consistent with the recommendation of a precautionary estimate 


of 99.8% avoidance suggested by Whitfield and Urquhart (2013).  


 Sea ducks: Post-construction monitoring data from offshore wind farms show that 


avoidance rates of sea ducks (predominantly common eider) are consistently extremely high 


with high macro-avoidance and high micro-avoidance; Danish data suggest an avoidance 


rate of 99.98%.  


We conclude that it would be appropriate to use a 99.5% total avoidance rate as a precautionary 


default for seabirds given the data summarised above, but that appropriate avoidance corrections 


for Band models would have to be computed from this depending on which version of the Band 


model was being used. 
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1 INTRODUCTION 


1.1 Purpose of this Report 


1.1.1 This report provides a review of consent decisions from Round 1 and 2 wind farm 


developments in order to determine the approach taken during the consenting and or 


assessment process in respect of the use of avoidance rates in collision risk modelling 


(CRM).  In particular, focus is given to those projects where deviation from the generally 


accepted 98% default avoidance rate (SNH 2010) occurred. 


1.1.2 Where information is available, the evidence base used to justify the adopted avoidance 


rate is presented as well as commentary on any debate surrounding the acceptance (or 


not) of proposed avoidance rate and the eventual outcome of the decision making / 


assessment process.  Specific attention in this review is drawn to avoidance rates 


applicable to seabird species of particular concern with regard to collisions at a 


cumulative North Sea level, notably: 


 Northern gannet; 


 Black-legged kittiwake; 


 Great black-backed gull; and 


 Lesser black-backed gull. 


1.1.3 Information on the avoidance rates used in CRM for Sandwich tern is also presented as 


the avoidance rate used in CRM for this species has been scrutinised via the consenting 


process for a number of offshore projects.  As a result, there may be some important 


principles relating to the use of avoidance rates in the offshore environment that can be 


derived. 


1.1.4 It should be noted that this review considers ‘avoidance rates’ in the wider sense, i.e. 


with respect to the overarching avoidance rate applied to modelled collision risk, which 


can include micro-, and macro- avoidance. 


1.1.5 The information used in the preparation of this review includes the relevant projects’ 


Environmental Statements (ES) and supporting technical appendices, the Examining 


Authority’s (ExA) shadow Habitats Regulations Assessment (HRA) / Report on the 


Implications for European Sites (RIES), or the AA undertaken by the relevant Competent 


Authority.  It should be noted that the information contained within this review is based 


on readily available reports, most of which were submitted as part of the consenting 


process, but subsequent revisions, addendums, or changes to projects during the 


determination process and post-consent are less publicly accessible. 


1.2 Projects considered 


1.2.1 Table 1.1 presents a list of the projects considered in this review along with an 


indication of project status and the availability of project documentation obtained and 


used in this review. 
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Table 1.1: Projects considered in the review and data availability 


Project Title Project status Documentation status 


Dudgeon Offshore 
Wind Farm 


Consent granted in 2012. 
ES and appendices are available, 
including 2009 updates.  MMO AA 
carried out in 2012 is available. 


European Offshore 
Wind Development 
Centre 


Consent granted March 
2013, held pending 
appeals. 


All final ES documents and 
addendum (submitted July 2012) 
including information for HRA are 
available.  AA undertaken by the 
Competent Authority is not 
available. 


Galloper Offshore 
Wind Farm 


Consent granted in May 
2013. 


ES and HRA are available.  DECC 
AA (May 2013) is available. 


Greater Gabbard 
Offshore Wind Farm 


Consent granted in 
February 2007.  Fully 
commissioned in August 
2013. 


Final ES is available.  Project AA 
undertaken by DTi, but not 
available.  Joint AA carried out by 
DECC (2012) for Outer Thames 
Estuary SPA. 


Humber Gateway 
Offshore Wind Farm 


Consented in February 
2011 and under 
construction. 


ES documents and appendices are 
not publicly accessible. AA carried 
out by DECC (July 2009) is 
available. 


Lincs Offshore Wind 
Farm 


Consent granted in October 
2008.  Fully commissioned 
in September 2013. 


ES and appendices not available 
(only LID6 ES is available).  AA 
carried out by BERR (2008) is 
available. 


Race Bank Offshore 
Wind Farm 


Consent granted in July 
2012.  No progress on 
construction. 


ES and appendices not available.  
DECC AA carried out in 2012 is 
available. 


Sheringham Shoal 
Offshore Wind Farm 


Consent granted in June 
2009.  Fully commissioned 
in September 2012. 


ES and HRA submitted are 
available.  AA carried out by BERR 
(2009) is available. 


Teesside Offshore 
Wind Farm 


Consent granted in 
September 2007.  Fully 
commissioned in August 
2013. 


Only ES chapters are available 
(supporting technical appendices 
are not available) and no HRA was 
prepared.  AA carried out by DTI 
(2007) is available. 


Thanet Offshore 
Wind Farm 


Consent granted in 
December 2006.  Fully 
commissioned in 
September 2010. 


ES, supporting appendices and 
Information for AA are available.  
The AA undertaken by BERR 
(2006) is not available. 


Triton Knoll Offshore 
Wind Farm 


Consent granted in July 
2013. 


Final ES, supporting appendices 
and information for AA are 
available.  DECC AA (July 2013) is 
available. 


Westermost Rough 
Offshore Wind Farm 


Consent granted in 
November 2011.  
Construction to commence 
in 2014. 


ES and Information for AA are not 
available.  Judgement of LSE 
determined by DECC (June 2011) 
is available. 
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1.2.2 Table 1.2 presents the list of applications that have, during examination and subsequent 


determination, had an AA undertaken, in date order.  The table identifies the species 


and the European sites considered in the assessment, though noting that habitats or 


any species other than birds have not been included in the list. 


Table 1.2: Applications where AA was undertaken by the Competent 


Authority and the species and European Sites assessed 


Project Date / ExA Species European site 


Teesside June 2007 (DTI) 


Sandwich tern 


Redshank 


Cormorant 


Oystercatcher 


Bar-tailed godwit 


Teesmouth and 
Cleveland Coast 
SPA 


Lincs June 2008 (BERR) Pink-footed goose 
North Norfolk Coast 
SPA 


Sheringham 
Shoal 


July 2008 (BERR) 
Sandwich tern 


Common tern 


North Norfolk Coast 
SPA 


Humber 
Gateway 


July 2009 (DECC) 


Pink-footed goose 
North Norfolk Coast 
SPA 


Common guillemot 
Flamborough Head 
and Bempton Cliffs 
SPA 


Docking Shoal, 
Race Bank, and 
Dudgeon 


June 2012 (DECC) Sandwich tern 
North Norfolk Coast 
SPA 


Kentish Flats 
Extension 


February 2013 
(DECC) 


Red-throated diver 
Outer Thames 
Estuary SPA 


Galloper May 2013 (DECC) 
Lesser black-backed 
gull 


Alde-Ore Estuary 
SPA 


Triton Knoll July 2013 (DECC) 


Sandwich tern 
North Norfolk Coast 
SPA 


Northern gannet 


Black-legged kittiwake 


Flamborough Head 
and Bempton Cliffs 
SPA 


 


1.2.3 The documents considered in this review are those listed in Table 1.2 where collision 


risks on Sandwich tern, black-legged kittiwake, great black-backed gull, lesser black-


backed gull, and northern gannet were assessed in the relevant AA.  This review 


therefore focuses on the following projects: 


 Dudgeon Offshore Wind Farm; 


 Race Bank Offshore Wind Farm; 


 Sheringham Shoal Offshore Wind Farm; 


 Teesside Offshore Wind Farm; 


 Galloper Offshore Wind Farm; and 


 Triton Knoll Offshore Wind Farm. 
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1.2.4 A Judgement on LSE was carried out for Westermost Rough Offshore Wind Farm by 


DECC in 2011.  This concluded no LSE and no further assessment was undertaken, 


however, there is some additional information within the Judgement document which is 


indirectly of use and this has also therefore been considered in this review. 


1.2.5 As noted in paragraph 1.1.5, the review of the above is limited by the information 


readily accessible (i.e. where archived records are still publicly available).  Whilst the AA 


/ RIES have been obtained and are available for many consented projects, the projects’ 


ES and other documents (that may have been presented during examinations and 


hearings) are not necessarily readily available. 
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2 ANALYSIS OF AVOIDANCE RATE USE 


2.1 Introduction 


2.1.1 Table 2.1 presents the information extracted from the consented offshore wind farm 


projects’ ESs or from any other sources (such as subsequent projects’ Information for 


Appropriate Assessment (IfAA) with respect to the relevant seabird species.  For many 


of the projects listed in Table 2.1 there is limited justification for the use of the specific 


avoidance rates used in the CRM and the assessment process. 


2.1.2 The following sections provide a summary of the avoidance rates used in the CRM for 


use in impact assessment work for those projects for which relevant information could 


be sourced. 


2.2 Dudgeon Offshore Wind Farm and Race Bank Wind Farm 


Sandwich tern 


2.2.1 DECC undertook an Appropriate Assessment for the Docking Shoal, Race Bank and 


Dudgeon Offshore Wind Farm Projects in December 2011 and updated this in June 


2012.  In addition, MMO carried out an Appropriate Assessment in July 2012, which 


responded to some of the issues raised by Natural England and JNCC to the DECC AA.  


There was no consideration or assessment with respect to the four key seabird species 


considered in this review within either of the AAs, and the AA focused on the Sandwich 


tern population at the North Norfolk Coast SPA. 


2.2.2 In the Dudgeon ES, the use of a 99.6% avoidance rate was justified on two studies 


undertaken for the Zeebrugge wind farm project, notably Everaert & Stienen (2006) and 


Steinen et al. (2008). 


2.2.3 In the AA by DECC (June 2012), reference was made to the studies at Zeebrugge 


(Everaert & Stienen, 2006), Horns Rev (Petersen et al., 2006), Egmond aan Zee 


(Lindeboom et al., 2011), Thornton Bank (Vanermen & Stienen, 2009), and Blyth 


(Rothery et al., 2009) in relation to avoidance rates.  JNCC & Natural England (2011) 


reviewed the Zeebrugge rate and concluded that 98.83% was most appropriate, though 


initially a 99.6% avoidance rate (Dudgeon) was applied. 
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2.1 Galloper Offshore Wind Farm 


Northern gannet 


2.1.1 Reference is made in the ES to the studies of Krijgsveld et al. (2010) and Christensen et 


al. (2004) which indicate high levels macro-avoidance.  The point is made that although 


there is no information on micro avoidance rates in the literature, the combined 


avoidance rate (i.e. macro + micro) is likely to be high (over 99%), especially for birds on 


migration through the site.  Nevertheless, without qualitative data, the impact 


assessment considered both 98% and 99% avoidance rates. 


2.1.2 In their advice letter to the Examining Authority (8th October 2012), Natural England 


provide the following comment in respect of the application of avoidance rates for 


northern gannet: “Current guidance by Scottish Natural Heritage (“SNH”) suggests a 


default 98% avoidance rate should be used in generating collision mortality figures (this 


implies that 98% of birds in an area will avoid collisions with turbines, with 2% of birds 


being killed). However, whilst this 98% is the currently accepted figure, there is a recent 


empirical study (Krijgsveld et al 2011) that documents greater avoidance of windfarms 


by Gannets than many other species and estimates an overall avoidance rate of 99.1% 


for this species. On this basis, in the current case an avoidance rate of 99% may be 


appropriate, pending further consideration of the SNH guidance. Currently the applicant 


estimates a mortality of 91 – 112 Gannets per annum using a 98% avoidance rate. If the 


greater 99% avoidance rate were used the mortality could be 46 – 56 birds per annum.” 


2.1.3 In the record of the HRA undertaken by DECC (DECC 2013a) the following statement 


and conclusion regarding the potential impact of the project on the northern gannet 


population of the Flamborough Head and Bempton Cliffs SPA was provided: appropriate 


avoidance rate for use in calculating collision mortality figures is made: 


2.1.4 “A population viability analysis (PVA) for the Flamborough Head and Bempton Cliffs 


SPA was undertaken by the Wildfowl and Wetlands Trust Consultancy in 2012 


suggesting an additional mortality of up to 113 gannets per annum as a result of the 


project alone. NE considers that this would not pose a risk of population decline, 


especially given the greater than average growth rate of this gannet colony. A more 


simplistic Potential Biological Removal (PBR) model was used to estimate population-


level effects, based on in combination collisions of between 242 and 351 gannets per 


annum, calculated using a precautionary 98% avoidance rate. Using standard gannet 


demographic parameters, NE estimates that these collision levels would appear to be 


sustainable at all but the most precautionary values of the recovery factor. NE therefore 


advises that, on balance, and based on the assessments presented, a likely significant 


effect can be excluded on the Flamborough Head and Bempton Cliffs SPA, both from 


GWF alone and in combination with other plans and projects.” 


2.1.5 The statement made in the HRA indicates that no further consideration was given to the 


use / acceptability of a 99% avoidance rate for gannet as using a 98% rate it was 


apparent from the PVA work that a likely significant effect could be excluded. 


Gulls (including black-legged kittiwake) 


2.1.6 A number of studies are cited in the ES that provide evidence for micro- and macro-


avoidance rates for gulls.  These are: 
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 Blyth Harbour Wind Farm, Northumberland (Lawrence et al., 2007); 


 Oosterbierum in The Netherlands - Winkelman (1992); and 


 Wind farms in Flanders (Everaert, 2006, 2008, 2011; Everaert et al., 2002; 


Everaert & Stienen, 2007). 


2.1.7 On the basis of additional information on gull behaviour, including nocturnal activity 


(Camphuysen (2011)) and macro-avoidance rates (Krigsveld et al. (2010)), the overall 


avoidance rate for gulls was judged to be at least 99.0% (this rate was used in the 


environmental assessment), and potentially higher in the offshore environment, 


particularly in a large multi-row wind farm such as Galloper. 


2.1.8 The AA carried out by DECC (May 2013) only considered the impact of the proposed 


wind farm development on the lesser black-backed gull population of the Alde-Ore 


Estuary SPA.  Natural England and the ExA agreed that no LSE would arise with 


respect to other bird populations at this site and all other European sites screened into 


the assessment. 


2.1.9 The avoidance rate used for the Galloper CRM was 99% on the basis of a COWRIE 


report (MacLean et al., 2009) in which gulls are ascribed an avoidance rate of 99.5% 


and also monitoring work at Blyth Harbour wind farm in Northumberland which showed 


that micro avoidance rates alone for large gulls are likely to be above 99% (Lawrence et 


al., 2007).  In respect of this assessment work and the use of the 99% avoidance rate, 


the following statements were made in the written representation by Natural England 


(Appendix D – Expert Report on Ornithology by Richard Caldow – 16th July 2012): 


“The Applicant presents a review of the literature (Appendix 3 to OTR) and concludes 


that there is sufficient evidence to support an avoidance rate for gulls of 99% or more. 


To an extent, this is based on dismissal of studies that have generated lower values of 


micro-avoidance. Table A.3.8 lists 20 values of micro-avoidance by gulls and of these, 


11 are less than or equal to 98%. Paras 1.136 – 1.142 of this Appendix 3 to OTR detail 


a number of reasons why these values may be lower than would be appropriate in a 


large offshore windfarm. However, clearly there is still considerable uncertainty as to 


what the “correct” value is. Natural England is not of the view that the overall avoidance 


rate of gulls at large offshore windfarms has been proved beyond all doubt to be 


precisely 98%. However, it must be recognised that reliance on any particular value of 


avoidance rate carries with it a risk to decision making. The value chosen: i) may not be 


close to the “true” value and ii) will not acknowledge the range of uncertainty that would 


exist even around that “true” value were it known. 


Use of avoidance rates that are relatively high risks underestimating the number of gull 


collisions. This in turn poses a risk that the magnitude of the increase in risk to the 


protected Lesser-black-backed gull population of the Alde Ore Estuary SPA will be 


underestimated. Conversely, the selection of a low avoidance rate risks overestimating 


the number of gull collisions and the magnitude of the increase in risk to the protected 


Lesser-black-backed gull population of the Alde Ore Estuary SPA will be overestimated. 


However, adopting a value informed by the lower end of the suite of values that can be 


derived from the empirical data would be consistent with the adoption of a precautionary 


approach to the assessment of an impact on an SPA interest feature in circumstances 


where there is uncertainty regarding the “true” avoidance rate value. Current SNH 


guidance recommends that a default (and precautionary) figure of 98% should be 


employed for all gulls and terns. As can be seen from Table 7.16 – 7.19 in the HRA, 
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assuming an AR of 98% predicts twice the number of collisions as does assuming a 


value of 99%, and four times as many as when an AR of 99.5% is assumed.” 


2.1.10 In the AA carried out by DECC (May 2013) the following conclusions were made 


regarding the applicable avoidance rate for use in CRM for lesser black-backed gull: 


“NE suggest that a 98% avoidance rate is suitably precautionary for LBBG, given the 


uncertainty regarding bird behaviour when encountering a windfarm. This is largely on 


the basis of work undertaken by Krijgsveld et al. (2010, 2011) and Poot et al (2011) for 


the Egmund aan Zee wind farm – the first large-scale offshore wind farm built off the 


Dutch North Sea coast. This is also the default avoidance rate suggested by Scottish 


National Heritage (SNH) in its guidance note on avoidance rates (SNH, 2010) where 


there is a lack of suitable data to determine species-specific avoidance rates. NE 


considers that this is a realistic basis on which to make an assessment that incorporates 


a degree of precaution and is consistent with the available empirical evidence. 


The Applicant has conducted a literature review in its HRA and highlights, in particular, a 


COWRIE report (MacLean et al. 2009) in which gulls are ascribed an avoidance rate of 


99.5% and also monitoring work at Blyth Harbour wind farm in Northumberland which 


showed that micro avoidance rates alone for large gulls are likely to be above 99% 


(Lawrence et al. 2007). The HRA literature review notes that some studies, such as 


those for wind farms in Flanders (e.g. Everaert, 2011; Everaert & Kuijken, 2007) indicate 


avoidance rates from 98.69% down to 91.53%. However, methods of calculations 


between studies are different and the location and layouts of wind farms are also 


different to GWF with respect to gull colonies. For example, there is a local migration 


route of gulls towards a roost site in one example (Brugge), whilst another wind farm 


studied lies near to a breeding colony (Zeebrugge). The Applicant suggests that turbines 


closer to nesting colonies would be subject to more short nocturnal trips and, hence, 


collision chance per turbine would be likely to be higher for such smaller, linear wind 


farms located close to colonies than for a large multi-row wind farm further offshore, 


such as GWF. As a result of its literature review, and taking into account the 


similarities/differences between the proposed GWF and other wind farms studied, the 


Applicant considers that the avoidance rate for LBBGs is likely to be at least 99% and 


possibly higher in the offshore environment, particularly for large multi-row wind farms, 


such as GWF. 


The ExA recommends that, on balance, the 98% figure be used and that this would give 


an adequate level of precaution, because of the lack of species-specific evidence that 


can be used to confirm an avoidance rate with certainty.” 


2.2 Greater Gabbard Offshore Wind Farm 


Lesser black-backed gull 


2.2.1 In the Greater Gabbard EIA, three avoidance rates (high, medium and low) are 


presented.  For the CRM the medium rate (99.82%) is used in the assessment.  This 


rate is derived from the mortality rates for gulls presented in Winkelman (1997). 


2.2.2 There is reference to an AA undertaken by DTi in the decision letter for the project in 


which it is stated that AA was undertaken with reference to the impact on the lesser 


black-backed gull population of the Alde-Ore Estuary SPA and the red-throated diver 
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population of the Outer Thames Estuary pSPA.  However, no record of this AA can be 


located.  The decision letter states: 


“In light of the advice offered by the JNCC and NE, the DTI’s environmental staff 


undertook an Appropriate Assessment (“AA”) on behalf of the Secretary of State that 


considered the potential impacts of the Development on each of the sites mentioned 


before (Outer Thames Estuary pSPA and the Alde-Ore Estuary SPA).  The conclusion 


of the AA was that the Development would not, either alone or in combination with other 


plans or projects within the Thames Estuary, adversely affect the conservation 


objectives of the integrity of the pSPA or the SPA. Both the JNCC and NE concur with 


the outcome of the AA and agree that the potential impact on birds is not sufficient to 


withhold consent.” 


2.2.3 Subsequent to the individual project AA, DECC carried out an Appropriate Assessment 


in July 2013 of the combined London Array Phase I, London Array Phase II and the 


Greater Gabbard Offshore Wind Farms on the Outer Thames Estuary SPA features.  


The AA only considered the red-throated diver population. 


2.3 Teesside Offshore Wind Farm 


2.3.1 The ES generically notes that Percival (2000) indicates that avoidance rates are typically 


in excess of 99%, though no specific reference to which species is made.  Overall, they 


used the Blyth Harbour Offshore Wind Farm results (Still et al., 1996; Painter et al., 


1999) to justify the avoidance rates, which were based on the calculated number of 


collisions from the SNH collision model without avoidance (6,453) divided by the number 


of collisions per year (corrected for search efficiency) which averaged 24.7 birds per 


year, which resulted in the avoidance rate of 99.62%. 


2.3.2 The ES presented the results of monitoring of the Nysted wind farm (using TADS) as 


justification for the higher avoidance rate.  At Nysted, over 2,400 hours failed to detect a 


single collision, and the radar studies showed extensive avoidance reaction from 


migrants and waterfowl.  Monitoring of Horns Rev also showed avoidance behaviour of 


(amongst other species) gulls (Petersen et al., 2006). 


2.3.3 DTI carried out an Appropriate Assessment in June 2007.  The assessment considered 


only the Teesmouth and Cleveland Coast SPA and in particular Sandwich tern and 


waterfowl (no seabirds).  There was no consideration or assessment with respect to the 


four key seabird species within the DTI AA. 


2.3.4 With regard to Sandwich tern, the ES stated that 99.2% was necessary to demonstrate 


no significant effect, and that avoidance rates were likely to be higher (with reference to 


Nysted (Petersen et al., 2006) and Flanders (Everaert, 2003)) and others.  The 


Competent Authority (DTI, 2007) accepted the assessment put forward for Sandwich 


tern and determined No Adverse Effect on Integrity (NAEOI). 


2.4 Triton Knoll Offshore Wind Farm 


2.4.1 Collision risk modelling using a default avoidance rate of 98% was undertaken for all 


seabird species apart from Sandwich tern where 98.83% was utilised.  The derived 


collision mortality figures were used in the environmental assessment and the 


information for HRA report. 
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2.4.2 An AA / RIES was carried out for the Flamborough Head and Bempton Cliffs SPA 


(northern gannet and black-legged kittiwake) and the North Norfolk Coast SPA 


(Sandwich tern), as well as other SPAs (DECC, 2013b). 


Black-legged kittiwake 


2.4.3 With regard to black-legged kittiwake, no discussion or comment was provided by the 


SNCBs and DECC as to the utilisation of the default 98% avoidance rate, other than to 


state that it was acceptable. 


Northern gannet 


2.4.4 While TKOWFL applied (and reported within the ES and HRA) an avoidance rate of 98% 


for northern gannet, further comment on the use of this rate was provided by Natural 


England (Appendix 2 of the Statement of Common Ground between TKOWFL and 


Natural England and the JNCC), as set out below: 


“From Current guidance by Scottish Natural Heritage (“SNH”) suggests a default 98% 


avoidance rate should be used in generating collision mortality figures (this implies that 


98% of birds in an area will avoid collisions with turbines, with 2% of birds being killed). 


However, whilst this 98% is the currently accepted figure, there is a recent empirical 


study (Krijgsveld et al 2011) that documents greater avoidance of windfarms by Gannets 


than many other species and estimates an overall avoidance rate of 99.1% for this 


species. On this basis, in the current case an avoidance rate of 99% may be 


appropriate, pending further consideration of the SNH guidance. Currently the applicant 


estimates a cumulative mortality of 357 Gannets per annum using a 98% avoidance 


rate. If the greater 99% avoidance rate were used the mortality could be 179 birds per 


annum”. 


2.4.5 In the record of the HRA undertaken by DECC for TKOWF (DECC, 2013b), the following 


statement and conclusion regarding the appropriate avoidance rate for use in calculating 


collision mortality figures is made: 


“TKOWFL applied an avoidance rate of 98% for Gannet.  However the SNCBs advise 


that whilst this 98% is the currently accepted figure, there is a recent empirical study 


(Krijgsveld et al 2011) that documents greater avoidance of windfarms by Gannets than 


many other species and estimates an overall avoidance rate of 99.1% for this species.  


Consequently SNCBs stated that in their view, in the current case, an avoidance rate of 


99% may be appropriate, pending further consideration of the Scottish Natural Heritage 


guidance (Ornithology SoCG: Appendix 2).  The Secretary of State agrees with the 


SNCBs, and concludes that an avoidance rate of 99% for Gannets may be sufficiently 


precautionary for this species, based on the most recent evidence, although he notes 


that there would not be an adverse impact even with a 98% avoidance rate in this 


instance”. 


2.4.6 The clear conclusion is that the Secretary of State determined that the level of evidence 


(i.e. the empirical data and conclusions reached in Krijgsveld et al. (2011) was sufficient 


to enable a 99% avoidance rate to be applied in the case of the TKOWF. 


2.4.7 Subsequent to the decision reached on TKOWF, further consideration of the use of the 


99% avoidance rate for gannet has been given during the examination process for the 
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East Anglia ONE wind farm development.  The following text is reproduced from Annex 


D of the written representation from Natural England (Natural England, 2013): 


“SNCBs are currently considering revisions to avoidance rates and that advice on 


avoidance rates for gannets may change in the light of ongoing evidence reviews and 


future studies. In the meantime, NE considers figures based on both 98% and 99% as 


being worth consideration, and takes into account the likely degree of precaution offered 


by both in reaching its conclusions”. 


Sandwich tern 


2.4.8 TKOWFL utilised a 98.83% avoidance rate in the collision risk modelling based on data 


from the wind farm at Zeebrugge (Everaert & Stienen, 2007).  However, the SNCBs 


argued that a rate of 98% should be applied due to the fact that the rate proposed was 


only based on one study at a site which might not be representative of the conditions 


likely to prevail at the TKOWF site.  The Competent Authority determined that the 


application of a 98.83% avoidance rate should be retained as there was no 


demonstrated unreasonableness in the Greater Wash AA (see Dudgeon Wind Farm, 


above) decision or of any new scientific evidence to suggest that a different decision 


should be reached. 


2.5 Westermost Rough Offshore Wind Farm 


2.5.1 DECC produced a Judgement of LSE (JoLSE) with respect to the Westermost Rough 


Offshore Wind Farm in June 2011.  Whilst the key focus of the JoLSE appeared to be 


guillemot, seals and habitats, and the judgement only considered the Humber Estuary 


European sites (SAC, SPA and Ramsar) consideration was given to the collision risk for 


seabirds.  In particular the judgement states in paragraph 3.2 bullet 4: 


“Natural England (2011b) acknowledged that on the basis of the information provided to 


date, the contribution of collision mortality at WMR to the cumulative total is minor for all 


species but advised that the effects of Docking Shoal, Race Bank and Dudgeon be 


considered in combination (Annex 2).  WMR makes a minimal contribution to estimated 


seabird collision rates in combination with other windfarms of the east coast of Britain”. 


2.5.2 The Annex 2 referred to and presented in the Judgement of LSE, presents the estimated 


annual collision rates of seabirds at operational, consented and proposed (in planning) 


wind farms along the east coast.  The judgement of no LSE was therefore issued on the 


basis of the avoidance rates presented in that Annex, which were 99% or higher with the 


exception of common tern.  The avoidance rates were justified through reference to 


Maclean et al. (2009). 


2.6 Sheringham Shoal Offshore Wind Farm 


2.6.1 BERR carried out an Appropriate Assessment in July 2008.  There was no consideration 


or assessment with respect to the four seabird species considered in this review within 


the BERR AA and only Sandwich tern and common tern with respect to the North 


Norfolk SPA were considered. 


2.6.2 Assessment of collision risk was undertaken in the ES using an avoidance rate of 98%.  


However, aspects of the collision modelling were updated and, although not available, it 


would appear that evidence from the studies at Zeebrugge (Everaert & Stienen (2006) 
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and Everaert & Kuijken (2007) were used in defining a 99.6% rate.  Natural England 


argued for an avoidance rate of 98% for Sandwich tern based on differences between 


the Zeebrugge wind farm and the Sheringham Shoal Offshore Wind Farm (e.g. coastal 


location vs offshore, as put forward in their letter to BERR dated 22 May 2007).  


However, the 99.6% used by the applicant was accepted by the Competent Authority 


based on the findings of Everaert & Stienen (2006) and Everaert & Kuijken (2007). 


3 SUMMARY 


Northern gannet 


3.1.1 For northern gannet there is some evidence (Krijgsveld et al., 2011) to suggest that the 


98% avoidance rate is too precautionary and may be closer to 99%.  For both the 


Galloper Offshore Wind Farm and Triton Knoll Offshore Wind Farm, Natural England 


indicated in their written representations to the ExA that “in the current case an 


avoidance rate of 99% may be appropriate, pending further consideration of the SNH 


guidance”.  In the case of Galloper, the Competent Authority (DECC, 2013a) in their 


HRA appear to accept and base their conclusions of no LSE on the basis of a 98% 


avoidance rate.  For Triton Knoll, DECC (DECC, 2013b) conclude that “an avoidance 


rate of 99% for Gannets may be sufficiently precautionary for this species, based on the 


most recent evidence”. 


3.1.2 The current situation with regard to the appropriate avoidance rate for use in CRM for 


gannet is therefore not clear.  Based on both the Galloper and Triton Knoll decisions it 


would appear that an avoidance rate of 99% is acceptable.  However, its application is 


likely to be tested on a case by case basis, rather than across all projects.  It should be 


noted that recent review work (Whitfield and Urqhart, 2013) advocates a 99.5% 


avoidance rate for gannet (see Appendix 3 for further information). 


Kittiwake 


3.1.3 Earlier offshore wind farm applications used a 98% avoidance rate, and this rate 


continues to be used.  However, it should be noted that for the Westermost Rough 


Offshore Wind Farm, the AA carried out by DECC in 2011 presented the number of 


black-legged kittiwake affected by collisions for a range of offshore projects.  This report 


presented a Judgement of no LSE and included a paragraph referring to the Annex and 


in-combination figures which used a 99% avoidance rate for black-legged kittiwake. 


Great black-backed gull 


3.1.4 Earlier offshore wind farm applications mainly used a 98% avoidance rate, though some 


such as Galloper, Teesside, and Westermost Rough reported with higher avoidance 


rates (99% or 99.5% - based on Maclean et al. (2009) and other studies).  However 


none of the applications that applied the higher avoidance rates were taken through to 


AA with respect to this species and no determination or arguments were presented to 


justify and conclude on the use of higher avoidance rates.  However, it should be noted 


that for the Westermost Rough Offshore Wind Farm, the AA carried out by DECC in 


2011 presented the number of great black-backed gull affected by collisions for a range 


of offshore projects.  This report presented a Judgement of no LSE and included a 


paragraph referring to the Annex and in-combination figures which used a 99.5% 


avoidance rate for great black-backed gull. 
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Lesser black backed gull 


3.1.5 Earlier offshore wind farm applications mainly used a 98% avoidance rate for lesser 


black-backed gull.  For Greater Gabbard an avoidance rate of 99.82% was used based 


on data in Winkelman (1992).  A conclusion of no adverse effect on the integrity of the 


Alde Ore Estuary SPA was given in the AA undertaken by DTI, which suggests that the 


collision risk output (and therefore the avoidance rate used) was accepted by the 


Competent Authority. 


3.1.6 The Westermost Rough Offshore Wind Farm AA/RIES carried out by DECC in 2011 


presented the number of lesser black-backed gull affected by collisions for a range of 


offshore projects.  This report presented a Judgement of no LSE and included a 


paragraph referring to the Annex and in-combination figures which used a 99% 


avoidance rate for lesser black-backed gull. 


3.1.7 In the case of the Galloper Offshore Wind Farm, GOWL used a 99% avoidance rate in 


the CRM and justified the use of this rate on the basis of a number of studies.  Natural 


England in their representations to the ExA argued that the evidence was not sufficient 


to support the use of a 99% rate and that from a precautionary perspective 98% should 


be utilised.  For the AA undertaken by DECC (DECC, 2013a), it was determined, on the 


basis of advice from Natural England, that an avoidance rate of 98% should be utilised 


in the CRM because of the lack of species-specific evidence that could be used to 


confirm an avoidance rate with certainty. 


Sandwich tern 


3.1.8 Scrutiny of the appropriate avoidance rate to be used for Sandwich tern has been 


undertaken with respect to the Docking Shoal, Dudgeon, and Race Bank Offshore Wind 


Farm projects, via a combined HRA (DECC, 2012).  Avoidance rates greater than 98% 


were also utilised for the Sheringham Shoal Offshore Wind Farm (BERR, 2008), the 


Teesside Offshore Wind Farm (DTI, 2007), and Triton Knoll (DECC, 2013). 


3.1.9 In the case of Teesside Offshore Wind Farm, there appears to have been no specific 


scrutiny of the avoidance rates used and the assessment work undertaken in respect of 


the collision impact of the wind farms on Sandwich tern were accepted by the 


Competent Authority (and consenting authority) in both cases. 


3.1.10 For the Docking Shoal, Dudgeon, and Race Bank Offshore Wind Farm, JNCC & Natural 


England (2011) reviewed the Zeebrugge avoidance rate and concluded that 98.83% 


was most appropriate rate, and this was accepted by the Competent Authority (and 


consenting authority).  Subsequently, whilst recommendations by Natural England to 


lower the avoidance rate arose for Triton Knoll, again the Competent Authority (and 


consenting authority) found the higher rate (98.83%) suitably precautionary. 
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1. Introduction 

 At Deadline 4 (REP4-012) the Applicant, stated that it was prepared to make a commitment (subject 

to agreement with the SNCB and MMO) to decommission any remedial cable and/or scour protection 

within designated sites at the end of the operation and maintenance phase for the project, subject 

to agreement from regulatory and nature conservation bodies at that time.  

 At Issue Specific Hearing 5, the Applicant advised the ExA that it would provide information at 

Deadline 6 on the feasibility of removing rock protection based on current technology. This being 

acknowledged, the Applicant is therefore providing with this note, documentation written by Jan de 

Nul to support the Race Bank Marine Licence applications for remedial rock protection 

(MLA/2017/00277/4 and MLA/2018/00385) to evidence existing methods and tools for removing rock 

from the marine environment. The documents provided are as follows: 

1.2.1 Annex 1: Rock Installation Method Statement, Jan De Nul (2018).  

This document demonstrates that the rock berms can be removed on decommissioning without 
permanent impact by outlining the methods for decommissioning which are currently available on 
the market and discussing the options which are likely to be available at the time of 
decommissioning.  
 
1.2.2 Annex 2: Technical Note for Decommissioning Race Bank Export Cable Rock Protection, 

Jan De Nul (2018).                                                                                                      

This note provides case studies where the two proposed decommissioning methods in Annex 1 have 

been successfully used to remove rock of similar size to those proposed for Hornsea Three and 

Race Bank and lessons learnt from previous these projects.  

 The Applicant acknowledges that there are constraints associated with different technology types, 

one of the main ones being water depth.  However, the Applicant can confirm that water depths 

within the designated sites overlapping with Hornsea Three are within the operational limits for the 

proposed methodologies. Given the water depths, both tools would be appropriate for the Cromer 

Shoal Chalk Beds MCZ, the Wash and North Norfolk Coast SAC and the majority of the North Norfolk 

Sandbanks and Saturn Reef SAC, with only trailing suction hopper dredging appropriate in short 

sections of deeper water (i.e. up to approximately 41 m depth) within of the North Norfolk Sandbanks 

and Saturn Reef SAC, where backhoe dredging is not possible (i.e. backhoe dredging not possible 

in water depths greater than 32 m). Water depths are greater within Markham’s Triangle rMCZ which 

would render backhoe dredging unfeasible (i.e. >32 m), however in these areas trailing suction 

hopper dredging would be an appropriate method for removal of rock protection.   
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 The Applicant acknowledges that at the time of decommissioning the decommissioning of rock 

protection and subsequent disposal activity would need to be duly assessed and licenced. However, 

with respect to effects on protected features of the relevant designated sites, as outlined in paragraph  

3.3 of the Written Summary of Applicant's oral case put at Issue Specific Hearing 5, disturbance to 

these features during decommissioning of rock protection is within the envelope assessed within the 

Volume 2, Chapter 2: Benthic Ecology of the Environmental Statement (APP-062) and the Report to 

Inform Appropriate Assessment (APP-051).    
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1. INTRODUCTION 

Race Bank Offshore Windfarm (ROW) will have a capacity of approximately 580 MW. The Race Bank 

project is located approximately 27km from the nearest landfall on the UK east coast of north Norfolk 

(Blakeney Point) and just over 28km from Chapel Point, Chapel St. Leonards on the Lincolnshire coast. 

 

 
Figure 1-1: ROW01 Approximate position 

 
Figure 1-2: Export cable layout ( 2 x 71 km submarine cables + 6 km Interlink) 
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The wind farm consists of 91 wind turbines (WTGs) each of 6 MW – max wind farm production of 580 

MW and two offshore substations (OSSs) connected with an interlink cable. The WTGs are 

interconnected to the two offshore substations with 34 kV internal array cable systems. 

The two offshore substations are situated inside the wind farm area and are connected to the onshore 

Transition Joint Bay (TJB) through 2 x 220kV submarine cables of approximately 71 km each. 

 

One part of the ROW01 project includes supply of approx. 2 x 71km 220kV submarine cable systems 

with integrated fibre optic cable between the offshore substations and the transition joint onshore and 

supply of a 220kV underground cable system. 

 

1.1 Purpose and scope 

The purpose of this document is to: 

 Introduce the methods for decommissioning which are currently available on the market and 

discuss the options which are likely to be available at the time of decommissioning 

 Provide an explanation of each of the methods, discuss any positives and negatives associated with 

each method 

 It demonstrates that the rock berms can be removed on decommissioning without permanent 

impact by describing the options for rock berm decommissioning, an outline of the method 

statement, the physical impact from rock berm decommissioning on the immediate and 

surrounding seabed and the disposal of the materials.  
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2. DECOMMISSIONING 

2.1. Method of removal 

Contractor has several vessels available to decommission as much as possible of the installed rock 

material. A first option, to minimise the impact of the removal contractor proposes to deploy two 

trailing suction hopper dredgers which can remove almost all the installed material with the least 

impact on the original seabed. A second option to remove the rock material is the deployment of 

backhoe dredgers which can dredge the installed rock berm and load it in to barges. In the future it is 

expected that even more alternatives will become available on the market which may even further 

reduce the impact on the seabed and guarantee removal of the rocks without influencing the 

surrounding seabed. 

2.2. Option1: TSHD equipment 

Two Trailing Suction Hopper Dredgers are proposed to be used on the project: TSHD Bartolomeu Dias 

(BA) and TSHD Taccola (TL). See Table 6-1 for mains specifications of TL: 

 

Taccola     

draft empty 3.7 m 

draft fully loaded 7.3 m 

max dredge depth  28.5 m 

dump through bottom doors yes   

discharge through suction pipe yes   

Table 1: Taccola specifications 

See Table 6-2 for main specifications of BA: 

 

Bartolomeu Dias     

draft empty 5.6 m 

draft fully loaded 11.2 m 

max dredge depth 43.8 m 

dump through bottom doors yes   

discharge through suction pipe no   

Table 2: Bartolomeu Dias specifications 
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2.3. Option 2: Backhoe dredger equipment 

In view of the soil conditions, the design, the bathymetry, the metocean conditions and the project 

location, an alternative option to the deployment of the TSHD vessel is to deploy our Backhoe Dredgers 

‘Mimar Sinan’ and ‘Postnik Yakovlev’ to remove the installed rock material.  

 

Figure 2-1: BHD ' Postnik Yakovlev’  

The material from the rock removal operations shall be disposed offshore. Therefore, in view of this 

requirement, we propose to deploy the above mentioned backhoe dredger in combination with several 

Split Hopper Barges such as “L’Aigle”. 

 

Table 2-3: Split Hopper Barge 'L'Aigle' 
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2.4. Impact to the seabed 

The preferred option, using a TSHD, will remove the installed material using its draghead. The width of 

the draghead is normally between 3-6m and thus normally one or two passes of the draghead should 

be sufficient. The position of the draghead can be fully controlled by using the Suction Tube Positioning 

Monitoring System (STPM) which is a system of angle transducers on every lid of the suction pipe. This 

allows determination of the draghead position relative to the ship and makes relative X, Y and Z co-

ordinates of the draghead available to the positioning and dredging computers.  

The draghead will be kept at a constant height just above the seabed and the rocks will be sucked into 

the draghead. The draghead will therefore not penetrate in the original seabed deeper than 30cm 

below the rock level and thus minimal seabed below the rock level will be disturbed and brought into 

suspension at the draghead of the TSHD. Additionally the overflow will result in process water being 

released though the overflow pipe underneath the vessel. This process water will contain only a small 

amount of fines (most areas have a sandy seabed) and thus the sediment brought into suspension via 

the overflow is expected to settle down relatively fast. However the temporal and spatial extent of the 

plume also depends on the depth of release point in the water column and the hydrodynamic 

conditions at the time. 

 

After the TSHD has removed the rock berm, a shallow trench will be left in the seafloor.  

The tidal current regime is considered to be an important governing factor for the sediment transport 

and morphological regime in offshore locations and also throughout The Wash (Royal Haskoning, 2004). 

The median grain size of the seabed sediments within the Wash range from 170µm (KP8-15) to 480µm 

(KP15-22.5) and 240 µm (KP22.5-KP35) (Burial performance assessment study, Deepocean 2016). 

Analysis of bed shear stress measurements within the Project ES, identified that fine sands KP08-15 and 

KP22.5-35) would be mobilised up to 85% of the time during a representative spring-neap tidal cycle. 

The larger median grain size of 480 μm (KP15-22.5), would be mobilised approximately 76% of the time 

during a representative spring-neap tidal cycle and would be immobile during the lowest neaps (ES, 

Centrica, 2009).  

It is estimated that approximately 1.4x10
4
 Ton of material per annum enters the Wash from marine 

sources through bedload transport. Approximately 500-1000 times more is transported into the Wash 

by suspended load (Royal Haskoning, 2004).  

Taking these natural movement of the sediment into account and due to the reduced wave and current 

energy inside the lowered part of the seabed it is expected that this area will be filled in relatively fast 

and therefore the seabed is expected to return relatively fast to its original profile. 

 

2.5. Disposal of the decommissioned materials 

The material will be disposed offshore at a dedicated disposal area. Different disposal areas are 

available near the rock berm area but a permit will be requested and specific areas will be selected for a 

licensed area where the rock can be relocated. A licenced disposal site will be selected as close to the 

site as possible, and all consents/licences will be secured in advance of the works 
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3. GENERAL WORKING PRINCIPLES 

3.1. Option 1: Main working components TSHD 

A Trailing Suction Hopper Dredger is a common dredging vessel. It is a sea-going, self-propelled vessel 

that is suitable to remove, transport and dispose silty, sandy or gravely soils or soft clayey soils. Its main 

working components and their respective function in the dredging process are briefly explained below. 

A general layout of a TSHD can be seen in Figure 3-1.  

 

 
Figure 3-1: General layout of a TSHD 

The draghead (Figure 3-2) is the T-shaped part mounted at the end of the suction pipe. It has several 

movable parts that ensure that the draghead makes good contact with the soil that needs excavating. It 

can also be fitted with a set of teeth that help loosen the soil. A set of jet nozzles through which water 

is jetted at high flow rates is also used to loosen cohesive soils. A grid can be installed inside the 

draghead to prevent objects larger than a certain size to enter the pumps. Such grid also prevents 

ordnance entering the pumps. 
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Figure 3-2: Draghead 

The suction pipe (Figure 3-3) is the tube that transports the dredged materials to the hopper. It is made 

up of two sections that hinge at a flexible pipe section but the movement is limited by a metal frame 

(cardan) to allow a certain range of movement flexibility. On the suction pipe an underwater pump is 

mounted to boost the vessel’s output while removing the rock material. 
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Figure 3-3: Suction pipe 

The hopper well (Figure 3-6) is the large compartment in which the removed material from the seabed 

are pumped and stored for transport disposal area. 

 

 
Figure 3-4: Hopper well 

Suction is provided by the inboard pump (Figure 3-5), for during rock removal as well as for discharging. 
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Figure 3-5: Inboard pump 

 

The overflow funnel(s) (Figure 3-6) are vertically mounted tubes inside the hopper well that are 

normally used to drain off (through the keel) excess water inside the hopper well allowing the hopper 

load to be maximized. The funnels are adjustable in height and can be controlled by the dredging 

operator from the bridge. The anti-turbidity valve or so-called “green valve” is a hydraulically controlled 

valve mounted inside the overflow funnel(s). This valve drastically reduces the turbidity generated by 

the overflow water drained through the overflow funnels. 
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Figure 3-6: Overflow funnel 

3.2. Working principle of the TSHD for decommissioning the installed rock 

berm 

For the decommissioning works the TSHD will go through a typical set of four consecutive activities, 

called a dredging cycle. This conventional dredging cycle can be divided in following activities: sailing 

empty to the rock berm area, loading (rock removal), sailing loaded to the discharge area and 

discharging. 
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3.2.1. Sailing to the Rock berm area 

The dredging cycle starts with the empty hopper dredge sailing to the rock berm area guided by its 

navigation systems.  In this stage of the dredging cycle, the hopper dredge is regarded as a normal 

cargo vessel. 

 

3.2.2. Rock removal 

Once the hopper dredger approaches the rock berm area, the sailing speed is reduced, the suction tube 

will be hoisted over board, the dredge pump will be started and the draghead is lowered to the seabed 

The draghead is attached at the lower end of the suction tube, which is designed for maximizing the 

removal production during the loading phase. During rock removal operations, the draghead will 

penetrate typically 30 cm below the rock level, depending on the size of the draghead and type of soil, 

into the seabed and the TSHD will maintain a low trailing speed around 2kn.  

Sailing empty to rock berm area 

 

Rock removal 

Sailing loaded to discharge area 

Discharging 
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Figure 3-7: TSHD while removing rock from the seabed 

The rock material thus lifted (dredged) from the seabed, will be pumped through the suction pipe and 

inboard pipelines into the hopper well as a soil/water mixture as schematically presented on Figure 3-8.  

 
Figure 3-8: Mixture flow while dredging 

To minimize the caused turbidity and optimize the load of the vessel, use will be made of the overflow 

funnel in the hopper – however this will be limited as the material. Material enters the hopper well in a 
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soil/water mixture and at a certain point the water level in the hopper reaches the top of the overflow 

funnel; mixture of water and soil will thus be present in the hopper (Figure 3-9).   

Once the hopper level reaches the overflow, water will flow back into sea through the overflow, while 

the soil in the soil/water mixture will settle in the hopper. More and more soil will settle in the hopper, 

increasing the load of the vessel. This process will continue until the vessel reaches its dredging draught 

with a minimal possible water layer on top of the settled soil by adjusting the funnel height. At this 

moment the hopper is fully loaded.  

 
Figure 3-9: Hopper content when reaching the overflow 

Anti-turbidity valve 

 

To minimize the turbidity that is being created while overflowing, the overflow of the hopper is 

provided with an anti-turbidity valve (also known as “green valve”). The purpose of the valve is to 

throttle the flow through the overflow. This results in a raising water level inside the overflow and 

consequently the water flowing into the overflow falls over a lower height (difference between 

maximum level of the hopper and the waterline). 

The valve is used to minimise the sediment plume and decrease the environmental impact. Without 

such a valve, the water would fall over a large height, especially at start of loading with a small vessel’s 

draught. The result of this “waterfall” is that large amounts of air are entrained. This air is led under the 

vessel, and returns to the surface at the sides and aft of the vessel. The raising air bubbles entrain the 

small sand or silt particles in the overflow water, and so cause a large turbid plume around and aft of 

the dredger. 

The plume for this work scope will however be limited as the material that needs to be removed is rock 

material and only a small part of the original seabed will be removed as well and may cause a plume 

during the operations. 

 

Reference is made to Figure 3-10 for a picture of the anti-turbidity valve.  
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Figure 3-10: Anti-turbidity valve 

3.2.3. Sailing to the discharge location 

With the TSHD fully loaded, the draghead is lifted from the seabed and the dredge pump is stopped. As 

discharge will be done though the suction pipe, it will depend on the discretion of the vessel master if 

the suction pipe is hoisted back on board; this will mainly be influenced by the distance to the discharge 

area. The TSHD sails from the rock berm area to the predefined discharge location by its navigation 

systems. 

 

3.2.4. Discharging 

Discharging with the TSHD can be done in different ways, depending on the specific TSHD. 

On the project 2 different ways of discharging methods are used: 

 

Option 1: Dumping dredged material through bottom doors: 

 

Both TSHD TL and BA are able to open their bottom doors and discharge the dredged material through 

the bottom doors. 

 

 

Option 2: Discharge dredged material through suction pipe: 

 

To be able to pump the material, the soil in the hopper will be fluidized by jetting water into the hopper 

prior to discharging. The fluidized mixture is then transported to the dredge pump via “direct suction”. 

The inlet of the dredge pump is connected to a central self-emptying line installed in the hopper 
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buoyancy space. Five branches are provided on this line acting as suction lines in the hopper. By means 

of valves the material is redirected through the inboard pipelines from the hopper to the dredge pump 

and back through the suction pipe. 

 

 
Figure 3-11: Mixture flow while discharging 

BA can only discharge through the bottom doors. TL can discharge through bottom doors and through 

the suction pipe. 
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3.3. Option 2: General Working Principles of a Backhoe Dredger 

 

Figure 3-12: Backhoe Dredger 

3.3.1. Method 

The backhoe dredger is a common type of dredger, which dredges mechanically. The main component is a 

hydraulic excavator, performing the rock removal operation, mounted on a pontoon. 

The BHD is equipped with the latest technology in computer systems, used for on-line positioning and 

dredging monitoring. The BD also complies with the latest requirements of International Safety and 

Environmental standards. 

The Backhoe Dredger is equipped with three spuds: 

one spud is located in the centre of the pontoon at 

the stern in a spud carriage system; this spud can be 

lifted and moved along the centre line of the pontoon 

(or the pontoon can be moved with respect to the 

spud fixed onto the sea bottom); the two other spuds 

can only be lifted/lowered. 

The working method of the backhoe dredger is as 

such that the dredger is towed into location by the 

assisting tug and is then fixed into position by its 

three spuds. Before lowering the spuds, the exact 

position as shown on the DGPS positioning system is checked in order to ensure that the spuds are 

lowered in the trench alignment. The dredger will then move into the exact starting position by using the 

spud carrier and the bucket. The dredger will excavate in steps of approximately 5 to 7.5 m length. When 

one step has been completed, the dredger will release the front spuds from the sea bottom and raise 

them approximately 2 m above the seabed. The spud carrier then shifts the dredger 5 to 7.5 m backwards 

along the rock berm and then a new rock berm removal cycle starts. 
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Repositioning of the Backhoe Dredger using the spuds is done as follows: 

Action  Description 

1 The spud in the spud carriage is lifted and moved to the front of the carriage. 

2 On arrival of the spud at the end of the carriage the spud is lowered 

3 The two fixed spuds are lifted from the sea bottom while the crane bucket is lowered onto 

the sea bottom. 

4 The pontoon is then pushed against the spud in the carriage system approx. 7.5 m 

backwards. 

5 On confirmation of the correct alignment of the Backhoe Dredger the two fixed spuds are 

lowered to the sea bottom and the excavation operations can start. 

Table 3-1: repositioning of BHD 

The dredger will step forwards, dredging its own flotation channel were needed. The extra volume to be 

dredged in order to create this flotation channel was estimated at only 4,000m³. 

3.3.2. Rock removal control 

For horizontal positioning the dredger will use Differential GPS systems in combination with 

gyrocompasses, which will give satisfactory accuracy. 

For controlling the bucket position, the 

dredger is fitted with IHC digviewer / 

Seatools Digmate systems or similar. These 

systems will measure: 

 the angles for the boom, stick & bucket 

 the pontoon draught 

 the pontoon tilt 

 bearing 

The operator can follow the excavation 

operation on two video screens, one for 

horizontal bucket position and the other for 

vertical bucket position. The system will 

enable the dredge operator to follow the 

exact movements and the depth of the bucket, and facilitates digging in a controlled manner to the 

designed limits. 

In this system the required rock removal levels and slope angles can be pre-set in the computer so the 

operator can see the digging lines as well as the bucket position, in relation to the pre-set limits, on his 

video screens. 

Water level information will be provided by a radio-linked tide gauge. The tide gauge will be placed in the 

water close to the rock berm area. The dredger will be equipped with a radio-linked receiver to monitor 

the tide level during the rock removal operation. The "digviewer system" will receive the actual tide level 

several times per minute and the rock removal depth is automatically updated.  
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The supervisor or the main operator on each shift will keep a log for noting events of significance for the 

rock removal operation, such as operation hours, breakdowns, repairs, production rates, weather 

conditions, rock berm area, rock removal depth etc. The area, which has been dredged during the last 

shift, will be marked on the specially designed rock removal lay out drawings. 
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1. INTRODUCTION 

Race Bank Offshore Wind Farm was commissioned in 2017 and is now fully operational. The wind Farm 
consists of 91 Siemens 6MW turbines and two offshore substations. The wind farm has a generating capacity 
of 571 MW. The electricity is fed to the UK national grid via two export cables which reach landfall at Sutton 
Bridge and connect to the grid at a new substation in Walpole.   
 
The post construction survey of the export cable identified sections on C1 and C2 that require remedial cable 
protection. Two Marine Licence applications were submitted to the MMO in July and August 2018; 
MLA/2017/00277/4 and MLA/2018/00385 for these works. 
 
As part of the Marine Licence application, Ørsted has made a proposal to decommission the cable rock 
protection at the end of the project life. This purpose of this document is to provide additional information 
in relation to the JDN Method Statement for Decommissioning which was submitted as part of the Marine 
Licence Applications.  
 
 

1.1 Purpose and scope 

The purpose of this document is to provide additional information to answer the clarifications raised by 
Natural England and/or MMO related to the decommissioning of cable rock protection along the Race Bank 
Export cables. Marine Licence Applications MLA/2017/00277/4 and MLA/2018/00385. 
 
 
This technical note aims to:  
 

1. Describe JDN’s track record with using the proposed decommissioning tools: the Trailing Suction 
Hopper Dredger (TSHD) and Backhoe Dredger (BD).  

2. Provide examples where JDN has used the BD and TSHD for similar works. 
3. Describe lessons learnt from previous projects in order to ensure successful rock removal and 

propose measures to minimize the environmental impact during removal works.  
4. Provide an estimate for the expected recovery rate / success rate for removal of rock which has a 

footprint on the seabed 
 
 

  



  

  

2. TERMS & DEFINITIONS 

2.1 Abbreviations 

Table 2-1: Abbreviations 
 

 

 

2.2 Definitions 

Table 2-2: Definition 

Term Definition 

Employer 

Orsted Wind Power A/S   

Kraftværksvej 53,  

Skærbæk 

Fredericia 7000  

Denmark 

Contractor 

Jan De Nul Luxembourg SA. 

34-36, Parc d’Activités Capellen, 8308 Capellen 

Grand Duchy of Luxembourg 

T +352 39 89 11 

Project Contract for the Installation of Export Cable 

3. REFERENCES 

3.1 Contractor’s documents 

Table 3-1: Contractor's documents 

Document Title Document No. 

/1/. Rock installation Decommissioning method statement N/A 

  

Abbr. Written in full 

LAT Lowest Astronomical Tide 

NE Natural England 

BD Backhoe Dredger 

TSHD Trailing Suction Hopper Dredger 



  

  

4. JAN DE NUL 

4.1 Innovation, expertise and sustainability are the driving forces supporting the success of Jan De Nul 
Group. Thanks to our committed employees and tailored solutions, the Group is the current market leader in 
dredging and marine works as well as a specialised provider of services for the offshore market of oil, gas and 
renewables. The Group is also a major player in civil engineering, environmental and brownfield development 
projects. The professional and innovative solutions of Jan De Nul Group are trusted across the industry. 
Whether it concerns the construction of new locks in the Panama Canal, the installation of offshore wind 
turbines or the redevelopment of contaminated industrial sites, together with its clients Jan De Nul Group 
builds for future economic development. 
 
4.2 The company owes its current leading position to its vision and courage. Courage of the founder, Jan 
De Nul, who developed the company from a small scale contractor to a genuine dredging company. Also the 
courage of the next generation, which has given the Group its current enviable reputation throughout the five 
continents. Jan De Nul started as a civil works contractor. Anticipating the market opportunities of that time, 
the De Nul family took on its first dredging contract in 1951. This was followed by securing the first 
international dredging project and the rest is history. Over the years, Jan De Nul Group grew to become a 
global market leader within the dredging industry. The Group would never have reached this position if it did 
not have had the courage and vision to continue investing in new equipment, a new dredging fleet, new 
employees and new activities. Over the years, Jan De Nul Group invested in expanding its expertise, always 
looking for new interdisciplinary synergies. Jan De Nul Group is and has always been a versatile company. As 
such, it is a company that is ready for the future. 
 
4.3 Jan De Nul Group is the owner of the world’s most modern and most diverse dredging fleet. This is the 
result of its policy to invest continuously in its own equipment. The new vessels and their state-of-the-art on-
board technology have been designed by the internal design and engineering department. Also, Jan De Nul 
Group manufactures in its own workshops and supplies the specialist dredging equipment to the shipyard, this 
is unequalled within the dredging industry. Jan De Nul Group’s fleet includes some of the world’s most 
powerful dredgers and multi-purpose installation vessels: J.F.J. De Nul, the most powerful cutter suction 
dredger, sister vessels Cristóbal Colón and Leiv Eiriksson, the largest trailing suction hopper dredgers with a 
hopper capacity of 46,000 m³, sister vessels Simon Stevin and Joseph Plateau, the largest rock installation 
vessels, and Isaac Newton, the most high-tech cable-laying vessel that is currently available on the market. 
 
4.4 Worldwide, Jan De Nul Group executes dredging and land reclamation projects from start to finish: 
design, development and maintenance of ports, deepening of channels, land reclamation and shore protection 
works, dredging in the most diverse conditions. Often, these dredging activities are part of a comprehensive 
port infrastructure project entrusted by the client to one contractor. The company already completed 
numerous prestigious projects across the world such as the construction of a second runway for the airport of 
Brisbane in Australia or the construction of the second Suez Canal in Egypt. Jan De Nul Group owes its position 
as global leader above all to its technical know-how and very diverse fleet. By investing in its own installations, 
machines and vessels, the Group has today the world's most modern dredging fleet at its disposal. Meanwhile, 
its employees continue to look for new opportunities... 
 
4.5 Jan De Nul Group offers a range of offshore services for the installation of submarine structures, cables 
and umbilicals for the oil, gas and renewable energy market. These services included: the preparation of the 
seabed, dredging of trenches, installation, rock placing for stabilising and ballasting of submarine pipelines, 
cables, umbilicals, foundations, platforms and complete wind farms. All these services are offered according 
to the specific needs and requirements of our respective clients including as a comprehensive Engineer-
Procure-Construct (EPC) package. 
 



  

  

5. PREVIOUS PROJECTS 

5.1 ROCK DREDGING WITH BACKHOE DREDGER 

Backhoe dredgers are designed to handle hard and stiff ground soils. They have been used worldwide to deliver 
accurate dredge profiles in difficult reachable locations. Below are two example locations where rock was 
removed by use of backhoe dredgers: ’Il Principe‘ and ‘Jerommeke‘. All backhoe dredgers in the JDN fleet have 
similar working principles and capabilities. They can operate to capital dredge hard material or alternatively 
re-handle material that was pre-cut with a cutter suction dredger. In the latter case, the cutter suction dredger 
cuts the material to a certain design depth after which the backhoe dredger removes the loose rock to a certain 
dredge design. The experience gained in this second modus operandi can be used to accurately remove rocks 
to a certain design on the Race Bank scope. 
 

• Backhoe dredger ‘Il Principe’ – Panama: Widening and Deepening of the Atlantic Entrance & North 
Approach channel of the Third Set of Locks of the Panama Canal. Pre-cutting and capital dredging of 
muck and gatun rock at the existing navigation channel and the north approach channel to the third 
set of locks. 

• Backhoe dredger ‘Jerommeke’ – Qatar: Barzan Offshore project. Shore approach trenching and 
backfilling.  

  

Figure 5.1-1 Rock dredged by backhoe dredgers 

5.2 ROCK DREDGING WITH TRAILING SUCTION HOPPER DREDGER 

Below a selective list can be found of relevant projects where rocky material was dredged using TSHD:  
 

• Filippo Brunelleschi – Panama: Dredging works for the port of Balboa. Capital dredging, deepening 
specific areas of the Port’s basin and berths, the dredged material includes residual soil and rock. 

• Filippo Brunelleschi – Colombia: Pre-cutting and dredging works in the access channel, turning basin and 
the new berthing dolphin in the Buenaventura TC Buen S.A. container terminal. The activities were 
developed in two phases in 2013 and a third smaller phase in 2014. Soils consisted of soft sediments, 
clayey silts, soft and medium hard rock. 

• Charles Darwin – Taiwan: Linkou Fossil plant. Dredging and reclamation works in the Linkou port, 
dredging cobbles + mudstone. 

• Vasco Da Gama – Taiwan Linkou Fossil plant. Dredging and reclamation works in the Linkou port, 
dredging cobbles + mudstone. 
 

Below pictures show rocky material that was dredged by JDN’s trailing suction hopper dredgers on various 
locations in the world. It shows rocky material of various sizes found in the draghead or inside the hopper. 



  

  

 
Figure 5.2-1 Rock dredged by hopper dredger, found under draghead 

 
 

 
 

Figure 5.2-2 Rock dredged by hopper dredger, found inside the hopper 

 



  

  

5.3 CABLE ROCK PROTECTION ON RACE BANK EXPORT CABLES 

 
Figure 5.3-1: Rock loaded on Simon Stevin 

5.1 The rock material that will be installed over the Race Bank export cable has grade CP 45/125 and is 
identical as the rock shown on Figure 5.3-1. In fact, rock size is rather fine & smaller than what was dredged 
on the above-mentioned projects. This adds confidence that the installed rock can be removed without any 
issues by both TSHDs and BDs. 
 

6. EXPERIENCES FROM DREDGING FOR FUTURE OFFSHORE WINDFARMS 

6.1 This section explains how techniques used in dredging project could be used in offshore wind farms, 
and more specifically in the decommissioning of rocks. 
 
6.2 Water depths encountered on the Race Bank export cable vary from approx. -11.2 m LAT up to approx. 
-31.2 m LAT, reference to Figure 6-1 for the water depths of each rock dump location. Typically a BD in deep 
dredge configuration can remove all rocks to a water depth of maximum 32.0m. Because of this, not all rock 
dump locations are within reach of the BD bucket. As Race Bank site is highly affected by tidal variations the 
BD can take away rock up to approx. -27.0 m LAT. Rocks installed on a depth over this limit will have to be 
removed by a hopper dredger. Jan De Nul, being a dredging specialist, has a fleet of hopper dredgers available 
that can dredge up to 155m water depths. Of the total installed volume of rock, 40% will to be removed using 
TSHD & 60% using BD.  
 
6.3 The plot in figure 6-1 below identifies rock berm sections for each section of the export cables where 
rock protection is will be installed. It plots the average water depth for each section of rock berm and identifies 
which decommissioning method is suited for that section. The plot aims to give the reader an idea on the 
number of sections, their average water depth; and related to that, the proposed method for 
decommissioning. 
 
 



  

  

 
Figure 6-1 Water depths per rock dump section. 

 
6.4 Typical accuracies that are achieved with BD and TSHD are within 30cm. A rock berm can be levelled 
or removed up to a vertical accuracy of 30cm. The multibeam in Figure 6-2 below shows a trench design 
dredged up to a vertical accuracy of 30cm. 
 

 
Figure 6-2 Achieved dredging accuracies. Blue and red line show tolerances. Green is the achieved result. 

 
6.5 Drag Head vertical accuracy 
The high accuracy in the vertical direction can be achieved by controlling the draghead height with the 
draghead winch wire. By hauling or veering this winch an accurate height of the draghead can be achieved. 
This results in highly accurate trenching profiles in vertical direction: 30cm.  
 

6.6 Drag Head horizontal accuracy 
The same level of accuracy cannot be achieved in the horizontal plane, this is mainly because the draghead 
doesn’t have active steering in the horizontal direction. Repositioning the draghead would require the vessel 
to reposition or adjust its course. This lower accuracy in the horizontal plane is not an issue for the rock removal 
scope on Race Bank as the ultimate goal will be to dredge back to original seabed. 
 
6.7 Figure 6-2 depicts the level of accuracy that can be dredged with a TSHD. In this case, the dredge design 
was a pre-lay trench for a pipeline. Obviously, this design differs from Race Bank rock removal scope, but it 
confirms that the above mentioned accuracies can be achieved. On Race Bank Project, dredge design will be 
flush with seabed & all material above natural seabed level will be accurately removed.  
 
6.8 To reduce the environmental impact of the decommissioning works JDN proposes to execute most 
part of the works with a BD. The sediment plumes and environmental impact with a BD are extremely limited. 
The TSHD scope will be limited to the locations where the BD cannot operate due to water depth restrictions. 
 



  

  

7. CLOSING NOTE 

7.1 Two important aspects to consider when assessing the feasibility to remove rock from the seabed are 
the ability to handle the material and the working accuracy of the tool. The accuracy of the working method 
relates directly to the impact on the natural environment. With the above examples of the BD and TSHD, we 
have shown to have extensive experience in handling rocks both larger and smaller than the rocks that will be 
installed on the Race Bank project.  
 
7.2 This note also details the dredging accuracies that have been achieved. The removal of rock by applying 
traditional dredging methods is in essence not different from any other dredging project (e.g. dredging a 
shipping channel design or pipeline trench). Being a market leader in dredging industry, JDN has delivered a 
broad variety of dredging projects all over the world within design accuracy.  
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