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1. Review of Environmental Impact Assessment Implications 


 In response to concerns raised by Natural England in their written representation at Deadline 1 


(REP1-213) and at Issue Specific Hearing 3 (REP3-076) in relation to the feasibility of micrositing 


offshore cables around Annex I reef features, the Applicant is proposing an adjustment to the Work 


Plans to extend a short section of the Hornsea Three offshore cable corridor into the adjacent 


temporary working areas (see Figure 1.1) to enable cable installation works to occur within the 


temporary working area. The Applicant is confident that there will be adequate space to install cables 


within the offshore cable corridor, whilst micrositing around any Annex I reef features identified during 


pre-construction surveys, however, in order to provide reassurance to Natural England on this 


matter, this proposed adjustment to the Work Plans provide additional space for micrositing, while 


also avoiding the vast majority of the areas shown in the latest Annex I reef layer (see Figure 1.2).  


 The DCO allows for “up to six cable circuits between Work No. 2 and Work No. 3, and between Work 


No. 3 and Work No.5 consisting of offshore export cables along routes within the Order limits 


seaward of MLWS including one or more cable crossings” and “a temporary work area associated 


with Work No. 2 and work No. 3 for vessels to carry out intrusive activities alongside Work No. 2 and 


Work No. 3” (i.e. temporary working areas; Work No 4).  


 As shown in Figure 1.1 and Figure 1.2 between KP95.5 and KP103.5 of the offshore cable corridor, 


cables may be installed within the temporary working areas to the north and south of the offshore 


cable corridor. The southern boundary has been aligned with the boundary of the licenced aggregate 


extraction area 484.  


 This change will not result in an extension of the temporary works area to the north or south. All 


cable installation will therefore occur within the Development Consent Order (DCO) boundary and 


therefore there will be no change in the order limits for the project. This proposed change is also 


shown in the Draft Work Plans presented in Annex A to this document. This change will not 


necessitate a change to the footprint of the cable installation or any other project parameters (e.g. 


maximum length of offshore cables, seabed disturbance from cable installation or volumes/footprint 


of cable protection measures)   


 Table 1.1 considers the implications of this change to the project description for the conclusions of 


the Hornsea Three impact assessments presented in Volume 2, Chapters 1 to 11. In conclusion, this 


proposed change to the Work Plans would not result in any new significant effects nor would it result 


in any changes to previously identified significant effects and assumptions related to these 


conclusions.  
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Figure 1.1: Proposed Change to Offshore Cable Corridor. 
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Figure 1.2: Proposed Change to Offshore Cable Corridor to allow micrositing around Sabellaria reefs, with 
historic records of Annex I reef shown (from Figure 2.9 of Volume 2, Chapter 2: Benthic Ecology of the 
Environmental Statement) and latest Annex I reef layer provided by Natural England. 
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Table 1.1: Consequence of proposed change to offshore cable corridor on offshore EIA topics.  


Relevant Impacts Implications for impact assessment  


Volume 2, Chapter 1: Marine Processes of the Environmental Statement (APP-061) 


Increases in SSC and deposition of 
disturbed sediment to the seabed due to 
cable installation/decommissioning within 
the Hornsea Three offshore cable 
corridor. 


Increases in SSC and deposition of 
disturbed sediment to the seabed due to 
sandwave clearance within the Hornsea 
Three offshore cable corridor.  


Removal of sandwaves impacting 
sandbank systems within proximity of the 
Hornsea Three array area and offshore 
cable corridor.  


Scour of seabed sediments.  


Changes to sediment transport and 
sediment transport pathways with 
associated potential impacts to 
sandbanks.  


Increase in SSC and deposition of 
disturbed sediment to the seabed due to 
cable maintenance within the Hornsea 
Three offshore cable corridor.   


The assessments presented in Volume 2, Chapter 1: Marine Processes of the Environmental Statement assumed that 
all direct seabed disturbance (temporary and long-term) arising from cable installation activities would occur within the 
area of seabed mapped within the Hornsea Three DCO limits as shown in Figure 1.1 of Volume 2, Chapter 1: Marine 
Processes of the Environmental Statement. With respect to these assessments, the baseline environment is effectively 
the same in the adjacent parts of the Hornsea Three offshore cable corridor temporary working area as in the Hornsea 
Three offshore cable corridor, as detailed in Section 1.7.1 of Volume 2, Chapter 1: Marine Processes of the 
Environmental Statement. More specifically, the same is also true for the seabed affected directly or indirectly by 
sandwave clearance and boulder clearance during the pre-construction phase, increased suspended sediment 
concentrations (SSC) and sediment deposition arising from export cable installation during construction and 
decommissioning, and potential impacts of cable protection during the operation and maintenance phase. 


On the basis of the text above (i.e. that the environmental conditions are the same within the relevant section of the 
offshore cable corridor as the adjacent temporary working areas ) and as the nature of the local cable installation does 
not change, the proposed change to install export cables within the Hornsea Three offshore cable corridor temporary 
working area will not result in any change to the predicted nature, extent, magnitude or duration of potential 
disturbances and associated impacts. The proposed change to install export cables within the Hornsea Three offshore 
cable corridor temporary working area will similarly not result in any additional/different seabed area, sedimentary 
features, or sediment transport processes being affected (e.g. by increased SSC, sediment deposition or impacts 
associated with sandwave and boulder clearance or cable protection).  


As there will be no change to the nature, extent, magnitude or duration of the potential pathways of effect and/or the 
sensitive receptors that might be potentially impacted, this proposed change to the offshore cable corridor would have 
no effect on the conclusions of the Environmental Statement. The assessments of temporary and long-term, direct and 
indirect potential impacts would be unchanged. 
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Relevant Impacts Implications for impact assessment  


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


Temporary habitat loss/disturbance 
(construction, O&M and 
decommissioning) and long term habitat 
loss1. 


Temporary increases in suspended 
sediment concentrations and deposition 
(construction and decommissioning). 


Colonisation of cable protection. 


The assessments presented in Volume 2, Chapter 2: Benthic Ecology of the Environmental Statement and the RIAA 
(APP-051) assumed that all habitat loss/disturbance (temporary and long-term) arising from cable installation activities, 
including pre-construction activities (e.g. sandwave clearance and boulder clearance), would occur within the biotopes 
mapped within the Hornsea Three DCO limits as shown in Figure 2.5 of Volume 2, Chapter 2: Benthic Ecology of the 
Environmental Statement. This figure shows that the same biotopes were mapped within the Hornsea Three offshore 
cable corridor temporary working area as within the Hornsea Three offshore cable corridor. The same is also true for 
the seabed affected by increased (SSC) and sediment deposition arising from export cable installation during 
construction and decommissioning and for the colonisation of cable protection (including the risks associated with the 
introduction of invasive non-native species) during the operation and maintenance phase. 


The proposed change to install export cables within the Hornsea Three offshore cable corridor temporary working area 
will not result in any change to the predicted extents of habitat loss/disturbance and on the basis of the text above (i.e. 
that the benthic characterisation within the relevant section of the offshore cable corridor is the same in the adjacent 
temporary working areas) there will be no change to the associated proportions of biotopes affected or the proportion of 
Annex I ‘Sandbanks which are slightly covered by seawater all the time’ habitat affected within the SAC. With respect to 
any Annex I Sabellaria spinulosa reef that may develop prior to export cable installation, the Applicant has put forward 
measures to avoid direct impacts to these features (see Table 2.18 of Volume 2, Chapter 2: Benthic Ecology of the 
Environmental Statement). This change in the offshore cable corridor with provide additional space to allow additional 
flexibility for micrositing around Annex I reef habitats identified during pre-construction surveys, further reducing the 
potential for direct effects on these features.  


The proposed change to allow for installation of export cables within the Hornsea Three offshore cable corridor 
temporary working area will similarly not result in any additional/different biotopes being affected by increased SSC and 
sediment deposition or from impacts associated with cable protection colonisation.  


                                                      
 


1 As per the Deadline 4 response, the Applicant has committed to decommissioning all scour and cable protection, if considered appropriate with regulators and nature conservation bodies, and therefore, 
permanent habitat loss extending beyond the operation and maintenance phase is not predicted. 
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Relevant Impacts Implications for impact assessment  


As there will be no change to the magnitude of the impacts of temporary and long term habitat loss, no change to the 
biotopes affected by any of the impacts across all phases of the project or the sensitivity of these biotopes, this 
proposed change to the offshore cable corridor would have no effect on the conclusions of the Environmental 
Statement or the RIAA. The assessments of temporary and long-term habitat loss, increased SSC and sediment 
deposition and colonisation of cable protection would be unchanged. 


Volume 2, Chapter 3: Fish and Shellfish Ecology of the Environmental Statement (APP-063) 


Temporary habitat loss/disturbance 
(construction, O&M and 
decommissioning) and long term habitat 
loss2. 


Temporary increases in suspended 
sediment concentrations and deposition 
(construction and decommissioning). 


Electromagnetic field (EMF) effects 


Colonisation of cable protection (i.e. reef 
effects). 


The assessments presented in Volume 2, Chapter 3: Fish and Shellfish Ecology of the Environmental Statement 
assumed that all habitat loss/disturbance (temporary and long-term) arising from cable installation activities, including 
pre-construction activities (e.g. sandwave clearance and boulder clearance), would occur within the habitats predicted 
within the Hornsea Three DCO limits. The Applicant can confirm that the fish and shellfish habitats present within the 
Hornsea Three offshore cable corridor temporary working area are the same as those within the Hornsea Three 
offshore cable corridor. The same is also true for the fish and shellfish habitats affected by increased SSC/ sediment 
deposition arising from export cable installation and sandwave clearance activities during construction and 
decommissioning, by reef effects associated with the colonisation of cable protection and by EMF effects during the 
operation and maintenance phase. 


The proposed change to install export cables within the Hornsea Three offshore cable corridor temporary working area 
would not result in any change to the predicted extents of habitat loss/disturbance and on the basis of the text above 
(i.e. that the fish and shellfish habitats are the same within the relevant section of the offshore cable corridor as in 
adjacent temporary working areas) there will be no change to the associated proportions of fish and shellfish habitats 
affected. The proposed change to the offshore cable corridor will similarly not result in any additional/different fish and 
shellfish habitats being affected by increased SSC/ sediment deposition or from impacts associated with cable 
protection colonisation (i.e. reef effects) and EMF.  


As there will be no change to the magnitude of the impacts of temporary and long term habitat loss, no change to the 
fish and shellfish habitats affected by any of the impacts across all phases of the project or the sensitivity of the habitats 


                                                      
 


2 As per the Deadline 4 response, the Applicant has committed to decommissioning all scour and cable protection, if considered appropriate with regulators and nature conservation bodies, and therefore, 
permanent habitat loss extending beyond the operation and maintenance phase is not predicted. 
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Relevant Impacts Implications for impact assessment  


and associated fish and shellfish species, the proposed change to the offshore cable corridor would have no effect on 
the conclusions of the Environmental Statement. The assessments of temporary and long-term habitat loss, increased 
SSC/ sediment deposition, colonisation of cable protection (i.e. reef effects) and EMF would be unchanged. 


Volume 2, Chapter 4: Marine Mammals of the Environmental Statement (APP-064) 


Temporary increases in suspended 
sediment concentrations  


Changes in fish & shellfish community 
(prey resource) 


EMF effects 


The assessments presented in Volume 2, Chapter 4: Marine Mammals of the Environmental Statement assumed that 
all habitat loss/disturbance (temporary and long-term) arising from cable installation activities, including pre-
construction activities (e.g. sandwave clearance and boulder clearance), would occur within the sediments predicted 
within the Hornsea Three DCO limits.  


The proposed change to install export cables within the Hornsea Three offshore cable corridor temporary working area 
would not result in any change to the predicted level or nature of sediment disturbance and therefore, there will be no 
change to the associated proportions of marine mammals affected. The proposed change to the offshore cable corridor 
will similarly not result in any additional/different effects on fish and shellfish receptors (as identified above) or from 
electromagnetic fields (EMF).  


As there will be no change to the magnitude of the impacts of temporary and long term habitat loss, no change to the 
assessments on marine mammal prey resource (i.e. fish and shellfish ecology) or the sensitivity of the marine mammal 
receptors in question, the proposed change to the offshore cable corridor would have no effect on the conclusions of 
the Environmental Statement. The assessments of temporary and long-term habitat loss, increased SSC/ sediment 
deposition, effects on prey resource and EMF would be unchanged. 
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Relevant Impacts Implications for impact assessment  


Volume 2, Chapter 5: Offshore Ornithology of the Environmental Statement (APP-065) 


Direct disturbance or displacement from 
important foraging and habitat areas of 
seabirds due to construction activities 
such as increased vessel activity and 
underwater noise 


Indirect effects, such as changes in 
habitat or abundance and distribution of 
prey resulting in potential effect on 
seabirds 


A change to the Hornsea Three offshore cable corridor in the location proposed is not considered to have any 
implications to the assessments presented in Volume 2, Chapter 5: Offshore Ornithology or the RIAA. The magnitude 
of the predicted impacts, the receptors affected, the populations of those receptors and the significance of any 
predicted impacts are all considered to be the same. 
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Relevant Impacts Implications for impact assessment  


Volume 2, Chapter 6: Commercial Fisheries of the Environmental Statement (APP-066) 


Reduction in access to, or exclusion 
from, established fishing grounds. 


Displacement leading to gear conflict and 
increased fishing pressure on adjacent 
grounds. 


Displacement or disruption of 
commercially important fish and shellfish 
resources. 


Physical presence of the export cable 
and infrastructure within the Hornsea 
Three offshore cable corridor leading to 
gear snagging. 


The assessments presented in Volume 2, Chapter 6: Commercial Fisheries of the Environmental Statement assumed 
that reduction in access to, or exclusion from fishing grounds and any associated displacement (temporary and long-
term) arising from cable installation activities, including pre-construction activities (e.g. sandwave clearance and 
boulder clearance), would occur within the seabed grounds predicted within the Hornsea Three DCO limits.  


For the area under consideration, the Applicant can confirm that the fishing grounds and fishing opportunities present 
within the Hornsea Three offshore cable corridor temporary working area are consistent to and representative of those 
within the adjacent Hornsea Three offshore cable corridor.  


The same is also true for the fish and shellfish resources affected during construction and decommissioning, and the 
risk associated with gear snagging the offshore cable during the operation and maintenance phase.  


The proposed change to install export cables within the Hornsea Three offshore cable corridor temporary working area 
would not result in any change to the predicted extents of the reduction in access to or exclusion from established 
fishing grounds and any associated displacement.  On the basis of the text above (i.e. that the fishing grounds are 
consistent / representative across the DCO limits for the area under consideration) there will be no change to the 
associated proportions of grounds affected.  


As there will be no change to the magnitude of the impacts of reduction in access or exclusion from fishing grounds, no 
change to the fish and shellfish resources affected by any of the impacts across all phases of the project or the 
sensitivity of the commercial fishing fleets, the proposed change to the offshore cable corridor would have no effect on 
the conclusions of the Environmental Statement. The assessments of reduction in access, or exclusion from fishing 
grounds, associated displacement leading to gear conflict, disruption to fish and shellfish resources and risk of gear 
snagging would be unchanged. 
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Relevant Impacts Implications for impact assessment  


Volume 2, Chapter 7: Shipping and Navigation of the Environmental Statement (APP-067) 


Construction activities within the Hornsea 
offshore cable corridor may displace 
vessels leading to increased journey 
times or distances during periods of 
adverse weather. 


Presence of pre commissioned cables 
(which may be exposed or partially 
buried) may present an increased risk of 
gear snagging for commercial fishing 
vessels with mobile gear. 


Presence of cables may present an 
increased risk of gear snagging for 
commercial fishing vessels with mobile 
gear. 


Decommissioning activities within the 
offshore cable corridor may displace 
vessels leading to increased journey 
times or distances during periods of 
adverse weather. 


As the proposed amendment, to install export cables within the Hornsea Three offshore cable corridor temporary 
working area, will not result in a change to the footprint of the cable installation or any other project parameters (e.g. 
maximum length of offshore cables) there are not anticipated to be changes to the impact assessment undertaken for 
shipping and navigation receptors. 


Volume 2, Chapter 8: Aviation, Military and Communication of the Environmental Statement (APP-068)  


All Aviation assessments for all project 
phases 


The location of cables within the Hornsea Three offshore cable corridor and temporary working area were not 
considered in any aviation assessment and so there will be no effect on any aviation assessments within the 
Environmental Statement. 
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Relevant Impacts Implications for impact assessment  


Volume 2, Chapter 9: Marine Archaeology of the Environmental Statement (APP-069) 


Construction activities/cable removal 
within the Hornsea Three offshore cable 
corridor causing the removal or 
disturbance of sediments resulting in a 
potential effect on near-surface 
prehistoric land surfaces. 


Construction activities/cable removal 
within the Hornsea Three offshore cable 
corridor resulting in a potential effect on 
shipwrecks and aircraft wrecks. 


Seabed preparation in connection with 
sand wave clearance causing sediment 
deposition on the seabed resulting in a 
potential effect on a variety of heritage 
assets. 


Maintenance operations which may 
affect prehistoric land surfaces through 
the removal or disturbance of sediments. 


Maintenance operations may affect may 
affect shipwrecks and aircraft wrecks. 


The assessments presented in Volume 2, Chapter 9: Marine Archaeology of the Environmental Statement considered 
impacts within both the Hornsea Three offshore cable corridor and temporary working areas.  


A large body of project and non-project specific data is available and has been used in the assessment. Together, 
these combined datasets provide sufficient detail to enable robust characterisation of the Hornsea Three offshore cable 
corridor and temporary working areas in terms of marine archaeology.  


Although a geophysical survey has been undertaken of the Hornsea Three array area and offshore cable corridor, no 
geophysical survey was undertaken within the temporary working area, nor within those areas where the Hornsea 
Three offshore cable corridor was rerouted between the PEIR and Environmental Statement. The results of the 
geophysical survey undertaken to date, combined with SeaZone data and other publicly available data sources, 
provides a sufficient characterisation of marine archaeology baseline environment to inform the EIA.  


The proposed change to install export cables within the Hornsea Three offshore cable corridor temporary working area 
would not result in any change to the magnitude of the impacts on marine archaeology across all phases of the project 
or the sensitivity of the marine archaeology itself. As such, the proposed change to the offshore cable corridor would 
have no effect on the conclusions of the Environmental Statement.  


Volume 2, Chapter 10: Seascape and Visual Resources of the Environmental Statement (APP-070) 


The temporary change in the existing 
visual scenario during the construction 
phase may cause effects experienced by 
a variety of visual receptors 


The assessments presented in Volume 2, Chapter 10: Seascape and Visual Resources of the Environmental 
Statement considered all impacts on visual resources arising from cable installation and decommissioning within both 
the cable corridor and adjacent temporary working areas. The assessments (moderate) for the visual impact of cable 
installation and decommissioning is effectively the same in adjacent parts of the Hornsea Three offshore cable corridor 
temporary working area and the Hornsea Three offshore cable corridor. 
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Relevant Impacts Implications for impact assessment  


The proposed change to install export cables within the Hornsea Three offshore cable corridor temporary working areas 
will not result in any change to the predicted impacts on visual resources and on the basis of the text above (i.e. that 
the visual conditions are the same across the DCO limits) there will be no change to any of the predicted nature, extent, 
magnitude or duration of potential disturbances and associated impacts on visual receptors as a result of cable 
installation. 


As there will be no change to the nature, extent, magnitude or duration of the potential pathways of effect and/or the 
sensitive receptors that might be potentially impacted, this proposed change to the offshore cable corridor would have 
no effect on the conclusions of the Environmental Statement. The assessments of moderate (not significant in EIA 
terms) impacts would be unchanged. 


Volume 2, Chapter 11: Infrastructure and Other Users of the Environmental Statement (APP-071) 


Hornsea Three infrastructure, safety 
zones and advisory safety distances 
associated with activities within the 
Hornsea Three array area and along the 
offshore cable corridor may displace 
recreational craft and recreational fishing 
vessels resulting in a loss of recreational 
resource 


This assessment considered the displacement of recreational craft and recreational fishing vessels from the temporary 
advisory safe passing distances around construction vessels operating within the Hornsea Three cable corridor. 
Construction vessels will be operating within the temporary working area which will result in the temporary advisory 
safe passing distances extending outside of the offshore cable corridor along this stretch. 


The assessment considered the potential for the vessel advisory safe passing distances extending outwards for to a 
maximum distance of 1 km in the assessment and so the proposed change is within the maximum design scenario 
already assessed.  


The significance of effect of Hornsea Three infrastructure, safety zones and advisory safe passing distances associated 
with activities within the Hornsea Three array area and along the offshore cable corridor may displace recreational craft 
and recreational fishing vessels resulting in a loss of recreational resource, will therefore remain unchanged.  


For the same reasons there will be no change for the operation phase and decommissioning phase assessments. 


Installation of Hornsea Three 
infrastructure may affect existing cables 
and pipelines or restrict access to cables 
and pipelines. 


This assessment considered the proximity of the Hornsea Three offshore cable corridor to existing cables and 
pipelines, and the proximity of construction vessels existing cables and pipelines.  


The proposed change will not result in the Hornsea Three offshore cable corridor being located within 500 m of any 
additional pipelines. The proposed change will result in the Hornsea Three export cables being located within 500 m of 
two disused cables, the Stratos and Weybourne to Esbjerg cables. The crossing of these disused cables is already 
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Relevant Impacts Implications for impact assessment  


considered in the assessments and so this is not considered a significant change. Installation of Hornsea Three 
infrastructure may affect existing cables and pipelines or restrict access to cables and pipelines. 


The significance of effect of the Installation of Hornsea Three infrastructure may affect existing cables and pipelines or 
restrict access to cables and pipelines, will therefore remain unchanged. 


For the same reasons there will be no change for the operation phase and decommissioning phase assessments 


Installation of infrastructure has the 
potential to lead to increased suspended 
sediment concentrations and deposition, 
which could cause a change in 
aggregate resource in aggregate 
extraction areas 


The assessments presented in Volume 2, Chapter 11: Infrastructure and Other Users of the Environmental Statement 
assumed that all direct seabed disturbance arising from cable installation activities would occur within the area of 
seabed mapped within the Hornsea Three DCO limits as shown in Figure 11.1 of Volume 2, Chapter 11: Infrastructure 
and Other Users of the Environmental Statement.  


The seabed affected by increased SSC and sediment deposition arising from export cable installation during 
construction and decommissioning is effectively the same in adjacent parts of the Hornsea Three offshore cable 
corridor temporary working area and the Hornsea Three offshore cable corridor (see Marine Processes text above).  


The proposed change to install export cables within the Hornsea Three offshore cable corridor temporary working area 
will not result in any change to the predicted extents of suspended sediments and on the basis of the text above (i.e. 
that the environmental conditions is the same within the offshore cable corridor as within the adjacent temporary 
working areas) there will be no change to any of the predicted nature, extent, magnitude or duration of potential 
disturbances and associated impacts on aggregate extraction sites as a result of suspended sediments. 


As there will be no change to the nature, extent, magnitude or duration of the potential pathways of effect and/or the 
sensitive receptors that might be potentially impacted, this proposed change to the offshore cable corridor would have 
no effect on the conclusions of the Environmental Statement. The assessments of negligible impacts would be 
unchanged. 
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Relevant Impacts Implications for impact assessment  


Safety zones around the offshore HVAC 
booster stations and advisory safety 
distances associated with activities 
underway along the offshore cable 
corridor may restrict potential seismic 
survey activity. 


This assessment, presented in Volume 2, Chapter 11: Infrastructure and Other Users of the Environmental Statement, 
considers the parameters that represent the largest area over which seismic survey activities may be restricted. The 
assessment considered the potential for the construction vessel advisory safe passing distances extending outwards 
for up to 1 km and so the proposed change is within the maximum design scenario already assessed. 


The significance of effect of Hornsea Three infrastructure, safety zones and advisory safe passing distances associated 
with the Hornsea Three array area may restrict potential seismic survey activity, will therefore remain unchanged.  


For the same reasons there will be no change to the operation phase and decommissioning phase assessments. 


Drilling and the placement of 
infrastructure has the potential to be 
restricted within the offshore cable 
corridor and within 1 km from the 
boundary of the offshore cable corridor 


This assessment, presented in Volume 2, Chapter 11: Infrastructure and Other Users of the Environmental Statement, 
considers parameters that create the greatest disruption to drilling and the siting of infrastructure in terms of area 
affected. The Area affected was calculated as the percentage of overlap of the Hornsea Three offshore cable corridor 
(excluding the temporary working area) with the licence block. As the proposed change will result in the cables being 
moved to the temporary working area along a section of the Hornsea Three cable corridor, the percentage of overlap 
with licence blocks along this area will change. This will result in a change to the licence blocks 48/20a currently 
operated by Shell and 48/15 a currently operated by ConocoPhillips.  


The area of overlap of the cable route corridor and Block 48/20a was 15%. Due to the change in licence area this has 
changed to 5.7% since the DCO application.  The proposed change to the offshore cable corridor will increase the area 
8.9%. This is considered to be of negligible magnitude. The overall significance of effect due to the proposed change is 
therefore considered negligible.    


The magnitude of the effect on Block 48/15a was not previously assessed as the licence expiry was prior to 
construction of Hornsea Three. This block is now licenced under P130 which does not have an expiry date. Block 
48/15a is subdivided into three areas two of which are operated by Spirit Energy under the same licence. The total area 
of the block that will be affected by the offshore cable corridor within the DCO application is 0.4%. This would change to 
3.8% due to the proposed change to the offshore cable corridor. The magnitude is considered to be negligible. The 
overall significance of effect due to the proposal change is therefore considered negligible 
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Relevant Impacts Implications for impact assessment  


Wind turbines and associated 
infrastructure will form a physical 
obstruction and may disrupt vessel 
access to oil and gas platforms and 
subsea infrastructure. 


This assessment, presented in Volume 2, Chapter 11: Infrastructure and Other Users of the Environmental Statement, 
considers the parameters that create the greatest disruption to vessel access in terms of area affected (during the 
operations phase).  


The assessment considered the potential for the maintenance vessel advisory safe passing distances extending 
outwards for up to 1 km and so the proposed change is within the maximum design scenario already assessed. 


The significance of effect associated with this impact will therefore remain unchanged 


Effect of Hornsea Three on oil and gas 
decommissioning activities 


The effect of Hornsea Three on oil and gas decommissioning activities was not considered in the assessments as there 
was no potential spatial and temporal overlap between Hornsea Three and known decommissioning activities. A 
distance of 1 km from the offshore cable corridor (not temporary working area) was considered in the assessment. 
There are no platforms within 1 km of the revised area of relevant section of the offshore cable corridor temporary 
working areas.  This assumption therefore remains valid. 
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Annex A - Draft Works Plan - Offshore 
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Glossary 


Term Definition 


Biodiversity Action 
Plan (BAP) 


The UK Government’s response to the Convention on Biological Diversity, which the UK signed in 1992 in Rio 
de Janeiro and ratified in 1994. The Convention on Biological Diversity requires signatory countries to identify, 
develop and enforce action plans to conserve, protect and enhance biological diversity. The UK BAP addresses 
this requirement. Local BAPs (LBAPs) have been produced by many counties, to detail measures to conserve, 
protect and enhance local/county biological diversity. 


Enhancement An ecological enhancement is the modification of a site which increases the site’s capacity to support target 
plants or animals. 


European Protected 
Species (EPS) 


The animal species listed in Annex IV(a) to the Habitats Directive and the plant species listed in Annex IV(b) to 
the Habitats Directive. 


Hornsea Three 
onshore elements 


Hornsea Three landfall area, onshore cable corridor, the onshore HVAC booster station, the onshore HVDC 
converter/HVAC substation and the interconnection with the Norwich Main National Grid substation. 


Intertidal area  The area between mean low water and mean high water. 


Local Biodiversity 
Action Plan (LBAP) 


Local BAPs (LBAPs) have been produced by many counties, to detail measures to conserve, protect and 
enhance local/county biological diversity. 


Ramsar Convention The Convention on Wetlands of International Importance especially as Waterfowl Habitat of 2 February 1971 
(as amended) which provides the framework for national action and international cooperation for the 
conservation and wise use of wetlands and their resources. 


Ramsar site Wetlands of international importance, designated under the Ramsar Convention. 


Special Areas of 
Conservation (SAC) 


A site of Community importance designated under Council Directive 92/43/EEC of 21 May 1992 on the 
conservation of natural habitats and of wild fauna and flora through a statutory, administrative and/or 
contractual act where the necessary conservation measures are applied for the maintenance or restoration, at 
a favourable conservation status, of the natural habitats and/or the populations of the species for which the site 
is designated. 


Sites of Special 
Scientific Interest 
(SSSI) 


Sites designated by Natural England under the Wildlife and Countryside Act 1981 (as amended) as areas of 
land of special interest by reason of any of their flora, fauna, or geological or physiographical features. 


Special Protection 
Area (SPA) 


An area which has been identified as being of international importance and designated under Directive 
2009/147/EC of the European Parliament and of the Council of 30 November 2009 on the conservation of wild 
birds for the breeding, feeding, wintering or the migration of rare and vulnerable bird species found within 
European Union countries. 


Woodland As described under the Phase 1 habitat survey guidelines (Joint Nature Conservation Committee, 2010); 
vegetation dominated by trees more than 5 m high when mature, forming a distinct, although sometimes open, 
canopy. In accordance with Natural England’s guidelines for Environmental Stewardship (Natural England, 
2013, native woodland is defined as a group of trees with overlapping canopies covering at least 0.1 ha, at 
least half of which are native species. 


 


Acronyms 


Acronyms Description 


BAP Biodiversity Action Plan 


CEMP Construction Environmental Management Plan  


CoCP Code of Construction Practice 


CWS County Wildlife Site 


ECoW Ecological Clerk of Works 


EMP Ecological Management Plan 


EPS European Protected Species 


GCN  Great crested newt 


HDD Horizontal Directional Drilling 


HSI Habitat Suitability Index 


HVAC High Voltage Alternating Current 


HVDC High Voltage Direct Current 


LBAP Local Biodiversity Action Plan 


LPA Local Planning Authority  


NE Natural England 


NERC Natural Environment and Rural Communities 


PSCA Population Size Class Assessment 


SAC Special Area of Conservation  


SSSI Site of Special Scientific Interest 


SPA Special Protection Area 


VER Valued Ecological Receptor 


WCA 1981 The Wildlife and Countryside Act 1981 (as amended) 
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Units 


Unit Description 


ha Hectare (area) 


km Kilometre (distance) 


m Metre (distance) 
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1. Introduction 


1.1 Background  


1.1.1.1 This document is an Outline Ecological Management Plan (Outline EMP) for the Hornsea Project Three 


offshore wind farm (hereafter referred to as ‘Hornsea Three’). The Outline EMP accompanies the 


application for the Secretary of State for a Development Consent Order (DCO). 


1.1.1.2 This Outline EMP extends to all onshore elements of Hornsea Three (i.e. the landfall area, the onshore 


cable corridor, the onshore HVAC booster station, HVDC converter/HVAC substation and the 


interconnection with the Norwich Main National Grid substation). Further detail of these elements is 


provided in volume 1, chapter 3: Project Description of the Environmental Statement. The construction of 


the onshore elements will be supported by a series of compounds, storage areas and accesses, as 


described in the Outline Code of Construction Practice (Outline CoCP) (document reference A8.5)).  


1.1.1.3 Hornsea Three will install all cables by ducting, rather than direct lay, with ducts installed in the trenches 


which would then be backfilled and at a later date, the cables will be pulled through the ducts from one 


joint bay to the next. Horizontal Directional Drilling (HDD) is used to cross all ‘main’ and numerous 


‘ordinary’ watercourses, key habitats (e.g., woodland) and infrastructure (e.g., roads, and railways). The 


onshore crossing schedule (see Annex E of the Outline CoCPvolume 4, annex 3.5: Onshore Crossing 


Schedule) summarises all the crossing points and provides details of the measures to be used to cross 


each feature along the onshore cable corridor. 


1.1.1.4 Construction work is currently planned to commence in 2021, however the surveys and enabling works 


could start as early as 2020. Hornsea Three could be built in a single phase of construction or two phases, 


with the potential for an overlap or a gap of up to three years between the completion of construction 


activities in one phase and the start of the same construction activity in the second phase. It is also 


possible that some activities may be carried out during an earlier phase for the benefit of a later one. 


However, any works completed for a later phase(s) would be left in a safe state, as agreed with the 


relevant authorities, to await the appropriate phase for completion. 


1.2 Purpose of the Outline EMP 


1.2.1.1 The purpose of the Outline EMP is to provide a single document that describes the ecology and nature 


conservation mitigation measures that will be implemented prior to, during and post construction of the 


onshore elements of Hornsea Three, and the long-term management measures to be set in place for 


reinstated and enhanced habitats. 


1.2.1.2 This outline EMP is a ‘living’ document that will be updated as required post submission of the DCO 


application, during the Examination Period and during the detailed design process as necessary prior to 


implementation. The detailed EMP will be based on the principles set out in this Outline EMP and will set 


out the measures that the Undertaker and its contractors will be required to adopt. The detailed EMP will 


be prepared in consultation with the Local Planning Authority (LPA). 


1.2.1.3 If considered necessary at the time, a separate EMP document will be produced for the onshore 


decommissioning phase of Hornsea Three, which will take into account up-to-date guidelines and best 


practice requirements applicable at the time. 


1.2.1.4 The objective of this Outline EMP is to ensure the protection and appropriate management of Valued 


Ecological Receptors (VERs) located within the areas of permanent and temporary land take of the 


onshore elements of Hornsea Three and, where appropriate (e.g. where mitigation requirements for 


protected species require consideration of off-site habitats such as great crested newt breeding ponds), 


the surrounding area up to 500 m from these onshore elements.  The Outline EMP also aims to ensure 


adherence to legislative requirements relating to ecology and nature conservation. 


1.2.1.5 Specific details and locations of some VERs (e.g., badger setts and otter holts) have been omitted from 


this Outline EMP due to the potential risk to these species if sett or holt locations are put into the public 


domain. For those with a legitimate reason to know the locations of these VERs, these are shown in the 


confidential Appendix 1: Figure A.1 - valued ecological receptors (including confidential receptors), which 


will be made available on request. 


1.2.1.6 This Outline EMP should be read in conjunction with the following documents: 


• The Outline CoCP (document reference A8.5), which will accompany the DCO application; and 


• The Outline Landscape Management Plan (LMPdocument reference A8.7), which will accompany 


the DCO application. 
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2. Ecological and nature conservation features 


2.1 Introduction 


2.1.1.1 This section describes the VERs located within or adjacent to the permanent and temporary land take for 


the onshore elements of Hornsea Three, which could be affected by the development. The locations of 


these VERs are shown in Figure 10.1. 


2.2 Designated sites and habitats 


2.2.1 Norfolk Valley Fens Special Area of Conservation 


2.2.1.1 Norfolk Valley Fens Special Area of Conservation (SAC) is a European designated site, which comprises 


a series of geographically separate valley-head spring-fed fens. 


2.2.1.2 The two component Sites of Special Scientific Interest (SSSIs) of the SAC which are close to or potentially 


affected by the onshore cable corridor are: 


• Holt Lowes SSSI (located downstream of the route on the River Glaven); and 


• Booton Common SSSI (located close to the corridor downstream on Blackwater Drain).  


2.2.1.3 As cable installation will be by HDD beneath the tributaries of the River Glaven, as well as beneath 


Blackwater Drain, there will be no direct impact on these sites from the onshore cable corridor. 


2.2.2 River Wensum SAC and SSSI 


2.2.2.1 River Wensum SAC and SSSI is a site of European importance, which is designated for its riverine habitat 


and presence of white clawed crayfish, Desmoulin’s whorl snail, bullhead and brook lamprey. 


2.2.2.2 As cable installation will be by HDD beneath the River Wensum, there will be no direct impact from the 


onshore cable corridor. 


2.2.3 North Norfolk Coast Special Protection Area, Ramsar site, SAC and SSSI 


2.2.3.1 North Norfolk Coast Special Protection Area (SPA) and Ramsar site is a site of European importance 


designated for a range of bird species including wintering pink-footed goose. It is located west of 


Weybourne, and is approximately 320 m from the onshore cable corridor at closest approach, west of 


landfall and the onshore cable corridor at Weybourne Camp. The North Norfolk coast is also designated 


as a SAC and SSSI.  


2.2.3.2 There will be no direct impact of the onshore cable corridor on the designated sites, but wintering pink-


footed geese, a designated feature of the SPA/Ramsar site have been recorded utilising sugar beet fields 


at the north end of the onshore cable corridor.  


2.2.4 SSSIs 


2.2.4.1 In addition to the component SSSIs of the SACs listed above, there are two SSSIs (Kelling Heath SSSI 


and Alderford Common SSSI) that are located immediately adjacent to the onshore cable corridor. There 


will be no direct impact of the onshore cable corridor on either SSSI. 


2.2.5 County Wildlife Sites 


2.2.5.1 There are seven County Wildlife Sites (CWSs) that are crossed by the onshore cable corridor. These are: 


Dismantled Railway CWS, Marriott's Way CWS, Land adjoining River Tud CWS, Old Hall Meadow CWS, 


Algarsthorpe Marshes CWS, River Yare at Marlingford CWS and Low Common CWS. HDD will be used 


to install the onshore cable beneath all of these CWSs (as they are defined at the time of submission of 


the application). 


2.2.5.2 A further six CWSs are located close to the onshore cable corridor (0-20 m). These are Muckleburgh Hill 


CWS, New Covert CWS, Bush Meadow Plantation CWS, Harman’s Grove CWS, Yare Valley (Marlingford) 


CWS and Foxburrow Meadow CWS. New Covert CWS is immediately east of the onshore HVAC booster 


station. 


2.2.5.3 There will be no direct impact from the onshore cable corridor on these CWSs. 


2.2.6 Woodland 


2.2.6.1 Woodlands are Priority Habitats under the UK Biodiversity Action Plan (BAP). and Llowland mixed 


deciduous woodland is a Priority Habitat under the Norfolk Local Biodiversity Action Plan (LBAP), and is 


listed under Section 41 of the Natural Environment and Rural Communities (NERC) Act. 


2.2.6.2 HDD will be used to install the onshore cable beneath all significant woodland blocks along the onshore 


cable corridor. Figure 10.1 shows the locations of the woodland and HDD locations. 


2.2.7 Hedgerows 


2.2.7.1 The Hedgerow Regulations 1997 protect hedgerows from removal, with particular protection for 'important' 


hedgerows. A hedgerow is ‘important’ if it is at least 30 years old and meets at least one of the eight 


archaeology, history, wildlife or landscape criteria defined in the Regulations. . A hedgerows is ‘protected’ 


if it is growing in, or adjacent to, any common land, protected land (Local Nature Reserves (LNRs) and 


SSSIs), or land used for agriculture (including dairy farming and the breeding and keeping of livestock), 


forestry or the breeding or keeping of horses, ponies or donkeys, if it: (a) has a continuous length of, or 


exceeding, 20 m; or (b) it has a continuous length of less than 20 m and, at each end, meets another 


hedgerow. 


2.2.7.2 Hedgerows are highlighted as Priority Habitats under the UK BAP and/or Norfolk LBAP, and are listed 


under Section 41 of the NERC Act. 
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2.2.7.3 A total of 69 of the hedgerows surveyed along the onshore cable corridor were found to be important 


according to the Hedgerow Regulations (1997). One hedgerow was found to contain a tree with a bat 


roost. 


2.2.7.4 Approximately 4.7 km of important hedgerow occurs within the Hornsea Three onshore cable corridor.  


2.2.7.5 Of this total, 1.4 km of important hedgerow lies within HDD areas which would be crossed using HDD 


techniques and would not therefore be directly affected. A further 1.3 km of important hedgerow lies within 


areas crossed using HDD but where a haul road will be required across the HDD area. Existing hedgerow 


gaps will be used for the haul road crossing point wherever possible, and where this is not possible, the 


haul road location will be optimised through agreement with a suitably qualified ecologist to further 


minimise hedgerow and tree removal.  


2.2.7.6 As such, the removal of up to 2 km of identified important hedgerow may be required.  However, all 


hedgerows (including important hedgerows) on or near the order limits boundary will be retained where 


practicable, such that important hedgerow loss is likely to comprise approximately 1 km in total. 


2.2.8 Rivers and streams 


2.2.8.1 Rivers and streams are highlighted as Priority Habitats under the UK BAP, and rivers are listed under 


Section 41 of the NERC Act. 


2.2.8.2 All ‘main’ watercourses and numerous ‘ordinary’ watercourses, including the River Wensum, River Bure, 


River Tud, River Yare, River Glaven tributaries, Blackwater Drain and Intwood stream will be crossed by 


HDD. 


2.2.9 Ponds 


2.2.9.1 Ponds are highlighted as Priority Habitats under the UK BAP and/or Norfolk LBAP, and are listed under 


Section 41 of the NERC Act. 


2.2.9.2 No ponds will be directly affected by open cut trenching or by the onshore HVDC converter/HVAC 


substation area, the HVAC booster station area or associated temporary works areas. 


2.3 Protected or otherwise notable species 


2.3.1 Survey information 


2.3.1.1 The sections below summarise surveys carried out for the onshore elements of Hornsea Three. The full 


survey reports can be found in volume 6 to the Environmental Statement. 


2.3.2 Invertebrates 


2.3.2.1 White clawed crayfish are protected under Sections 9(1) and 9(5). Section 9(1) of Schedule 5 of the 


Wildlife and Countryside Act (WCA) 1981 (as amended), which make it an offence to take white clawed 


crayfish. This species also receives protection under Annex II and V(a) of the European Commission 


Habitats Directive 1992 and the Prohibition of Keeping of Live Fish (Crayfish) Order 1996 (implemented 


under the Import of Live Fish (England and Wales) Act 1980). 


2.3.2.2 The species is also a Norfolk LBAP Priority Species. 


2.3.2.3 A total of 31 sites along the Hornsea Three onshore cable corridor were identified as having potential for 


white clawed crayfish. Access was not granted for 17 sites therefore, surveys were undertaken at 14 sites, 


with white clawed crayfish only recorded at one location - in the River Wensum. Non-native signal crayfish 


were recorded at the River Bure and Reepham Beck (further details of the survey findings are provided in 


volume 6, annex 3.4: White Clawed Crayfish Survey).  


2.3.2.4 Notwithstanding these survey results, based on the desk study and consultee responses received, this 


assessment has assumed that white clawed crayfish are present in the River Glaven and River Tud. 


2.3.2.5 All watercourses currently known to support white clawed crayfish will be crossed using HDD. No impacts 


from habitat loss or severance would therefore occur on this species. 


2.3.2.6 Pre-commencement surveys of unsurveyed watercourses will be undertaken, and any necessary 


mitigation measures identified as a result of these surveys will inform the production of the detailed EMP. 


2.3.3 Amphibians 


2.3.3.1 Great crested newts (GCNs) are protected under the Habitats Regulations and section 9 of the WCA 1981 


(as amended), which make it an offence to intentionally or recklessly capture, kill, or disturb GCNs, 


deliberately take or destroy GCN eggs, and damage or destroy a breeding site of GCNs. The legislation 


applies to all life stages of GCNs. The GCN is also a UK BAP Priority Species.  


2.3.3.2 During surveys carried out in 2017, GCN were recorded at Beach Lane in Weybourne, and are therefore 


also assumed to be present on unsurveyed waterbodies in Weybourne Camp. A cluster of waterbodies 


containing GCN was found between 20 m and 75 m of the onshore cable corridor south of Bodham. Other 


clusters of GCN populations occurred in the vicinity of Alderford Common (the closest of which was less 


than 50 m from the onshore cable corridor); the River Wensum (over 60 m from the onshore cable 


corridor); and south of Little Melton (within 15 m of the onshore cable corridor). A single waterbody 


containing GCN was found approximately 150 m south of the onshore cable corridor, north of Swardeston. 


2.3.3.3 Survey results identified the existence of five clusters of waterbodies containing GCN that could be 


affected by Hornsea Three. However, it should be noted that access to all parts of the onshore cable 


corridor was not granted.  Pre-commencement surveys of unsurveyed waterbodies will be undertaken, 


and any necessary mitigation measures identified as a result of these surveys will inform the production 


of the detailed EMP. 
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2.3.4 Reptiles 


2.3.4.1 All reptile species native to Britain are protected under Sections 9(1) and (5) of the WCA 1981 (as 


amended), which makes it an offence to intentionally or recklessly kill or injure these species, or sell, 


barter, exchange, or transport reptiles or any part of them. Native reptiles are also Priority Species of the 


UK BAP. 


2.3.4.2 Reptile surveys were carried out in 56 areas of suitable habitat within the Hornsea Three ecology and 


nature conservation study area and reptile presence was recorded at 23 of these sites. Adders were only 


recorded in one location (Kelling Heath, where grass snake, slow worm and common lizard were also 


recorded), although a consultation response included records of adders at Weybourne Camp, which was 


not accessible for survey. Further details of the consultation responses are found in the Consultation 


Report that accompanies the DCO application. Slow worms were recorded in three clusters over 150 m 


from the onshore cable corridor at Kelling Heath SSSI; within the onshore cable corridor north of High 


Kelling; approximately 10 m from the onshore cable corridor at Alderford Common SSSI; within 15 m of 


the onshore cable corridor north of Booton Common SSSI; and at a number of locations within the onshore 


cable corridor both north and south of the River Wensum. Common lizards were recorded over 150 m 


from the onshore cable corridor at Kelling Heath SSSI; within the onshore cable corridor west of 


Saxthorpe; approximately 30 m from the onshore cable corridor at Alderford Common; over 150 m of the 


onshore cable corridor south west of Heathersett; and within 15 m of the onshore cable corridor north of 


Swardeston. Grass snakes were recorded at Alderford Common, and at a number of survey areas 


between the Yare Valley and east of Hethersett. Grass snakes were recorded within the onshore cable 


corridor at the River Yare and west of Foxburrow Meadow CWS, and within 15 m of the corridor south of 


Little Melton and east of Heathersett. 


2.3.5 Birds 


2.3.5.1 Birds are protected at a European level under the EC Directive on the Conservation of Wild Birds 2009 


(2009/147/EC), the codified version of Council Directive 79/409/EEC as amended. This gives general 


protection to wild birds from deliberate killing, taking from the wild, egg collecting, nest destruction and 


keeping in captivity, but allowances are made for game birds. Specially protected birds are listed in Annex 


1 of the Directive. 


2.3.5.2 All species of wild bird in the UK (other than a few pest species) are protected under Part 1 section 1(1) 


of the WCA Act 1981 (as amended) against intentional or reckless killing, injuring or taking. Taking, 


damaging or destroying nests in use or being built, and taking or destroying eggs are also prohibited. 


2.3.5.3 In addition to general protection for birds, certain species are also afforded special protection and are 


listed in Schedule 1 of the WCA 1981, as amended. These bird species are rare, endangered, declining 


or vulnerable. In addition to the protection from killing or taking that all birds, their nests and eggs have 


under the Act, it is an offence to intentionally or recklessly disturb Schedule 1 birds and their young at, on 


or near an ‘active’ nest. 


2.3.5.4 Wintering bird surveys were carried out in the winter of 2016-2017. Further surveys of the final Hornsea 


Three onshore cable corridor between Weybourne and Bodham were carried out in the winter of 2017-


2018 to include the section of route between Weybourne Camp east of Kelling Heath that was not covered 


in the 2016-2017 surveys.  


2.3.5.5 Winter bird surveys in 2016-2017 recorded 83 species within the wintering point count surveys along the 


onshore cable corridor. Of these species, 46 are considered to be of some conservation value. However, 


with the exception of pink-footed goose, none were considered to occur in particularly significant numbers. 


2.3.5.6 Surveys for breeding birds were carried out in 2017 and involved territory mapping at the landfall area and 


in the locations where permanent land take would occur (i.e. the onshore HVAC booster station and the 


onshore HVDC converter/HVAC substation) and the main construction compound. 


2.3.5.7 Surveys recorded 61 species considered possibly or likely to be breeding. No WCA Schedule 1 species 


were considered likely to be breeding within the onshore cable corridor. 


2.3.6 Bats 


2.3.6.1 All species of bat in the UK are fully protected under the WCA 1981 (as amended). All species are listed 


in Schedule 5 of the Act and are therefore subject to the provisions of Section 9, which make it an offence 


to intentionally or recklessly kill, injure or take a bat; possess or control any live or dead specimen or 


anything derived from a bat; intentionally or recklessly damage, destroy or obstruct access to any structure 


or place used for shelter or protection by a bat; or intentionally or recklessly disturb a bat while it is 


occupying a structure or place which it uses for that purpose. 


2.3.6.2 Under the Conservation of Habitats and Species Regulations 2017 (the Habitats Regulations), it is an 


offence to deliberately capture, kill or disturb a bat, damage or destroy a breeding site or resting place of 


a bat, and keep, transport, sell or exchange, or offer for sale or exchange, alive or dead bat or any part of 


a bat. 


2.3.6.3 Soprano pipistrelle, noctule, Bechstein’s bat, barbastelle, brown long-eared bat, and greater and lesser 


horseshoe bats are also listed as Priority Species under the UK BAP. Barbastelle, brown long-eared bat, 


noctule and soprano pipistrelle bat are Priority Species in the Norfolk LBAP.  


2.3.6.4 Bat surveys were carried out along the areas affected by the permanent and temporary land take for the 


onshore elements of Hornsea Three in 2017. Surveys to determine areas of importance for foraging or 


commuting bats were undertaken using static monitoring detectors and transect surveys. 


2.3.6.5 Static monitoring and transect surveys recorded eight bat species and four species groups. 


2.3.6.6 A bat roost was recorded within a hedgerow to the south west of Corpusty. This hedgerow is proposed to 


be removed under the proposals for Hornsea Three. 
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2.3.7 Badgers 


2.3.7.1 Badgers are protected under the Protection of Badgers Act 1992. The protection is primarily for welfare 


rather than conservation, since badgers are not rare but are subject to cruelty. Actions prohibited under 


this legislation, unless covered by licence, include the intentional or reckless damage, obstruction or 


destruction of a badger sett and the wilful killing, injuring or taking of badgers. 


2.3.7.2 Badgers utilise habitats within and surrounding the permanent and temporary land take for the onshore 


elements of Hornsea Three. For those with a legitimate reason to know the locations of badger setts, this 


information is provided in the confidential Appendix 1: Figure A.1 - valued ecological receptors (including 


confidential receptors), which will be available on request. 


2.3.7.3 One subsidiary and six outlier badger setts were recorded during surveys in 2017. In summary, these 


comprise: 


• One outlier sett, which is within an area of HDD and may therefore need to be closed given that HDD 


operations may damage the below ground sett chambers; 


• One outlier sett, which is on the edge of the area affected by the onshore elements of Hornsea Three 


and an area of HDD, and which may need to be closed; 


• One currently disused outlier sett, in an area of HDD. May need closing if found to be occupied again 


when works commence; 


• One partially used subsidiary sett approximately 30 m from the onshore cable corridor, and which 


should be unaffected; and 


• Two outlier setts on the edge of an HDD area, which may need to be closed.  


2.3.7.4 None of the setts currently known, that may be affected, are main setts. 


2.3.8 Otters 


2.3.8.1 The otter is listed in Annexes II and IV of the Habitats Directive, and is protected under the Habitats 


Regulations. A Species Action Plan has been produced for otters under the UK BAP and the species is a 


Priority Species of the Norfolk LBAP. 


2.3.8.2 In 2017, otters were recorded along the rivers Yare and Wensum, as well as a waterbody south of Lower 


Bodham, at Salle, the stream associated with Low Common, Hethersett and Swardeston. 


2.3.8.3 However, fourteen watercourses or other waterbodies, including the River Tud, could not be visited due 


to access limitations. Pre-commencement surveys of these watercourses and waterbodies will be 


undertaken, and any necessary mitigation measures identified as a result of these surveys will inform the 


production of the detailed EMP. 


2.3.9 Water voles 


2.3.9.1 Water voles are listed in Schedule 5 of the WCA 1981 (as amended) and protected under Section 9. The 


species is also a Priority Species of the Norfolk LBAP.  


2.3.9.2 Field signs indicating the presence of water vole were recorded at 16 waterbodies distributed along the 


length of the Hornsea Three onshore cable corridor in 2017.  


2.3.9.3 Water voles were recorded at Weybourne east of the landfall, at a pond near Lower Bodham, along the 


River Bure, at Salle, on Blackwater Drain, the Rivers Wensum and Bure, and Heathersett and north of 


Swardeston. The River Tud could not be accessed for survey. Pre-commencement surveys of unsurveyed 


watercourses and waterbodies will be undertaken, and any necessary mitigation measures identified as 


a result of these surveys will inform the production of the detailed EMP. 


2.4 Responsibilities 


2.4.1.1 All ecology works described in this Outline EMP will be carried out under the guidance of the Ecological 


Clerk of Works (ECoW). All site workers will be informed of the role of the ECoW. Contact details for the 


ECoW will be provided in the detailed EMP and will be made available to site workers and contractors as 


requested or required. 


2.4.1.2 Site inductions for all site workers will include reference to the requirements of the approved detailed EMP 


and the approved detailed CoCP. 


2.4.1.3 Toolbox talks provided to all contractors and site workers immediately prior to the commencement of 


activities on site, will include reference to the requirements of the detailed EMP and detailed CoCP. The 


toolbox talks will include the general principles and area-specific environmental measures that must be 


implemented  


2.4.1.4 All site workers will be informed of the role of the ECoW. Contact details for the ECoW will be provided in 


the detailed EMP and will be made available to site workers and contractors as requested or required. A 


copy of the detailed EMP will be kept on site at all times and site workers will be made aware of its location 


and who to contact in order to obtain a copy of, or review the document as required. 


2.4.1.5 Any known breaches of the requirements of the EMP by site workers will be reported to the ECoW or to 


the Site Manager appointed by the principal contractor (who in turn will advise the ECoW) as soon as 


practicable. 


2.4.1.6 Where that breach is material (e.g. if conditions pertaining to a protected species licence are breached), 


the ECoW, or the Undertaker will report the breach to the relevant LPA and/or Natural England as soon 


as practicable. 


2.4.1.7 Where a material breach requires a response, or has the possibility or re-occurring, the Undertaker will 


be responsible for developing an appropriate (ecology and nature conservation) response strategy and 


will apply lessons learnt to future construction method statements. Where longer term remedial measures 


are required, these measures will be discussed with the LPA and Natural England.  


2.4.1.8 Contact details for the ECoW (Hornsea Three) will be provided in the detailed EMP. 
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3. Designed-in mitigation measures 


3.1 Introduction 


3.1.1.1 This section describes the designed-in ecology and nature conservation mitigation measures adopted as 


part of the onshore elements of Hornsea Three design in order to ensure the protection of VERs. 


3.2 Designated sites and habitats 


3.2.1.1 The route of the Hornsea Three onshore cable corridor has been developed to avoid designated sites, 


areas of woodland and other ecologically sensitive habitats wherever practicable. Other VER features 


such as ponds and hedgerows have been avoided in the selection of the onshore cable corridor alignment 


and local features such as standard trees have been avoided where it has been practicable to do so. 


3.2.1.2 To minimise the impact of construction on features of ecology and nature conservation value, HDD will be 


employed beneath all ‘main’ and numerous ‘ordinary’ watercourses and all designated sites, including the 


River Wensum SAC, as detailed below (under Construction Measures).  


3.2.1.3 Where practicable, existing highways or tracks will be used for access to the construction site to minimise 


loss and disturbance of species and habitats. 


3.3 Protected or otherwise notable species 


3.3.1.1 Where practicable, areas identified as containing protected species, including badgers and roosting bats, 


have been protected by siting the onshore cable corridor alignment to provide an appropriate buffer from 


construction and operational works. The width of these buffer zones will be developed in accordance with 


standard industry requirements and best practice guidance, and such buffers are expected to be applied 


for nesting birds, roosting bats, for active badger setts, for otter holts and resting places and for water vole 


colonies. 
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4. Pre-construction mitigation measures 


4.1 Introduction 


4.1.1.1 This section describes the ecology and nature conservation mitigation measures adopted as part of the 


onshore elements of Hornsea Three that will be undertaken prior to the commencement of construction 


in the vicinity of the VER, in order to ensure the protection of VERs. 


4.1.1.2 It is possible that additional VER species activity may be recorded during pre-construction surveys 


described in this section. Where this occurs, Figure 10.1 will be updated and, where required, the 


mitigation strategy set out in this document will be amended as soon as practicable. 


4.1.1.3 All pre-construction surveys described in this section will be undertaken by the ECoW or an otherwise 


appropriately experienced and, where necessary, licenced ecologist(s), who will be pre-approved by the 


ECoW and will work under the guidance of the ECoW.  


4.1.1.4 All surveys will be carried out in accordance with biosecurity risk assessments and safe systems of works, 


which will be produced by the ECoW prior to the commencement of the survey. 


4.2 Habitats 


4.2.1.1 In order to minimise the likely impacts on ecology and nature conservation features of interest, pre-


construction studies will be carried out to update information on sensitive habitats in the vicinity of 


large/sensitive watercourse crossing locations and plans developed for the establishment of associated 


construction compounds and works sites, to minimise potential impacts. 


4.2.2 Protective buffer zones 


4.2.2.1 Works-free protective buffer zones (see below) will be established around retained habitats of ecology 


and nature conservation concern, namely broadleaved semi-natural woodland, hedgerows, heathland, 


semi-improved and marshy grassland, ponds and watercourses, as well as sections of watercourses that 


will not be crossed by open cut trenching. These buffer zones will be maintained throughout the works 


period. 


4.2.2.2 Wherever practicable, buffer zones surrounding retained areas of woodland and mature broadleaved 


trees will be 15 m in width or the width of the tree root protection zone, whichever is the greater, as advised 


by an appropriately qualified surveyor. Buffer zones around hedgerows will be at least 5 m in width 


(assessed by the ECoW) where practicable,. and Bbuffers zones surrounding ponds will be at least 8 m 


in width, or and watercourses will be at least 10 m in width for main watercourses; approvals will be 


obtained as necessary for works closer to channels and main watercourses managed by Drainage Boards 


(DBs) LLFAs and the Environment Agency. 


4.2.2.3 Additional buffer zones, described in the sections below, will be established around habitat features of 


value to protected species.  


4.2.2.4 All buffer zones will prohibit the tracking of heavy vehicles, and the storage of vehicles, machinery, 


equipment and soils.  


4.2.2.5 The ECoW will inform the Site Manager of the locations and requirements of buffer zones in each working 


area prior to the commencement of construction in that area. Where necessary, locations will be discussed 


on site. 


4.2.2.6 Where considered necessary by the ECoW or Site Manager, buffer zones will be marked out on site (e.g. 


with high-visibility Netlon fencing or coloured tape, and / or signs describing the prohibitive requirements 


of the zones) and installed at appropriate locations. 


4.2.3 Minor watercourses and ditches 


4.2.3.1 The majority of watercourses will be crossed using HDD. However, some minor watercourses and 


drainage ditches will be crossed by open cut trenching along the Hornsea Three onshore cable corridor. 


Refer to the crossing schedule (volume 4, annex 3.5: Onshore Crossing Schedule) for details of the 


proposed locations of HDD and open cut trenching for all watercourses crossed by the onshore cable 


corridor. 


4.2.3.2 Watercourses that are to be crossed by trenching will require pre-construction surveys prior to the 


commencement of works in order to inform any mitigation strategy required, as described under species-


specific impacts. 


4.2.3.3 Works will be carried out in accordance with relevant legislative requirements and best practice guidelines, 


as set out in the Outline CoCP and Appendix D to the Outline CoCP: Biosecurity Protocol (document 


reference A8.5). Measures will be set in place to minimise the potential for pollution from silt deposition 


into watercourses and from works vehicles, including measures to prevent transfer of invasive plant or 


animal species between watercourses (the latter is particularly important to avoid risk to watercourses 


containing white clawed crayfish in the headwaters of the River Glaven). These will include: 


• Management of construction works to comply with the necessary standards and consent conditions 


as identified by the Environment Agency;  


• A briefing highlighting the importance of water quality, the location of watercourses and pollution 


prevention included within the site induction;  


• Areas with prevalent run-off to be identified and drainage actively managed (e.g. through bunding 


and/or temporary drainage);  


• Vegetated strip to be left adjacent to the watercourse during construction; 


• Bankside vegetation to be reinstated following the construction phase; 


• Areas at risk of spillage, such as vehicle maintenance areas and hazardous substance stores 


(including fuel, oils and chemicals) to be bunded and carefully sited to minimise the risk of hazardous 


substances entering the drainage system or the local watercourses; 


• The bunded areas to have impermeable bases to limit the potential for migration of contaminants 


into groundwater following any leakage/spillage. Bunds used to store fuel, oil etc. to have a 110% 


capacity;  
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• Disturbance to areas close to watercourses reduced to the minimum necessary for the work;  


• Excavated material to be placed in such a way as to avoid any disturbance of areas near to the 


banks of watercourses and any spillage into the watercourses;  


• Construction materials to be managed in such a way as to effectively minimise the risk posed to the 


aquatic environment; and 


• All plant machinery and vehicles to be maintained in a good condition to reduce the risk of fuel leaks. 


4.3 Protected or otherwise notable species 


4.3.1.1 Pre-construction surveys, informed by existing data for protected species, will be carried out to identify 


potential changes in distribution of protected species and hence any additional mitigation requirements 


arising as a result of presence of protected species. These surveys will be undertaken within twelve 


months prior to the commencement of construction works. 


4.3.2 Great crested newts 


4.3.2.1 A new district-wide licensing pathway for GCN is currently being developed by Natural England.  The use 


of this potential alternative route for licensing will be considered further post-consent but prior to 


commencement of pre-construction surveys and construction works. If the district-wide licensing approach 


is available to Hornsea Three, this may reduce the requirement for pre-commencement surveys and 


scheme-specific mitigation measures such as fencing. The mitigation measures outlined below are those 


that may be required under the existing licensing regime, and therefore would be revised prior to the 


production of the detailed EMP if the alternative approach is feasible. 


4.3.2.2 Surveys, if required, will include pre-construction surveys of ponds that were not surveyed during 2017 


and any ponds surveyed more than two years prior to construction that are located up to 250 m from the 


permanent or temporary land take for the onshore elements of Hornsea Three, subject to land access 


agreements, to establish presence/likely absence of GCN. The survey will include an initial Habitat 


Suitability Index (HSI) assessment to determine the need for presence/absence surveys. If GCN are 


present, these ponds will be included in the mitigation strategy and, if necessary, a European Protected 


Species (EPS) licence will be obtained for works to commence. If access to survey is not granted, a worst-


case scenario will be assumed (i.e. that GCN are present) and these inaccessible ponds will be included 


in the mitigation plan. 


4.3.2.3 Any ponds located within 250 m of the works areas that have not been surveyed or have been surveyed 


more than two years prior to the commencement of construction, will be surveyed using the HSI 


methodology, prior to the commencement of construction in order to assess their potential value to GCN 


and, if necessary, the need for a presence/absence survey. 


4.3.2.4 In addition, surveys will be undertaken of any ponds located between 250 m and 500 m of the permanent 


or temporary land take for the onshore elements of Hornsea Three, which are also situated no more than 


250 m from a pond located within the 250 m survey area and are separated from this pond by favourable 


GCN habitat. 


4.3.2.5 If it is not possible to discount the ponds through an HSI assessment, a worst-case scenario will be 


assumed (i.e. that GCN are present) and these ponds will be included in the mitigation plan. 


4.3.2.6 Surveys will be carried out by GCN licensed ecologists working under the instruction and guidance of the 


ECoW. Surveys will be completed in accordance with the methodology described in the Great Crested 


Newt Mitigation Guidelines (English Nature, 2001). 


4.3.2.7 Each pond will be surveyed for presence / absence using eDNA analysis. For ponds with a positive result 


(or ponds which are already known to support GCN), a six visit Population Size Class Assessment (PSCA) 


survey will be carried out to establish population size to inform any licence application and associated 


mitigation strategy. eDNA sampling must be carried out between mid-April and June. All PSCA survey 


visits are required to be undertaken between mid-March and mid-June inclusive (of which three survey 


visits must be undertaken between mid-April and mid-May). Where possible, during each survey visit, at 


least three of the following survey methods will be used; bottle trapping, torching, netting and egg search.  


4.3.2.8 A report of survey findings and implications for construction will be produced by the ECoW and provided 


to the Undertaker and the Site Manager as soon as practicable.  


4.3.2.9 If an EPS licence from Natural England is required for works to commence, as soon as practicable the 


ECoW will inform the Undertaker and the Site Manager that any works requiring a licence, as instructed 


by the ECoW, should not be undertaken within the 250 m wide surrounding area, or as otherwise 


instructed by the ECoW, until a licence for GCN has been obtained. 


4.3.2.10 The ECoW will be responsible for assessing whether an EPS licence would be required for works to 


commence. The assessment will be made in accordance with Natural England licence guidelines, in 


particular those relating to the proximity of ponds to working areas and the amount of terrestrial habitat of 


potential value to GCN that would be lost or disturbed during construction. 


4.3.2.11 The ECoW will be responsible for completing and submitting an EPS licence application prior to the 


commencement of works. The licence application will be informed by pre-construction surveys and will 


contain a detailed method statement and mitigation plan.  


4.3.2.12 Licensed works will be carried out in accordance with licence requirements and under the guidance of the 


ECoW and the watching brief of a GCN licensed ecologist(s), who would be pre-approved by and work 


under the instruction of the ECoW.  


4.3.2.13 The ECoW will produce a licence return form and report of works carried out under licence. A copy of this 


form and report will be provided to the Undertaker, Natural England and the relevant LPA(s) as soon as 


practicable and as required under the conditions of the licence. 


4.3.2.14 No ponds currently known to support GCN will be directly affected by the onshore elements of Hornsea 


Three. The onshore cable corridor runs adjacent to ponds with known GCN populations in five places. 


The majority of the habitat temporarily affected for cable installation is arable land of low potential for 


terrestrial GCN, but some losses of terrestrial habitat would occur. 
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4.3.2.15 In addition, the onshore cable corridor will run between ponds containing GCN in at least two locations, 


and the corridor would therefore have a temporary severance effect for the approximate three month 


duration of the cable installation for each section prior to restoration.  In the event that the onshore 


elements are built out in two phases, this would be repeated for the second phase.   


4.3.2.16 Where terrestrial GCN will be affected by cable construction, appropriate mitigation techniques, via a 


licence application, will be employed. As noted above, the district-wide licensing approach, if available, 


may avoid or reduce the need for the scheme-specific mitigation measures outlined below.  


4.3.2.17 If required, amphibian exclusion fencing will be installed where it is necessary to exclude GCN from the 


works area and / or translocate animals from terrestrial habitat within the onshore cable corridor.  


4.3.2.18 Where fence installation requires the clearance of habitat of potential value to hibernating GCN, as 


identified by the ECoW (e.g. mature hedgerows, ditches, rough grass areas or suitable piles of rubble), 


exclusion fencing will be installed outside the GCN hibernation period (considered to be between 


November and February, although dependent on local weather conditions), so as to prevent the potential 


disturbance of hibernating GCN. 


4.3.2.19 The installation of amphibian exclusion fencing will be carried out under the guidance of the ECoW and 


watching brief of a GCN licensed ecologist, pre-approved by the ECoW, who will be present to capture 


and relocate any GCN disturbed in the process to suitable habitat located outside the fence line and with 


open access to nearby ponds.  


4.3.2.20 If more than one GCN is located during fence installation, the on-site ecologist will instruct site workers to 


halt works immediately and the ECoW will be informed. 


4.3.2.21 The ECoW will inform the Undertaker and the Site Manager of the need to halt works until an alternative 


appropriate method statement for the works is developed by the ECoW and / or an EPS licence has been 


obtained, if necessary. A licence application will be submitted to Natural England by the ECoW as soon 


as practicable. 


4.3.2.22 As a precautionary measure, amphibian exclusion fencing will also be installed, as described above, 


around habitats of potential value to GCN, which are located in working areas and within 250 m of any 


pond or cluster of ponds, have been identified as being of potential value to GCN through an HSI 


assessment, have not been surveyed for presence/absence due to a lack of land owner permission, and 


are separated from working areas by habitat favourable to newt movement, as informed by an ECoW. 


4.3.2.23 In the maximum design scenario of a two-phase construction period, the same measures would be 


employed at the second phase. 


4.3.3 Reptiles 


4.3.3.1 Where necessary, pre-commencement surveys of areas of suitable habitat not covered in the 2017 


surveys would be undertaken to update the baseline and inform requirements for reptile mitigation. 


4.3.3.2 Where reptile habitat is required to be cleared for construction, a detailed method statement will be 


developed in order to help ensure the protection of these species. The method statement will include 


detailed pre-construction measures designed to ensure that impacts on reptiles are minimised, through 


relocation of animals from the works corridor and an adjacent buffer zone and post-construction habitat 


reinstatement. The method statement will include post-construction habitat restoration and management 


requirements. 


4.3.3.3 Reptile habitat areas shown in Figure 10.1 that are within the onshore elements of Hornsea Three will be 


managed prior to the commencement of construction in order to deter or displace any reptiles which might 


be present from the working areas, taking care not to displace animals into other parts of the working 


corridor. Management will be advised by the ECoW. 


4.3.3.4 Habitat management will involve the clearance of ground cover in order to create unfavourable conditions. 


4.3.3.5 If habitat is cleared during the reptile hibernation period (November until February inclusive, dependent 


on local weather conditions), trees and scrub will be cut using brushcutters or chainsaws, to a height of 


approximately 30 cm above ground level, so as to minimise the potential for disturbance to root balls 


where hibernating reptiles may be located.  


4.3.3.6 Arisings will not be stacked on site as this could later provide a habitat feature of potential value to nesting 


birds, reptiles or other species. Instead, arisings will be removed from site. 


4.3.3.7 Habitat clearance during the active reptile season (i.e. between March and October, depending on local 


weather conditions) will commence in the centre of the site and move outwards, so as to enable any 


reptiles or other animals that may be present to leave the area ahead of machinery. Scrub and tall grasses 


will be cut as above, to between 5 cm and 10 cm in height. Arisings will be removed from site. Uprooting 


of vegetation or clearance of habitat of potential value to hibernating reptiles will be undertaken during 


this period. 


4.3.3.8 Areas will be maintained in a condition not favoured by reptiles (i.e. with minimal ground cover) until the 


commencement of construction (i.e. through regular mowing of ground vegetation). 


4.3.3.9 Works will be carried out under the guidance of the ECoW.  


4.3.3.10 In the event that the onshore elements are built out in two phases, this would be repeated for the second 


phase.   


4.3.3.11 A record of works will be maintained by the ECoW and will be provided to Hornsea Three and the Site 


Manager. A copy of this record will be made available to the relevant LPAs on request. 


4.3.4 Wintering and migratory pink-footed goose 


4.3.4.1 If construction work on functionally linked sugar beet fields takes place between November and January 


inclusive, a pink-footed goose management plan will be formulated and submitted to Natural England for 


approval in the 12 months preceding commencement (see section 5.4.3). 
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4.3.4.2 An outline of the pink-footed goose management plan is provided in as Appendix F to the Outline CoCP.  


4.3.5 Breeding birds 


4.3.5.1 Pre-construction surveys for nesting birds will be undertaken where construction overlaps with the 


breeding season, and measures will be set in place to protect active nests until the ECoW has confirmed 


that young have fully fledged and left the nest. These measures are documented in more detail below. 


4.3.5.2 Impacts on breeding birds from habitat loss predominantly affect ground-nesting farmland birds in arable 


or grassland habitats, and hedgerow nesting birds. 


4.3.5.3 Arable and grassland habitats will be restored after trenching. Restoration will be implemented after both 


phases in the case of two-phase cable installation.  


4.3.5.4 Where trees, hedgerows or scrub, of potential value to nesting birds, are required to be cleared for 


construction, clearance will be undertaken outside of the bird breeding season (14 February to 31 August 


inclusive) to prevent disturbance to nesting birds where possible. However, if this is not practicable, habitat 


will be surveyed prior to clearance. No habitat containing an active nest will be removed or disturbed, and 


measures will be set in place to protect the nest until young have fully fledged and left the nest. Measures 


may include the establishment of 5 m wide buffer zones in which heavy vehicles will not be tracked and 


the storage of vehicles, equipment, machinery and soil storage will be prohibited. Works in the buffer zone 


will be delayed until the ECoW has confirmed young have fully fledged and left the nest. Ground-nesting 


birds may be deterred from suitable fields (> 5 ha, open fields) where HDD launch pits will be located, 


using bird scarers prior to and during the breeding season. 


4.3.5.5 Prior to the commencement of the breeding bird season (mid-February to August inclusive) and where 


practicable, measures will be set in place to help deter ground nesting birds from nesting in suitable large 


(>5 ha) open fields in which construction works would take place. Measures could include the use of bird 


scarers, although these would not be employed within 5 m of the North Norfolk Coast SPA to avoid 


affecting birds within this designated site. 


4.3.5.6 The clearance of any habitat of potential value to nesting birds, including semi-mature and mature trees, 


hedgerows and areas of scrub, will be undertaken outside the bird breeding season, so as to prevent 


disturbance or injury to nesting birds or their young. 


4.3.5.7 However, where this is not practicable, immediately prior to the commencement of works, vegetation 


suitable for nesting birds which will be cleared to enable works or which is located within 5 m of working 


areas, and large (>5 ha) open flat fields of potential value to ground-nesting species in which works will 


be undertaken, will be surveyed for active bird nests. 


4.3.5.8 Where it is not possible to carry out a thorough visual inspection of all parts of the habitat being surveyed 


(e.g. due to the density of the habitat) the area will be surveyed for at least two hours between dawn and 


9.00 am to identify any bird activity that might indicate the presence of nesting birds, such as birds carrying 


nesting material or food into the habitat being surveyed. 


4.3.5.9 No habitat containing an active bird’s nest will be removed or disturbed. Works-free buffer zones of a 


minimum of 5 m width will be established around active nests until the ECoW has confirmed to the Site 


Manager or site workers that the young have fully fledged and left the nest. Where considered necessary 


by the ECoW, works-free buffer zones will be marked out on site using high-visibility Netlon fencing or 


coloured tape. 


4.3.5.10 The ECoW will maintain a record of all pre-construction bird nest surveys undertaken. The record will be 


provided to the Undertaker and a copy will be made available to the LPAs on request. 


4.3.6 Bats 


4.3.6.1 Taking into account the fact that bats will utilise tree roosts intermittently, prior to the commencement of 


works, mature trees that require felling or pruning will be inspected by the ECoW from ground level using 


a high-powered torch to locate potential roost sites and signs that could indicate the presence of roosting 


bats. These daytime surveys can be undertaken at any time of year; however, where practicable, the 


surveys will be undertaken during the winter months, when leaves will not obscure features of potential 


value to bats. Surveys will be completed sufficiently in advance of the works so as to enable follow-up 


surveys, to be undertaken where required to confirm the presence / absence of a bat roost. 


4.3.6.2 In accordance with guidelines produced by the Bat Conservation Trust (BCT, 2016), trees that are 


reported by the ECoW be of category 1 or 1* potential value to roosting bats (as defined in the BCT 


guidelines), will be subject to dusk emergence and/or dawn swarming surveys between May and 


September in order to confirm the presence of roosting bats, identify the species of bat present and 


determine the size of any roost. 


4.3.6.3 A report of survey findings and implications for construction will be produced by the ECoW and provided 


to the Undertaker and the Site Manager. The report will be made available to the LPAs and/or Natural 


England as requested or required. 


4.3.6.4 One known tree roost, comprising a single soprano pipistrelle recorded on one occasion, is located within 


the corridor and will need to be removed under an EPS licence if it is found to remain as an active roost 


when construction occurs. No other known roosts will be affected. The loss of this low status roost will be 


mitigated via the provision of an alternative roost sites on nearby retained trees. The tree containing the 


roost will be removed following a dawn survey to confirm absence of bats, and the tree will be soft-felled 


in sections under the supervision of an appropriately licensed bat ecologist. 


4.3.6.5 Hedgerow restoration will take place immediately following each cabling phase. However, replacement 


planting will take time to mature after each phase of construction. Therefore, artificial hedgerows will be 


provided in locations where hedgerows supporting high or very high levels of bat activity have been 


recorded in the locations shown on Figure 10.1. This will ensure that connectivity will be maintained across 


gaps created by the hedgerow until the second phase restoration planting matures. Construction lighting 


in the vicinity of hedgerows where high or very high levels of bat activity have been recorded will follow 


best practice guidelines produced by the BCT (BCT, 2011). 
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4.3.6.6 Works in the vicinity of bat roosts outside the onshore cable corridor (Figure 10.1) will be completed during 


daylight hours only. However, should construction lighting be required, lighting will follow best practice 


guidelines produced by the BCT (BTC, 2011) and light fixtures will be directed away from the tree.  


4.3.6.7 Removal or pruning of a tree containing a bat roost, or significant disturbance or obstruction to bats or 


their roost will require an EPS licence for bats from Natural England, which will be obtained prior to the 


commencement/continuance of works that could affect the roost. 


4.3.6.8 Therefore, if surveys identify the presence of a bat roost, as soon as practicable, the ECoW will notify the 


Undertaker and the Site Manager of the requirement to obtain an EPS licence prior to the commencement 


of works on the tree or in the immediate surrounding area (i.e. within 15 m of the tree). The Site Manager 


and Undertaker will also be informed of the requirement to ensure the protection of the tree using a 15 m 


buffer zone until the licence has been obtained. If construction is being undertaken in the nearby 


surrounding area, construction lighting will be carried out in accordance with guidelines produced by the 


BCT (Bat Conservation Trust, 2011). 


4.3.6.9 The ECoW will be responsible for ensuring that an EPS licence for bats is applied for prior to the 


commencement of works requiring a licence. The licence application will be informed by findings of the 


pre-construction surveys, and will include a detailed method statement and mitigation strategy. 


4.3.6.10 Works on or within 15 m of a tree containing a bat roost will commence only once a licence has been 


obtained and will be undertaken in accordance with the requirements of the licence. Licenced works will 


be carried out under the watching brief of a Natural England bat licenced ecologist. 


4.3.6.11 A licence return form and report of the works undertaken will be completed by the licenced ecologist and 


approved by the ECoW. A copy of this form and report will be provided to the Undertaker, Natural England 


and the relevant LPA(s) as soon as practicable and as required under the conditions of the licence. 


4.3.6.12 Where practicable, long-lasting woodcrete bat boxes, suitable for bats reported in the area (i.e. Pipistrellus 


and Myotis species, noctules (Nyctalus noctula) and brown long-eared bats (Plecotus auritus)) will be 


installed prior to construction, in appropriate locations on nearby retained mature trees as instructed by 


the ECoW, so as to provide immediate alternative roost sites.  


4.3.6.13 Suitable locations will be at least 5 m above ground level, out of the reach of potential predators (e.g. 


cats), and away from very exposed areas, primarily facing in a south east or south west direction (although 


hibernation boxes can be sited in a north east or north west facing direction), within an area comprising 


good habitat connectivity, (e.g. a good connecting network of hedgerows, woodland parcels, lines of 


broadleaved trees and scrubs) or in areas where considerable numbers of bats were recorded during 


surveys completed to inform the EIA for Hornsea Three (volume 6, annex 3.8: Bat Surveys). 


4.3.7 Badgers 


4.3.7.1 A pre-construction badger survey of the works area and 30 m buffer zone, will be undertaken in order to 


locate any potential new active setts that could cause a constraint to construction. Surveys will also be 


carried out in order to identify signs of high levels of activity, to inform the need for measures to be carried 


out to protect foraging badgers. 


4.3.7.2 The ECoW will be responsible for ensuring the completion of pre-construction badger activity surveys of 


working areas and the surrounding buffer zone. Any such surveys would be undertaken sufficiently in 


advance of the commencement of works to enable a protected species licence(s) from Natural England 


to be obtained, should this be required. 


4.3.7.3 A report of survey findings and implications for construction will be produced by the ECoW and provided 


to the Undertaker and the Site Manager as soon as practicable.  


4.3.7.4 Four currently known outlier badger setts are located within or very close to the onshore cable corridor, 


and if still occupied at construction will need to be removed under licence if they are found to be active 


when construction occurs.  


4.3.7.5 If new setts are identified within 30 m of the cable works corridor, micro-siting of working areas away from 


the setts will be undertaken where practicable and possible within the consented boundary of 


development. If this is not practicable, a licence for badgers will be obtained before works commence if it 


is considered that badgers using the sett would be disturbed. 


4.3.7.6 The ECoW will be responsible for ensuring a licence for badgers is applied for where necessary. The 


ECoW will inform the Undertaker and the Site Manager that a works-free buffer zone of 30 m should be 


set up around the active sett until a licence has been obtained, and that once the licence has been 


obtained works will need to be carried out in accordance with the requirements of the licence. 


4.3.7.7 A licence application will be informed by the pre-construction survey and will include a detailed method 


statement and mitigation strategy.  


4.3.7.8 If sett destruction cannot be avoided, a licence application will include the requirement to close the sett 


outside the badger breeding season (considered to be between 30 November and 1 July). 


4.3.7.9 Licensable works will be carried out under the guidance of the ECoW and under a watching brief of the 


named licenced ecologist(s), which could be the ECoW or an appropriately experienced ecologist pre-


approved by the ECoW. 


4.3.7.10 A licence return form and report of the works undertaken will be completed by the licenced ecologist and 


approved by the ECoW. A copy of this form and report will be provided to the Undertaker, Natural England 


and the relevant LPA(s) as soon as practicable and as required under the conditions of the licence. 
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4.3.8 Otters 


4.3.8.1 Pre-construction otter surveys of watercourses and nearby areas of woodland and dense scrub will be 


undertaken in order to locate any potential otter holts or resting places within 50 m of the works area. 


4.3.8.2 A report of survey findings and implications for construction, including the potential need for an EPS 


licence for otters, will be produced by the ECoW and provided to the Undertaker and the Site Manager as 


soon as practicable. 


4.3.8.3 A licence would be required for any works that would result in the loss or disturbance of an otter holt or 


resting place, or significant disturbance or displacement of otters. 


4.3.8.4 Therefore, if surveys confirm the presence of a previously unidentified otter holt or resting place within the 


survey area, and if it is not practicable to micro-site working areas to include appropriate works-free buffer 


zones, an EPS licence for otters will be obtained by the ECoW prior to the commencement of works in 


the area. 


4.3.8.5 The ECoW will inform the Undertaker and the Site Manager of the need to halt works in the area until a 


licence has been obtained.  


4.3.8.6 A licence will require the contractor to work in accordance with an agreed method statement and works 


schedule. A licence application may include the pre-works construction of an artificial otter holt in a suitable 


location and at an appropriate distance from working areas. All licensed works will be overseen by the 


ECoW. 


4.3.8.7 A licence return form and report of the works undertaken will be completed by the licensed ecologist 


following the completion of works and approved by the ECoW. A copy of this form and report will be 


provided to the Undertaker, Natural England and the relevant LPA(s) as soon as practicable and as 


required under the conditions of the licence. 


4.3.9 Water voles 


4.3.9.1 Pre-construction water vole surveys of all suitable minor watercourses that would be crossed by open-cut 


trenching will be undertaken in accordance with the survey methodology described in Strachan et al. 


(2011). 


4.3.9.2 A report of survey findings and implications for construction will be produced by the ECoW and provided 


to the Undertaker and the Site Manager as soon as practicable.  


4.3.9.3 For open-cut trenching or other disturbance works that will affect watercourses where water voles have 


been recorded, or if pre-construction surveys identify previously unrecorded water vole activity along 


watercourses that will be affected by construction, a detailed method statement will be developed as 


required in order to protect water voles from the direct impacts of construction works. Natural England will 


be consulted and a licence will be obtained prior to the commencement of any licensable works if 


requested by Natural England. 


4.3.9.4 The detailed method statement or potential licence application will be informed by pre-construction 


surveys and will contain a detailed mitigation plan if necessary. The method statement is likely to include 


habitat manipulation to deter water voles from working areas and a surrounding buffer zone and could 


include a relocation or a trapping and translocation programme prior to a destructive search of any burrows 


in the works area. 


4.3.9.5 Vegetation removal to encourage relocation of water voles to adjacent habitat must commence between 


15th February – 15th April. Regular repeat strimming is required in order to maintain habitat in a condition 


unsuitable for water voles until the commencement of works. Translocation of water voles, if required, 


should be completed between 15th February - 15th April.. Works will be carried out under the guidance 


of the ECoW and under an ecological watching brief. 


4.3.9.6 A report of works carried out, and if a licence is required, a licence return form, will be produced by the 


ECoW and provided to the Undertaker, Natural England and the relevant LPA(s) as soon as practicable 


and as required under any licence. 


4.3.9.7 The ECoW will inform the Undertaker and the Site Manager that a works-free buffer zone of at least 15 m 


or 50 m where HDD is being undertaken, should be established around watercourses supporting water 


voles until a licence has been obtained. 
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5. Construction mitigation measures 


5.1 Introduction 


5.1.1.1 This section describes the ecology and nature conservation mitigation measures adopted as part of the 


onshore elements of Hornsea Three that will be undertaken during construction in order to ensure the 


protection of notable habitats and species. 


5.2 General site-wide mitigation measures 


5.2.1.1 Construction will be undertaken in accordance with the Outline CoCP (document reference A8.5). The 


CoCP will include the following requirements: 


• All works will be carried out taking full account of legislative requirements and Environment Agency 


guidance; 


• Appropriate and adequate measures will be set in place to ensure appropriate levels of dust control 


so that no significant off-site dust effects will occur; 


• Heavy machinery will not be tracked on waterlogged soils or over stored soils; 


• Site induction and toolbox talks will include mitigation requirements; 


• Soil storage areas will be located at adequate distances so as to ensure the protection of the retained 


soils; and 


• Vehicle speeds will be restricted within the working corridor so as to reduce the likelihood of injury 


to species on site. 


5.2.1.2 Night working will be avoided where practicable, although it may be necessary to undertake some works 


during night time hours. Where night working is unavoidable, light fixtures will be directed towards working 


areas and away from adjacent or nearby habitats of value to protected or otherwise notable species shown 


in Figure 10.1 and identified by the ECoW, in order to minimise likely disturbance effects of light spillage. 


5.2.1.3 An ECoW will be present on site to oversee enabling works and construction where necessary. The ECoW 


will be a suitably experienced professional ecologist. The ECoW will review results of protected species 


surveys prior to the commencement of works in different areas and will contribute to all relevant 


construction method statements. 


5.2.1.4 A biosecurity protocol will be implemented to minimise the risk of spreading invasive species. The main 


risks are associated with transfer of aquatic plants or animals (including vectors for disease) between 


watercourses or waterbodies. The majority of watercourse crossings are being undertaken using HDD, 


and no ponds are directly affected but where working in or near water, control measures will be 


implemented. These are documented in Appendix D to the Outline CoCP. (document reference A8.5) and 


include: 


• Ensure vehicle tyres and wheel arches are cleared of mud, plants and other organic material before 


moving from one watercourse to another. Leave removed material on site; 


• Clean boots and disinfect (away from waterbodies to prevent potential pollutant incidents) all 


equipment that might come into contact with water; and 


• Appropriate measures will also be adopted when working in the vicinity of invasive terrestrial plants. 


Where necessary, works will be supervised by an ECoW. Known locations of invasive plant species 


will be marked on site and vehicle movements restricted in the vicinity of these locations. Any spoil 


containing or likely to contain invasive plant material will be stored separately from non-contaminated 


spoil, and treated as appropriate, with control measures adopted. 


5.3 Habitat mitigation measures 


5.3.1 Protective buffer zones 


5.3.1.1 All protective buffer zones described under Pre-Construction Mitigation Measures (Section 4) will be 


maintained throughout the construction phase. The ECoW will regularly (at least once every two weeks) 


monitor adherence to the requirements of the buffer zones and will maintain a record of all site checks 


undertaken and findings. 


5.3.1.2 Should any breach of the requirements become evident, the ECoW will inform the Undertaker and the 


Site Manager as soon as practicable. The ECoW will inform the Site Manager of measures required to be 


undertaken as soon as practicable to rectify any potential impacts. 


5.3.1.3 The Undertaker will be responsible for notifying Natural England of any breaches to the buffer zones if 


necessary and as advised by the ECoW. 


5.3.2 Trees 


5.3.2.1 Wherever practicable, a works-free buffer zone will be established around mature trees, of 15 m width or 


the width of the root protection zone, whichever is the greater, calculated on a tree-by-tree basis by an 


appropriately qualified surveyor. 


5.3.2.2 Any tree felling works will be carried out in accordance with protected species requirements described 


below. 


5.3.2.3 Where individual mature trees are to be felled, sections of dead or decaying wood will be soft-felled (felled 


in sections) and, where practicable, will be relocated to suitable locations as near to the source tree as 


practicable, as instructed by the ECoW (i.e. within areas of similar environmental conditions, particularly 


with regard to shade and groundwater levels, and in locations that will not obstruct the reinstatement of 


previous land management practices). 
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5.3.2.4 Where passing bays are proposed as part of the measures identified within the Outline Construction Traffic 


Management Plan, the passing bays have been positioned to avoid root protection zones where feasible.  


Furthermore, the passing bay designs will adopt a Grasscrete cellular system designed to minimise impact 


on existing root protection areas associated with mature tree specimens.  Where roots are likely to be 


encountered, advice will be sought from the ecological clerk of works and a hand dig approach will be 


adopted unless otherwise agreed with the local planning authority.  


5.3.3 Hedgerows 


5.3.3.1 The length of individual hedgerow sections to be removed will be reduced as far as reasonably practicable 


according to construction methods. 


5.3.3.2 All sections of hedgerow removed to enable construction of the onshore cable corridor will be replanted 


as soon as practicable after each phase of cable installation, with regard to appropriate planting months. 


Replacement planting will comprise a species-rich mix of native shallow-rooting hedgerow species typical 


of the area. To prevent future root damage to cables, no hedgerow standard trees will be planted along 


the Hornsea Three onshore cable corridor. In addition, enhancement planting to improve connectivity 


and/or native species diversity will be considered on a case by case basis. Enhancement planting could 


include the planting of native hedgerow trees, typical of the area, at a suitable distance from the onshore 


cable corridor. 


5.3.3.3 A replanting programme to compensate for habitat lost and provide screening will be implemented at the 


proposed HVAC booster station and onshore HVDC converter/HVAC substation sites in conjunction with 


mitigation measures considered as part of the landscape and visual impact assessment. Detailed 


landscaping proposals will be developed in a final Landscape Management Plan, to be produced in line 


with the Outline Landscape Management Plan (document reference A8.7). Planting will be undertaken as 


soon as practicable and once it could be confirmed that works will not significantly and adversely affect 


new planting. Where required, newly planted hedgerows will be protected by adequate fencing until the 


hedgerow has become established. 


5.3.3.4 Hedgerow clearance, including tree felling works, will be carried out in accordance with species-specific 


requirements described below. 


5.3.3.5 Arisings will be removed from site or, if necessary, temporarily relocated to a suitable site more than 5 m 


from working areas (or 50 m where HDD is being undertaken) so as to ensure that any nesting birds (or 


other species) which might utilise the pile of cuttings are protected against likely impacts of construction. 


Some arisings can be re-used a part of creation of artificial hedgerows where important bat flightlines 


have been identified (Figure 10.1). 


5.3.4 Ponds and watercourses 


5.3.4.1 In addition to measures to minimise the potential for pollution incidents, HDD will be carried out at all 


significant watercourses (Figure 10.1).  


5.3.4.2 Drilling is expected to achieve at least 1.5 m beneath any watercourses. 


5.3.4.3 Further details of measures relating to pollution prevention are described in the Outline CoCP (document 


reference A8.5). Measures include the provision of a pollution incident response plan and a drainage 


management plan to minimise potential pollution effects. 


5.3.4.4 In the few locations where ditches and minor watercourses will be crossed by open cut cable trenches, 


construction works will be completed in accordance with the Outline CoCP. Methodologies will be pre-


approved by the Environment Agency, Drainage Boards and/or Lead Local Flood Authorities where 


applicable, so as to help minimise the likely impacts on the wetland habitats. 


5.3.4.5 Cable trenching works will also take into account species-specific mitigation measures described below. 


5.4 Protected or otherwise notable species mitigation measures 


5.4.1 Great crested newts 


5.4.1.1 Where considered necessary by the ECoW, or required under an EPS licence obtained from Natural 


England, amphibian exclusion and drift fencing will be installed along the outer edges of works areas 


within proximity of a GCN pond. In addition, to take account of the metapopulation dynamics of the 


species, the exclusion fencing will be extended to segregate any other nearby ponds which are located 


within 250 m of a GCN pond and which also fall within 250 m of the working corridor, provided there are 


no significant barriers to dispersal between these ponds and the working corridor (e.g. major roads or 


rivers). 


5.4.1.2 GCN exclusion fencing installed prior to construction will be monitored throughout the construction phase 


so as to ensure that necessary repairs can be undertaken as soon as practicable. 


5.4.1.3 If a GCN is located during construction, works in the area will be halted immediately and the ECoW will 


be informed. A Natural England GCN licensed ecologist will attend the site to handle and, where 


necessary, relocate any GCN to suitable habitat outside the exclusion fence line. 


5.4.1.4 Ongoing clearance of habitat of potential value to GCN (i.e. hedgerows and scrub) within the surrounding 


250 m area will be monitored by the ecologist. If any more GCN are located during construction in the 


area, site works will be halted immediately, and the GCN licensed ecologist and/or ECoW will be informed. 


The ECoW will inform the Undertaker and the Site Manager as soon as practicable of the potential need 


for an amended method statement and/or EPS licence for GCN before works can recommence in the 


area. 


5.4.1.5 The ECoW will be responsible for applying for an EPS licence for GCN if necessary. 


5.4.2 Reptiles 


5.4.2.1 Progressive and careful habitat clearance works, such as the gradual strimming of above-ground 


vegetation such as brambles, rough grass and scrub, will be undertaken in select areas prior to 


construction, to deter reptiles from the working area where alternative habitat is available to them. 
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5.4.2.2 Uprooting of vegetation of potential value to hibernating reptiles will be undertaken prior to the 


commencement of the hibernation period (November to March) to deter reptiles from hibernating in the 


area. 


5.4.3 Wintering and migratory birds 


5.4.3.1 If construction work on functionally linked sugar beet fields is likely to take place between November and 


January inclusive, a pink-footed goose management plan will be formulated and submitted to Natural 


England for approval in the 12 months preceedingpreceding commencement.  An outline of the pink-


footed goose management plan is provided as Appendix F to the outline CoCP, and the full approved plan 


will be appended to the final CoCP.  


5.4.3.2 To minimise the risk of disturbance at all times and locations, noise reduction measure from industry best 


practice guidance will be implemented in line with the Outline CoCP and EMP.  


5.4.3.3 Where outdoor lighting is required, lighting units will be directional, fully shielded if not LED lighting and in 


all cases directed only on to the construction works area. The principles of the lighting strategy are 


contained in the Outline CoCP which accompanies the application for development consent.  


5.4.4 Breeding birds 


5.4.4.1 If, during construction, an active bird’s nest is located within the works area or a surrounding 5 m wide 


buffer zone, works within the area will be halted immediately and site workers will inform the ECoW as 


soon as practicable, either directly or through the Site Manager. 


5.4.4.2 The ECoW will attend the site if considered necessary in order to assess the most appropriate mitigation 


measures required to protect the nest. Protective measures may include the creation of a 5 m wide works-


free buffer zone around the nest, which will be maintained until the ECoW confirms the young have fully 


fledged and left the nest. 


5.4.4.3 A record of findings and measures undertaken will be maintained by the ECoW and provided to the 


Undertaker and the Site Manager. 


5.4.5 Bats 


5.4.5.1 Taking into account the particular value of some hedgerows along the onshore cable corridor to foraging 


and commuting bats, temporary artificial hedges to provide a link between severed edges of hedgerows 


and other habitat crossed by the Hornsea Three onshore cable corridor, which have been identified as 


key commuting/foraging routes will be provided. The artificial bridges will be retained in situ throughout 


the construction period and until replacement planting has established and developed sufficiently to create 


a continuous connecting habitat. The bridges will be put into place at the end of each working day and will 


be retained in situ during the day when not working in the area. 


5.4.5.2 Artificial hedges will comprise sections of fencing without gaps and at least 2 m high in order to retain bat 


flight paths. At locations where construction is ongoing, covered heras fencing (for example with brush 


retained from hedgerow clearance or camouflage mesh) may be used to allow the artificial hedges to be 


removed during working hours.  


5.4.5.3 When construction is completed on a particular section, a more permanent artificial hedge will be installed 


until replacement planting creates a continuous connecting habitat. If construction is carried out in two 


phases, a more permanent artificial hedge will be installed after construction of the first phase, and 


removed prior to construction of the second phase. These fences would again be without gaps and at 


least 2 m and may include willow woven fencing, wooden or close-boarded fencing, heras fencing covered 


with brush, or panels of artificial foliage (or a combination of these). 


5.4.5.4 Should a bat roost be located during the construction period, works within 15 m of the roost will be halted 


immediately and site workers will inform the ECoW as soon as practicable, either directly or through the 


Site Manager. Any potential construction lighting in nearby areas will be directed away from the roost site.  


5.4.5.5 If the tree requires felling, an EPS licence will be obtained prior to felling (licences typically require felling 


to take place in/around October or April, to minimise the impact on any bats that might be present). 


5.4.5.6 In the unlikely event of a ‘missed’ tree roost being accidentally felled or disturbed, the ECoW will ensure 


that a Natural England bat licensed ecologist attends the site as soon as practicable. The bat licensed 


ecologist will ensure the section containing the roost is moved to a suitable safe and sheltered location, 


at least 15 m from the works area and away from any potential obstructions that could prevent the exit of 


bats which may still be present. If required, the bat licenced ecologist will capture and relocate any 


disturbed bat(s) to a suitable alternative roost site (such as the pre-installed bat roost box) or, if considered 


necessary, the bat(s) will be taken to a Natural England licensed handler who could monitor its recovery 


prior to release. 


5.4.5.7 A record of findings and measures undertaken to protect any disturbed roosting bats will be maintained 


by the ECoW and provided to the Undertaker and the Site Manager. The Undertaker will inform Natural 


England of the event and measures undertaken as soon as practicable. If a Natural England licence is 


required to continue the works, the ECoW will complete and submit an application and works will not 


recommence until the licence has been obtained. Works would then be carried out in accordance with the 


licence and, as necessary, under the watching brief of a Natural England bat licensed ecologist. 


5.4.6 Badgers 


5.4.6.1 The following best practice measures will be undertaken during the construction period to minimise 


impacts on badgers. 


• Where practicable, works within 30 m of an active sett will finish one hour before dusk and commence 


one hour after dawn to help minimise the level of disturbance to badgers; 


• Vehicle speeds will be restricted within the working corridor; 
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• Night working will be avoided unless essential. Where this is not possible, lighting will be focussed 


on works areas and directed away from badger setts and areas of high potential value to foraging 


badgers (e.g. areas of rough grassland and woodland). Lighting will be kept to the minimum 


necessary where located within 30 m of an active badger sett; 


• No construction works will be carried out within minimum distances an active sett entrance. Works 


within 30 m of a badger sett entrance may require a Natural England licence for badgers. Protection 


zones will be marked out on site, such as with high-visibility fencing or coloured tape; 


• Areas of high badger activity, if identified, will be cordoned off to ensure these are kept fully intact 


and with minimal interference from construction; 


• Excavations more than 0.5 m deep will be fenced or covered overnight, where practicable, or if this 


is not practicable, a method of escape (e.g. a plank to act as a ladder) will be provided; and 


• Large diameter pipes will be capped at the end of each working day to reduce the potential for 


badgers and other animals to enter them and become trapped. 


5.4.6.2 If pre-construction surveys (section 4.3.7) confirm the need for a licence for badgers, construction works 


will be undertaken in accordance with the requirements of the licence. 


5.4.6.3 If work within minimum distances of a sett and, therefore, sett closure or disturbance cannot be avoided, 


this will need to be carried out outside the badger breeding season (defined as 30 November to 1st July) 


and in accordance with a Natural England approved method statement and where relevant a licence for 


badgers.  


5.4.6.4 HDD launch pits will be located minimum distances from active badger setts, or a Natural England licence 


for badgers may be required prior to the commencement of works, as considered necessary by an 


experienced badger ecologist.  


5.4.6.5 Toolbox talks on badgers will be provided by the ECoW to all construction staff on site and an emergency 


procedure protocol will be given to contractors in the event of encountering a badger or discovering a sett. 


If new setts are identified within minimum distances of the Hornsea Three onshore cable corridor, or in 


the areas around HDD launch sites, micrositing away from the setts will be undertaken where practicable 


within the consented boundary of development, or a Natural England licence for badgers may be required 


before works continue. 


5.4.6.6 The ECoW or an appropriately experienced ecologist pre-approved by the ECoW, will attend the site as 


soon as practicable in order to confirm reports of badger activity and assess the need for further surveys 


to confirm the presence of badgers and / or the need for a development licence for badgers. 


5.4.6.7 A report of findings of the site visit and implications for construction will be produced by the ECoW and 


provided to the Site Manager and the Undertaker.  


5.4.6.8 If the continuance of works would result in further damage or disturbance to an active badger sett, or 


significant disturbance of any badgers that might be utilising the sett, the ECoW will submit to Natural 


England an application for a development licence for badgers. Works will not recommence until a licence 


has been obtained. 


5.4.6.9 All licenced works will be carried out under the guidance of the ECoW and under a watching brief of the 


licence holder or ecologist named on the licence. 


5.4.6.10 If construction works result in the death or injury of a badger, the ECoW or appropriately experienced pre-


approved ecologist will determine the cause of death where possible (through speaking to site workers, 


inspecting the body, if possible, and investigating site conditions). If the death is considered likely to be a 


result of construction works, the ECoW will assess the need for further mitigation measures such as the 


installation of badger exclusion fencing around working areas or the use of additional covering of 


excavations to prevent access into dangerous areas.  


5.4.6.11 Findings of the assessment and measures proposed will be reported to the Undertaker and the Site 


Manager as soon as practicable.  


5.4.6.12 The ECoW will monitor the effectiveness of new mitigation requirements so as to ensure any necessary 


amendments or additions to mitigation are set in place as soon as practicable. 


5.4.7 Otters  


5.4.7.1 Where HDD is to be undertaken beneath watercourses supporting otters, consideration will be given to 


the location of launch pits and their relationship to watercourses. No holts in the vicinity of the onshore 


cable corridor are currently known to be present. Should pre-commencement surveys identify the 


presence of a holt, HDD launch pits will be located at a minimum distance of 50 m from the holt, and 


construction compounds and storage areas will also be located a minimum distance of 50 m from any 


otter holts. Works-free buffer zones will be set up around the holt and any other identified resting place, 


within which no tracking of heavy machinery, or storage of equipment, machinery or soils will be permitted. 


5.4.7.2 HDD pits, other excavations and ducts will be covered overnight to prevent otters entering the areas, or a 


method of escape (such as a plank to act as a ladder) will be provided where such excavations cannot be 


covered or filled on a nightly basis. 


5.4.7.3 Where considered necessary by the ECoW, high visibility fencing will be erected around works-free zones. 


No below-ground destructive works, or tracking of heavy machinery will be undertaken a minimum 


distance from known otter holts. 


5.4.7.4 Work sites required for HDD will be located 100 m from the watercourse crossing point where practicable. 


Construction compounds and storage areas will be located at least 50 m from the watercourse.  


5.4.7.5 If night time works take place, lighting will be focussed on working areas and directed away from the 


watercourse and other watercourses of potential value to otters. Lighting will be kept to the minimum 


necessary up to a distance of approximately 100 m from otter holts or other identified resting places. 


5.4.7.6 If pre-construction surveys report the presence of a previously unrecorded otter holt or resting place that 


would require an EPS licence for otters before works in the area can commence, construction works will 


be carried out in accordance with the requirements of the licence and under the guidance of the ECoW 


and, where necessary, an ecological watching brief. 
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5.4.8 Water voles 


5.4.8.1 Taking into account the mobile nature of water voles, pre-construction surveys will be undertaken to 


confirm the presence/absence of water voles along all watercourses of potential value to water voles that 


are crossed by open trenching. If water voles are found to be present in ditches or watercourses that 


would be affected by trenching, licence would be required. Construction works will be carried out in 


accordance with the requirements of the licence and under the guidance of the ECoW and, where 


necessary, an ecological watching brief. 


5.4.8.2 Method statements will include pre-construction measures to deter water voles from the working corridor 


and an adequate buffer zone (i.e. up to 15 m where favourable habitat is present). Measures could 


potentially include:  


• Removal of vegetation from channel and bank-side vegetative cover, up to a minimum of 1.5 m 


inland from the top of the bank between 15 February and 15 April; 


• Where vegetation is removed from water vole habitat between 15th February – 15th April, regular 


repeat strimming through the water vole breeding season until bank works commence is required in 


order to maintain the habitat in a condition unsuitable for water voles. 


• The potential capture and translocation of water voles from working areas by an appropriately 


qualified and experienced ecologist; 


• A destructive search of water vole burrows within the working corridor under the watching brief of an 


appropriately qualified and experienced ecologist; and 


• Measures to protect adjacent sections of the watercourse, which will not be directly impacted by 


trenching, such as marking out on the ground the boundary of the Hornsea Three onshore cable 


corridor, to control the movement of personnel and vehicles. 
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6. Post-construction mitigation measures 


6.1 Introduction 


6.1.1.1 This section describes the mitigation measures adopted as part of the onshore elements of Hornsea Three 


that will be undertaken as soon as practicable following the completion of construction in an area, in order 


to mitigate the impacts of development on features of ecological and nature conservation interest and to 


provide biodiversity benefit. 


6.1.1.2 Works will be carried out under the guidance of the ECoW. 


6.1.1.3 All post-construction monitoring surveys described in this section will be undertaken by the ECoW or an 


otherwise appropriately experienced and where necessary, licensed ecologist(s), who will be pre-


approved by the ECoW and will work under the guidance of the ECoW. 


6.1.1.4 All surveys will be carried out in accordance with biosecurity risk assessments and safe systems of works 


which will be produced by the ECoW prior to the commencement of a survey. 


6.2 Habitats 


6.2.1.1 To minimise the period of time that habitats and species will be affected, reinstatement of damaged or 


cleared terrestrial habitat will be carried out as soon as practicable and as soon as it can be confirmed 


that ongoing works for that phase will not result in the damage or disturbance of reinstated or enhanced 


habitats. Habitat reinstatement will involve the replacement of stripped soils and the planting of native 


hedgerows, shrubs and trees, typical of the local area and of local provenance where possible. The 


construction of buildings and planting of trees with deep roots will not be permitted above the onshore 


cable corridor to prevent potential damage to cabling. Habitat reinstatement will be undertaken in 


accordance with the Outline Landscape Management Plan (document reference A8.7). The Plan will 


include the retention and/or replacement of habitats of nature conservation value wherever practicable. 


6.2.1.2 New planting will be carried out in accordance with the Outline Landscape Management Plan (document 


reference A8.7) and associated biosecurity risk assessments and Safe Systems of Works. The Outline 


Landscape Management Plan (document reference A8.7) which accompanies the DCO application 


includes planting methodologies and plant species lists.  


6.2.1.3 The ECoW will be responsible for producing a report to confirm habitat reinstatement or enhancement 


requirements have been carried out in accordance with the requirements of this Plan and the Outline 


Landscape Management Plan (document reference A8.7). 


6.2.2 Woodland 


6.2.2.1 Tree and shrub planting around the onshore HVDC converter / HVAC substation will comprise a diverse 


mix of native shallow-rooting broadleaved tree and understorey species found in the area, with native 


shrub planting to provide a dense edge habitat, and an adjacent rough grass margin to add structural 


diversity, enhanced cover and shelter.  


6.2.3 Hedgerows 


6.2.3.1 Sections of hedgerows removed during the construction of the onshore cable corridor will be replanted 


with a species-rich native mixture following each phase of cable installation, in accordance with the Outline 


Landscape Management Plan (document reference A8.7). 


6.2.4 Minor watercourses and ditches 


6.2.4.1 Watercourses will be restored to their previous bank profile following each phase of cable installation. For 


watercourses, where substantial lengths are affected (i.e. where open cut is proposed), an appropriate 


native species marginal seed mix would be sown of local provenance where practicable.  


6.2.4.2 For watercourses where only, a narrow width has been affected (e.g. where haul roads have been put 


installed, but the streams are otherwise unaffected), natural colonisation would be appropriate. 


6.2.5 Arable field margins 


6.2.5.1 The Hornsea Three onshore cable route runs through some arable land where arable field margins are 


maintained under a Stewardship agreement (e.g. at Kelling Estate). There will therefore be temporary 


losses of this UKBAP habitat during construction. Field margins will be restored with an appropriate seed 


mix in consultation with the landowner.  


6.3 Protected or otherwise notable species 


6.3.1.1 Should any licences for protected species be required for construction works to be undertaken, licence 


applications will include habitat restoration and enhancement measures for the benefit of the protected 


species that the licence applies to. These measures will take into account requirements of the Outline 


Landscape Management Plan (document reference A8.7). However, should measures be required under 


a licence that are not included in the Outline Landscape Management Plan (document reference A8.7), 


these will be carried out by landscape contractors working under the guidance of the ECoW and/or licence 


holder. 


6.3.1.2 The ECoW and / or protected species licence holder will be responsible for producing any required licence 


return forms and report of the works undertaken. A copy of the forms and reports will be provided to the 


Undertaker, Natural England and the relevant LPA(s) as soon as practicable and as required under the 


conditions of the licence. 
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6.3.2 Birds 


6.3.2.1 Hedgerow reinstatement planting will include fruit-bearing species of potential value to birds including 


hawthorn and blackthorn, alder, crab apple, field rose, and dog rose. 


6.3.3 Bats 


6.3.3.1 The potential impact on bats will be minimised through bat habitat and bat roost creation, restoration or 


enhancement. 


6.3.3.2 Long-lasting woodcrete bat boxes, suitable for the species of bats recorded in the area (i.e., Pipistrellus 


and Myotis species, noctule and brown long-eared bat), will be installed under the guidance of the ECoW 


in suitable locations on nearby retained mature trees located within the onshore cable corridor to provide 


immediate potential roost sites as mitigation for lost tree holes of potential value to roosting bats. 


6.3.3.3 The ECoW will advise on appropriate locations for boxes on a site by site basis. 


6.3.3.4 Mitigation for loss of foraging or commuting habitat via the removal of hedgerows will be mitigated by 


replacement hedgerow planting, including the planting of scattered native hedgerow trees where 


practicable as tree planting will provide potential long-term roosting opportunities. The long-term 


establishment and maintenance of replacement habitat will be secured in accordance with the landscape 


mitigation measures. 


6.3.3.5 Where hedgerow reinstatement cannot be undertaken immediately following construction, artificial 


hedges used throughout the construction phase will be retained in situ until replacement planting has been 


carried out and, where necessary, until replacement plants have become established to provide effective 


habitat links between the severed sections of the hedgerows, as confirmed by the ECoW. 
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7. Decommissioning mitigation measures 


7.1.1.1 The measures to be adopted during decommissioning will be similar to those adopted during construction 


and will incorporate best practice guidance available at that time. A Decommissioning Plan and EMP for 


the decommissioning works will be produced, and relevant organisations will be consulted as part of the 


process of producing these updated plans prior to decommissioning. 
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8. Operational and long-term ecology management 


8.1 Introduction 


8.1.1.1 This section describes ecology measures adopted as part of the onshore elements of Hornsea Three that 


will be undertaken following the completion of post-construction mitigation described above (section 6) 


and during the operational phase. 


8.2 Habitats 


8.2.1.1 During the establishment phase (three to five years following the planting or spreading of seed) any failed 


plants will be replaced like-for-like as required to prevent any significant gaps in planting and as agreed 


with land owners. 


8.2.1.2 Once established, new planting will be managed in accordance with the Outline Landscape Management 


Plan (document reference A8.7). and as described below. 


8.2.1.3 Should Natural England development licences be required for works to be undertaken, habitat 


management would be carried out in accordance with the requirements of these licences. 


8.2.2 Onshore HVDC converter/HVAC substation site boundaries (tree and shrub 


planting) 


8.2.2.1 The long-term management of the area of tree and shrub planting along and within the boundaries of the 


onshore HVDC converter/HVAC substation site will remain the responsibility of the offshore transmission 


owner. 


8.2.2.2 Once established, the objective of long-term management of these areas will be to create a parcel of 


wooded habitat comprising a mix of native broadleaved standards and interspersed cover of understorey 


species, with a wide edge of native scrub and an adjacent wide tall rough grass margin. 


8.2.2.3 Rough grass margins will be mown on a rotational basis every two to five years in order to encourage the 


development of a rough grassland habitat and control encroaching scrub. 


8.2.3 Onshore infrastructure: protection of watercourses 


8.2.3.1 Areas at risk of spillage (e.g. hazardous substance stores, including fuel, oils and chemicals) will be 


bunded and carefully sited to minimise the risk of hazardous substances entering the drainage system or 


the local watercourses. Additionally, the bunded areas will have impermeable bases to limit the potential 


for migration of contaminants into groundwater following any leakage / spillage. Bunds used to store fuel, 


oil etc. will have a capacity of 110% of the tanks / drums they contain.  


8.2.3.2 The measures to be adopted for the avoidance of pollution of the environment during the operation of the 


onshore infrastructure are set out in volume 3, chapter 2: Hydrology and Flood Risk. 


8.2.4 Hedgerows 


8.2.4.1 Reinstated hedgerows and enhanced hedgerows will remain under the management control of the land 


owner. 


8.3 Protected or otherwise notable species 


8.3.1.1 Should any licences for protected species be required, the ECoW will notify the Undertaker of any 


additional survey and habitat requirements and these will be carried out under the guidance of the ECoW. 


8.3.1.2 The ECoW will maintain a record of all ecology works completed, which will be provided to the Undertaker, 


Natural England and the relevant LPA(s) as soon as practicable and as required under the conditions of 


any licence. 
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9. Monitoring and reporting 


9.1 Monitoring 


9.1.1.1 The ECoW will be responsible for monitoring adherence to the construction requirements of this Plan 


through: 


• Weekly site inspections where works are active; and/or 


• Weekly meetings with the Site Manager. 


9.1.1.2 The ECoW will maintain a record of these site inspections and meetings, which will be provided to the 


Site Manager and the Undertaker and will be made available to the relevant LPA(s) and Natural England 


as required or requested. 


9.1.1.3 The ECoW will regularly (at least once every two weeks) monitor adherence to the requirements of the 


protective buffer zones. Should any breach of these requirements become evident, the ECoW will inform 


the Site Manager as soon as practicable. The ECoW will inform the Site Manager of measures required 


to be undertaken as soon as practicable to rectify any potential impacts. If the breach is material, the 


ECoW, Site Manager or Undertaker will then be responsible for notifying Natural England of any breaches 


to the buffer zones. 


9.1.1.4 New planting will be monitored during the establishment phase (up to three to five years post planting) by 


the Undertakers landscape contractor (or land owner or farm manager if so agreed between those parties). 


Failed plants will be replaced like-for-like as required to prevent the development of a significant gap in 


planting. If plants or grassland areas are confirmed to be established after three years of planting, 


monitoring will cease. 


9.1.1.5 Post-construction monitoring of protected species as required under any protected species licences will 


be undertaken by the ECoW or appropriately experienced and if necessary, licensed ecologist(s), who will 


be pre-approved by the ECoW. 


9.2 Summary of reporting requirements 


9.2.1.1 The ECoW will maintain a record of all pre-construction works undertaken as they relate to the protection 


of VERs.  


9.2.1.2 The ECoW will produce pre-construction survey reports listed below: 


• Great crested newts; 


• Reptiles;  


• Wintering pink-footed goose habitat; 


• Breeding birds; 


• Roosting bats; 


• Badgers: 


• Otters; and 


• Water voles. 


9.2.1.3 Survey reports, including advice regarding implications for construction, will be provided to the appointed 


Site Manager and Undertaker. A copy will be made available to the relevant LPA(s) on request.  


9.2.1.4 Should any Natural England development licences be required, the ECoW will produce protected species 


licence applications which will be submitted to Natural England.  Reports will support licence applications 


where required. The Undertaker reserves the right to review any application prior to submission, but must 


not unreasonably delay its submission to the appropriate authority. 


9.2.1.5 The LPAs and Natural England will be invited to attend regular meetings (typically monthly where active 


works are about to or are occurring) during the pre-construction and construction phases. The need for 


and regularity of meetings will be held as requested or required by the LPAs or Natural England during 


the operational phase. Meetings will be held so as to enable the ECoW, Site Manager or Undertaker to 


report on progress and the effectiveness of the implemented EMP and to provide an opportunity to discuss 


measures considered necessary to ensure adherence to the requirements of the Plan and relevant 


legislation. Where practicable, consideration will be given to installing long-lasting woodcrete bat roost 


boxes in suitable locations on retained mature trees within the Hornsea Three onshore cable corridor to 


enhance the potential value of the site to roosting bats. 


9.2.1.6 Where necessary (i.e. where topics or work areas to be discussed are relevant) invitations to meetings 


will be extended to other relevant stakeholders including the Environment Agency. More or less frequent 


and ad hoc meetings will be held by the ECoW, Site Manager or Undertaker as considered necessary. 


9.2.2 During construction 


9.2.2.1 The ECoW will maintain a record of all ecology works undertaken during the construction period, including 


any ecological watching briefs or protected species surveys and findings of any site visits. Reports will be 


provided to the Undertaker and the Site Manager and, where appropriate, to Natural England and the 


relevant LPA. 


9.2.2.2 The ECoW will maintain a record of any breaches of the requirements of this Plan and any measures 


undertaken in order to mitigate potential impacts of a breach. Records will be provided to the Undertaker, 


Site Manager and if necessary the relevant LPA and Natural England. 


9.2.2.3 If any reasonable changes to the measures described in this Plan are considered necessary by the ECoW 


in order to achieve the objectives and adhere to the timetable of suitable work periods requirements of 


the Plan (section 10) and any relevant legislation, the ECoW will produce a report of these proposed 


changes, detailing the reasons for them, and this report will be provided to the LPA for approval prior to 


the measures being carried out on site. 


9.2.2.4 Should a protected species licence be required during the construction period, the ECoW will be 


responsible for applying for a licence. 
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9.2.2.5 The ECoW and/or licence holder will be responsible for producing any required Natural England licence 


return forms and report of the works undertaken. A copy of the forms and reports will be provided to the 


Undertaker, Natural England and the relevant LPA(s) as soon as practicable and as required under the 


conditions of the licence. 


9.2.3 Post-construction 


9.2.3.1 Should any licences be required, the ECoW and / or Natural England licence holder will be responsible 


for producing and distributing any required licence return forms and report of the works undertaken as 


described above. 


9.2.3.2 The ECoW will be responsible for producing a report to confirm habitat reinstatement or enhancement 


requirements have been carried out in accordance with this Plan and the Outline Landscape Management 


Plan (document reference A8.7). 
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10. Timetable of suitable work periods 


10.1.1.1 Table 10.1 provides optimal and optional months during which the works detailed in this Outline EMP 


could be undertaken.  
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Table 10.1: Timetable of suitable work periods. 


 Key 


 Ecology survey or mitigation period (optimal time). 


 
Optional ecology survey or mitigation period, as advised by the ECoW (sub-
optimal time). 


 Period where survey or mitigation cannot be carried out. 


 


Works Description January February March April May June July August September October November December 


Pre-construction 


Pre-construction survey for 
breeding birds. 


             


Pre-construction survey of 
wintering Pink-footed Goose 
to inform Appendix F of the 
CoCP: Pink-footed Goose 
Management Plan. 


            


Pre-construction daytime 
survey of trees for potential 
bat roosts. 


            


Pre-construction 
emergence/re-entry bat roost 
survey of trees. 


            


Installation of bat boxes. Summer roost Summer roost Hibernation  Hibernation  Hibernation  Hibernation  Hibernation  Hibernation  Hibernation  Summer roost Summer roost Summer roost 


Pre-construction survey for 
badgers – sett locations. 


            


Pre-construction survey for 
badgers – badger activity. 


            


Pre-construction survey for 
otter activity. 


            


Pre-construction survey for 
water vole burrows. 


            


Pre-construction survey for 
signs of water vole activity. 
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Works Description January February March April May June July August September October November December 


Habitat management to 
deter water voles from 
working areas (commencing 
between 15th Feb – 15th 
April and continuing through 
active breeding season or 
until bank works start. 
Habitat management cannot 
commence after April 15th). 


             


Pre-construction surveys of 
ponds for GCNs. 


              


Installation of GCN exclusion 
fencing in areas of potential 
value to hibernating newts 
(as confirmed by the ECoW). 


            


Installation of GCN exclusion 
fencing in areas of no 
potential value to hibernating 
newts (as confirmed by the 
ECoW). 


            


Up-rooting of vegetation or 
clearance of materials (e.g. 
piles of rubble) of potential 
value to hibernating reptiles. 


             


Above ground habitat 
management to deter 
reptiles. 


            


Applications for Natural 
England licences (should 
they be required). 


            


Post-construction: Construction 


During construction survey 
survey of wintering Pink-
footed Goose to inform 
Appendix F of the COCP: 
Pink-footed Goose 
Management Plan 


            


Use of artificial hedgerows to 
bridge severed hedges. 


            


Clearance of hedgerows, 
scrub and trees of potential 
value to nesting birds. 
NOTE: sub-optimal period 
requires immediately 
preceding survey to confirm 
no active nests. 


             







 Outline Ecological Management Plan 
 February 2019 


 


 27   


Works Description January February March April May June July August September October November December 


Reinstatement and 
enhancement planting in 
accordance with the Outline 
Landscape Scheme and 
Management Plan 
(document reference A8.7). 


            


Installation of bat roost 
boxes (unless otherwise 
required by management 
plan). 


Summer roost Summer roost Hibernation  Hibernation  Hibernation  Hibernation  Hibernation  Hibernation  Hibernation  Summer roost Summer roost Summer roost 


Post-construction: Long-term Management 


Installation of bat boxes. Summer roost Summer roost Hibernation  Hibernation  Hibernation  Hibernation  Hibernation  Hibernation  Hibernation  Summer roost Summer roost Summer roost 


Replanting to replace failed 
plants during establishment 
period (3-5 years post 
planting). 
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Figure 10.1: Ecological Constraints. 
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Abstract 


A model that calculates the length of the day for a flat surface for a given latitude and day of the year is 
described. Calculated daylengths are within 1 minute of values published in Smithsonian Meteorological Tables and 
the Astronomical Almanac for latitudes between 40 ° North and South with a maximum error of 7 minutes occurring 
at 60 ° latitude. The model allows the use of different definitions of sunrise/sunset and the incorporation of twilight. 
Comparisons with other daylength models indicate that this model is more accurate and that variation in 
accumulated hours of daylight of up to one week over the course of the growing season can be accounted for by how 
sunrise/sunset are defined. 


Keywords: Daylength; Model comparison 


1. Introduct ion 


Many ecological and agronomic models re- 
quire knowledge of daylength. Ritchie (1991), for 
example, uses daylength to model physiological /  
ontogentic phenomena  in the CERES wheat  
model. In FOREST-BGC,  Running and Cough- 
lan (1988) use the latitude of the modeled loca- 
tion and the day of the year as input to a daylength 
submodel used in calculations of  canopy transpi- 
ration, photosynthesis,  and energy balance. 
Nikolov (1992) uses Running and Coughlan's  


* Corresponding author. 


Elsevier Science B.V. 
SSD1 0 3 0 4 - 3 8 0 0 ( 9 4 ) 0 0 0 3 4 - F  


daylength equation set to model solar radiation. 
In addition, if one desired to use Campbell ' s  
radiation model (1977) for daily radiation, a 
daylength model could be used to determine the 
range over which to integrate. 


Another  need for daylength is to calculate 
accumulated irradiance. An example of a model 
using this technique is the soybean model, 
Soyphen, (Hodges and French, 1985) which uses 
daylength and tempera ture  to estimate the irradi- 
ance accumulated each day. Daylength or pho- 
toperiod can affect the number  of leaves on maize 
(Bonhomme et al., 1991; Manrique and Hodges ,  
1991), the rate of development of  sunflower 
(Goyne et al., 1989), and the phyllochron (the 
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number of degree-days elapsed between succes- 
sive leaves on a culm) in wheat and barley (Cao 
and Moss, 1989). 


Schoolfield (1982) developed a daylength 
model to estimate the amount of irradiance re- 
ceived by soybean crops to forecast their harvest 
dates from satellite imagery. We have modified 
these equations to allow for different definitions 
of daylength and twilight and to enable the full 
range of values for latitude (CBM model). We 
compare daylength models to each other and to 
published values for daylength, show the effect of 
the definition of sunrise/ sunset on daylength and 
plant growth, and discuss the significance of dif- 
ferent definitions of daylength. 


2. Daylength definitions 


The length of each day varies with location 
upon the Earth and day of the year. Daylength 
also depends upon the definition one uses for the 
beginning and end of the day, and whether twi- 
light is included in daylength. Some of the differ- 
ent definitions for sunrise and sunset are (Smith- 
sonian Institution, 1939): 
l when the center of the sun is even with the 


horizon, 
l when the upper rim of the sun is even with the 


horizon, 
l when the upper rim of the sun is apparently 


even with the horizon. 
Refraction of light through the atmosphere 


causes light to illuminate a location, even when 
the sun is below the horizon. Refraction also 
causes the sun to appear to be on the horizon 
when it is actually below it. 


If one includes twilight as part of daylength, 
then the different definitions of twilight must also 
be considered (Table 1). The light during civil 
twilight is considered to be bright enough to 
perform ordinary outdoor activities without artifi- 
cial light. Civil twilight is defined as the time 
between sunrise or sunset and when the center of 
the sun is six degrees below the horizon (Smithso- 
nian Institution, 1939). Thus, the duration of civil 
twilight varies with the definition of sunrise/ 
sunset. However, if daylength is defined to in- 


Table 1 
Daylength definitions defined by the position of the sun with 
respect to the horizon 


Daylength definition P 
(with and without twilight) (degrees) 


1 Sunrise/Sunset is when the center of 0.0 
the sun is even with the horizon 


2 Sunrise/Sunset is when the top of the 0.26667 
sun is even with horizon 


3 Sunrise/Sunset is when the top of the 0.8333 a 
sun is apparently even with horizon 
(US government definition) 


4 With civil twilight 6.0 
5 With nautical twilight 12.0 
6 With astronomical twilight 18.0 


a This value is the summation of the radius of the sun (in 
degrees as seen from Earth) plus the adopted value for the 
refraction of the light through the atmosphere of 34 minutes 
(Astronomical Almanac 1992). 


elude civil twilight, then the length of the day 
(including civil twilight) is the time from when the 
center of the sun is six degrees below the horizon 
before sunrise, until the center of the sun is six 
degrees below the horizon after sunset. Note that 
this definition of daylength starts the day before 
sunrise and goes until after sunset. 


Other twilight definitions are nautical twilight, 
when the center of the sun is twelve degrees 
below the horizon, and astronomical twilight, 
when the center of the sun is eighteen degrees 
below the horizon. Again, the length of time of 
twilight varies with the definition of sunrise and 
sunset. 


In the United States, the definition of 
daylength is usually the time between the begin- 
ning of sunrise, when the upper rim of the sun is 
apparently even with the horizon, until the end of 
sunset, when the upper rim of the sun is appar- 
ently even with the horizon (Harrison, 1960). The 
model presented here can simulate any of these 
daylength or twilight definitions. This is accom- 
plished by selecting the number of degrees the 
center of the sun is at or below the horizon. 


3. Model descriptions and comparisons 


This section describes the CBM daylength 
model and models from Brock (1981), Running 
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and Coughlan in the Forest-BCG model (1988), 
and Ritchie in the CERES wheat phasic model 
(1991). 


Each model requires latitude (L)  in degrees 
and day of year ( J )  as input. The output of each 
model is hours of light for fiat, level surfaces. The 
definition for daylength in the Brock, BGC, and 
CERES models are fixed, and do not match each 
other's definitions in all cases nor do the defini- 
tions match the daylength definition for pub- 
lished values of sunrise and sunset in the Astro- 
nomical Almanac. This precludes direct compar- 
isons between these models or to the Astronomi- 
cal Almanac. The daylength definition may be 
specified in the CBM model. Thus, we first estab- 
lish the accuracy of the CBM model via compar- 
isons to published data, and then compare the 
other daylength models to the CBM model using 
the appropriate daylength definition in each case. 


3.1. CBM model 


There are several parameters which must be 
considered when modeling daylength. Since the 
beginning and ending of each day is defined by 
some relationship between the position of the 
Earth with respect to the Sun, the rotation and 
orbital revolution of the Earth must be modeled, 
and position of the flat surface on which the light 
is incident on the Earth must be known. Some of 
the mechanics which affect the accuracy of the 
model of the Earth's orbit are modeling an ellip- 
tical orbit rather than a circular one, and model- 
ing the offset of the position of the Earth from 
the center of the circular or elliptical orbit. 


To obtain the most accurate estimate for sun- 
rise and sunset, the location on the Earth for 
which the daylength is to be determined and the 
day of the year must be selected. The problem of 
deriving a formula for daylength at a point on the 
Earth at elevation zero with non-sloping ground 
can be divided into three parts (Schoolfield, 1982): 
1. Predicting the revolution angle (O) from the 


day of the year (J) .  
2. Predicting the sun's declination angle (~b), or 


the angular distance at solar noon between the 
Sun and the equator, from the earth orbit 
revolution angle. 


3. Predicting daylength (D)  (plus twilight) from 
latitude (L),  longitude, and the sun's declina- 
tion angle. 
Schoolfield's equations were modified to in- 


clude the daylength coefficient (p):  


0 = 0.2163108 + 2 tan-l[0.9671396 tan[0.00860 


× (J - 186)]],  (1) 


~b = sin-l[0.39795 cos 0], (2) 


p~- LTr ] 
24 sin 180 + sin 180 sin 4~ 


D = 24 - - -  cos - 1 L~" ' 


cos  cos 


(3) 


p is in degrees, 0 and 4~ are in radians. Also, 
northern latitudes are positive, while southern 
latitudes are negative. The arc cosine parameter  
of Eq. 3 (the contents of the square brackets) 
must fall within the range ( -  1.0, 1.0). The result 
of the sines and cosines within this parameter  can 
lead to values greater than one and less than 
negative one near the poles of the Earth. In these 
cases, the latitude in question is either in continu- 
ous light (parameter value is greater than or 
equal to one) or in continuous darkness (parame- 
ter value is less than or equal to negative one). 


Results from the CBM model are compared to 
tables for sunrise and sunset in the Astronomical 
Almanac 1992. The Sunrise and Sunset table in 
the Astronomical Almanac lists the estimated 
time of sunrise and sunset rounded to the closest 
minute for every fourth day of the year for vari- 
ous latitudes from 55°S to 66°N. This table uses 
the definition for sunr ise /sunset  of when the 
center of the sun is apparently even with the 
horizon (definition 3). The time of sunset was 
subtracted from the time of sunrise to obtain a 
value of daylength to within sixty seconds. The 
CBM model was set to use the same definition of 
daylength. Figs. la  and lb show the differences 
between the daylength calculated from the Sun- 
rise and Sunset tables and the output of the CBM 
model rounded to the nearest minute since that is 
the precision of the tables. 


Similar differences in modeled and extrapo- 
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lated daylength from tables in the Smithsonian 
Meteorological Tables for the year 1899 were 
gathered. In this book, two tables were consulted 
to determine the daylength for the first day of 
each month. Table 95 (Declination of the Sun for 
the Year 1899 at Greenwich Apparent  Noon) in 
the Smithsonian book was used to interpolate a 
value for the first of each month. The declination 
angle was then used with table 94 (Duration of 
Sunshine at Different Latitudes) to interpolate 
the value of daylength for every tenth latitude 
between 80 ° and - 8 0  °. 


In these results, the latitudes ranged from 80°N 
to 80°S. The differences between the output of 
the CBM model and the published values in the 
Smithsonian Meteorological Tables are similar to 
the differences found in the Astronomical Al- 
manac comparison. The magnitudes of the differ- 
ences were slightly greater for like latitudes. Also, 
since the latitudes spanned a greater range, the 
maximum errors at the new range boundaries 
were greater. The largest error magnitude was 
- 3 8  minutes on September 1 at 80°N followed by 
- 3 1  minutes on March 1 at 80°S. The next 
largest errors dropped in magnitude quickly. Be- 
tween 20°N and 20°S, the magnitude of error  was 
less than or equal to 2 minutes. 


These graphs show that the CBM model is 
fairly accurate. At latitudes near the equator, the 


error is 1 minute or less. Near 60°N the error is 
usually 2 minutes or less. The two equinoxes and 
solstices were chosen as dates for which the error 
is shown because the error was largest near these 
four dates (Fig. 1). 


3.2. Brock model 


Brock (1981) presents a method for calculating 
solar radiation for ecological studies where the 
definition for daylength is when the center of the 
sun is even with the horizon (definition 1). 


The declination of the Earth (in degrees) as a 
function of day of year is calculated as: 


[ 283 + J 
~b = 23.45 s i n ~ 3 6 0 ~ ) .  (4) 


The sunset /sunr ise  hour-angle in degrees, with 
northern latitudes being positive, is calculated as: 


hourAngle = c o s - l ( - t a n ( L )  tan(~b)). (5) 


Daylength in hours is then calculated as: 


hourAngle 
O = 2 15 (6) 


Since this model uses a different definition for 
daylength than the Astronomical Almanac, the 
output from the CBM model is used for compari- 
son. The CBM model was run with the same 
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Fig. 1. Error of CBM model. Shown here are the differences, rounded to the nearest minute, between the published daylengths for 
year 1992 (found by subtracting the published time of sunset from the time of sunrise) and the output of CBM model for daylength 
for four northern latitudes (right) and four days of the year (left). The CBM model daylength definition was set to match the 
Astronomical Almanac (p  = 0.833). The range of error is generally about 4 minutes, and is about 10 minutes near year day 98. 
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Error of Brock  Mode l  
compared to CBM model (p=0) 
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Fig. 2. Brock model comparison. The CBM model daylength 
definition was set to match that of the Brock model (p = 0). 
The difference at the equator, latitude zero degrees, is zero 
minutes. The range of error is about 20 minutes. 


daylength definition as the Brock model. The 
difference is zero minutes at the equator and 
increases with latitude North and South (Fig. 2). 
The difference is sinusoidal with respect to the 
day of year with increased differences near days 
55 and 295, and almost no difference near days 0 
and 190. 


The similarity of the daylength values pro- 
duced by the CBM and Brock model at the 
equator, but dissimilarity at other latitudes is of 
interest. Further analysis of the differences in the 
model show that the difference in daylengths is 
due solely to the different equations used for 
solar declination in the two models. Brock uses 
Cooper 's  (1968) solar declination equation. 
Cooper did not state any assumptions about the 
equation, but said that the equation is a conve- 
nient approximate relationship. Analysis of the 
equation and comparison of the results of this 
equation to CBM's solar declination equation 
suggest that Cooper 's  equation is based upon a 
circular orbit of the Earth around the Sun, rather 
than an elliptical orbit. 


even with the horizon (definition 1). The model 
calculates the amplitude of the seasonal variation 
in daylength from twelve hours for a given lati- 
tude, and adjusts that value depending on the day 
of the year. 


ampl = e 7'42 + 0 . 0 4 5 L / 3 6 0 0 ,  (7) 


D = ampl s in ( ( J  - 79)0.01721) + 12.0. (8) 


Running et al. (1987) define an "operational 
environment."  They state definition 3 for 
daylength above, and then specify that "the 
daylength for net photosynthesis of a tree is more 
exactly defined as the period of time when the 
light compensation point is exceeded." This point 
occurs when the incoming short-wave radiation 
exceeds 70 W m -2. Thus, the operational 
daylength is approximately 85% of the physical 
day length assuming clear skies. The result of this 
is similar to the use of p in the CBM model, 
except that Running et al. (1987) refine the re- 
sults of their daylength model to adjust the out- 
put to the plant's light intensity requirements. 


Examination of the BGC daylength equation 
shows that it is valid only for the northern hemi- 
sphere and cannot be used in the southern hemi- 
sphere. Differences between the BGC and CGM 
models are small at about 20 ° N latitude and 
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3.3. B G C  


The daylength calculation in the Forest-BGC 
model (Running and Coughlan, 1988) defines 
sunrise/sunset  as when the center of the sun is 


Fig. 3. BGC model comparison. The difference between the 
output of the BGC model and the output of the CBM model 
are shown for the year 1992. The CBM model daylength 
definition was set to match that of the BGC model (p = 0). 
The range of error is about 130 minutes at 60°N, The BGC 
model is not valid for the southern hemisphere. 
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increase with increasing latitude (Fig. 3). At 60 ° 
N, the range of error in the BGC daylength 
equation is about 130 minutes. 


3.4. C E R E S  model  


In Ritchie 's  phasic deve lopment  model  
(adapted from the CERES-Wheat  model; Ritchie, 
1991), the growth phases for wheat are controlled 
by an accumulation of daily temperature above 
freezing and below 26°C. The thermal time for a 
given day is the mean of the maximum and mini- 
mum temperatures times the number of hours of 
light. Thus, the plant accumulates temperature 
for the length of each day. Ritchie's daylength 
model also calculates the declination of the Earth 
as both the Brock and CBM models do. Ritchie's 
daylength model defines daylength as including 
the periods of civil twilight (definition 4). 


Solar declination (~b) is in radians. 


~b = 0.4093 sin( 0.0172( J - 82.2) ) ,  


D = 7.639 cos-1 [max [ - 0.87, 


(9) 


-sin  , sin   -0.1047)] 
- - - - ~ - ~  - - - - -  . ( 1 0 )  


cos(l--g6) cos( ) 
The output from this model is compared to the 


output of the CBM model using corresponding 
daylength definitions (Fig. 4). The difference is 
zero minutes at the equator and increases with 
latitude North and South, just as the Brock model 
does. Again, the differences between these mod- 
els is mostly due to the different equations for 
solar declination in the two models. If the same 
solar declination equations are used, then there is 
virtually no difference in calculated daylength. 


The maximization function is used to limit the 
range of values to the arc cosine function. The 
value -0 . 87  seems to be too high. This limitation 
was encountered at high latitudes during some 
days of the year. A value of - 1 . 0  will increase 


Error  of C E R E S  M o d e l  
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Fig. 4. CERES model comparison. The difference between 
the output of the Ritchie model and the output of the CBM 
model are shown for the year 1992. The CBM model daylength 
definition was set to match that of the Ritchie model (p = 6). 
The anomaly at latitude of 60*N is due to the use of a 
maximum function (see text). The range of error is generally 
about 15 minutes, and is about 170 minutes in the interval 
between day of year 148 and 201. 


the range of latitudes for which the CERES 
daylength model will provide accurate results. 


4. C u m u l a t i v e  effects  


The growth of some plants, such as field grown 
winter cereals, are a function of the accumulation 
of hours of light (Gallagher, 1979). Some models 
simulate growth effects that are functions of light 
accumulation. As described earlier, Ritchie's 
phasic development model accumulates tempera- 
ture for the length of each day. The definition of 
daylength affects the length of each day which 
results in different predictions of phasic develop- 
ment. 


To illustrate the cumulative effects of the 
choice of daylength definition, the CERES wheat 
phasic model was modified to use the CBM 
daylength equation, and the results of different 
definitions are shown in Table 2. The difference 
in time to the termination of the spikelet phase 
between using civil twilight and defining sunr ise /  
sunset as the center of the sun even with the 
horizon is one week. 
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Table 2 
The effect of the definition of daylength on maturation of 
wheat using the CERES model. This shows the number of 
days calculated by the CERES model to the termination of 
the spikelet phase after replacing the original daylength model 
with the CBM model. The CERES model's original definition 
of daylength includes civil twilight 


Daylength definition p Days 


Sunrise/Sunset  is when the center of 0 195 
the sun is even with the horizon 
Sunrise/Sunset  is when the top of 0.26667 195 
the sun is even with horizon 
Sunrise/Sunset  is when the top of the 0.8333 194 
sun is apparently even with horizon 
With civil twilight 6.0 188 


If a modeler wishes to accumulate daylengths 
as in the CERES model, then the cumulative 
error may become important. To investigate the 
accumulation of error, the CBM model was run 
using daylength definition 3, and the output of 
the model compared to daylengths calculated 
from,the Astronomical Almanac tables of Sunrise 
and Sunset. Time intervals of various lengths 
were chosen for which to accumulate the differ- 
ence between the simulated and tabulated 
daylengths for each day. The starting dates for 
the intervals were then moved through the year 
to determine the maximum accumulated differ- 
ence for each interval length (Table 3; Fig. 5). 
The lengths are from approximately one month 
up to six months. Longer interval lengths are not 
shown because the total accumulated difference 
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cumulative error line shows the accumulation of error for the 
next 96 days from any starting day. 


decreases due to a sign change in the daily error. 
For intervals of approximately twelve months, the 
accumulated difference was close to zero. The 
maximum accumulated difference is - 3 3 7  min- 
utes at 60°N latitude over an interval of 160 days. 


5. Error analysis 


As pointed out in the previous section, the 
reason for the differences between the CBM 
model and the Brock and Ritchie models is due 
almost exclusively to the equation for the declina- 
tion of the sun. If the same solar declination 


Table 3 
The maximum cumulative error in minutes for the CBM model. The interval with the largest absolute error was found for each 
listed latitude. Each column shows the maximum cumulative error for the interval length specified at the top of the column. In 
parentheses is the day of year for the beginning of the interval. See text for details 


Latitude 32 days 64 days 96 days 128 days 160 days 192 days 


50°S 55 (71) 98 (39) 156 (15) 203 (15) 219 (15) 219 (349) 
40°S 35 (71) 67 (39) 103 (7) 133 (7) 152 (7) 144 (335) 
30°S 27 (71) 54 (39) 83 (31) 104 (15) 112 (15) 119 (365) 
20°S - 17 (287) 27 (15) 40 (15) 48 (15) 50 (15) 51 (15) 
10°S 7 (1) 15 (1) 21 (7) 24 (1) 23 (351) - 20 (159) 
0 ° - 12 (343) - 13 (315) 19 (15) 22 (15) 19 (359) 9 (271) 


10°N - 16 (335) - 21 (319) - 30 (319) - 42 (341) - 44 (319) - 53 (319) 
20°N - 24 (1) - 32 (1) - 41 (1) - 48 (341) - 56 (349) - 63 (349) 
30°N - 3 0  (71) - 4 6  (39) - 7 6  (7) - 9 9  (15) - 115 (15) - 123 (365) 
40°N - 3 9  (15) - 6 3  (63) - 9 6  (7) - 134 (7) - 150 (7) - 159 (365) 
50°N - 5 4  (71) - 9 4  (39) - 146 (7) - 182 (7) - 2 0 6  (7) - 199 (365) 
60°N - 80 (71) - 152 (39) - 231 (7) - 298 (15) - 337 (7) - 343 (341) 
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equation is used for each of these models, then 
the differences in the equations become the defi- 
nition of daylength. For the Brock model, the 
daylength definition is from sunrise to sunset 
defined as when the center of the sun is even 
with the horizon. The Ritchie model's daylength 
definition is from the beginning of civil twilight 
before dawn, to the end of civil twilight after 
dusk. Both of these models are rigid. The CBM 
model, however, is flexible in that the user can 
provide his own definition for daylength. 


This leads us to the question of which is the 
best equation for solar declination. The answer is 
based upon the modeler's judgment of accuracy 
required. A very complex equation set for solar 
declination is provided in the Astronomical Al- 
manac. This equation set requires the calculation 
of the obliquity of ecliptic, ecliptic longitude, 
mean anomaly, Julian Date (including time of day 
as well as date), etc. The number of transcenden- 
tal function calls and multiplications is very large. 
These equations provide results accurate to 0.01 
degrees. 


Comparison of the CBM solar declination 
equation to this equation set shows that a far 
fewer transcendental function calls and multipli- 
cations are required. The results of the CBM 
declination equation are within plus or minus 
0.226 degrees of the Almanac equation with an 
average magnitude difference of 0.107 degrees 
throughout the year. 


The CBM solar declination equation models 
the Earth's orbit as ellipti.cal. If a simpler model 
is used (circular), then even fewer calculations 
are required. Brock's solar declination equation 
is based upon a circular orbit. Eq. 1 can be 
replaced by Eq. 11 to yield the circular orbit 
CBM solar declination equation shown as Eq. 12. 


2 ~  
365.25 ( J -  173). (11) 


The maximum difference between the Astro- 
nomical Almanac solar declination and the circu- 
lar orbit CBM solar declination is 1.07 degrees 
with an average difference in magnitude of 0.428 
degrees. The resulting differences between the 


CBM model output and the Astronomical Al- 
manac tables increase by only 18%. 


~b = sin-l(0.39795 c o s ( ~  ( J -  173) )) • 


(12) 


5. Conclusion 


The CBM model provides the most accurate 
results of the daylength models presented. The 
increased accuracy is due to a better model of 
solar declination. It is also the most robust across 
latitude. The error is within 1 minute near the 
equator, and slowly increases to 2 minutes near 
60°N latitude. For all daylength models, estimates 
are most accurate near the equator and become 
less accurate at higher latitudes. 


While the BGC daylength model requires rela- 
tively fewer complex mathematical operations, 
and will thus be faster, comparison of its output, 
relative to the CBM model output, suggests that 
the model is the least accurate of those presented 
here. 


The Brock model is more robust than BGCs, 
however it approaches the complexity of the CBM 
model. This model, like BGCs, also uses the 
definitions of sunrise and sunset when the center 
of the sun is even with the horizon. If the CBM 
model is run with a sun angle of zero (p = 0), 
then the results of the Brock model and the CBM 
model are at times indistinguishable. In fact, at 
the equator, the two models' results are identical. 
The two models differ primarily in the equation 
for solar declination. 


The CERES daylength model produces results 
which differ from the CBM model results almost 
identically as the Brock model results differ from 
the CBM model output with appropriate settings 
for the daylength definition. Ninety-nine percent 
of the difference between the Ritchie model out- 
put and the CBM model output is a result of the 
different solar declination equations. If all of 
these models use the same equation for solar 
declination, then the CBM model can be viewed 
as a transition between the Brock model and the 
Ritchie model, by changing the daylength defini- 
tion. 
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Us ing  the  C B M  day leng th  m o d e l  in p lace  of  
the  or ig ina l  day leng th  m o d e l  in R i t ch ie ' s  C E R E S  
whea t  phas ic  d e v e l o p m e n t  mode l ,  i l lus t ra tes  the  
impac t  of  day leng th  def in i t ion  on mode l s  which 
accumula t e  l ight  r e l a t ed  va lues  over  pe r i ods  of  a 
few months .  Since  the  impac t  is no t iceab le ,  the  
m o d e l e r  mus t  dec ide  which  def in i t ion  to use.  
This  dec is ion  is b a s e d  u p o n  the  effect  be ing  mod-  
eled.  To  s imula te  o n s e t / c e s s a t i o n  of  pho tosyn-  
thesis  or  on togene t i c  p h e n o m e n o n  con t ro l l ed  by 
red  or  far  r ed  p h e n o m e n o n ,  then  the  civil twil ight  
def in i t ion  should  be  used.  In  the  case  of  p l an t  
energy  ba l ance  requ i r ing  d i rec t  sunlight ,  t hen  the  
def in i t ion  one  should  use  is w h e r e  p is 0.0. In  
fact,  if h igher  levels of  d i rec t  i r r ad i ance  a re  re-  
qui red ,  a nega t ive  va lue  for  p might  be  consid-  
e red .  This  a p p r o a c h  is used  by C a m p b e l l  (1977) 
in ca lcu la t ing  energy  ba lance .  


T h e  e r ro r  analysis  shows tha t  the  C B M  m o d e l  
p rov ides  a good  e s t ima te  for  bo th  dai ly  and  accu- 
m u l a t e d  daylength .  Subs t i tu t ing  Eq. 11 for  Eq. 1 
elimi~aates the  n e e d  for the  execut ion  o f  two 
t r i gonomet r i c  funct ion  calls and  two mul t ip l ica-  
t ions and  prov ides  resul ts  with e r rors  tha t  a re  
only m o d e r a t e l y  l a rge r  in magn i tude .  


Excep t  for  the  l a t i tud ina l  anomal i e s  n o t e d  in 
the  B G C  and  C E R E S  models ,  all the  mode l s  give 
e s t ima tes  o f  day leng th  tha t  a re  a d e q u a t e  for  most  
ecologica l  purposes .  M a x i m u m  dai ly e r ro r  r anges  
f rom 7 minu te s  (CBM)  to abou t  four  hours  ( B G C )  
and  d e p e n d s  on la t i tude .  A c c u m u l a t e d  day leng th  
can di f fer  by as much  as seven days  over  a grow- 
ing season.  T h e  ecologica l  s ignif icance of  such 
e r rors  d e p e n d s  on the  pa r t i cu l a r  appl ica t ion .  
W h a t  is a d e q u a t e  for  l ong- t e rm dynamics  such as 
fores t  g rowth  may  be  en t i re ly  i n a d e q u a t e  for  
sho r t - t e rm  growth  and  physiologica l  p rocesses  
such as c rop  yields.  Overa l l ,  the  C B M  m o d e l  is 
the  mos t  robus t  of  those  s tudied ,  is accura te  
enough  for  any conven t iona l  ecologica l  pu rpose ,  
and  is the  only one  tha t  al lows user  se lec t ion  o f  
the  day lcng th  def in i t ion .  
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1. Introduction 


 Subsequent to the submission of the Hornsea Three Application there has been extensive discussion of 


the assumptions underpinning collsion risk modelling and the publication of new evidence to inform those 


assumptions. This note clarifies the Applicant’s position in light of these discussion and new evidence. 


2. Assumptions 


 The Applicant’s position in relation to the parameters used in collision risk modelling and other aspects of 


analyses used for assessment purposes is presented in Table 2.1. 


Table 2.1: Assumptions in relation to collision risk modelling parameters and analysis techniques for the Applicant’s 
position 


Parameter / Analysis Applicant’s position Justification 


Density data 
Mean estimate from aerial surveys 
with the variability associated with 
density values also presented 


  


Flight speed data Skov et al. (2017) 


Flight speed data in Skov et al. (2017) 
represents the best available evidence. Skov 
et al. (2017) was overseen by a Discretionary 
Project Screening Committee (which included 
representatives from industry bodies and 
developers) and an Expert Panel that included 
representatives from statutory advisory bodies 
(e.g. Natural England, Scottish Natural 
Heritage, etc.) and other interested parties 
(e.g. the RSPB) . 


Nocturnal activity factors 


Furness et al. (2018) – gannet 


Furness (unpub)/MacArthur Green 
(2018) – kittiwake 


Garthe and Hüppop (2004) – large 
gulls 


These references provide the best available 
evidence for each species with the empirically 
derived nocturnal activity factors presented in 
Furness et al (2018) and Furness (unpub) 
produced specifically for use in the Band 
(2012) CRM 
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Parameter / Analysis Applicant’s position Justification 


Band model Option 1 (or 3) 


Site-specific data (in this case from boat-based 
surveys) represent the best available evidence 
for collision risk modelling. The proportion of 
birds at collision height (PCH) derived from 
boat-based survey data is supported by the 
results of LiDar surveys undertaken at Hornsea 
Three which provided comparable PCH values. 
The methodology used during LiDar surveys 
has been independently validated. 


In addition, regard is also given to the results 
from Option 3, although these do not form the 
main basis of the assessment. Option 3 
provides a more mathematically robust 
calculation of collision risk (i.e. the Extended 
model) although still utilises generic flight 
height data. However, the more detailed 
appraisal of risk used in the Extended model 
(Option 3) goes some way to account for the 
over-estimation in the proportion of birds at 
collision height 


Avoidance rates Bowgen and Cook (2018) 


Bowgen and Cook (2018) provides the best 
available evidence in relation to the avoidance 
behaviour of birds at an operational wind farm 
for use in the Band (2012) CRM with the 
avoidance rates presented based on empirical 
evidence collected at an operational wind farm 


Apportioning 


Breeding season 


- Gannet = 40.4% 
- Kittiwake = 41.7% 


Non-breeding seasons 


Apportioning values calculated using 
population data presented in Furness 
(2015) 


The proportion of gannet and kittiwake from 
FFC SPA assumed by the Applicant to be 
present at Hornsea Three in the breeding 
season is supported by a large body of 
scientific evidence including, of most 
relevance, Langston et al. (2013) for gannet 
and Cleasby et al. (2018) (REP4-049) 


Seasonality 
Seasonal definitions based on the 
occurrence of birds at Hornsea Three 


Due to the limited connectivity between gannet 
and kittiwake from FFC SPA and Hornsea 
Three as indicated by scientific literature (e.g. 
Langston et al. (2013) for gannet and Cleasby 
et al. (2018)), the use of seasons that reflect 
the structure of populations present at Hornsea 
Three provides for a more accurate 
assessment of the impact of Hornsea Three on 
features of FFC SPA  
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3. Collision risk estimates 


 Gannet 


 EIA scale 


Table 3.1: Monthly collision risk estimates for gannet calculated using Option 1 of Band (2012) using confidence intervals associated with density at a 99.5% 
avoidance rate. 


Density Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 


Mean 
estimate 


0.04 0.00 0.32 0.40 0.08 0.27 1.26 1.59 0.63 1.43 0.31 1.44 


Upper 
confidence 
limit 


0.11 0.00 0.53 0.55 0.15 0.43 1.65 2.19 0.83 1.80 0.44 2.10 


Lower 
confidence 
limit 


0.00 0.00 0.11 0.22 0.01 0.10 0.81 0.90 0.38 1.05 0.19 0.83 
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Table 3.2: Monthly collision risk estimates for gannet calculated using Option 3 of Band (2012) using confidence intervals associated with density and flight 
height distribution at a 98% avoidance rate. 


Confidence 
metric 


Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 


Density 


Mean 
estimate 


0.09 0.00 0.67 0.83 0.17 0.57 2.63 3.32 1.31 2.99 0.65 3.01 


Upper 
confidence 
limit 


0.23 0.00 1.11 1.14 0.31 0.90 3.45 4.58 1.73 3.77 0.91 4.39 


Lower 
confidence 
limit 


0.00 0.00 0.22 0.46 0.03 0.21 1.69 1.88 0.79 2.20 0.39 1.74 


Flight height distribution 


Maximum 
likelihood 


0.09 0.00 0.67 0.83 0.17 0.57 2.63 3.32 1.31 2.99 0.65 3.01 


Upper 
confidence 
limit 


0.24 0.00 1.74 2.19 0.46 1.52 7.02 8.82 3.44 8.16 1.78 8.23 


Lower 
confidence 
limit 


0.02 0.00 0.15 0.19 0.04 0.13 0.62 0.78 0.30 0.72 0.16 0.73 
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 HRA scale 


Table 3.3: Apportioned collision risk estimates for gannet using Option 1 of Band (2012) using confidence metrics associated with density and an avoidance rate 
of 99.5% 


Density Breeding season Post-breeding season Pre-breeding season Total 


Mean estimate 1 0 0 2 


Upper confidence limit 2 0 0 2 


Lower confidence limit 1 0 0 1 


 


Table 3.4: Apportioned collision risk estimates for gannet using Option 3 of Band (2012) using confidence intervals associated with density and flight height 
distribution and an avoidance rate of 98.0% 


Confidence metric Breeding season Post-breeding season Pre-breeding season Total 


Density 


Mean estimate 3 0 0 4 


Upper confidence limit 4 0 0 5 


Lower confidence limit 2 0 0 2 


Flight height distribution 


Maximum likelihood 3 0 0 4 


Upper confidence limit 8 1 1 9 


Lower confidence limit 1 0 0 1 
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 Kittiwake 


 EIA scale 


Table 3.5: Monthly collision risk estimates for kittiwake calculated using Option 1 of Band (2012) using confidence intervals associated with density at a 99.0% 
avoidance rate. 


Density Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 


Mean 
estimate 


0.93 0.37 3.54 4.16 3.67 1.08 6.14 1.80 3.04 0.74 1.03 3.74 


Upper 
confidence 
limit 


1.37 0.75 5.89 5.52 4.84 1.42 8.47 2.22 4.29 0.94 1.22 5.70 


Lower 
confidence 
limit 


0.54 0.12 1.76 2.63 2.40 0.71 3.66 1.33 1.78 0.55 0.83 2.20 
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Table 3.6: Monthly collision risk estimates for kittiwake calculated using Option 3 of Band (2012) using confidence intervals associated with density at a 98.0% 
avoidance rate. 


Confidence 
metric 


Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 


Density 


Mean 
estimate 


2.16 0.87 8.25 9.69 8.56 2.51 14.32 4.20 7.08 1.73 2.39 8.71 


Upper 
confidence 
limit 


3.19 1.75 13.73 12.88 11.29 3.32 19.76 5.17 10.00 2.18 2.85 13.30 


Lower 
confidence 
limit 


1.26 0.27 4.11 6.14 5.59 1.64 8.53 3.09 4.15 1.27 1.94 5.13 


Flight height distribution 


Maximum 
likelihood 


2.16 0.87 8.25 9.69 8.56 2.51 14.32 4.20 7.08 1.73 2.39 8.71 


Upper 
confidence 
limit 


3.05 1.23 11.33 13.41 11.90 3.50 19.94 5.83 9.98 2.43 3.38 12.29 


Lower 
confidence 
limit 


1.28 0.52 4.75 5.63 4.99 1.47 8.37 2.45 4.19 1.02 1.42 5.15 
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 HRA scale 


Table 3.7: Apportioned collision risk estimates for kittiwake using confidence metrics associated with density and an avoidance rate of 99.0% 


Density Breeding season Post-breeding season Pre-breeding season Total 


Mean estimate 6 1 0 7 


Upper confidence limit 8 1 1 10 


Lower confidence limit 4 0 0 4 


 


 


Table 3.8: Apportioned collision risk estimates for gannet using Option 3 of Band (2012) using confidence intervals associated with density and flight height 
distribution and an avoidance rate of 98.0% 


Confidence metric Breeding season Post-breeding season Pre-breeding season Total 


Density 


Mean estimate 15 1 1 17 


Upper confidence limit 20 2 1 23 


Lower confidence limit 9 1 0 10 


Flight height distribution 


Maximum likelihood 15 1 1 17 


Upper confidence limit 20 2 1 23 


Lower confidence limit 9 1 0 10 
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 Lesser black-backed gull 


 EIA scale 


Table 3.9: Monthly collision risk estimates for lesser black-backed gull calculated using Option 1 of Band (2012) using confidence intervals associated with 
density at a 99.5% avoidance rate. 


Density Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 


Mean estimate 0.00 0.00 0.00 0.54 0.23 5.89 3.83 1.11 0.00 0.00 0.00 0.00 


Upper confidence limit 0.00 0.00 0.00 1.01 0.52 9.33 6.72 2.25 0.00 0.00 0.00 0.00 


Lower confidence limit 0.00 0.00 0.00 0.06 0.00 2.45 0.93 0.00 0.00 0.00 0.00 0.00 


 


Table 3.10: Monthly collision risk estimates for lesser black-backed gull calculated using Option 3 of Band (2012) using confidence intervals associated with 
density at a 99.3% avoidance rate. 


Confidence metric Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 


Density 


Mean estimate 0.00 0.00 0.00 0.30 0.13 3.34 2.17 0.63 0.00 0.00 0.00 0.00 


Upper confidence limit 0.00 0.00 0.00 0.57 0.29 5.28 3.81 1.27 0.00 0.00 0.00 0.00 


Lower confidence limit 0.00 0.00 0.00 0.03 0.00 1.39 0.53 0.00 0.00 0.00 0.00 0.00 


Flight height distribution 


Maximum likelihood 0.00 0.00 0.00 0.30 0.13 3.34 2.17 0.63 0.00 0.00 0.00 0.00 


Upper confidence limit 0.00 0.00 0.00 0.87 0.37 9.61 6.24 1.82 0.00 0.00 0.00 0.00 


Lower confidence limit 0.00 0.00 0.00 0.14 0.06 1.58 1.03 0.30 0.00 0.00 0.00 0.00 
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 Herring gull 


 EIA scale 


Table 3.11: Monthly collision risk estimates for herring gull calculated using Option 1 of Band (2012) using confidence intervals associated with density at a 
99.5% avoidance rate. 


Density Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 


Mean estimate 0.00 0.96 0.00 0.00 0.00 0.30 0.31 0.00 1.51 0.00 0.00 2.47 


Upper confidence limit 0.00 1.91 0.00 0.00 0.00 1.05 0.92 0.00 3.30 0.00 0.00 4.45 


Lower confidence limit 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.74 


 


Table 3.12: Monthly collision risk estimates for herring gull calculated using Option 3 of Band (2012) using confidence intervals associated with density at a 
99.3% avoidance rate. 


Confidence metric Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 


Density 


Mean estimate 0.00 0.68 0.00 0.00 0.00 0.21 0.22 0.00 1.07 0.00 0.00 1.75 


Upper confidence limit 0.00 1.35 0.00 0.00 0.00 0.74 0.65 0.00 2.34 0.00 0.00 3.15 


Lower confidence limit 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.53 


Flight height distribution 


Maximum likelihood 0.00 0.68 0.00 0.00 0.00 0.21 0.22 0.00 1.07 0.00 0.00 1.75 


Upper confidence limit 0.00 1.57 0.00 0.00 0.00 0.49 0.50 0.00 2.49 0.00 0.00 4.06 


Lower confidence limit 0.00 0.40 0.00 0.00 0.00 0.13 0.13 0.00 0.63 0.00 0.00 1.03 
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 Great black-backed gull 


 EIA scale 


Table 3.13: Monthly collision risk estimates for great black-backed gull calculated using Option 1 of Band (2012) using confidence intervals associated with 
density at a 99.5% avoidance rate. 


Density Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 


Mean estimate 2.49 0.66 0.71 0.17 0.00 0.46 5.62 0.55 1.94 1.64 2.79 8.47 


Upper confidence limit 4.85 1.43 1.56 0.39 0.00 0.81 11.22 0.91 3.70 2.50 3.63 12.72 


Lower confidence limit 0.54 0.00 0.00 0.00 0.00 0.10 0.03 0.18 0.00 0.00 1.95 5.04 


 


Table 3.14: Monthly collision risk estimates for great black-backed gull calculated using Option 3 of Band (2012) using confidence intervals associated with 
density at a 99.3% avoidance rate. 


Confidence metric Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 


Density 


Mean estimate 1.27 0.34 0.36 0.09 0.00 0.23 2.87 0.28 0.99 0.84 1.42 4.32 


Upper confidence limit 2.47 0.73 0.80 0.20 0.00 0.41 5.72 0.47 1.89 1.27 1.85 6.48 


Lower confidence limit 0.27 0.00 0.00 0.00 0.00 0.05 0.02 0.09 0.00 0.00 1.00 2.57 


Flight height distribution 


Maximum likelihood 1.27 0.34 0.36 0.09 0.00 0.23 2.87 0.28 0.99 0.84 1.42 4.32 


Upper confidence limit 2.96 0.78 0.84 0.21 0.00 0.54 6.68 0.65 2.31 1.95 3.31 10.06 


Lower confidence limit 0.90 0.24 0.26 0.06 0.00 0.16 2.03 0.20 0.70 0.59 1.00 3.05 
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1. Introduction 


 At Issue Specific Hearing 5 (29th January 2018) for Hornsea Three in relation to ornithology, it was 


requested by the ExA that the Applicant provide collision risk estimates calculated using the parameters 


which appear to be advocated by Natural England to collision risk modelling, set out separately to all other 


values. These values have previously been provided in Appendix 28 to the Applicant’s submission at 


Deadline 4 [REP4-049], though the Applicant sought in good faith to place these in context alongside other 


values that allow for the proper consideration of variability and uncertainty incorporating a range of 


parameters. This approach was taken not least because Natural England’s position remains unclear in 


many respects.  


 It is not considered that it is the Applicant's role to set out Natural England's possible position. The 


information in this Appendix is therefore provided to assist the ExA in the continuing absence of advice 


from Natural England, in response to the direct request from the ExA. In the absence of clear advice from 


Natural England, the information set out should be seen as an attempt in good faith to identify parameters 


and values which may (or may not) reflect Natural England's position.  


 For reasons set out in the following paragraph it is expected the values below go beyond even Natural 


England’s position in some respects. That being so, the Applicant  requests that NE urgently identifies its 


position from this information and, in doing so, sets out the evidence base to support the use of any of the 


parameters and outputs represented in this Appendix or otherwise, to allow that to be considered against 


the Applicant’s evidenced position. The use of the information in this Appendix, without further input and 


supporting evidence from Natural England, would be inappropriate and may not reflect Natural England’s 


true position and/or may not be supported by evidence. For example, in the absence of clarity as to how 


NE would approach apportioning outside the core breeding season, we have presented an upper range 


whereas on any realistic worst case the actual value would be somewhere lower on the range. 


 The Applicant’s position is separately summarised in Appendix 28 of the Applicant’s Deadline 6 submission 


and that is supported by a comprehensive set of data and evidence and robust justification which is set out 


in detail across a range of documents including the RIAA [APP-051] and subsequent submissions, as 


drawn together in REP4-049. The Applicant does not consider the use of the parameters set out in Table 


2.1 is supported by the best available evidence, even on a precautionary approach and accounting for 


uncertainty. Consequently, both individually and cumulatively (as each parameter adds precaution upon 


precaution), it is considered that the values set out in Table 2.2 below can only be regarded as extreme 


and to represent a gross over-estimate of impact going beyond any realistic worst-case assessment.  


2. Assumptions 


The position of Natural England as interpreted by the Applicant in Appendix 28 of the Applicant’s 
submission at Deadline 4 (REP4-049) in relation to the parameters used in collision risk modelling and 


other aspects of analyses used for assessment purposes is presented in  


 


 


Table 2.1.
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Table 2.1: Assumptions in relation to collision risk modelling parameters and analysis techniques for the position of 
Natural England 


Parameter/Analysis 
Possible Position of Natural 


England 
Reference 


Density data 


Natural England confirmed during 
discussions at ISH5 that collision risk 
estimates should be presented using 
the mean estimate alongside collision 
risk estimates calculated using the 
upper and lower 95% confidence 
intervals 


Discussions at ISH5 


Flight speed data 
Alerstam et al. (2007)/Pennycuick 
(1987) 


Appendix 1 of Natural England’s 
Written Submission for Deadline 3 
(REP3-075) 


Nocturnal activity factors 


A range of nocturnal activity factors: 


Gannet = 1-2 


Kittiwake and large gulls = 2-3 


Paragraph 3.13 of Annex C of Natural 
England’s Written Representation 
(REP1-211) 


Band model Option 2 
Paragraph 3.8 of Annex C of Natural 
England’s Written Representation 
(REP1-211) 


Avoidance rates JNCC et al. (2014) 
Paragraph 3.26 of Annex C of Natural 
England’s Written Representation 
(REP1-211) 


Apportioning 


Breeding season 


A range of apportioning values 
informed by site-specific age class 
data 


Non-breeding seasons 


Apportioning values calculated using 
population data presented in Furness 
(2015) 


Section 7 of Annex C of Natural 
England’s Written Representation 
(REP1-211) 


Seasonality 


Seasonal extents as described in 
Section 7 of Annex C of Natural 
England’s Written Representation 
(REP1-211) 


Section 7 of Annex C of Natural 
England’s Written Representation 
(REP1-211) 
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3. Collision risk estimates 
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 Gannet 


 EIA scale 


Table 3.1: Monthly collision risk estimates for gannet calculated using Option 2 of Band (2012) using confidence intervals associated with density and nocturnal 
activity factor range of 1-2. 


Avoidance 
rate (%) 


Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 


Density = Mean estimate 


98.7 0.25 - 0.37 0 1.81 - 2.28 2.3 - 2.71 0.48 - 0.54 1.61 - 1.77 7.43 - 8.26 9.28 - 10.71 3.6 - 4.39 8.43 - 11.09 1.81 - 2.61 8.27 - 12.81 


98.9 0.21 - 0.31 0 1.53 - 1.93 1.95 - 2.29 0.41 - 0.46 1.36 - 1.5 6.28 - 6.99 7.85 - 9.06 3.04 - 3.71 7.13 - 9.38 1.53 - 2.21 7.00 - 10.84 


99.1 0.17 - 0.26 0 1.26 - 1.58 1.59 - 1.88 0.33 - 0.37 1.11 - 1.23 5.14 - 5.72 6.42 - 7.41 2.49 - 3.04 5.83 - 7.68 1.25 - 1.81 5.73 - 8.87 


Density = Upper confidence limit 


98.7 0.64 - 0.96 0 3.15 - 3.96 3.28 - 3.86 0.88 - 0.99 2.61 - 2.88 9.96 - 11.09 13.16 - 15.19 4.93 - 6.01 10.64 - 13.99 2.53 - 3.66 12.06 - 18.68 


98.9 0.54 - 0.81 0 2.66 - 3.35 2.77 - 3.27 0.74 - 0.84 2.21 - 2.44 8.43 - 9.38 11.14 - 12.85 4.17 - 5.09 9.00 - 11.84 2.14 - 3.09 10.21 - 15.8 


99.1 0.45 - 0.67 0 2.18 - 2.74 2.27 - 2.67 0.61 - 0.69 1.81 - 1.99 6.9 - 7.68 9.11 - 10.51 3.41 - 4.16 7.36 - 9.69 1.75 - 2.53 8.35 - 12.93 


Density = Lower confidence limit 


98.7 0 0 0.63 - 0.79 1.32 - 1.56 0.08 - 0.09 0.61 - 0.67 4.89 - 5.44 5.4 - 6.23 2.27 - 2.76 6.22 - 8.18 1.08 - 1.56 4.77 - 7.38 


98.9 0 0 0.53 - 0.67 1.12 - 1.32 0.07 - 0.08 0.51 - 0.57 4.14 - 4.6 4.57 - 5.27 1.92 - 2.34 5.26 - 6.92 0.92 - 1.32 4.03 - 6.25 


99.1 0 0 0.44 - 0.55 0.92 - 1.08 0.06 - 0.06 0.42 - 0.46 3.38 - 3.76 3.74 - 4.31 1.57 - 1.91 4.3 - 5.66 0.75 - 1.08 3.3 - 5.11 
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Table 3.2: Monthly collision risk estimates for gannet calculated using Option 2 of Band (2012) using the mean estimate of density and confidence intervals 
associated with flight height distribution and a nocturnal activity factor range of 1-2. 


Avoidance 
rate (%) 


Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 


Flight height distribution = Maximum likelihood 


98.7 0.25 - 0.37 0 1.81 - 2.28 2.3 - 2.71 0.48 - 0.54 1.61 - 1.77 7.43 - 8.26 9.28 - 10.71 3.6 - 4.39 8.43 - 11.09 1.81 - 2.61 8.27 - 12.81 


98.9 0.21 - 0.31 0 1.53 - 1.93 1.95 - 2.29 0.41 - 0.46 1.36 - 1.5 6.28 - 6.99 7.85 - 9.06 3.04 - 3.71 7.13 - 9.38 1.53 - 2.21 7.00 - 10.84 


99.1 0.17 - 0.26 0 1.26 - 1.58 1.59 - 1.88 0.33 - 0.37 1.11 - 1.23 5.14 - 5.72 6.42 - 7.41 2.49 - 3.04 5.83 - 7.68 1.25 - 1.81 5.73 - 8.87 


Flight height distribution = Upper confidence metric 


98.7 0.55 - 0.82 0 4.02 - 5.06 5.1 - 6.01 1.07 - 1.2 3.57 - 3.93 16.46 - 18.31 20.56 - 23.73 7.97 - 9.73 18.68 - 24.57 4.01 - 5.79 18.34 - 28.4 


98.9 0.46 - 0.69 0 3.4 - 4.28 4.31 - 5.09 0.9 - 1.02 3.02 - 3.33 13.93 - 15.49 17.4 - 20.08 6.75 - 8.23 15.8 - 20.79 3.39 - 4.9 15.52 - 24.03 


99.1 0.38 - 0.57 0 2.78 - 3.5 3.53 - 4.16 0.74 - 0.83 2.47 - 2.72 11.39 - 12.68 14.24 - 16.43 5.52 - 6.73 12.93 - 17.01 2.77 - 4.01 12.7 - 19.66 


Flight height distribution = Lower confidence limit 


98.7 0.08 - 0.11 0 0.56 - 0.7 0.7 - 0.83 0.15 - 0.17 0.49 - 0.54 2.27 - 2.53 2.84 - 3.28 1.1 - 1.34 2.58 - 3.39 0.55 - 0.8 2.53 - 3.92 


98.9 0.06 - 0.1 0 0.47 - 0.59 0.6 - 0.7 0.12 - 0.14 0.42 - 0.46 1.92 - 2.14 2.4 - 2.77 0.93 - 1.14 2.18 - 2.87 0.47 - 0.68 2.14 - 3.32 


99.1 0.05 - 0.08 0 0.38 - 0.48 0.49 - 0.57 0.1 - 0.11 0.34 - 0.38 1.57 - 1.75 1.97 - 2.27 0.76 - 0.93 1.79 - 2.35 0.38 - 0.55 1.75 - 2.72 
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 HRA scale 


Table 3.3: Apportioned collision risk estimates for gannet when using the alternative analysis and confidence metrics associated with density using a nocturnal 
activity factor of 1 


Band 
model 
Option 


Density 
scenario 


Avoidance rate (%) 


Collision risk estimates 


Total 
Post-breeding (4.8% 
apportioning value 


Pre-breeding (6.2 
% apportioning 


value) 


Breeding season apportioning 
(%) 


46.5 63.3 


Option 2 


LCL 


98.7 0 0 7 10 8 - 10 


98.9 0 0 6 8 7 - 9 


99.1 0 0 5 7 5 - 7 


Mean 


98.7 0 1 12 17 13 - 18 


98.9 0 0 10 14 11 - 15 


99.1 0 0 9 12 9 - 12 


UCL 


98.7 1 1 18 24 19 - 25 


98.9 1 1 15 20 16 - 22 


99.1 0 1 12 17 13 - 18 
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Table 3.4: Apportioned collision risk estimates for gannet when using the alternative analysis and confidence metrics associated with density using a nocturnal 
activity factor of 2 


Band 
model 
Option 


Density 
scenario 


Avoidance rate (%) 


Collision risk estimates 


Total 
Post-breeding 


(4.8% 
apportioning 


value) 


Pre-
breeding 


(6.2% 
apportioning 


value) 


Breeding season apportioning (%) 


10 20 30 46.5 63.3 


Option 2 


LCL 


98.7 0 0 2 4 5 8 11 9 - 12 


98.9 0 0 1 3 4 7 9 8 - 10 


99.1 0 0 1 2 4 6 8 6 - 8 


Mean 


98.7 1 1 3 6 9 14 19 16 - 21 


98.9 1 1 3 5 8 12 16 13 - 18 


99.1 0 1 2 4 6 10 13 11 - 14 


UCL 


98.7 1 1 4 9 13 20 28 23 - 30 


98.9 1 1 4 7 11 17 24 19 - 25 


99.1 1 1 3 6 9 14 19 16 - 21 
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Table 3.5: Apportioned collision risk estimates for gannet when using the alternative analysis and confidence metrics associated with flight height data and the 
mean estimate density scenario using a nocturnal activity factor of 1 


Band 
model 
Option 


Flight height 
data 


Avoidance rate (%) 


Collision risk estimates 


Total 
Post-breeding (4.8% 
apportioning value) 


Pre-breeding (6.2% 
apportioning value) 


Breeding season apportioning 
(%) 


46.5 63.3 


Option 2 


LCL 


98.7 0 0 4 5 4 - 5 


98.9 0 0 3 4 3 - 5 


99.1 0 0 3 4 3 - 4 


Maximum 
likelihood 


98.7 0 1 12 17 13 - 18 


98.9 0 0 10 14 11 - 15 


99.1 0 0 9 12 9 - 12 


UCL 


98.7 1 1 27 37 30 - 39 


98.9 1 1 23 31 25 - 33 


99.1 1 1 19 26 20 - 27 
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Table 3.6: Apportioned collision risk estimates for gannet when using the alternative analysis and confidence metrics associated with flight height data and the 
mean estimate density scenario using a nocturnal activity factor of 2 


Band 
model 
Option 


Flight height 
data 


Avoidance rate (%) 


Collision risk estimates 


Total 
Post-breeding (4.8% 
apportioning value) 


Pre-breeding (6.2% 
apportioning value) 


Breeding season 
apportioning (%) 


46.5 63.3 


Option 2 


LCL 


98.7 0 0 4 6 5 - 6 


98.9 0 0 4 5 4 - 5 


99.1 0 0 3 4 3 - 4 


Maximum 
likelihood 


98.7 1 1 14 19 16 - 21 


98.9 1 1 12 16 13 - 18 


99.1 0 1 10 13 11 - 14 


UCL 


98.7 1 2 32 43 35 - 46 


98.9 1 2 27 36 30 - 39 


99.1 1 1 22 30 24 - 32 
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 Kittiwake 


 EIA scale 


Table 3.7: Monthly collision risk estimates for kittiwake calculated using Option 2 of Band (2012) using confidence intervals associated with density and 
nocturnal activity factor range of 2-3. 


Avoidance 
rate (%) 


Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 


Density = Mean estimate 


98.7 9.69 - 12.9 3.81 - 4.84 34.4 - 41.45 39.98 - 46.05 35.02 - 38.96 10.23 - 11.19 58.47 - 64.38 17.27 - 19.57 30.04 - 35.45 7.48 - 9.27 10.62 - 13.89 39.31 - 53.24 


98.9 8.2 - 10.92 3.23 - 4.09 29.1 - 35.07 33.83 - 38.97 29.63 - 32.97 8.66 - 9.47 49.47 - 54.48 14.61 - 16.56 25.42 - 30 6.33 - 7.84 8.99 - 11.76 33.26 - 45.05 


99.1 6.71 - 8.93 2.64 - 3.35 23.81 - 28.69 27.68 - 31.88 24.25 - 26.97 7.09 - 7.75 40.48 - 44.57 11.96 - 13.55 20.79 - 24.54 5.18 - 6.42 7.35 - 9.62 27.22 - 36.86 


Density = Upper confidence limit 


98.7 14.28 - 19.02 7.65 - 9.71 58.76 - 70.81 54.15 - 62.37 46.84 - 52.11 13.69 - 14.97 81.67 - 89.93 21.62 - 24.5 42.45 - 50.1 9.44 - 11.71 12.63 - 16.52 59.98 - 81.23 


98.9 12.08 - 16.09 6.48 - 8.21 49.72 - 59.92 45.82 - 52.77 39.64 - 44.09 11.59 - 12.66 69.1 - 76.1 18.29 - 20.73 35.92 - 42.39 7.99 - 9.91 10.69 - 13.98 50.75 - 68.73 


99.1 9.89 - 13.17 5.3 - 6.72 40.68 - 49.02 37.49 - 43.18 32.43 - 36.08 9.48 - 10.36 56.54 - 62.26 14.97 - 16.96 29.39 - 34.69 6.54 - 8.11 8.74 - 11.44 41.52 - 56.23 


Density = Lower confidence limit 


98.7 5.65 - 7.53 1.19 - 1.51 17.6 - 21.21 25.82 - 29.74 23.2 - 25.81 6.78 - 7.41 35.27 - 38.84 12.92 - 14.65 17.63 - 20.81 5.51 - 6.83 8.62 - 11.27 23.15 - 31.35 


98.9 4.78 - 6.37 1.01 - 1.28 14.89 - 17.95 21.85 - 25.16 19.63 - 21.84 5.74 - 6.27 29.84 - 32.86 10.93 - 12.39 14.91 - 17.6 4.66 - 5.78 7.29 - 9.53 19.59 - 26.52 


99.1 3.91 - 5.21 0.83 - 1.05 12.19 - 14.68 17.88 - 20.59 16.06 - 17.87 4.69 - 5.13 24.42 - 26.89 8.95 - 10.14 12.2 - 14.4 3.81 - 4.73 5.96 - 7.8 16.02 - 21.7 
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Table 3.8: Monthly collision risk estimates for kittiwake calculated using Option 2 of Band (2012) using the mean estimate of density and confidence intervals 
associated with flight height distribution and a nocturnal activity factor range of 2-3. 


Avoidance 
rate (%) 


Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 


Flight height distribution = Maximum likelihood 


98.7 9.69 - 12.9 3.81 - 4.84 34.4 - 41.45 39.98 - 46.05 35.02 - 38.96 10.23 - 11.19 58.47 - 64.38 17.27 - 19.57 30.04 - 35.45 7.48 - 9.27 10.62 - 13.89 39.31 - 53.24 


98.9 8.2 - 10.92 3.23 - 4.09 29.1 - 35.07 33.83 - 38.97 29.63 - 32.97 8.66 - 9.47 49.47 - 54.48 14.61 - 16.56 25.42 - 30 6.33 - 7.84 8.99 - 11.76 33.26 - 45.05 


99.1 6.71 - 8.93 2.64 - 3.35 23.81 - 28.69 27.68 - 31.88 24.25 - 26.97 7.09 - 7.75 40.48 - 44.57 11.96 - 13.55 20.79 - 24.54 5.18 - 6.42 7.35 - 9.62 27.22 - 36.86 


Flight height distribution = Upper confidence metric 


98.7 12.68 - 16.89 4.99 - 6.33 45.03 - 54.26 52.34 - 60.29 45.85 - 51.01 13.4 - 14.65 76.54 - 84.29 22.61 - 25.62 39.32 - 46.41 9.79 - 12.14 13.91 - 18.19 51.46 - 69.7 


98.9 10.73 - 14.29 4.22 - 5.36 38.1 - 45.91 44.29 - 51.01 38.8 - 43.16 11.34 - 12.39 64.76 - 71.32 19.13 - 21.68 33.27 - 39.27 8.28 - 10.27 11.77 - 15.39 43.55 - 58.97 


99.1 8.78 - 11.69 3.46 - 4.38 31.17 - 37.56 36.24 - 41.74 31.74 - 35.31 9.28 - 10.14 52.99 - 58.35 15.65 - 17.74 27.22 - 32.13 6.78 - 8.4 9.63 - 12.59 35.63 - 48.25 


Flight height distribution = Lower confidence limit 


98.7 6.34 - 8.44 2.5 - 3.17 22.51 - 27.13 26.17 - 30.14 22.92 - 25.5 6.7 - 7.32 38.27 - 42.14 11.3 - 12.81 19.66 - 23.21 4.89 - 6.07 6.95 - 9.09 25.73 - 34.85 


98.9 5.37 - 7.15 2.11 - 2.68 19.05 - 22.96 22.15 - 25.51 19.4 - 21.58 5.67 - 6.2 32.38 - 35.66 9.56 - 10.84 16.64 - 19.64 4.14 - 5.13 5.88 - 7.69 21.77 - 29.49 


99.1 4.39 - 5.85 1.73 - 2.19 15.59 - 18.78 18.12 - 20.87 15.87 - 17.66 4.64 - 5.07 26.49 - 29.18 7.83 - 8.87 13.61 - 16.07 3.39 - 4.2 4.81 - 6.3 17.81 - 24.13 
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 HRA scale 


Table 3.9: Apportioned collision risk estimates for kittiwake when using the alternative analysis and confidence metrics associated with density using a nocturnal 
activity factor of 2 


Band 
model 
Option 


Density 
scenario 


Avoidance rate (%) 


Collision risk estimates 


Total 


 


Post-breeding 
(5.4% 


apportioning 
value) 


Pre-breeding 
(7.2% 


apportioning 
value) 


Breeding season apportioning (%) 


37.4 75.8 82.2 93.1 


Option 2 


LCL 


98.7 3 0 45 92 100 113 49 - 117 


98.9 3 0 38 78 85 96 41 - 99 


99.1 2 0 31 64 69 78 34 - 81 


Mean 


98.7 5 1 73 148 161 182 79 - 188 


98.9 4 1 62 125 136 154 67 - 159 


99.1 4 1 56 114 124 140 61 - 144 


UCL 


98.7 7 2 103 210 227 258 112 - 266 


98.9 6 1 88 177 192 218 95 - 225 


99.1 5 1 72 145 157 178 77 - 184 
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Table 3.10: Apportioned collision risk estimates for kittiwake when using the alternative analysis and confidence metrics associated with density using a 
nocturnal activity factor of 3 


Band 
model 
Option 


Density 
scenario 


Avoidance rate (%) 


Collision risk estimates 


Total 


Post-breeding 
(5.4% 


apportioning 
value) 


Pre-breeding 
(7.2% 


apportioning 
value) 


Breeding season apportioning (%) 


5.4 7.2 37.4 75.8 82.2 93.1 


Option 2 


LCL 


98.7 4 1 51 104 113 128 56 - 133 


98.9 3 1 44 88 96 108 47 - 112 


99.1 3 0 36 72 78 89 39 - 92 


Mean 


98.7 6 1 83 168 182 206 90 - 214 


98.9 5 1 70 142 154 175 76 - 181 


99.1 5 1 64 129 140 159 69 - 164 


UCL 


98.7 9 2 118 239 259 293 128 - 304 


98.9 7 2 100 202 219 248 109 - 257 


99.1 6 1 81 165 179 203 89 - 210 
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Table 3.11: Apportioned collision risk estimates for kittiwake when using the alternative analysis and confidence metrics associated with flight height data and 
the mean estimate density scenario using a nocturnal activity factor of 2 


Band 
model 
Option 


Density 
scenario 


Avoidance rate (%) 


Collision risk estimates 


Total 


Post-breeding 
(5.4% 


apportioning 
value) 


Pre-breeding 
(7.2% 


apportioning 
value) 


Breeding season apportioning (%) 


5.4 7.2 37.4 75.8 82.2 93.1 


Option 2 


LCL 


98.7 3 1 48 97 105 119 52 - 123 


98.9 3 1 40 82 89 101 44 - 104 


99.1 2 0 33 67 73 82 36 - 85 


Mean 


98.7 5 1 73 148 161 182 79 - 188 


98.9 4 1 62 125 136 154 67 - 159 


99.1 4 1 56 114 124 140 61 - 144 


UCL 


98.7 6 1 96 194 210 238 103 - 246 


98.9 5 1 81 164 178 201 87 - 208 


99.1 4 1 66 134 146 165 71 - 170 
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Table 3.12: Apportioned collision risk estimates for kittiwake when using the alternative analysis and confidence metrics associated with flight height data and 
the mean estimate density scenario using a nocturnal activity factor of 3 


Band 
model 
Option 


Density 
scenario 


Avoidance rate (%) 


Collision risk estimates 


Total 


Post-breeding 
(5.4% 


apportioning 
value) 


Pre-breeding 
(7.2% 


apportioning 
value) 


Breeding season apportioning 


5.4 7.2 37.4 75.8 82.2 93.1 


Option 2 


LCL 


98.7 4 1 54 110 119 135 59 - 140 


98.9 3 1 46 93 101 114 50 - 118 


99.1 3 1 38 76 83 93 41 - 97 


Mean 


98.7 6 1 83 168 182 206 90 - 214 


98.9 5 1 70 142 154 175 76 - 181 


99.1 5 1 64 129 140 159 69 - 164 


UCL 


98.7 8 2 109 220 238 270 118 - 280 


98.9 7 1 92 186 202 229 100 - 237 


99.1 6 1 75 152 165 187 82 - 194 
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 Lesser black-backed gull 


 EIA scale 


Table 3.13: Monthly collision risk estimates for lesser black-backed gull calculated using Option 2 of Band (2012) using confidence intervals associated with 
density with a nocturnal activity factor range of 2-3. 


Avoidance 
rate (%) 


Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 


Density = Mean estimate 


99.4 0 0 0 0.83 - 0.96 0.37 - 0.41 9.66 - 10.56 6.22 - 6.85 1.76 - 1.99 0 0 0 0 


99.5 0 0 0 0.69 - 0.8 0.31 - 0.34 8.05 - 8.8 5.19 - 5.71 1.47 - 1.66 0 0 0 0 


99.6 0 0 0 0.56 - 0.64 0.25 - 0.27 6.44 - 7.04 4.15 - 4.57 1.17 - 1.33 0 0 0 0 


Density = Upper confidence limit 


99.4 0 0 0 1.58 - 1.82 0.83 - 0.93 15.29 - 16.72 10.94 - 12.04 3.55 - 4.03 0 0 0 0 


99.5 0 0 0 1.31 - 1.51 0.69 - 0.77 12.74 - 13.93 9.11 - 10.04 2.96 - 3.36 0 0 0 0 


99.6 0 0 0 1.05 - 1.21 0.56 - 0.62 10.19 - 11.14 7.29 - 8.03 2.37 - 2.68 0 0 0 0 


Density = Lower confidence limit 


99.4 0 0 0 0.09 - 0.1 0 4.02 - 4.39 1.51 - 1.66 0 0 0 0 0 


99.5 0 0 0 0.07 - 0.08 0 3.35 - 3.66 1.26 - 1.39 0 0 0 0 0 


99.6 0 0 0 0.06 - 0.07 0 2.68 - 2.93 1.01 - 1.11 0 0 0 0 0 
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Table 3.14: Monthly collision risk estimates for lesser black-backed gull calculated using Option 2 of Band (2012) using the mean estimate of density and 
confidence intervals associated with flight height distribution with a nocturnal activity factor range of 2-3. 


Avoidance 
rate (%) 


Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 


Flight height distribution = Maximum likelihood 


99.4 0 0 0 0.83 - 0.96 0.37 - 0.41 9.66 - 10.56 6.22 - 6.85 1.76 - 1.99 0 0 0 0 


99.5 0 0 0 0.69 - 0.8 0.31 - 0.34 8.05 - 8.8 5.19 - 5.71 1.47 - 1.66 0 0 0 0 


99.6 0 0 0 0.56 - 0.64 0.25 - 0.27 6.44 - 7.04 4.15 - 4.57 1.17 - 1.33 0 0 0 0 


Flight height distribution = Upper confidence limit 


99.4 0 0 0 1.76 - 2.03 0.78 - 0.87 20.43 - 22.34 13.17 - 14.5 3.72 - 4.22 0 0 0 0 


99.5 0 0 0 1.47 - 1.69 0.65 - 0.72 17.03 - 18.61 10.98 - 12.09 3.1 - 3.51 0 0 0 0 


99.6 0 0 0 1.17 - 1.35 0.52 - 0.58 13.62 - 14.89 8.78 - 9.67 2.48 - 2.81 0 0 0 0 


Flight height distribution = Lower confidence limit 


99.4 0 0 0 0.47 - 0.55 0 5.49 - 6.01 3.54 - 3.9 0 0 0 0 0 


99.5 0 0 0 0.39 - 0.45 0 4.58 - 5 2.95 - 3.25 0 0 0 0 0 


99.6 0 0 0 0.32 - 0.36 0 3.66 - 4 2.36 - 2.6 0 0 0 0 0 
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 Herring gull 


 EIA scale 


Table 3.15: Monthly collision risk estimates for herring gull calculated using Option 2 of Band (2012) using confidence intervals associated with density with a 
nocturnal activity factor range of 2-3. 


Avoidance 
rate (%) 


Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 


Density = Mean estimate 


99.4 0 1.52 - 1.92 0 0 0 0.55 - 0.6 0.56 - 0.62 0 2.58 - 3.05 0 0 3.67 - 4.97 


99.5 0 1.26 - 1.6 0 0 0 0.46 - 0.5 0.47 - 0.51 0 2.15 - 2.54 0 0 3.06 - 4.15 


99.6 0 1.01 - 1.28 0 0 0 0.37 - 0.4 0.37 - 0.41 0 1.72 - 2.03 0 0 2.45 - 3.32 


Density = Upper confidence limit 


99.4 0 3.03 - 3.85 0 0 0 1.94 - 2.12 1.68 - 1.85 0 5.63 - 6.64 0 0 0 - 8.95 


99.5 0 2.53 - 3.21 0 0 0 1.61 - 1.76 1.4 - 1.54 0 4.69 - 5.54 0 0 0 - 7.46 


99.6 0 2.02 - 2.57 0 0 0 1.29 - 1.41 1.12 - 1.23 0 3.75 - 4.43 0 0 0 - 5.97 


Density = Lower confidence limit 


99.4 0 0 0 0 0 0 0 0 0 0 0 1.1 - 1.49 


99.5 0 0 0 0 0 0 0 0 0 0 0 0.92 - 1.24 


99.6 0 0 0 0 0 0 0 0 0 0 0 0.73 - 0.99 
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Table 3.16: Monthly collision risk estimates for herring gull calculated using Option 2 of Band (2012) using the mean estimate of density and confidence intervals 
associated with flight height distribution with a nocturnal activity factor range of 2-3. 


Avoidance 
rate (%) 


Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 


Flight height distribution = Maximum likelihood 


99.4 0 1.52 - 1.92 0 0 0 0.55 - 0.6 0.56 - 0.62 0 2.58 - 3.05 0 0 3.67 - 4.97 


99.5 0 1.26 - 1.6 0 0 0 0.46 - 0.5 0.47 - 0.51 0 2.15 - 2.54 0 0 3.06 - 4.15 


99.6 0 1.01 - 1.28 0 0 0 0.37 - 0.4 0.37 - 0.41 0 1.72 - 2.03 0 0 2.45 - 3.32 


Flight height distribution = Upper confidence limit 


99.4 0 2.55 - 3.23 0 0 0 0.93 - 1.02 0.94 - 1.04 0 4.33 - 5.11 0 0 6.17 - 8.35 


99.5 0 2.12 - 2.69 0 0 0 0.77 - 0.85 0.78 - 0.86 0 3.61 - 4.26 0 0 5.14 - 6.96 


99.6 0 1.7 - 2.15 0 0 0 0.62 - 0.68 0.63 - 0.69 0 2.89 - 3.41 0 0 4.11 - 5.57 


Flight height distribution = Lower confidence limit 


99.4 0 1.02 - 1.29 0 0 0 0.37 - 0.41 0.38 - 0.41 0 1.73 - 2.04 0 0 2.46 - 3.34 


99.5 0 0.85 - 1.08 0 0 0 0.31 - 0.34 0.31 - 0.34 0 1.44 - 1.7 0 0 2.05 - 2.78 


99.6 0 0.68 - 0.86 0 0 0 0.25 - 0.27 0.25 - 0.28 0 1.15 - 1.36 0 0 1.64 - 2.22 
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 Great black-backed gull 


 EIA scale 


Table 3.17: Monthly collision risk estimates for great black-backed gull calculated using Option 2 of Band (2012) using confidence intervals associated with 
density with a nocturnal activity factor range of 2-3. 


Avoidance 
rate (%) 


Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 


Density = Mean estimate 


99.4 5.81 - 7.74 1.61 - 2.04 1.83 - 2.21 0.47 - 0.54 0 1.3 - 1.42 15.86 - 17.47 1.5 - 1.7 5.11 - 6.04 4.11 - 5.09 6.62 - 8.66 19.42 - 26.3 


99.5 4.84 - 6.45 1.34 - 1.7 1.53 - 1.84 0.39 - 0.45 0 1.08 - 1.18 13.22 - 14.55 1.25 - 1.42 4.26 - 5.03 3.42 - 4.25 5.52 - 7.22 16.18 - 21.91 


99.6 3.87 - 5.16 1.07 - 1.36 1.22 - 1.47 0.31 - 0.36 0 0.86 - 0.95 10.57 - 11.64 1 - 1.14 3.41 - 4.02 2.74 - 3.4 4.41 - 5.77 12.94 - 17.53 


Density = Upper confidence limit 


99.4 11.3 - 15.05 3.51 - 4.45 4.03 - 4.85 1.05 - 1.21 0 2.31 - 2.52 31.63 - 34.83 2.51 - 2.84 9.73 - 11.48 6.26 - 7.77 8.61 - 11.26 29.16 - 39.49 


99.5 9.42 - 12.54 2.93 - 3.71 3.35 - 4.04 0.87 - 1.01 0 1.92 - 2.1 26.36 - 29.03 2.09 - 2.37 8.11 - 9.57 5.22 - 6.47 7.18 - 9.38 24.3 - 32.91 


99.6 7.53 - 10.03 2.34 - 2.97 2.68 - 3.23 0.7 - 0.81 0 1.54 - 1.68 21.09 - 23.22 1.67 - 1.89 6.49 - 7.66 4.18 - 5.18 5.74 - 7.51 19.44 - 26.33 


Density = Lower confidence limit 


99.4 1.26 - 1.67 0 0 0 0 0.28 - 0.31 0.09 - 0.1 0.5 - 0.57 0 0 4.63 - 6.06 11.57 - 15.67 


99.5 1.05 - 1.39 0 0 0 0 0.24 - 0.26 0.07 - 0.08 0.42 - 0.47 0 0 3.86 - 5.05 9.64 - 13.06 


99.6 0.84 - 1.11 0 0 0 0 0.19 - 0.21 0.06 - 0.06 0.33 - 0.38 0 0 3.09 - 4.04 7.71 - 10.44 
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Table 3.18: Monthly collision risk estimates for great black-backed gull calculated using Option 2 of Band (2012) using the mean estimate of density and 
confidence intervals associated with flight height distribution with a nocturnal activity factor range of 2-3. 


Avoidance 
rate (%) 


Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 


Flight height distribution = Maximum likelihood 


99.4 5.81 - 7.74 1.61 - 2.04 1.83 - 2.21 0.47 - 0.54 0 1.3 - 1.42 15.86 - 17.47 1.5 - 1.7 5.11 - 6.04 4.11 - 5.09 6.62 - 8.66 19.42 - 26.3 


99.5 4.84 - 6.45 1.34 - 1.7 1.53 - 1.84 0.39 - 0.45 0 1.08 - 1.18 13.22 - 14.55 1.25 - 1.42 4.26 - 5.03 3.42 - 4.25 5.52 - 7.22 16.18 - 21.91 


99.6 3.87 - 5.16 1.07 - 1.36 1.22 - 1.47 0.31 - 0.36 0 0.86 - 0.95 10.57 - 11.64 1 - 1.14 3.41 - 4.02 2.74 - 3.4 4.41 - 5.77 12.94 - 17.53 


Flight height distribution = Upper confidence limit 


99.4 10.03 - 13.36 2.78 - 3.53 3.16 - 3.81 0.8 - 0.93 0 2.24 - 2.45 27.39 - 30.16 2.6 - 2.94 8.83 - 10.42 7.1 - 8.8 11.43 - 14.95 33.53 - 45.41 


99.5 8.36 - 11.14 2.32 - 2.94 2.64 - 3.18 0.67 - 0.77 0 1.87 - 2.04 22.82 - 25.13 2.16 - 2.45 7.36 - 8.69 5.91 - 7.33 9.53 - 12.46 27.94 - 37.84 


99.6 6.69 - 8.91 1.86 - 2.35 2.11 - 2.54 0.54 - 0.62 0 1.49 - 1.63 18.26 - 20.11 1.73 - 1.96 5.89 - 6.95 4.73 - 5.86 7.62 - 9.97 22.35 - 30.27 


Flight height distribution = Lower confidence limit 


99.4 4.57 - 6.09 1.27 - 1.61 1.44 - 1.74 0.37 - 0.42 0 1.02 - 1.12 12.48 - 13.75 1.18 - 1.34 4.03 - 4.75 3.23 - 4.01 5.21 - 6.82 15.28 - 20.7 


99.5 3.81 - 5.08 1.06 - 1.34 1.2 - 1.45 0.31 - 0.35 0 0.85 - 0.93 10.4 - 11.46 0.99 - 1.12 3.36 - 3.96 2.7 - 3.34 4.34 - 5.68 12.74 - 17.25 


99.6 3.05 - 4.06 0.85 - 1.07 0.96 - 1.16 0.24 - 0.28 0 0.68 - 0.74 8.32 - 9.17 0.79 - 0.89 2.68 - 3.17 2.16 - 2.67 3.48 - 4.54 10.19 - 13.8 


 








 


  


  


 


Hornsea Project Three  
Offshore Wind Farm 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


Hornsea Project Three 


Offshore Wind Farm 


 


 
Appendix 30 to Deadline 6 submission - Outline Onshore 


Written Scheme of Investigation 


 


Date: 8th February 2019 







 
 Outline Onshore Written Scheme of Investigation 
 February 2019  
 


 i  


Document Control 


Document Properties  


Organisation Ørsted Hornsea Project Three 


Author RPS 


Checked by  Celestia Godbehere 


Approved by Andrew Guyton 


Title Revised Draft Development Consent Order 


PINS 
Document 
Number 


n/a 


Version History 


Date Version Status Description / Changes 


08/02/2019 A Final Submitted at Deadline 6 (8th Feb 2019) 


    


    


    


 


 


 


 


 


 


Ørsted 


5 Howick Place,  


London, SW1P 1WG  


© Orsted Power (UK) Ltd, 2019. All rights reserved 


Front cover picture: Kite surfer near a UK offshore wind farm © Ørsted Hornsea Project Three (UK) Ltd., 2019.  







 
 Outline Onshore Written Scheme of Investigation 
 February 2019  
 


 ii  


Table of Contents 


1. Introduction ................................................................................................................................................. 1 


Background ..................................................................................................................................................... 1 


Aims and objectives ........................................................................................................................................ 1 


Scope 2 


Standards and Guidance ................................................................................................................................ 2 


Responsibilities and Communications ............................................................................................................ 2 


2. Hornsea Three............................................................................................................................................ 5 


3. Baseline Environment ................................................................................................................................. 7 


Overview ......................................................................................................................................................... 7 


Archaeological background ............................................................................................................................. 7 


4. Potential Impacts from Hornsea Three ..................................................................................................... 10 


5. Measures Adopted as Part of Hornsea Three .......................................................................................... 11 


6. Archaeological Field Surveys ................................................................................................................... 17 


Introduction ................................................................................................................................................... 17 


Fieldwork ...................................................................................................................................................... 17 


Management Arrangements ......................................................................................................................... 20 


Programme and Monitoring .......................................................................................................................... 21 


Use of Machinery in Archaeologically Sensitive Areas ................................................................................. 21 


Stakeholder Engagement ............................................................................................................................. 22 


7. References ............................................................................................................................................... 23 


Appendix A Method statement for geophysical survey ................................................................................. 25 


Appendix B Method statement for trial trenching .......................................................................................... 27 


Appendix C Method statement for watching brief ......................................................................................... 30 


Appendix D Method statement for strip, map and assess ............................................................................. 32 


Appendix E Method statement for preservation by record ............................................................................ 35 


Appendix F Unexpected Archaeological Remains ........................................................................................ 45 


 


List of Tables 


Table 5.1: Designed-in measures adopted as part of Hornsea Three. ........................................................ 11 


Table 5.2: Detailed measures adopted as part of Hornsea Three with respect to the recording of 
undesignated heritage assets. ................................................................................................... 14 


 


List of Figures 


Figure 2.1: Hornsea Three main components of onshore infrastructure ............................................................. 6 
 


  







 
 Outline Onshore Written Scheme of Investigation 
 February 2019  
 


 iii  


Acronyms 


Acronym Description 


CAT Cable Avoidance Tool 


COCP Code of Construction Practice 


DBA Desk-Based Assessment 


DCO Development Consent Order 


EIA Environmental Impact Assessment 


EMP Ecological Management Plan 


HER Historic Environment Record 


HVAC High Voltage Alternating Current 


HVDC High Voltage Directional Current 


MHWS Mean High Water Springs 


NCC Norfolk County Council 


NCCES Norfolk County Council Environment Service 


NMS Norfolk Museums Service 


OD Ordnance Datum 


SM Scheduled Monuments 


SMR Sites and Monuments Record 


WSI Written Scheme of Investigation 







 
 Outline Onshore Written Scheme of Investigation 
 February 2019  
 


 1  


1. Introduction 


 Background 


 This Outline Onshore Written Scheme of Investigation (WSI) has been prepared to establish the 


general strategies, methodologies and principles which be implemented during the post-consent 


archaeological works. The document conforms with current best practice and has been prepared in 


line with relevant legislation, policy and guidance.  This Outline Onshore WSI has been developed 


based on consultation with Historic England and Norfolk County Council Environment Service 


(NCCES).  


 This Outline Onshore WSI sets out the principles upon which the final Onshore WSI will be 


developed in consultation with Historic England and NCCES post consent, prior to submission to 


NCCES for approval.  This will discharge Requirement 16 of the draft Development Consent Order 


(APP-027), which requires that a WSI for onshore archaeology has been submitted to and approved 


by the relevant planning authority prior to the commencement of consented works.   


 In addition to this document, each post-consent stage of mitigation work will be subject to a separate 


survey-specific method statement to be agreed following consultation with NCCES and if appropriate 


Historic England. This will comprise the relevant method statement(s) appended to the final Onshore 


WSI document, with further details of site location(s) including site plans, trench and/ or soil stripping 


location plans, staffing etc. 


 Aims and objectives 


 The aim of this Outline Onshore WSI is to summarise the archaeological mitigation measures from 


Volume 3, Chapter 5: Historic Environment of the Environmental Statement (APP-077) and set out 


additional measures to be undertaken by Hornsea Three within a strategy to protect the 


archaeological resource that will be implemented post consent. The Outline Onshore WSI is 


informed by pre-application consultation undertaken specifically for Hornsea Three (see Volume 3, 


Chapter 5: Historic Environment (APP-077) for a summary of consultation undertaken to date). The 


Environmental Statement draws upon the baseline review of the known and potential archaeology 


within the Hornsea Three Order Limits, which is described in Volume 6, Annex 5.1: Desk Based 


Assessment of the Environmental Statement (APP-149). 


 The objectives of the Outline Onshore WSI are as follows: 


• To fulfil the requirements of the Archaeological Curator in respect of archaeological monitoring 


and mitigation of works associated with Hornsea Three; 


• To determine the presence or otherwise of buried remains of significant archaeological interest 


within the development area, and to further define the extent of those features already 


identified;  


• To preserve by record any significant archaeological remains within the development area and 


to attempt a reconstruction of the history and use of the Hornsea Three onshore cable corridor;  


• To propose mitigation measures where archaeological remains are encountered during the 


construction work associated with Hornsea Three (these are listed in Section 6, below);  


• To establish the reporting and archiving requirements for the archaeological works undertaken 


during construction of Hornsea Three. 
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 The initial research questions for the fieldwork and post excavation are given below. It is noted that 


these may be subject to amendment during or following each stage of work as the available evidence 


in the form of buried remains etc. becomes clearer: 


• Understand further the character, form, function and date of prehistoric, Roman and later 


activities indicated in this area by the archaeological remains within the Hornsea Three onshore 


cable corridor; and  


• To contribute to an understanding of the environmental history of the area between Weybourne 


and Swardeston with regard to local and regional research frameworks. 


 Scope  


 The scope of this document focuses on the buried archaeology in areas that may be affected by the 


onshore (landward of MHWS) elements of Hornsea Three (see paragraph 3.1 for definition). 


Designated assets and their settings are scoped out of this document.  


 Standards and Guidance 


 Works undertaken during Hornsea Three will conform to the relevant legislation and guidance, 


including: 


• Overarching National Policy Statement for Energy [EN-1] (DECC July 2011); 


• Code of Conduct (Chartered Institute for Archaeologists 2014a);  


• Standard and Guidance for Archaeological Excavation (Chartered Institute for Archaeologists, 


2014b);  


• Standard and Guidance for Archaeological Field Evaluation (Chartered Institute for 


Archaeologists, 2014c);  


• Standard and Guidance for an Archaeological Watching Brief (Chartered Institute for 


Archaeologists, 2014d);  


• Standard and guidance for the collection, documentation, conservation and research of 


archaeological materials (Chartered Institute for Archaeologists, 2014e);  


• Understanding Historic Buildings: A Guide to Good Recording Practice (English Heritage, 


2016);  


• Management of Research Projects in the Historic Environment: The MoRPHE Project 


Managers' Guide (Historic England, 2015); and 


• Standards for Development-Led Archaeological Projects in Norfolk (Robertson et al., 2018).  


 Responsibilities and Communications  


 Retained Archaeologist 


 Following the agreement of the Outline Onshore WSI, Hornsea Three shall employ the services of 


a suitably qualified and experienced archaeological consultant (‘the Retained Archaeologist’) to 


ensure the effective implementation of the Onshore WSI and other relevant commitments in relation 


to archaeology. 


 In relation to the implementation of the Onshore WSI, the Retained Archaeologist will report to the 


Hornsea Three’s appointed project manager.  
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 The responsibilities of the Retained Archaeologist will include: 


• Maintaining, reviewing and updating the Onshore WSI; 


• Advising the Hornsea Three construction team with regard to which scheme elements warrant 


archaeological involvement; 


• Advising the Hornsea Thee construction team (through the project manager) during the 


evaluation of scope of work specifications on their capacity to meet archaeological 


requirements; 


• Advising Hornsea Three on the necessary interaction with third party stakeholders, including 


the Norfolk County Council Environment Services (the Archaeological Curator); 


• Advising Hornsea Three on the implementation of generic archaeological requirements 


applicable to all construction, operation and maintenance, and decommissioning activities; 


• Advising, preparing and issuing Method Statements to the Archaeological Curator for approval; 


• Implementing and monitoring the Protocol for Unexpected Archaeological Remains (see 


Appendix F); 


• Monitoring the work of and liaising with the Archaeological Contractor(s) where this is not the 


Retained Archaeologist; 


• Monitoring the preparation and submission of Archaeological Reports as appropriate and 


making them available to the Archaeological Curator; 


• Preparing provisions for the management of the project archives in consultation with an 


appropriate Museum; and 


• Advising Hornsea Three on final arrangements for analysis, archive deposition, publication and 


popular dissemination of the results of Hornsea Three. 


 Archaeological contractors 


 Archaeological contractors may be employed on an ad hoc to provide a range of services relating to 


specialist archaeological provision (e.g. fieldwork, geotechnical survey, analysis etc). 


 Construction contractors 


 All construction contractors engaged in the construction of Hornsea Three (secured through 


contractual documents as appropriate) shall: 


• Familiarise themselves with the generic requirements of the onshore WSI, and make them 


available to their staff; 


• Assist and afford access to archaeologists employed by Hornsea Three; 


• Inform the Retained Archaeologist of any environmental constraint or matter relating to health, 


safety and welfare of which they are aware that is relevant to the archaeologists' activities; and 


• Implement the Protocol for Unexpected Archaeological Remains.  


  Archaeological Curator 


 Norfolk County Council Environment Services is the Archaeological Curator responsible for heritage 


matters onshore. Contact with the Archaeological Curator will be administered by Hornsea Three 


under advice from the Retained Archaeologist. 
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 Historic England may provide specialist advice to NCCES. In addition, advice (typically on scientific 


matters including dating and/or geoarchaeology) may be provided directly to Hornsea Three.  


 Where Method Statements, reports or other deliverables are submitted by Hornsea Three to the 


Archaeological Curator, their agreement/acceptance will be assumed if no contrary response is 


received within 30 working days of submission. 


 Contacts 


 The relevant contacts at Norfolk County Council Environment Services and Historic England are: 


• James Albone, Acting Historic Environment Team Leader (Strategy & Advice), Community and 


Environmental Services, Norfolk County Council Environment Service, Union House, 


Gressenhall, Dereham, Norfolk NR20 4DR;  


• Julie Shoemark, Finds Liaison Officer (FLO), Norfolk Historic Environment Service, Unison 


House, Gressenhall, Dereham, Norfolk NR20 4DR; and 


• Dr Will Fletcher, Inspector of Ancient Monuments, Historic England, Brooklands, 24 Brooklands 


Avenue, Cambridge CB28BU  


 The contact details for the role of the Retained Archaeologist will be confirmed in the final Onshore 


WSI, to be agreed with NCCES post consent, prior to commencement of the consented works 


(Requirement 16 of the draft Development Consent Order).   
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2. Hornsea Three  


 The locations of the main components of the onshore infrastructure (i.e. the Hornsea Three landfall, 


onshore cable corridor, onshore HVAC booster station and HVDC converter/HVAC substation, and 


grid connection at the existing Norwich Main Substation) are shown at Figure 2.1.  


 The Hornsea Three onshore cable corridor will run from landfall at Weybourne on the north Norfolk 


Coast to an onshore High Voltage Directional Current (HVDC) converter/High Voltage Alternating 


Current (HVAC) substation to the south of Norwich, before making grid connection at the existing 


Norwich Main Substation.  


 If a HVAC electrical transmission system is developed, it may be necessary to construct an onshore 


HVAC booster station (instead of, or in addition to, an offshore HVAC booster station(s)). This would 


provide reactive compensation to the cable and enable long distance HVAC transmission. If an 


onshore HVAC booster station is required, it would be constructed in the area of Little Barningham, 


which lies in the northern section of the Hornsea Three onshore cable corridor (Figure 2.1)
If a HVDC transmission  system is developed, an onshore HVAC booster station would not be required.


 


 The onshore export cables will be buried underground along their entire length. The onshore cable 


corridor is approximately 80 m wide (this includes both the permanent installation area (60 m) and 


temporary working area (20 m)) and installed predominantly in agricultural land.  In some instances, 


where the onshore cable corridor crosses roads, watercourses and environmentally sensitive 


locations, the width of the onshore cable corridor may be increased to facilitate the crossing. 


 The Hornsea Three onshore cable corridor passes through the districts of North Norfolk, Broadland 


and terminates in South Norfolk.  


 During the construction phase, temporary construction compounds and storage areas of various 


sizes will also be required along the Hornsea Three onshore cable corridor, for laydown and storage 


of materials, plant and staff, as well as space for small temporary offices, welfare facilities, security 


and parking. Construction compounds will also be required at crossings of other infrastructure where 


horizontal direction drilling (HDD) is proposed. The construction compounds will be removed, and 


the land reinstated on completion of construction work associated with that phase unless otherwise 


approved by the Local Planning Authority.  


 A main construction compound is proposed at the former Oulton airfield, approximately midway 


along the onshore cable corridor, which would operate as a central base for the onshore construction 


works and would house the central offices, welfare facilities, and stores, as well as acting as a 


staging post and secure storage for equipment and component deliveries.  Establishment and use 


of the main construction compound would involve the use of existing concrete hardstanding and 


access roads. Impacts in connection with Hornsea Three would be temporary and reversible. On 


this basis, no significant effects to the former Oulton airfield are anticipated and no further mitigation 


by way of archaeological fieldwork is proposed.  
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Figure 2.1: Hornsea Three main onshore infrastructure components 
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3. Baseline Environment 


 Overview 


 A baseline review of the known and potential archaeology within the area to be occupied by the 


onshore elements of Hornsea Three (namely the Hornsea Three landfall, onshore cable corridor, 


onshore HVAC booster station, onshore HVDC converter/HVAC substation and the interconnection 


with the existing Norwich Main Substation) as well as temporary storage areas and compounds is 


set out in Volume 3, Chapter 5: Historic Environment of the Environmental Statement (APP-077). 


 Volume 6, Annex 5.1: Desk Based Assessment (APP-149) identifies heritage assets within 250 m 


of the onshore elements of Hornsea Three, and is referred to as the Hornsea Three core historic 


environment study area. This captures information from the Norfolk Historic Environment Record 


and primarily relates to undesignated heritage assets (it may also capture designated assets within 


250 m, however these will be reported within the historic environment study area (i.e. within 1 km 


from the onshore elements of Hornsea Three as well as temporary storage areas and compounds, 


plus a wider buffer around the onshore HVAC booster station and HVDC converter/HVAC 


substation)). Where appropriate, the description of the undesignated assets may extend beyond 250 


m to provide the context of key features. This is based on professional judgement.  


 The archaeological background below is necessarily condensed and further information is provided 


in Volume 6, Annex 5.1: Desk Based Assessment of the Environmental Statement (APP-149). 


 Archaeological background 


 The early landscape within the Hornsea Three historic environment study areas is likely to have 


been significantly different to the modern version. At the north of the Hornsea Three onshore cable 


corridor there has been significant coastal erosion and therefore the early coastline was further north. 


The rivers are likely to have been wider and more navigable. The landscape has been gradually 


modified through human activity, particularly during the medieval and post medieval periods. 


Undesignated assets within the core historic environment study area are summarised below and 


described in detail in Volume 6, Annex 5.1: Desk Based Assessment of the Environmental Statement 


(APP-149).  


 The following sections discuss the potential for undesignated assets within the core historic 


environment study area. 


 Prehistoric 


 Palaeolithic and Mesolithic 


 Very few finds of Palaeolithic and Mesolithic material have been made in the core historic 


environment study area. In 1974, a Palaeolithic flint hand axe was recovered during subsoiling in 


Plumstead parish. The find-spot is immediately adjacent to the onshore cable corridor. In addition, 


finds of Palaeolithic material have been made in Keswick and Intwood parish, near the southern end 


of the onshore cable corridor. It has been recognised that the Pleistocene deposits of the north 


Norfolk coast have a high potential for archaeological and environmental information (Austin, 2000).  
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 Neolithic/Bronze Age 


 Evidence for Neolithic activity in the area is mainly in the form of finds. Comparatively large numbers 


of finds of Neolithic material have been made along the Hornsea Three onshore cable corridor, with 


numerous Historic Environment Records (HER) representing finds from this period located within 


100 m of each side of the cable corridor.  


 There are a number of records of Bronze Age activity in the area, mostly either representing funerary 


activity or find-spots. While there is a general scatter of these sites and finds along the Hornsea 


Three onshore cable corridor there is more of a concentration at its northern and southern ends.  


 Aerial photographs show the cropmarks of two adjacent ring ditches located northwest of Salle Park 


and immediately adjacent to the onshore cable corridor. A group of five ring ditches visible on aerial 


photographs to the north east of Morton village in Morton on the Hill parish may indicate the location 


of a Bronze Age round barrow cemetery. This site is crossed by the onshore cable corridor. 


 Iron Age 


 There is little evidence of Iron Age activity except where associated with later Roman activity. 


 Roman 


 The wider area was heavily Romanised, probably mostly cleared and farmed. Evidence for Roman 


roads is recorded along the Hornsea Three onshore cable corridor, with several settlements nearby. 


These include: 


• A Roman road from Bawburgh to Bishop Bridge; 


• The Romano-British town of Venta Icenorum; 


• The line of a Roman road between Caistor St Edmund and Crownthorpe, the site of a Roman 


temple; 


• A possible Roman enclosure and field system located to the east of Weybourne and crossed 


by the Hornsea Three onshore cable corridor; and 


• A further Roman settlement site has been recorded at the Harford Park and Ride site, located 


on the south side of Norwich at the junction of the A140 Ipswich road and the A47 road. 


 There is a general scatter of Roman material along the length of the core historic environment study 


area with concentrations of material around Weybourne in the north and Caistor St Edmund in the 


south. Large quantities of Roman metal work have been recorded through metal detecting. 


 Medieval 


 There is considerable evidence for medieval activity in the wider area. Many of the local place-


names, including Attlebridge, Baconsthorpe, Cawston, Corpusty, Easton, Hempstead, Little Melton, 


Marlingford, Mulbarton, Reepham, Saxthorpe, Swainsthorpe, Swardeston, Weston Longville and 


Weybourne are first recorded in documents in the Domesday Book of 1086 and represent pre-


existing occupation (Williams and Martin, 1992). 


 In terms of material evidence, Anglo Saxon cemeteries are recorded around Caistor St Edmund. 


Few recorded stray finds of Early Anglo Saxon date have been made, although evidence for Late 


Saxon activity has been recorded around Bawburgh and Corpusty.  
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 There is some considerable evidence for desertion and shrinkage of medieval villages. There is 


evidence of medieval settlement desertion in Salle Park and at Cantley, mentioned in the Domesday 


Book, in Ketteringham parish. 


 In addition, a deserted medieval village is recorded at Kenningham. A further deserted medieval 


village and church are recorded at Caistor St Edmund.  


 There is a background scatter of medieval finds over much of the core historic environment study 


area and very large numbers of medieval finds have been recovered through metal detecting.  


 Post Medieval and Modern 


 There are large numbers of post medieval buildings which survive within the core historic 


environment study area. The evidence indicates that farms began to be constructed within fields and 


adjacent to roads, away from villages.  


 There are numerous remains dating from the two World Wars. Many are small scale and many of 


these are located on the coast as coastal defences.  


 A Second World War Airfield is recorded at Oulton, some 3.3 km east of the Hornsea Three onshore 


cable corridor. The airfield was opened in 1940 and used by both Royal Air Force and US Army Air 


Force bomber squadrons.  


 Onshore geophysical survey results 


 The onshore geophysical survey was undertaken in the form of a detailed magnetometer survey 


over approximately 145 ha of mixed arable and pastoral farmland. The survey targeted 20 areas 


between Weybourne (TG 1181 4319) in the north to Swainsthorpe (TG 2186 0194) in the south. 


These areas were selected following a walkover survey and consultation with the Norfolk County 


Council Archaeologist (see Volume 6, Annex 5.2: Fieldwalking Report (APP-150)).  


 Archaeological anomalies were identified across 12 of the 20 areas surveyed, many of which 


correspond to cropmarks previously recorded from aerial photography and documented in the 


Norfolk Historic Environment Record. The location of the areas surveyed and the results of the 


survey are shown in Volume 6, Annex 5.6: Onshore Geophysical Survey (APP-154). 
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4. Potential Impacts from Hornsea Three 


 There are a number of archaeological assets which have been identified through desk assessment 


and fieldwork; those which are significant and substantial are outlined in Volume 6, Annex 5.2: 


Fieldwalking Report of the Environmental Statement (APP-150). 


 Impacts on archaeological (undesignated) remains may occur during the construction of the onshore 


elements of Hornsea Three by direct damage or loss as a result of stripping and excavating of the 


soil along the onshore cable corridor, the onshore HVAC booster station and HVDC converter/HVAC 


substation areas, together with compounds, storage areas and accesses. An assessment of the 


impacts and mitigation measures is provided within Volume 3, Chapter 5: Historic Environment of 


the Environmental Statement (APP-077) and summarised in Table 5.17. The overall effect of 


Hornsea Three on buried archaeological remains from these activities would be minor adverse. 


Mitigation is considered in Section 5 of this document.  
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5. Measures Adopted as Part of Hornsea Three 


 A number of designed-in measures have been incorporated to reduce the potential for significant 


effects on buried archaeology (see Table 5.1 below, which includes those commitments given within 


Volume 3, Chapter 5: Historic Environment (APP-077)).  


 These measures are considered standard industry practice for this type of infrastructure 


development. The commitment to implement these measures is set out in the Outline Code of 


Construction Practice (Outline CoCP) (REP1-142). 


 Given the nature of buried archaeological remains, there is a degree of uncertainty about the 


archaeological potential along the onshore cable corridor and in the location of the onshore HVAC 


booster station, HVDC converter/HVAC substation and at landfall. In consultation with NCCES and 


Historic England further field surveys will be undertaken, details of which are included in Table 5.1 


below and are set out in section 6.  


Table 5.1: Designed-in measures adopted as part of Hornsea Three. 


Measures adopted as part of Hornsea Three Justification 


Construction Phase 


Cables will be buried rather than above ground. 
This reduces or nullifies any long-term effect on the 
settings of heritage assets. 
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Measures adopted as part of Hornsea Three Justification 


A programme of advance archaeological 
investigation following consent will include identified 
sites that will be adversely affected by Hornsea 
Three (as reported in Volume 3, Chapter 5: Historic 
Environment of the Environmental Statement (APP-
077) 


Following consultation with NCCES, the advance 
archaeological investigation will also include: 


• Geophysical survey, the scope of which 
will be agreed post-consent and after a 
decision is made on the choice of 
transmission system. This would be 
limited to the land take required for the 
permanent easement, with provision to 
extend the survey to cover the temporary 
easement, should archaeological remains 
be revealed and if it is considered 
appropriate to establish their extent for the 
purposes of preservation in situ of those 
remains; 


• Selective trial trenching, the scope of 
which will be agreed post-consent based 
on the results of the geophysical survey, 
existing HER and commitment to have an 
archaeological watching brief; 


• Site-specific mitigation where appropriate.  


This programme will be agreed with the relevant 
authorities prior to commencement of the work. 


To offset any loss of, or damage to, buried 
archaeological assets. 


Investigation of unexpected archaeological sites 
encountered during construction will be undertaken 
in line with procedures (e.g. a chance find 
procedure) agreed in advance with the relevant 
authorities (see Outline CoCP (REP1-142)). 


To offset any loss of, or damage to, buried 
archaeological assets 
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Measures adopted as part of Hornsea Three Justification 


Restoration of hedges and hedge banks (for more 
detail see section 4 of the Outline Landscape 
Management Plan (REP1-145). Landscape planting 
scheme around onshore HVAC booster station and 
HVDC converter/HVAC substation (see Outline 
Landscape Management Plan (REP1-145)). NCCES 
has also requested that the hedgerows are 
recorded.  


It is noted that a proportion of hedgerows along the 
onshore cable corridor are to be retained, using 
Horizontal Directional Drilling (HDD) technology to 
drill below the features and preserve them in situ. 
There are, however, areas where hedgerow removal 
will be necessary.  


Hedgerows important for historic criteria have been 
identified in the Historic Hedge plan [REP1-152]. All 
hedgerows which have not been surveyed as part of 
pre-application works will be surveyed pre-
construction according to the Hedgerow Regulations 
1997 criteria (including below ground finds) and 
recorded. 


Recording at all sites where hedgerows are removed 
would involve a photographic survey of the 
hedgerow pre-removal and recording of any 
associated earthworks (i.e. hedgebanks etc). 


This reduces any long-term effects on the settings of 
heritage assets and the historic landscape and is not 
considered further here. 


Operation and Maintenance Phase 


Restoration of hedges and hedge banks. Landscape 
planting scheme around onshore HVAC booster 
station and onshore HVDC converter/HVAC 
substation (see Outline Landscape Management 
Plan (REP1-145)). 


To potentially ameliorate impacts on settings of 
heritage assets caused by the onshore HVAC 
booster station and onshore HVDC converter/HVAC 
substation and is not considered further here. 


Decommissioning Phase 


None. 


Effects during the decommissioning phase would be 
limited to those resulting from changes to the 
settings of heritage assets, which is outside the 
scope of this document. Such effects will be short-
term and fully reversible. 


 


 A number of assets have been examined during the EIA process. Based on this, detailed mitigation 


measures for specific sites are described in Table 5.2. For the locations of the sites, see Volume 6, 


Annex 5.2: Fieldwalking Report of the Environmental Statement (APP-150). It is noted that these are 


the key known sites and that further currently unknown sites may be present along the Hornsea 


Three onshore cable corridor.  
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Table 5.2: Detailed measures adopted as part of Hornsea Three with respect to the recording of 
undesignated heritage assets. 


Mitigation measures adopted as part of Hornsea 


Three 
Justification 


Construction Phase 


Site GS2 - Baconsthorpe: Trenching and or soil 
stripping as appropriate in advance of construction 
and/or monitoring of soil stripping during 
construction. 


The Hornsea Three onshore cable corridor passes 
between the two recorded heritage assets west of 
Baconsthorpe Castle. There is the potential that 
previously unrecorded archaeological remains are 
present through this area. 


Site GS5 - Barningham Green, site of the onshore 
HVAC booster station: Trenching/soil stripping as 
appropriate in advance of construction and/or 
monitoring of soil stripping during construction. 


No recorded or known archaeology, including from 
the geophysical survey (see Volume 6, Annex 5.6: 
Onshore Geophysical Survey Report of the 
Environmental Statement (APP-154)). However, 
given the impact of the proposed permanent 
structures a programme of mitigation works is 
judged to be appropriate if the onshore HVAC 
booster station is required. 


Site GS6 - Corpusty: Trenching/soil stripping as 
appropriate in advance of construction and/or 
monitoring of soil stripping during construction. 


A small number of discrete and linear responses of 
uncertain origin have been identified through the 
geophysical survey (see Volume 6, Annex 5.6: 
Onshore Geophysical Survey Report of the 
Environmental Statement). Metal detecting within 
these fields has produced significant quantities of 
Roman and early Anglo-Saxon artefacts indicating a 
high potential for associated buried archaeological 
remains. 


Site GS7 – Saxthorpe: Trenching/soil stripping as 
appropriate in advance of construction and/or 
monitoring of soil stripping during construction. 


Significant quantities of medieval finds suggest 
medieval settlement. 


Site GS10 - Booton: Trenching/soil stripping as 
appropriate in advance of construction and/or 
monitoring of soil stripping during construction. 


St Michael and All Angels' Church, medieval coin 
finds and Roman road. 


Site GS 11 – Alderford: Trenching/soil stripping as 
appropriate in advance of construction and/or 
monitoring of soil stripping during construction. 


Cropmarks of ditches of possible Iron Age to Roman 
date and finds including tesserae. 


Site GS12 - Attlebridge/Morton on the Hill: 
Trenching/soil stripping as appropriate in advance of 
construction and/or monitoring of soil stripping 
during construction. 


Cropmarks of Bronze Age round barrow cemetery. 
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Mitigation measures adopted as part of Hornsea 


Three 
Justification 


Site GS13 – Ringland: Trenching/soil stripping as 
appropriate in advance of construction and/or 
monitoring of soil stripping during construction. 


Site of probable Bronze Age barrow. 


Site GS14 – Easton: Trenching/soil stripping as 
appropriate in advance of construction and/or 
monitoring of soil stripping during construction. 


High potential for significant buried archaeological 
deposits relating to Anglo-Saxon to medieval 
settlement. 


Site GS15 - Broom Farm: Trenching/soil stripping as 
appropriate in advance of construction and/or 
monitoring of soil stripping during construction. 


The cropmarks of an area of enclosures and fields of 
probable Roman date. 


Site GS16 - Little Melton: Area subject to 
geophysical survey now outside Hornsea Three 
project boundary. However, trenching/soil stripping 
would be undertaken as appropriate within a nearby 
part of the onshore cable corridor in advance of 
construction and/or monitoring of soil stripping 
during construction (and see Site GS23). 


High potential for significant buried archaeological 
deposits relating to Anglo-Saxon to medieval 
settlement. 


Site GS17 – Ketteringham: Area subject to 
geophysical survey now outside Hornsea Three 
project boundary. However, trenching/ soil stripping 
would be undertaken as appropriate within a nearby 
part of onshore cable corridor in advance of 
construction and/or monitoring of soil stripping 
during construction. 


Cropmark of Bronze Age ring ditch. 


Site GS18 - Mangreen South: Trenching/soil 
stripping as appropriate in advance of construction 
and/or monitoring of soil stripping during 
construction. 


HER records cropmarks of an undated rectangular 
enclosure at the proposed onshore HVDC 
converter/HVAC substation. Permanent structures 
and relatively large area of high impact. 


Site GS19 – Mangreen Hall – geophysical survey as 
appropriate of areas within the Hornsea Three 
project boundary in advance of construction.  


Based on consultation with NCCES, this may be 
followed by trenching and/or other measures as 
appropriate. 


High potential for significant buried archaeological 
deposits relating to Anglo-Saxon to medieval 
settlement. 


Site GS24 – Edgefield – geophysical survey as 
appropriate of areas within the Hornsea Three 
project boundary in advance of construction.  


Based on consultation with NCCES, this may be 
followed by trenching and/or other measures as 
appropriate. 


Cropmarks of a ring ditch and linear features 
(possible enclosures). 
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Mitigation measures adopted as part of Hornsea 


Three 
Justification 


Reroute Online Map 2 - Bodham (TF 113 395 area):  


Geophysical survey and/or trenching/soil stripping 
as appropriate in advance of construction and/or 
monitoring of soil stripping during construction.  


Based on consultation with NCCES, further 
mitigation measures may be required as appropriate 


Presence of an enclosure cropmark of possible Iron 
Age to Roman date within 50 m of the Hornsea 
Three onshore cable corridor. Consequently, there is 
a high potential for associated buried archaeological 
remains. 


Reroute Online Map 2 - Bodham (TF 115 391 area) 
Geophysical survey and/or trenching/soil stripping 
as appropriate in advance of construction and/or 
monitoring of soil stripping during construction.  


Based on consultation with NCCES, further 
mitigation measures may be required as appropriate 


Previously unrecorded cropmarks, including 
boundary/enclosure ditches and a possible ring 
ditch, are visible in this field on Google Earth 
imagery from 1999. 


Site GS23 Reroute Online Map 7 - Great 
Melton/Little Melton (TG 147 070 area): Further 
geophysical survey and/or trenching/soil stripping as 
appropriate in advance of construction and/or 
monitoring of soil stripping during construction (and 
see Site GS16).  


Based on consultation with NCCES, further 
mitigation measures may be required as 
appropriate. 


A small number of discrete and linear responses of 
uncertain origin have been identified through the 
geophysical survey (see Volume 6, Annex 5.6: 
Onshore Geophysical Survey Report of the 
Environmental Statement (APP-154)). The Hornsea 
Three onshore cable corridor runs along the line of a 
parish boundary that is also recorded as a cropmark 
feature. The presence of a parish boundary may 
increase the potential for an early Anglo-Saxon 
cemetery to be present and this needs to be 
considered in the future mitigation works. 


Reroute Online Map 8 - Hethersett (TG 167 058 
area): Geophysical survey and/or trenching/soil 
stripping as appropriate in advance of construction 
and/or monitoring of soil stripping during 
construction.  


Based on consultation with NCCES, further 
mitigation measures may be required as 
appropriate. 


The onshore cable corridor passes through an area 
of Roman finds and consequently there is potential 
for buried archaeological remains to be present. 


Operation and Maintenance Phase 


None. 
All mitigation will be completed prior to/during the 
construction phase. 


Decommissioning Phase 


None. 
All mitigation will be completed prior to/during the 
construction phase. 
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6. Archaeological Field Surveys 


 Introduction 


 A number of non-intrusive desk-based and geophysical surveys have been undertaken for Hornsea 


Three. Further information can be found in Volume 6, Annex 5.1: Desk Based Assessment (APP-


149), Annex 5.2: Fieldwalking Report (APP-150) and Annex 5.6: Onshore Geophysical Survey 


Report (APP-154) of the Environmental Statement. 


 This section provides a summary of the work undertaken, as well as further fieldwork proposed.  


 Fieldwork 


 To mitigate the impacts of Hornsea Three on buried archaeology, a programme of archaeological 


fieldwork will be undertaken to ensure preservation by record of archaeological remains affected by 


Hornsea Three. 


 The mitigation strategy is based on knowledge gained from archaeological work, both desk and field 


based, carried out to date (as documented in Volume 3, Chapter 5: Historic Environment (APP-077)). 


This work identified 19 areas of known archaeological interest, although given the nature of 


archaeological features there is the potential that other currently unknown areas of interest may also 


be present along the onshore cable corridor. Archaeologically sensitive areas are those subject to 


the detailed mitigation measures laid out in Table 5.22, Volume 3, Chapter 5: Historic Environment 


of the Environmental Statement (APP-077) and noted in Table 5.1 and Table 5.2 of this document. 


In addition, it is noted that areas where unexpected archaeological remains are revealed before or 


during stripping on the remainder of the onshore cable corridor would also be classified as 


archaeologically sensitive.  


 The mitigation strategy comprises eight main elements, as follows: 


 Further geophysical survey 


 Geophysical survey has been undertaken in targeted locations and reported in Annex 5.6: Onshore 


Geophysical Survey Report (APP-154) of the Environmental Statement. It is intended that further 


geophysical survey will be undertaken as outlined in Table 5.1 and Table 5.2, which will provide 


geophysical survey information for an agreed portion of the Hornsea Three Order Limits post 


consent/ pre-commencement of consented works. The specific area surveyed will be agreed with 


NCCES based on the detailed design, including the choice of transmission system and therefore the 


width of the onshore cable corridor. The objective of this survey will be to predict the archaeological 


potential of previously un-surveyed areas and inform the need and scope of mitigation measures 


prior to consented works.  


 The geophysical survey will be used to inform the level, if any, of further archaeological intervention 


through the mitigation measures described below within the onshore elements of Hornsea Three. 
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 Trial trenching 


 Where appropriate, it is intended to undertake a programme of trial trenching described in the 


Method Statement for Trial Trenching at Appendix B. Results of the geophysical surveys combined 


with existing HER data will be used to identify where trial trenching would be appropriate. Table 5.2 


sets out those known assets (i.e. recorded on the HER) where trial trenching will be undertaken. 


Subject to the results of the geophysical survey, and the works proposed in a given area, trial 


trenching may also be required in areas of unknown archaeological potential (as described in 


paragraph 6.6). 


 The results of the trial trenching will be used to formulate and implement site or section specific 


mitigation measures (i.e. whether further work is required and whether this should take the form of 


a watching brief or strip, map and assess). It is assumed that areas will be subject to the latter unless 


otherwise agreed.   


 Mitigation measures 


 Watching brief 


 It is intended to carry out a non-intensive watching brief in those areas not identified as being 


archaeologically sensitive but where intrusive works are proposed.  


 The archaeological watching brief will comprise a series of visits to observe soil stripping within the 


areas not identified as being archaeologically sensitive. The soil will be stripped by others. 


 Micro-siting 


 When the final design is developed and clarity can be provided as to the land take required through 


each parcel of land for each phase of the projects, where technically feasible, and subject to 


consideration of a range of other factors that influence the detailed design and installation of the 


export cables, it may be possible to micro-site the trenches associated with the onshore export 


cables to avoid localised areas identified as being archaeologically sensitive within the Order Limits. 


 Strip map and assess 


 It is intended to carry out strip, map and assess in those areas identified as being archaeologically 


sensitive, including both those identified in Volume 6, Annex 5.1: Desk Based Assessment of the 


Environmental Statement (APP-149) and those identified through the initial post-consent 


investigative phases (geophysical survey and where appropriate, trial trenching).  


 Where areas within the Order Limits have been identified for stripping, this will be carried out under 


archaeological direction. Features and deposits will be mapped immediately following stripping, and 


the plans generated will be provided to the NCCES Archaeologist within one week to inform a review. 


Preservation by record will, however, commence (assuming the consent of the NCCES 


Archaeologist) immediately following stripping. This is in order to prevent damage to the archaeology 


from exposure to the elements. 
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 The review of the plans by the NCCES Archaeologist will be undertaken as soon as possible and 


will include the nature of the archaeological resource and strategy for its preservation by record. 


Excavation will be carried out according to the agreed strategy and within an agreed timeframe and 


samples will be excavated in accordance with the methodology outlined in Appendix D and Appendix 


E. 


 A separate method statement has been produced for this element of work (Appendix D). 


 Preservation by Record 


 A programme of detailed excavation and recording will be undertaken to ensure preservation by 


record. The plans generated through strip, map and assess will be used to agree (between the 


Hornsea Three, the Retained Archaeologist and the NCCES Archaeologist) an appropriate detailed 


excavation strategy.  


 A separate method statement has been produced for this element of work (Appendix E). This will be 


used unless and until an agreement to vary it is reached with the NCCES Archaeologist. Final 


approval to any change will be provided by the NCCES Archaeologist. 


 Post-excavation assessment 


 On completion of all fieldwork a post-excavation assessment will be prepared presenting a summary 


of the results, a consideration of their significance, potential for further analysis and proposals for 


their publication in an appropriate format(s). Further detail is provided in the Method Statement for 


Preservation by Record (Appendix E). 


 Analysis and publication 


 On production of an assessment report, to be approved by the NCCES Archaeologist, an appropriate 


programme of analysis and publication will be undertaken in order to provide dissemination of the 


results. Further detail is provided in the Method Statement for Preservation by Record (Appendix E). 


 Publicity 


 Enquiries or releases through the media on archaeological finds and material found during the survey 


will, in the first instance, be directed through Hornsea Three. Whilst Hornsea Three supports media 


coverage on archaeological finds and will be happy to co-ordinate such coverage, it is recommended 


that relevant information is released after completion of all stages of archaeological fieldwork in order 


to ensure that the integrity of the resource is maintained. 


 Archive 


 On completion of finds processing, the Archaeological Contractor will write to all landowners with a 


list of all material recovered from their land and a request for ownership to be transferred to Norfolk 


Museums Service (NMS). 


 A completed and consolidated project archive will be prepared in accordance with established 


national guidelines set out in: 
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• Chartered Institute for Archaeologists (2014e) Standard and guidance for the collection, 


documentation, conservation and research of archaeological materials; and 


• Chartered Institute for Archaeologists (2014f) Standard and Guidance for the creation, 


compilation, transfer and deposition of archaeological archives. 


 Management Arrangements 


 Access 


 Access for fieldwork will be arranged as appropriate by land agents appointed by Hornsea Three. 


The Archaeological Contractor will liaise directly with the land agent for all land access issues.  


 The Archaeological Contractor will provide the land agent with a suggested programme of fieldwork 


activity including locations. 


 Insurance 


 The Archaeological Contractor will have an appropriate level of Public Liability Insurance 


and Professional Indemnity Insurance Health, Safety and Environment 


 Health, safety and environment considerations are fundamental to the project at all stages. Safe 


working practices will override archaeological considerations at all times. All work will be carried out 


in accordance with the Health and Safety at Work Act 1974, the Management of Health and Safety 


Regulations 1992, and all other relevant Health and Safety legislation, regulations and codes of 


practice in force at the time. All trenching and other works relating to the handling of soil will be 


carried out in accordance with the Code of Construction Practice (Requirement 17 of the draft 


Development Consent Order), which includes provisions for biosecurity and soil management. 


 The Archaeological Contractor will produce a site and task specific health and safety focused risk 


assessment and method statement for all works and provide copies to all relevant parties, including 


Hornsea Three. These must be approved by Hornsea Three prior to the commencement of the works 


described in the relevant method statement, and all individuals involved in the works must be aware 


of and understand the content prior to the commencement of any archaeological works. 


 The appropriate landowner agreements (see paragraph 6.24 of this document) will be in place and 


environmental constraints will be highlighted, considered and managed both prior to any 


archaeological works commencing and during those works. Archaeological staff and visitors will 


respect health, safety and environment provisions and site-specific safety regulations. 


 Service location 


 Before any fieldwork begins, statutory authorities will be consulted by the Archaeological Contractor, 


where this has not already been done by others, for information regarding the presence of any 


below/above ground services. The site will be walked over and visually inspected to identify, where 


possible, the location of above and below ground services. 


 All excavation area locations will be scanned before and during excavation with a Cable Avoidance 


Tool (CAT) to verify the absence of any live underground services.  
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 Programme and Monitoring 


 A detailed programme will be established post consent / pre-commencement of consented works 


that will set out the timeframes for undertaking archaeological fieldwork such as geophysical 


investigations, and if required trial trenching, stripping etc. Adequate time will be provided to 


undertake the fieldwork and mitigation measures described in paragraphs 6.3 to 6.23 prior to the 


commencement of consented works. A programme for post excavation and reporting is given at 


paragraphs E.42 and E.43 below. 


 The NCCES Archaeologist will be notified a minimum of 15 working days in advance of the 


commencement of fieldwork and will be informed at this time of the Archaeological Contractor’s key 


staff and any subcontractors.  


 An outline of the programme of monitoring visits by the NCCES Archaeologist and Hornsea Three 


will be agreed in advance of the commencement of fieldwork. The Historic England Regional Science 


advisor will be invited to attend meetings as appropriate and will, in consultation with the NCCES 


Archaeologist as appropriate, monitor the archaeological science component of the project.  


 The Archaeological Contractor will provide the NCCES Archaeologist with verbal and written reports 


as appropriate and as agreed with NCCES. Initially these may be on a weekly basis during the 


course of fieldwork. Following the completion of fieldwork, the NCCES Archaeologist will be kept 


appraised of progress with regard to post excavation analysis and reporting.   


 Use of Machinery in Archaeologically Sensitive Areas 


 Archaeologically sensitive areas are those subject to the detailed mitigation measures set out in 


Table 5.22, Volume 3, Chapter 5: Historic Environment of the Environmental Statement (APP-077) 


and noted in Table 5.1 and Table 5.2 above in this document. In addition, areas where unexpected 


archaeological remains are revealed during stripping on the remainder of the cable corridor would 


be classified as archaeologically sensitive.  


 In order to preserve the integrity of archaeological remains prior to a decision on their treatment, all 


parts of those areas considered to be archaeologically sensitive will be treated as such in the first 


instance. 


 It should be noted by all parties that 360° tracked excavators fitted with toothless buckets, and 


dumpers, will carry out stripping and soil removal.  


 All machining in archaeologically sensitive areas will be carried out carefully to ensure close control 


of depth and will be under the direction of the Archaeological Contractor. 


 During the stripping operation, all earthmoving and other vehicles will avoid travelling on the freshly 


stripped subsoil and any identified areas of archaeological investigation until cleared to do so by the 


Archaeological Contractor. Particular care will be taken to not damage buried surfaces by 


manoeuvring on the stripped site.  
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 Once an area has been stripped, the areas for development will not be released until the NCCES 


Archaeologist has been informed and has consented to sign the area off, even if the area is 


apparently negative (free from any archaeological remains). If an area contains archaeology, that 


area will be clearly demarcated and fenced off using bunting and grid irons to ensure no machines 


track over the surface, thereby maintaining the integrity of the archaeology. 


 Any changes to the above strategy will be reviewed by the NCCES Archaeologist and will not be 


implemented without their approval. 


 Variations 


 Any variation or modification to the survey methodology (including the reporting) will be discussed 


in advance and agreed by the Archaeological Contractor, Hornsea Three and the NCCES 


Archaeologist. 


 Stakeholder Engagement 


 A considered Stakeholder Relations Strategy will be developed following the principles of the 


Communication Plan in the Outline CoCP (REP1-142) and in consultation with relevant parties. This 


is to ensure provision of information on archaeological sites and potential finds to interested parties, 


which may include local and/ or national archaeological groups and societies, local residents, 


schools and other educational institutions.  


 Provision of information may include site open days (where appropriate and where not precluded by 


health and safety considerations and/or by landowner agreements) or promotion of opportunities for 


the Archaeological Contractor to attend and speak at conferences and other similar events on the 


results of archaeological fieldwork.  


 The Archaeological Contractor will provide progress updates on fieldwork to Hornsea Three for 


inclusion on their website and other forms of communication with the public as appropriate. 
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Appendix A Method statement for geophysical survey 


 Introduction 


A.1 This document forms the method statement for the geophysical survey component of the onshore 


archaeological mitigation strategy for Hornsea Three. 


 Site Location and Description 


A.2 The principal onshore elements of Hornsea Three comprise: 


• A landfall site with associated jointing between the offshore and onshore export cables; 


• Onshore underground cable corridor;  


• Onshore HVAC booster station located at Little Barningham (if required); and 


• Onshore HVDC converter/HVAC substation at Swardeston and connection to the National Grid. 


A.3 Details of the onshore elements of Hornsea Three are provided in the Hornsea Project Three 


Offshore Wind Farm Project Description (available from: 


https://infrastructure.planninginspectorate.gov.uk/wp-content/ipc/uploads/projects/EN010080/


EN010080-000528-HOW03_6.1.3_Volume%201%20-%20Ch%203%20-%20Project%20


Description.pdf). 


A.4 The Hornsea Three onshore cable corridor will typically have a 60 m permanent strip where the 


cables will be buried and a 20 m temporary working width. Land use over the Hornsea Three onshore 


cable corridor would be reinstated after cable laying and hedgerows would be replanted (minus tree 


species).  


 Structure and Use of Documents 


A.5 A cascading series of documents, comprising an overall Project Design document containing all site 


details, with separate WSIs for each stage or phase of work has been produced for clarity and ease 


of use on site. The Appendices are designed to be removed from the main document and used on 


site depending on the process being undertaken. 


A.6 The outline documents comprise: 


• Project Design; 


• Method Statement for geophysical survey (this document); 


• Method statement for trial trenching; 


• Method statement for watching brief; 


• Method Statement for Strip, map and assess;  


• Method statement for preservation by record; and  


• Unexpected Archaeological Remains. 


A.7 It is intended that the relevant documents be issued to all relevant parties and in particular Hornsea 


Three, the Retained Archaeologist, the NCCES Archaeologist and the Archaeological Contractor. 



https://infrastructure.planninginspectorate.gov.uk/wp-content/ipc/uploads/projects/EN010080/EN010080-000528-HOW03_6.1.3_Volume%201%20-%20Ch%203%20-%20Project%20Description.pdf

https://infrastructure.planninginspectorate.gov.uk/wp-content/ipc/uploads/projects/EN010080/EN010080-000528-HOW03_6.1.3_Volume%201%20-%20Ch%203%20-%20Project%20Description.pdf

https://infrastructure.planninginspectorate.gov.uk/wp-content/ipc/uploads/projects/EN010080/EN010080-000528-HOW03_6.1.3_Volume%201%20-%20Ch%203%20-%20Project%20Description.pdf
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 Fieldwork 


A.8 All work will be conducted in compliance with the standards outlined in the Chartered Institute for 


Archaeologists’ Standard and Guidance for an Archaeological Geophysical Survey (2014g), 


European Archaeological Council (2015) Guidelines for the use of Geophysics in Archaeology and 


Robertson, D et al (2018) Standards for Development-Led Archaeological Projects in Norfolk, 


excepting where they are superseded by statements made below. 


A.9 While the option of using, with the agreement of NCCES, a possible further suite of geophysical 


techniques is retained, the archaeological geophysical survey to date has successfully comprised 


detailed magnetometry and it is intended to continue this technique over the proposed survey areas 


and the methodology below refers to detailed magnetometry. The archaeological geophysical survey 


area will be georeferenced relative to the Ordnance Survey National Grid. 


A.10 The survey will use a cart system wherever possible, with handheld survey undertaken in those 


areas (if any) unsuitable or unavailable for cart-based survey. 


A.11 The traverse interval will not exceed 1 m and the sample interval will not exceed 0.25 m, with a 


sample interval of 0.125 m preferred. 


A.12 Data collected during the survey will be processed as appropriate. Processing is likely to include 


edge matching, despiking and possibly destriping and/ or destaggering.  


A.13 Geophysical survey may take place over a period of several weeks and on a number of different 


sites, and on this basis interim reports will be issued providing details on progress and results to 


date. All fieldwork will be followed by a report. The report text will be supported by tables, figures, 


appendices and references as necessary. 


A.14 A digital archive of the survey will be retained. This archive will comprise 


(i) The raw and processed data in their original format;  


(ii) A version of the raw data in a format that can be maintained easily and read by most 


software;  


(iii) Image files representing these data;  


(iv) The report;  


(v) A brief description of all files in the archive; and  


(vi) Metadata that lists the survey techniques and methodologies (e.g. sampling intervals), project 


and site information and georeferencing. 
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Appendix B Method statement for trial trenching 


 Introduction 


B.1 This document forms the method statement for the trial trenching component of the onshore 


archaeological mitigation strategy for Hornsea Three. 


 Site Location and Description 


B.2 The principal onshore elements of Hornsea Three comprise: 


• A landfall site with associated jointing between the offshore and onshore export cables; 


• Onshore underground cable corridor;  


• Onshore HVAC booster station located at Little Barningham (if required); and, 


• Onshore HVDC converter/HVAC substation at Swardeston and connection to the National Grid. 


B.3 Details of the onshore elements of Hornsea Three are provided in the Hornsea Project Three 


Offshore Wind Farm Project Description (available from: 


https://infrastructure.planninginspectorate.gov.uk/wp-content/ipc/uploads/projects/EN010080/


EN010080-000528-HOW03_6.1.3_Volume%201%20-%20Ch%203%20-%20Project%20


Description.pdf). 


B.4 The Hornsea Three onshore cable corridor will have a 60 m permanent strip where the cables will 


be buried and an 80 m temporary and permanent working width. Land use over the Hornsea Three 


onshore cable corridor would be reinstated after cable laying and hedgerows would be replanted 


(minus tree species).  


 Structure and Use of Documents 


B.5 A cascading series of documents, comprising an overall Project Design document containing all site 


details, with separate WSIs for each stage or phase of work have been produced for clarity and ease 


of use on site.  


B.6 The outline documents comprise: 


• Project Design; 


• Method Statement for geophysical survey;  


• Method statement for trial trenching (this document); 


• Method statement for watching brief; 


• Method Statement for Strip, map and assess;  


• Method statement for preservation by record; and  


• Unexpected Archaeological Remains. 


B.7 It is intended that the relevant documents be issued to all relevant parties and in particular Hornsea 


Three, the Retained Archaeologist, the NCCES Archaeologist and the Archaeological Contractor. 



https://infrastructure.planninginspectorate.gov.uk/wp-content/ipc/uploads/projects/EN010080/EN010080-000528-HOW03_6.1.3_Volume%201%20-%20Ch%203%20-%20Project%20Description.pdf

https://infrastructure.planninginspectorate.gov.uk/wp-content/ipc/uploads/projects/EN010080/EN010080-000528-HOW03_6.1.3_Volume%201%20-%20Ch%203%20-%20Project%20Description.pdf

https://infrastructure.planninginspectorate.gov.uk/wp-content/ipc/uploads/projects/EN010080/EN010080-000528-HOW03_6.1.3_Volume%201%20-%20Ch%203%20-%20Project%20Description.pdf
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 Fieldwork 


B.8 All work will be conducted in compliance with the standards outlined in the Chartered Institute for 


Archaeologists’ Standard and Guidance for an Archaeological Field Evaluation and Robertson, D et 


al (2018) Standards for Development Led Archaeological Projects in Norfolk, excepting where they 


are superseded by statements made below. 


B.9 Prior to the commencement of fieldwork, arrangements will be made with the Norfolk Museums 


Service for deposition of the archive and finds, subject to agreement with the landowner. A museum 


Accession Number will also be sought at this time. Deposition of the archive and finds will be in 


accordance with current Norfolk Museums Service Guidelines (Norfolk Museums and Archaeology 


Service, 2010). An event number will also be obtained for each specific phase or area of fieldwork 


as laid out in Robertson et al (2018).  


B.10 It is noted that open stripped trenches and areas either awaiting excavation or under excavation are 


a significant heritage crime risk and target for illegal metal detecting. On this basis security will be 


provided as appropriate. Where employed, this may be static (i.e. fencing) and/ or active (i.e. security 


patrols). 


B.11 Trenches will be located in areas of known or suspected archaeology identified through previous 


stages of work. Potentially blank areas (i.e. those of unknown potential) may also need to be tested. 


B.12 Topsoil and overburden will be removed by mechanical excavator fitted with a toothless ditching 


bucket. The spoil generated during the evaluation will be mounded at a safe distance from the edges 


of each trench. Topsoil and subsoil will be stored separately, with topsoil one side and subsoil on 


the other side of each trench, with the mounds forming rows along the lengths of each trench. There 


will be no compression of topsoil and subsoil mounds. The management of topsoil and subsoil 


handling and storage will be undertaken in accordance with the measures set out in the final CoCP.  


B.13 Mechanical excavation will cease at either undisturbed natural deposits or when archaeological 


features are identified. Trenches will not normally be excavated to a depth beyond that in which it is 


safe for personnel to work at the base and would not normally exceed a maximum depth of 1.2 m. 


This depth is intended as a general guide only and an assessment of the maximum safe depth of 


each trench, considering the local ground conditions, will be made at the time of their excavation, 


with trenches being shallower if appropriate. 


B.14 Sondaging (a deeper investigation of a small part of a larger trench) may be undertaken with a 


machine to a greater depth for the purposes of testing, for example, depth of made ground. This will 


only be undertaken if safe to do so and with the agreement of NCCES. Such sondages will be 


backfilled as soon as possible after excavation and in any event by the end of that day’s work.  


B.15 Hand excavation of archaeological features revealed during machine stripping will be undertaken as 


far as is required to determine their date, sequence, density and nature. There is a presumption that 


100% of archaeological features within a trial trench will be sampled, however where extensive 


numbers of features, or clusters of apparently identical features (pit or post hole group) occur, then 


a representative sample of these shall be excavated. Where it is proposed not to sample all features 


in a trench, this will be agreed with the NCCES Archaeologist.  
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B.16 Discrete archaeological features identified for excavation will normally be assessed by half-


sectioning. Where linear features are found, sufficient will be excavated to determine their nature, 


profile and, where possible, their date and function. Slots through linear features will wherever 


possible be a minimum of 1 m in length. 


B.17 Particular attention will be paid to the understanding of the amount of truncation to buried deposits, 


the presence or absence of a palaeosol or 'B' horizon, the preservation of deposits within negative 


features, and general site formation processes. 


B.18 The material excavated from the trenches will be used to backfill them, in the order it was removed, 


following the completion of work in accordance with the measures set out in the final CoCP.  


 Recording 


B.19 All exposed archaeological deposits will be recorded using the Archaeological Contractor’s pro forma 


recording system. Copies of the pro forma will be provided to the NCCES Archaeologist. 


B.20 A complete drawn record of excavated archaeological features and deposits will be compiled. This 


will include both plans and sections, drawn to appropriate scales (1:20 for plans, 1:10 for sections) 


and with reference to a site grid tied to the Ordnance Survey National Grid. The Ordnance Datum 


(OD) height of all principal features and levels will be calculated and plans/sections will be annotated 


with OD heights.  


B.21 A full photographic record will be maintained using both colour transparencies and black and white 


negatives (on 35 mm film). Digital photography will be employed as appropriate (see Robertson et 


al 2018 for further details of standards in Norfolk). The photographic record will illustrate both the 


detail and the general context of the principal features, finds excavated, and the site as a whole. 


B.22 Details of the appropriate treatment of finds and palaeo-environmental samples, with scientific dating 


are contained in the sections on ‘Finds Strategy’ and ‘Environmental Sampling Strategy’ in Appendix 


E below.  
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Appendix C Method statement for watching brief 


 Introduction 


C.1 This document forms the method statement for the watching brief component of the onshore 


archaeological mitigation strategy for Hornsea Three.  


 Site Location and Description 


C.2 The principal onshore elements of Hornsea Three comprise: 


• A landfall site with associated jointing between the offshore and onshore export cables; 


• Onshore underground cable corridor;  


• Onshore HVAC booster station located at Little Barningham (if required); and, 


• Onshore HVDC converter/HVAC substation at Swardeston and connection to the National Grid. 


C.3 Details of the onshore elements of Hornsea Three are provided in the Hornsea Project Three 


Offshore Wind Farm Project Description (available from: 


https://infrastructure.planninginspectorate.gov.uk/wp-content/ipc/uploads/projects/EN010080/


EN010080-000528-HOW03_6.1.3_Volume%201%20-%20Ch%203%20-%20Project%20


Description.pdf). 


C.4 The Hornsea Three onshore cable corridor will have a 60 m permanent strip where the cables will 


be buried and an 80 m temporary and permanent working width. Land use over the Hornsea Three 


onshore cable corridor would be reinstated after cable laying and hedgerows would be replanted 


(minus tree species).  


 Structure and Use of Documents 


C.5 A cascading series of documents, comprising an overall Project Design document containing all site 


details, with separate WSIs for each stage or phase of work have been produced for clarity and ease 


of use on site. The outline documents comprise: 


• Project Design; 


• Method Statement for geophysical survey; 


• Method statement for trial trenching; 


• Method statement for watching brief (this document); 


• Method Statement for strip, map and assess;  


• Method statement for preservation by record; and  


• Unexpected Archaeological Remains. 


C.6 It is intended that the relevant documents be issued to all relevant parties and in particular Hornsea 


Three, the Retained Archaeologist, the NCCES Archaeologist, and the Archaeological Contractor. 


 Fieldwork 


C.7 All work will be conducted in compliance with the standards outlined in the Chartered Institute for 


Archaeologists’ Standard and Guidance for an Archaeological Watching Brief (2014d) and 


Robertson, D et al (2018) Standards for Development-Led Archaeological Projects in Norfolk. 



https://infrastructure.planninginspectorate.gov.uk/wp-content/ipc/uploads/projects/EN010080/EN010080-000528-HOW03_6.1.3_Volume%201%20-%20Ch%203%20-%20Project%20Description.pdf

https://infrastructure.planninginspectorate.gov.uk/wp-content/ipc/uploads/projects/EN010080/EN010080-000528-HOW03_6.1.3_Volume%201%20-%20Ch%203%20-%20Project%20Description.pdf

https://infrastructure.planninginspectorate.gov.uk/wp-content/ipc/uploads/projects/EN010080/EN010080-000528-HOW03_6.1.3_Volume%201%20-%20Ch%203%20-%20Project%20Description.pdf
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C.8 Prior to the commencement of fieldwork, arrangements will be made as far as practical with the 


Norfolk Museums Service for deposition of the archive and finds, subject to agreement with the 


landowner. A museum Accession Number will also be sought at this time. Deposition of the archive 


and finds will be in accordance with current Norfolk Museums Service Guidelines (Norfolk Museums 


and Archaeology Service, 2010). An event number will also be obtained for each specific phase or 


area of fieldwork, as laid out in Robertson et al (2018).  


C.9 The watching brief is intended to identify and assess all features of archaeological interest 


discovered during below ground works. It is intended to carry out a watching brief during soil stripping 


in those areas identified within the Project Design to be undertaken at detailed design stage 


C.10 Where archaeological remains (which may include inter alia structures, finds, soil features and layers 


of archaeological interest) are exposed or disturbed by soil stripping or other construction works, the 


Archaeological Contractor will be provided with the opportunity to observe, clean, assess, excavate 


by hand, and where appropriate, sample and record these features and finds. If the principal 


contractor, their staff or agents notice archaeological remains, they will immediately notify the 


Archaeological Contractor, who will examine the area and notify the Retained Archaeologist, who 


will in turn inform the NCCES Archaeologist as appropriate.  


C.11 Heavy plant will not be permitted to run over areas containing archaeological remains until areas 


have been archaeologically ‘signed off’ by the NCCES Archaeologist. 


C.12 If necessary a sample of exposed archaeological features/deposits will be sample excavated, 


sufficient only to provide a broad characterisation and date of the deposits.  All recording will be 


undertaken in accordance with the relevant section below. 


C.13 Should archaeological remains be revealed a site plan would be produced and the NCCES 


Archaeologist notified. If appropriate, a site meeting would be held within two complete working days 


of machine stripping. It would be preferable for the site plan to cover as large an area as possible in 


order to limit the number of site meetings required.  An overriding aim will be to look at the wider 


landscape rather than the details of individual features. 


 Recording 


C.14 All exposed archaeological deposits will be recorded using the Archaeological Contractor’s pro forma 


recording system. Copies of the pro forma will be provided to the NCCES Archaeologist. 


C.15 A complete drawn record of excavated archaeological features and deposits will be compiled. This 


will include both plans and sections, drawn to appropriate scales (1:20 for plans, 1:10 for sections) 


and with reference to a site grid tied to the Ordnance Survey National Grid. The OD height of all 


principal features and levels will be calculated and plans/sections will be annotated with OD heights.  


C.16 A full photographic record will be maintained using both colour transparencies and black and white 


negatives (on 35 mm film). Digital photography will be employed as appropriate (see Robertson et 


al 2018 for further details of standards in Norfolk). The photographic record will illustrate both the 


detail and the general context of the principal features, finds excavated, and the site as a whole.  


C.17 Details of the appropriate treatment of finds and palaeo-environmental samples, with scientific dating 


are contained in the sections on ‘Finds Strategy’ and ‘Environmental Sampling Strategy’ in Appendix 


E below.  
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Appendix D Method statement for strip, map and assess 


 Introduction  


D.1 This document forms the method statement for the strip, map and assess component of the onshore 


archaeological mitigation strategy for Hornsea Three. 


 Site Location and Description 


D.2 The principal onshore elements of Hornsea Three comprise: 


• A landfall site with associated jointing between the offshore and onshore export cables; 


• Onshore underground cable corridor;  


• Onshore HVAC booster station located at Little Barningham (if required); and 


• Onshore HVDC converter/HVAC substation at Swardeston and connection to the National Grid. 


D.3 Details of the onshore elements of Hornsea Three are provided in the Hornsea Project Three 


Offshore Wind Farm Project Description (available from: 


https://infrastructure.planninginspectorate.gov.uk/wp-content/ipc/uploads/projects/EN010080/


EN010080-000528-HOW03_6.1.3_Volume%201%20-%20Ch%203%20-%20Project%20


Description.pdf). 


D.4 The Hornsea Three onshore cable corridor will have a 60 m permanent strip where the cables will 


be buried and an 80 m temporary and permanent working width. Land use over the Hornsea Three 


onshore cable corridor would be reinstated after cable laying and hedgerows would be replanted 


(minus tree species).  


 Structure and Use of Documents 


D.5 A cascading series of documents, comprising an overall Project Design document containing all site 


details, with separate WSIs for each stage or phase of work have been produced for clarity and ease 


of use on site.  


D.6 The outline documents comprise: 


• Project Design; 


• Method Statement for geophysical survey; 


• Method statement for trial trenching; 


• Method statement for watching brief; 


• Method Statement for Strip, map and assess (this document);  


• Method statement for preservation by record; and  


• Unexpected Archaeological Remains. 


D.7 It is intended that the relevant documents be issued to all relevant parties and in particular Hornsea 


Three, the Retained Archaeologist, the NCCES Archaeologist and the Archaeological Contractor. 



https://infrastructure.planninginspectorate.gov.uk/wp-content/ipc/uploads/projects/EN010080/EN010080-000528-HOW03_6.1.3_Volume%201%20-%20Ch%203%20-%20Project%20Description.pdf

https://infrastructure.planninginspectorate.gov.uk/wp-content/ipc/uploads/projects/EN010080/EN010080-000528-HOW03_6.1.3_Volume%201%20-%20Ch%203%20-%20Project%20Description.pdf

https://infrastructure.planninginspectorate.gov.uk/wp-content/ipc/uploads/projects/EN010080/EN010080-000528-HOW03_6.1.3_Volume%201%20-%20Ch%203%20-%20Project%20Description.pdf
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 Fieldwork 


D.8 All work will be conducted in compliance with the standards outlined in the Chartered Institute for 


Archaeologists’ Standard and Guidance for Archaeological Excavations (2014b) and Robertson, D 


et al (2018) Standards for Development-Led Archaeological Projects in Norfolk. 


D.9 Prior to the commencement of fieldwork, arrangements will be made as far as practical with the 


Norfolk Museums Service for deposition of the archive and finds, subject to agreement with the 


landowner. A museum Accession Number will also be sought at this time. Deposition of the archive 


and finds will be in accordance with current Norfolk Museums Service Guidelines (Norfolk Museums 


and Archaeology Service, 2010). An event number will also be obtained for each specific phase or 


area of fieldwork, as laid out in Robertson et al (2018).  


D.10 The strip, map and assess process is intended to identify and assess all features of archaeological 


interest discovered during below ground works. It is intended to carry out a strip, map and assess 


during soil stripping in those areas identified within the Project Design to be undertaken at detailed 


design stage.  


D.11 In order to preserve the integrity of the archaeology prior to a decision on its treatment, areas will be 


stripped by 360° tracked mechanical excavators using toothless buckets and under constant 


archaeological supervision. Machine excavation will proceed, in spits of appropriate depth (normally 


of 100 mm within subsoil deposits), to the top of archaeological levels, or the top of natural deposits, 


whichever is the higher. The possibility of colluviation will be considered and dealt with as 


appropriate. At this stage, there is no evidence for significant colluviation. Should this change on site 


the advice of a Geoarchaeologist may be sought to ascertain whether, for example, the deposit 


needs to be sampled. 


D.12 Heavy plant will not be permitted to run over stripped areas until areas have been archaeologically 


‘signed off’ by the NCCES Archaeologist. 


D.13 On completion of the machine excavation the exposed surface will be cleaned by hand as 


appropriate. All archaeological features will be planned using a Total Station or GPS system. A 


sample of apparently blank areas will be hand cleaned to confirm this interpretation. 


D.14 If necessary a sample of exposed archaeological features/deposits will be sample excavated, 


sufficient only to provide a broad characterisation and date of the deposits. All recording will be 


undertaken in accordance with the section on recording in this appendix. 


D.15 On completion of stripping, mapping and characterisation of appropriate sized areas, no less than 


0.5 ha in extent, a plan will be generated which will form the basis for agreement between the 


Archaeological Contractor, the Retained Archaeologist and the NCCES Archaeologist as to the 


nature and scope of any further mitigation which may be required (e.g. no further work, or 


preservation by record).   


D.16 The site plan will be produced and a site meeting held within 2 complete working days of machine 


stripping. The overriding aim of these site meetings will be to look at the wider landscape rather than 


the details of individual features. 
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 Recording 


D.17 All exposed archaeological deposits will be recorded using the Archaeological Contractor’s pro forma 


recording system. Copies of the pro forma will be provided to the NCCES Archaeologist. 


D.18 A complete drawn record of excavated archaeological features and deposits will be compiled. This 


will include both plans and sections, drawn to appropriate scales (1:20 for plans, 1:10 for sections) 


and with reference to a site grid tied to the Ordnance Survey National Grid. The OD height of all 


principal features and levels will be calculated and plans/sections will be annotated with OD heights.  


D.19 A full photographic record will be maintained using both colour transparencies and black and white 


negatives (on 35 mm film). Digital photography will be employed as appropriate (see Robertson et 


al 2018 for further details of standards in Norfolk). The photographic record will illustrate both the 


detail and the general context of the principal features, finds excavated, and the site as a whole.  


D.20 Details of the appropriate treatment of finds and palaeo-environmental samples, with scientific dating 


are contained in the sections on ‘Finds Strategy’ and ‘Environmental Sampling Strategy’ in Appendix 


E.  
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Appendix E Method statement for preservation by record 


 Introduction 


E.1 This document forms the method statement for the preservation by record component of the onshore 


archaeological mitigation strategy for Hornsea Three. 


 Site Location and Description 


E.2 The principal onshore elements of Hornsea Three comprise: 


• A landfall site with associated jointing between the offshore and onshore export cables; 


• Onshore underground cable corridor;  


• Onshore HVAC booster station located at Little Barningham (if required); and 


• Onshore HVDC converter/HVAC substation at Swardeston and connection to the National Grid. 


E.3 Details of the onshore elements of Hornsea Three are provided in the Hornsea Project Three 


Offshore Wind Farm Project Description (available from: 


https://infrastructure.planninginspectorate.gov.uk/wp-content/ipc/uploads/projects/EN010080/


EN010080-000528-HOW03_6.1.3_Volume%201%20-%20Ch%203%20-%20Project%20


Description.pdf). 


E.4 The Hornsea Three onshore cable corridor will have a 60 m permanent strip where the cables will 


be buried and an 80 m temporary and permanent working width. Land use over the Hornsea Three 


onshore cable corridor would be reinstated after cable laying and hedgerows would be replanted 


(minus tree species).  


 Structure and Use of Documents 


E.5 A cascading series of documents, comprising an overall Project Design document containing all site 


details, with separate WSIs for each stage or phase of work have been produced for clarity and ease 


of use on site.  


E.6 The outline documents comprise: 


• Project Design; 


• Method Statement for geophysical survey; 


• Method statement for trial trenching; 


• Method statement for watching brief; 


• Method Statement for Strip, map and assess;   


• Method statement for preservation by record (this document); and 


• Unexpected Archaeological Remains. 


E.7 It is intended that the relevant documents be issued to all relevant parties and in particular Hornsea 


Three, the Retained Archaeologist, the NCCES Archaeologist, and the Archaeological Contractor. 



https://infrastructure.planninginspectorate.gov.uk/wp-content/ipc/uploads/projects/EN010080/EN010080-000528-HOW03_6.1.3_Volume%201%20-%20Ch%203%20-%20Project%20Description.pdf

https://infrastructure.planninginspectorate.gov.uk/wp-content/ipc/uploads/projects/EN010080/EN010080-000528-HOW03_6.1.3_Volume%201%20-%20Ch%203%20-%20Project%20Description.pdf

https://infrastructure.planninginspectorate.gov.uk/wp-content/ipc/uploads/projects/EN010080/EN010080-000528-HOW03_6.1.3_Volume%201%20-%20Ch%203%20-%20Project%20Description.pdf
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 Fieldwork 


E.8 All work will be conducted in compliance with the standards outlined in the Chartered Institute for 


Archaeologists’ Standard and Guidance for Archaeological Excavations (2014b) and Robertson, D 


et al (2018) Standards for Development-Led Archaeological Projects in Norfolk.  


E.9 The plan generated by the Strip, Map and Assess process (Appendix D) will be used to agree the 


excavation sampling level. The sampling level/strategy may be amended in consultation with the 


Retained Archaeologist and the NCCES Archaeologist as excavation progresses in order to take 


account of changing circumstances and optimise the retrieval of data to aid interpretation and 


understanding of the site and meet the excavation aims and objectives. Any change would be subject 


to the approval of the NCCES Archaeologist. The broad sampling levels listed below will be adhered 


to in order to provide an average sampling level for the site as a whole.  


E.10 All archaeological features will then be sampled sufficiently to characterise and date them. However, 


the following strategy will be employed as a minimum sample level: 


E.11 Structural remains and other areas of significant and specific activity (domestic, industrial, religious, 


hearths, etc.) will be fully excavated and recorded. Where appropriate, for instance where the 


stratigraphy is complex, single context planning will be used. The NCCES Archaeologist will be 


notified if single context planning is intended to be used. 


E.12 Non-structural linear cut features will be sample excavated and recorded with a sufficient number of 


sections to establish the feature's character, date and morphology. All significant relationships will 


be defined and investigated. Sufficient of the linear features will be excavated to determine the 


character of each individual linear feature over its entire course with consideration given to possible 


re-cutting of ditches which may not have taken place over the entire length. A minimum of 25% of 


each linear feature associated with settlement will be sampled unless otherwise agreed. In addition, 


all intersections will be excavated and recorded to establish relative chronologies. Other minor linear 


features will also be sample excavated if appropriate to the understanding the site's character, date 


and morphology. 


E.13 Non-structural pits will be half-sectioned unless the character, number or size of the pits makes this 


unpractical. For instance, if a pit contains several intersections and re-cuts, it would not always be 


appropriate to half-section it. In this situation, the Archaeological Contractor will consider 


'quadranting' or single context planning. The strategy will need to be agreed with the NCCES 


Archaeologist.  


E.14 Non-structural post and stake-holes will be half-sectioned sufficiently to clarify character, 


relationships and chronology. 


E.15 In order to establish clearly dated stratigraphic sequences, all intersections will be excavated, while 


finds will be recovered from other interventions to provide dating. Where artefact assemblages are 


concentrated, the percentage of sampling will be increased to ensure optimum retrieval and 


recording of this material. 


E.16 Hand-recovery of artefacts will be supplemented by appropriate environmental sampling strategy. 


This sampling will not normally be from intersections. 
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E.17 The sampling excavation strategy set out above will be reviewed continuously and, if necessary, 


amended in order to take account of changing circumstances. Any changes or amendments will be 


agreed with the NCCES Archaeologist. Environmental samples from key deposits will be processed 


while the excavations are on-going to help guide and inform the excavation strategy for the site 


E.18 Human Remains - In the event of discovery of any human remains, they will initially be left in situ. 


Following discussions with the Coroner and the NCCES Archaeologist, the need for and 


appropriateness of their excavation/removal will be determined. Where deemed appropriate they will 


be fully recorded, excavated and removed from the site. Should human remains be encountered, all 


excavation and post-excavation will be in accordance with the standards set out in CIfA (1997) 


Technical Paper 13 Excavation and post-excavation treatment of cremated and inhumed remains, 


Historic England (2018) The Role of the Human Osteoarchaeologist in an Archaeological Fieldwork 


Project, and Historic England et al (2017) Guidance for best practice for treatment of human remains 


excavated from Christian burial grounds in England.  


E.19 Appropriate specialist guidance/site visits will be undertaken by a suitable specialist. 


E.20 The above strategy represents a minimum level of intervention, with more extensive excavation (e.g. 


excavation of the remaining parts of pits to obtain dating evidence) to be undertaken where 


appropriate following agreement with the Retained Archaeologist, Archaeological Contractor and the 


NCCES Archaeologist. 


 Recording 


E.21 All exposed archaeological deposits will be recorded using the Archaeological Contractor's pro forma 


recording system. Single Context planning will be incorporated into the system as appropriate, for 


instance where the stratigraphy is complex, single context planning will be used. The NCCES 


Archaeologist will be notified if single context planning is intended to be used. 


E.22 A complete drawn record of excavated archaeological features and deposits will be compiled. This 


will include both plans and sections, drawn to appropriate scales (normally 1:20 for plans, 1:10 for 


sections) and with reference to a site grid tied to the Ordnance Survey National Grid.  The OD height 


of all principal features and levels will be calculated and plans/sections will be annotated with OD 


heights.  


E.23 A full photographic record will be maintained using both colour transparencies and black and white 


negatives (on 35 mm film). Digital photography will be employed as appropriate. The photographic 


record will illustrate both the detail and the general context of the principal features, finds excavated, 


and the site as a whole.  


 Finds Strategy 


E.24 Finds will be treated in accordance with the relevant guidance given in the Chartered Institute for 


Archaeologists’ Standard and Guidance for Archaeological Excavations (2014b), CIfA Standard and 


guidance for the collection, documentation, conservation and research of archaeological materials 


(2014e), and Watkinson & Neal (1998) First Aid for Finds.   


E.25 The principal aim of finds assessment will be the collection of data to meet the excavation objectives. 


The strategy used will be to optimise data to aid interpretation and characterisation of site during 


post excavation assessment. 
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E.26 Expected finds types include flint, prehistoric and Roman pottery, ceramic building material, antler, 


copper alloy, other metal-alloy and iron. No specialist treatments, other than those laid out in the 


above guidance at paragraph E.24, are expected to be required.  


E.27 All artefacts will be retained from excavated contexts, except features or deposits of undoubtedly 


modern date. In these circumstances sufficient artefacts will only be retained to elucidate the date 


and function of the feature or deposit.  


E.28 The excavated spoil will be examined for artefacts and these will be retained and recorded. Material 


of undoubtedly modern date from the spoil heaps will be noted but not retained.  


E.29 Contingency provision will be made for visits by the relevant specialists in the event of exceptional 


or large quantities of artefacts where advice on in-situ excavation techniques, recovery, 


conservation, and sampling strategies etc may be necessary, and to aid the understanding of the 


burial environment of the material. Allowance will also be made for the preliminary conservation and 


stabilisation of all objects. 


E.30 All artefacts will, as a minimum, be washed (following appropriate advice from specialists and 


Historic England Science Advisor, where necessary and there is a risk of damage through washing), 


marked, counted, weighed and identified. The metalwork will be X-rayed and stored in a stable 


condition along with other fragile and delicate material.   


E.31 A suitable metal detector will be used to enhance artefact recovery during all stages/ phases of work.  


 Treasure 


E.32 In the event of discovery of artefacts covered or potentially covered by The Treasure Act, their 


excavation and removal will be undertaken following notification of the Coroner, the Treasure Team 


at the British Museum (treasure@britishmuseum.org), the Norfolk Finds Liaison Officer, and the 


NCCES Archaeologist. 


E.33 Stand‐alone reports will be prepared on Treasure finds and submitted to the British Museum. Any 


such reporting would be included in project grey literature reports. 


 Environmental Sampling Strategy 


E.34 The strategy for sampling archaeological and environmental deposits and structures will be 


developed in consultation with the Archaeological Contractor’s Environmental Specialists and 


Historic England’s Regional Scientific Adviser. The basis of agreed strategies will be the Working 


Papers of the Association of Environmental Archaeology (1995) Environmental archaeology and 


archaeological evaluations, English Heritage (2011) Centre for Archaeology Guidelines, 


Environmental Archaeology: A guide to the theory and practice of methods, from sampling and 


recovery to post-excavation, and Historic England (2014) Animal Bones and Archaeology. 


E.35 Any alterations to the environmental sampling strategy will be made in consultation with the 


environmental specialist and the NCCES Archaeologist.  
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E.36 Bulk environmental soil samples would normally be taken from sealed archaeological features or 


deposits for plant macro fossils, small animal bones and small artefacts. The volume of such samples 


will be context and sediment specific and will be 40 litres or 100% of feature fills unless otherwise 


agreed with the NCCES Archaeologist and the Archaeological Consultant. Where appropriate, 


column samples for molluscan remains would also be taken.  


E.37 Any bulk environmental soil samples which are taken will be processed by flotation and scanned to 


assess the environmental potential of deposits. Samples will be processed preferably while 


excavation is ongoing to allow information gained from the samples to be used to inform the 


excavation strategy and the understanding of the site, and in any event within an appropriate 


timeframe to ensure that the remains do not start to degrade while held within the sample 


bags/containers. The residues and sieved fractions will be recorded and retained with the project 


archive.  


E.38 Where appropriate, a specialist geoarchaeologist will visit the site to comment on and record 


significant deposit sequences, to inform an understanding of site formation processes. The 


geoarchaeologist will be consulted on any significant colluviation from the earliest stage.  


E.39 An environmental specialist will visit the site as appropriate to provide advice on specific issues.  


E.40 Provision will be made for the collection of samples for scientific dating if/when appropriate. 


Discussion with specialists and/or the Historic England Science Advisor will be held at the site 


specific method statement stage to ensure that opportunities are not missed and that 


features/remains/sections are excavated to maximise their potential for dating.  


 Reinstatement 


E.41 Backfilling etc. of areas will take place only after the agreement of the NCCES Archaeologist is 


received and only if required by Hornsea Three. On receipt of the necessary approval the Retained 


Archaeologist will inform Hornsea Three that reinstatement can be carried out and Hornsea Three 


will arrange for this with a suitable contractor if appropriate.  Backfilling of areas will be undertaken 


with the measures set out in the final CoCP. 


 Post–Excavation and Reporting 


E.42 Within eight weeks of completion of all fieldwork, the Archaeological Contractor will have undertaken 


initial assessment of the results of the excavation and will produce an Interim Report giving a basic 


description of the archaeology (including a plan(s) at 1:100 scale) and its potential. Copies will be 


provided each to Hornsea Three and the NCCES Archaeologist.  


E.43 Within nine months of completion of all fieldwork the Archaeological Contractor will carry out an 


assessment of the results and produce a post-excavation assessment report, copies of which will be 


provided to the Retained Archaeologist and Hornsea Three for approval and the NCCES 


Archaeologist. This report will consider the implications of the published excavation, including the 


appropriateness of revisiting the archive of that work (believed to be held in NMS) and set out a post-


excavation programme of works through to publication of the findings. 


E.44 The assessment report will present detailed proposals for further analysis, report production, 


publication and archiving, along with the strategies, estimated resources, and programme necessary 


to carry out such work. 
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E.45 A statement of potential for each material category and for the data set as a whole will be prepared, 


including specific questions that can be answered and the potential value of the data to local, regional 


and national investigation priorities. 


E.46 The post excavation assessment report should include as a minimum: 


• An abstract summarising the scope and results of the archaeological excavation, the palaeo-


environmental investigations and a review of any preservation in situ areas.   


E.47 An introduction including: 


• The location of the site including a National Grid Reference to 8 figures for the centre of each 


archaeological area; 


• An account of the background and circumstances of the work; 


• A description of the development proposals, planning history and planning reference together 


with the archaeological condition (where appropriate); and 


• The scope and date of the fieldwork, the personnel involved and who commissioned it. 


E.48 An account of the archaeological background of the development site including: 


• Geology, soils and topography; 


• Any known existing disturbances on the site; 


• Background archaeological potential of the site. This should include a summary of the known 


Historic Environment Record (HER) entries within a 500 m radius of the boundaries of the site. 


The HER entries should be quoted with their full HER identifier;   


• Summary of any previous phases of archaeological investigation at the development site; and  


• Any constraints on the fieldwork. 


E.49 The methodology employed during the excavation must be detailed in the report. Any aims and 


objectives specified in the specification should be included as should any further objectives identified 


during the course of the excavation. Constraints on the excavation should also be described.   


E.50 The report should include a quantification of the archive contents, their state and future location. 
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E.51 The results of the excavation field work should be described. This description must include for each 


area: 


• The dimensions of the area; 


• The nature and depth of overburden soils encountered; 


• Description of all archaeological features and finds encountered in each area, their dimensions, 


states of preservation and interpretation; 


• A description of the geological subsoil encountered in each area;  


• The heights related to Ordnance Datum should be provided for each feature and deposit. 


Where the area results are complex a table showing the dimensions and heights of features 


and deposits should be included for each area; and 


• For complex remains a Harris Matrix diagram should be provided.   


E.52 The finds recovered during the course of the excavation should be described, quantified and 


assessed by artefact type within the evaluation report. The report should also provide an indication 


of the potential of each category of artefact for further analysis and research. For each category of 


artefact, the report should describe the method of processing, any sub-sampling, conservation and 


assessment undertaken. Where appropriate, local reference collections will be referred to for 


descriptive and analytical consistency. Any implications for future archive, conservation or discard 


of the artefacts should also be detailed.  


E.53 The report should include a table showing, per area, the contexts, classes and quantity of artefacts 


recovered, together with their date and interpretation. 


E.54 The report must include an assessment of the environmental potential of the site. Details should be 


provided of any environmental sampling undertaken in connection with the fieldwork and the results 


of any processing and assessment of the samples. The report should describe the method of 


processing, any sub-sampling and assessment. Any potential for future analysis of the samples or 


environmental remains recovered from the excavation should be described. Implications for future 


archive, conservation or discard of environmental samples or remains should be detailed. 


E.55 The report should include, as appropriate, tables summarising environmental samples taken 


together with the results of processing and assessment.    


E.56 Any results from the application of archaeological scientific techniques (e.g. specialist dating) should 


be included in the excavation report.  


E.57 An interpretation of the archaeology of the site, including its location, extent, date, condition, 


significance and importance. This should be a synthesis of the stratigraphic, finds and environmental 


results of the investigation and should include description of areas of disturbance, non-


archaeological deposits and changes in geological subsoil where appropriate.  


E.58 A conclusion which considers the potential effects of the development on the archaeological 


remains. This should summarise the archaeological results, describe how any archaeological 


potential identified relates to the development. The report should highlight any areas of increased 


sensitivity within the development site. Particular note should be made of any variations in the depth 


of overburden covering any archaeological deposits revealed. 
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E.59 The report should include comments on the effectiveness of the methodology employed and the 


confidence of the results and interpretation.  


E.60 An assessment of the potential of the archive (including the evaluation archive) for further analysis 


will be undertaken. The assessment phase may include the following elements: 


• The conservation of appropriate materials, including the X-raying of metalwork. 


• The spot-dating of all pottery from excavated contexts. This will be corroborated by scanning 


of other categories of material. 


• The preparation of site matrices with supporting lists of contexts by type (ditch fill, pit fill etc.) 


by spot-dated phase (saxon, medieval, post-medieval etc.) and by structural grouping (e.g. 


contexts by structure, by ditch etc.) supported by appropriate scaled plans. 


E.61 An assessment statement will be prepared for each category of material, including reference to 


quantity, provenance, range and variety, condition and existence of other primary sources. 


E.62 The bulk soil samples will be taken for artefactual, economic, environmental and dating purposes. 


The samples will be assessed and a statement made on charred food and plant remains, 


waterlogged remains and mollusca, including references as for the categories of finds material. An 


assessment of monoliths for pollen and foraminifera will be undertaken if appropriate.  


E.63 A statement of potential for each material category and for the data set as a whole will be prepared, 


including specific questions that can be answered and the potential value of the data to local, regional 


and national investigation priorities. 


E.64 Figures/illustrations: The report should include sufficient illustrations to support descriptions and 


interpretations within the report text. Figures are to be fully cross-referenced within the document 


text. As a minimum the evaluation report should include the following figures: 


• A site location plan tied into the Ordnance Survey at 1:2500. The plan should also include at 


least two National Grid points and show the site boundary; 


• Area location plans at an appropriate scale showing the layout of archaeological features, 


coloured by phases or period as related to the development site. The plan should show the 


location of all stripped areas, whether investigated or not. Where possible, projection of 


archaeological features outside of the site areas should be included on the plan. This plan 


should also include two National Grid points; 


• Plans of the features revealed in each area at a larger scale e.g. 1:20 or 1:50; such plans are 


to also illustrate areas of disturbance, change in subsoil and location of sections. The location 


of significant finds and samples taken should also be indicated;  


• Relevant section drawings and soil  profiles as appropriate; and 


• Illustrations and/or photographs of significant finds should be included where appropriate. 


E.65 All report illustrations must be fully captioned and scale drawings must include a bar scale. Standard 


archaeological drawing conventions must be used. Plan and section illustrations must include the 


numbers of all contexts illustrated. North must be included on all plans and should be consistent. 


Sections must indicate the orientation of the section and the Ordnance Datum height of the section 


datum.  
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E.66 Black & white or colour photographs should be included where appropriate. All photographs should 


be appropriately captioned. 


E.67 The Archaeological Contractor will provide the NCCES Archaeologist with weekly verbal and written 


(a short email note is sufficient) reports. 


E.68 Following review and any required amendment of the draft report, two bound copies of the revised 


final Post Excavation Assessment report should be provided to the NCCES Archaeologist and the 


English Heritage Scientific Adviser together with an unbound copy and a copy in digital format.  


E.69 The report will be submitted to the NCCES Archaeologist as a single bound hard-copy and in digital 


format, as a PDF. Other formats for plans etc. will be confirmed by the Archaeological Contractor 


with the HER and Norfolk Museums Service.  


 Post-excavation Analysis 


E.70 Following the production of the post excavation assessment reports analysis recommended therein 


will be undertaken.  


 Publication of Results 


E.71 Following the production of the post excavation assessment reports and any further analysis 


recommended the results of the fieldwork will be published within 18 months of completion of 


fieldwork in an appropriate from. While this may be a local or national journal, it may, if the results 


are as anticipated, be appropriate to produce a monograph describing the results of the current 


phase of work along with those of the previously published excavations. Other forms of publication 


(e.g. ‘popular publication’, electronic media/Internet) may be employed where appropriate. 


Publication media and all publication matters will be discussed and agreed in advance with the 


NCCES Archaeologist.  


E.72 The potential for the publication of a monograph will be considered.  


 Archive 


E.73 The completed and consolidated project archive will be prepared in accordance with Guidelines for 


the preparation of excavation archives for long‐term storage (Walker,1990) with all site drawings, 


records and finds collated and ordered as a permanent record. On completion of construction 


Hornsea Three/the landowner will discuss arrangements for the archive to be deposited in a suitable 


museum or similar repository to be agreed with the NCCES Archaeologist. The archive is expected 


to be deposited with Norfolk Museums Service and will be deposited in accordance with their current 


guidelines. The archive gathered from any watching brief and/ or strip, map and assess would be 


combined with that of the evaluation stages.  


 Project Management and Staffing 


E.74 The fieldwork will be directed and supervised by a Project Officer from the Archaeological 


Contractor's core staff, who will be on site at all times. It is noted that to comply with the Norfolk 


Standards the Archaeological Contractor must be a CIFA RO. 
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E.75 The overall responsibility for the conduct and management of the project will be held by the Project 


Manager, who will visit the site as appropriate to monitor progress and to ensure that the scope of 


works is adhered to. The appointed Project Manager and Project Officer will be involved in all phases 


of the investigation (evaluation, sampling, preservation in situ and preservation by record) through 


to its completion.  


E.76 The analysis of the finds and environmental data will be undertaken by the Archaeological 


Contractor’s core staff or external specialists, using the Archaeological Contractor's standard pro 


forma. CVs of staff and subcontractors and specialists will be made available to the NCCES 


Archaeologist prior to the commencement of the project. 
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Appendix F Unexpected Archaeological Remains 


 Introduction  


F.1 This document forms the method statement for unexpected archaeological remains component of 


the onshore archaeological mitigation strategy for Hornsea Three. 


 Site Location and Description 


F.2 The principal onshore elements of Hornsea Three comprise: 


• A landfall site with associated jointing between the offshore and onshore export cables; 


• Onshore underground cable corridor;  


• Onshore HVAC booster station located at Little Barningham (if required); and, 


• Onshore HVDC converter/HVAC substation at Swardeston and connection to the National Grid. 


F.3 Details of the onshore elements of Hornsea Three are provided in the Hornsea Project Three 


Offshore Wind Farm Project Description (available from: 


https://infrastructure.planninginspectorate.gov.uk/wp-content/ipc/uploads/projects/EN010080/


EN010080-000528-HOW03_6.1.3_Volume%201%20-%20Ch%203%20-%20Project%20


Description.pdf). 


F.4 The Hornsea Three onshore cable corridor will have a 60 m permanent strip where the cables will 


be buried, and an 80 m temporary and permanent working width. Land use over the Hornsea Three 


onshore cable corridor would be reinstated after cable laying and hedgerows would be replanted 


(minus tree species) where possible.  


 Structure and Use of Documents 


F.5 A cascading series of documents, comprising an overall Project Design document containing all site 


details, with separate WSIs for each stage or phase of work have been produced for clarity and ease 


of use on site.  


F.6 The outline documents comprise: 


• Project Design; 


• Method Statement for geophysical survey; 


• Method statement for trial trenching; 


• Method statement for watching brief; 


• Method Statement for Strip, map and assess;  


• Method statement for preservation by record; and  


• Unexpected Archaeological Remains (this document). 


F.7 It is intended that the relevant documents be issued to all relevant parties and in particular Hornsea 


Three, the Retained Archaeologist, the NCCES Archaeologist, and the Archaeological Contractor 



https://infrastructure.planninginspectorate.gov.uk/wp-content/ipc/uploads/projects/EN010080/EN010080-000528-HOW03_6.1.3_Volume%201%20-%20Ch%203%20-%20Project%20Description.pdf

https://infrastructure.planninginspectorate.gov.uk/wp-content/ipc/uploads/projects/EN010080/EN010080-000528-HOW03_6.1.3_Volume%201%20-%20Ch%203%20-%20Project%20Description.pdf

https://infrastructure.planninginspectorate.gov.uk/wp-content/ipc/uploads/projects/EN010080/EN010080-000528-HOW03_6.1.3_Volume%201%20-%20Ch%203%20-%20Project%20Description.pdf
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 Unexpected Archaeological Remains 


F.8 Unexpected archaeological remains may be revealed either during work undertaken for the purpose 


of archaeological mitigation or during construction works. The archaeological mitigation strategy 


outlined within this Onshore WSI is intended to reduce to a minimum the likelihood of the discovery 


of Unexpected Archaeological Remains. 


F.9 The archaeological evaluation/assessment provided is intended to identify as many remains likely 


to be impacted upon by Hornsea Three works as practicable in order that appropriate mitigation can 


be designed in detail and incorporated into the overall development programme. 


F.10 Field evaluation (as laid out in Table 5.2) will be undertaken at an early stage (prior to the 


commencement of the main construction contract, see in particular paragraphs 3.7.2.12 to 3.7.2.15 


of Volume 1, Chapter 3: Project Description of the Environmental Statement (APP-058)) in order to 


gain greater certainty over potential impacts and to manage programme risk.  


F.11 Notwithstanding this approach, there is always an inherent risk of unexpected archaeological 


discoveries (including sites, artefacts, monuments and features) occurring during the construction 


works. As described in paragraph 6.10 et seq and Appendix C, a watching brief will be implemented 


where appropriate, as the contingency arrangement for managing occasional unexpected 


discoveries.  


F.12 Should unexpected archaeological remains, including potential human remains and/or treasure, be 


revealed during construction, excavation work will cease, the area will be protected through the 


rerouting of machinery, hauls roads etc. and the use of fencing if necessary. The Retained 


Archaeologist will be informed and decisions on the management/mitigation of the remains will be 


made in consultation with the NCCES Archaeologist and other stakeholders as appropriate, from the 


suite of fieldwork techniques provided in the appendices.  
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Executive Summary 


 


In recent years, significant quantities of land and submarine cables and accessories have 
been installed and the associated technology and laying techniques have matured and 
evolved. With the increasing demands on electrical power transmission and distribution 
systems, significant quantities of cable are currently being installed. 
 
CIGRE WG B1.10 has recently undertaken a survey to collect and analyse data relating to 
the installed quantities of underground and submarine cable systems rated at 60 kV and 
above together with the service experience and the performance of existing underground 
and submarine cable systems. In addition to the performance measures, the data was used 
to establish trends in cable and accessory technologies. 


A 5 year period ending December 2005 has been considered for land cables compared to a 
15 year period ending similarly for submarine cables. 


More than 33,000 circuit km of underground (land) cables and approximately 7000 circuit km 
of submarine cable systems were identified as being in service at the end of 2005. It is clear 
that not all cable systems were captured in the survey and replies were not received for 
some important geographical areas. Nevertheless it is felt that the data collected is 
representative and those trends in technology, design and service experience can be 
quantified. 


The previous statistics published some twenty years ago have therefore been updated and 
some emerging trends identified. 


The 33000 circuit km of AC land cable compares with 6195 km in the previous CIGRE 
survey published in Electra 137 (August 1991) and covering the 5 year period to December 
1986. This latest survey shows that SCOF and XLPE insulated cables are the predominant 
two technologies.  


Between the years 2000 and 2005, almost all installed AC cables have been XLPE or SCOF 
cables with XLPE being the preferred cable type.  At voltages below 220 kV, more than 90% 
of the cable circuit length installed from 2001 to 2005 was of the XLPE type.  For voltage 
levels above 220 kV SCOF cables still account for more than 40% of the cables installed. 
There is a trend towards using XLPE cables with a radial moisture barrier and adopting pre-
moulded accessories. Other trends in extruded cable and accessory designs are discussed. 


800 circuit km of DC land cable was reported in the new survey, with significant quantities of 
extruded insulated cables now installed at voltages up to 150 kV.  
During the years 1990 to 2005, extruded cables have become the most widely used DC 
cable type with all installed DC land cables at voltages below 219 kV being the extruded 
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type. At voltages of 220 kV and above, SCOF is still the only DC cable type used for land 
applications. 
  
 Information regarding some 855 service failures was collected. Analysis of the data leads to 
some conclusions regarding failure rates, the most frequent cause of failure and some 
correlations with cable system age, mode of installation and repair time.   


Analysis of the fault data revealed some key points; 


A very large number of failures were reported on PILC cables are related to the age of 
these cable systems. These cable systems have reached the end of their useful 
life. 


Internal failures in  AC XLPE cables were greater than in SCOF cables 
The low level of faults on DC SCOF cable can all be attributed to one project. 
Almost 50% of faults were internal failures and 50% were external faults. 
Of the internal faults, 60% of these were in the lower voltage class  
77% of faults occurred in cables that were direct buried. 
Third party mechanical damage accounts for 34% of all faults. 
 The internal failure rates reflect the inherent performance of the cable system 
 It is not possible to compare failure rates of cable and accessories due to 


different scaling factors   
 Internal failure rates are greater at the higher voltage levels 
 Internal failure rates of SCOF and XLPE cable are in line with previous data 
 Internal failure rates of accessories, particularly on XLPE cable are of higher and 


of greater concern. Focus on quality control during jointing operations must be 
maintained. 


 Repairs on SCOF cables take on average 29 days whilst XLPE cable systems 
require 20 days.  


 
 


In the case of AC land cables, there has been a very noticeable change from the 
conventional pressurized laminar cable to the extruded, predominantly XLPE insulated 
design. This change started at the lower voltage level but now extends also to EHV 
transmission voltages. Cable designs are tending to include a radial moisture barrier to 
reduce the risk of water ingress.  Joint designs are currently either of the pre-moulded 
design or site made with a trend towards pre-moulded. Emphasis on good jointing practices 
must be maintained. 
 


In the case of submarine cables 7000 circuit km of AC and DC cable was reported. The use 
of extruded cables for AC links at higher voltage levels up to 170 kV can be observed. SCOF 
cables continue to be used for higher voltage AC applications. This trend is likely to continue 
and will extend to higher voltages as technology and confidence with joints matures. In the 
case of DC, higher transmission voltages than in the case of land cables have been used to 
date and the well proven MIND technology continues to dominate. However at lower 
voltages since the late 1990’s, extruded insulated cables are being widely used for HVDC 
VSC (voltage source conversion) applications.  


Installation is an extremely important element in submarine cable systems. The importance 
of cost effective cable protection from external Damage is well understood. More focus on 
surveys and routing to find more suitable routes to both facilitate protection of the cables by 
burial and to ensure a more controlled installation has certainly led to a reduction in external 
damage. 
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49 faults were reported which has enabled an analysis to be carried out on failure rates, the 
most frequent cause of failure, age, mode of installation and repair times. 


The conclusions of the analysis of the information collected on submarine cable systems 
include 


 55% of faults were on AC cable systems and 45% on DC cable. 
 7 cases (14%) are reported to have an unknown cause of failure. 
 16 faults (33%) are reported to have been caused by “other” reasons. This is rather 


higher than expected. Further analysis of these incidents is reported 
 86% of failures were on cable rather than accessories.  
 There was insufficient data to quantify a fault rate for accessories. 
 51% of failures were on SCOF cables, with 84% of these being on AC systems.  
 Over 50% of faults occurred on unprotected cables. Buried cables are well protected 


against fishing gear, but can still be damaged by anchors penetrating deep into the 
seabed. 


 30% of faults occurred at water depths up to 10m and 52% at depths between 11 
and 50m. 


 The average reported repair time of submarine cables is approx. 60 days.  
 The failure rate reported is lower than reported previously, probably due to improved 


methods for surveying and finding optimal routing and  
enhanced methods for cable laying and protection  


 
Significant changes have been made over the last two decades in terms of the introduction 
of new materials and technologies. 
 
The use of extruded insulation has been adopted for DC land cable applications at up to 150 
kV and its use is expected to increase in future years. 
 
In the case of submarine cables, the conventional MIND cable remains the predominant 
design for DC transmission whilst for AC applications XLPE insulation is becoming more 
widely used up to 150 kV and is likely to be employed also at higher voltages in future years. 
Much emphasis has been placed on installation and protection, including burial of submarine 
cables in recent years In order to reduce the risk of damage. 
 
Currently the demand for land and submarine cable systems is very high. Changes are 
being introduced in testing protocols in order to reduce costly testing programs and 
encourage innovation whilst retaining quality and reliability standards. 
 
In the light of these changes, it is important to monitor service performance and ensure that 
the decisions to introduce such changes are being taken on the basis of proven and 
satisfactory service performance. 
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1. BACKGROUND 


The first survey to establish service experience statistics for land cable systems during the 5 
year period from 1977 to 1981 was not published. The second survey was based on the 
experience gained from 1982 to 1986 and the result was published in August 1991 (Electra 
137). The last service experience on accessories for HV cables with extruded insulation 
gained up to the end of 1992 was presented in Technical Brochure 177 in 2001. 
 
Submarine cable systems Reliability Experience was first published in 1986 in Session 
Paper 21-12 by WG 21-06 entitled “Methods to prevent mechanical damage to submarine 
cables covering the period 1950 to 1980”. A second survey covering the period 1980-1990 
was published in 1991 at the CIGRE Symposium in Montreal Paper 2-07 “Reliability of 
Underground and Submarine HV Cables”. 
 
Since then, significant quantities of cables and accessories have been installed and the 
associated technology and laying techniques have matured and evolved. 
 
The voltage range to be considered will be limited to transmission voltage levels of 60 kV 
and above, AC and DC transmission and both land and submarine cables are included in the 
study. 


 


2. TERMS OF REFERENCE  


To update the service experience to the end of 2005, using a format comparable to earlier 
publications. Published information is to include: 


 
 Land and submarine cables 
 Type of current (AC, DC) 
 Technology (the main designs of cables in use)  
 Mode of installation (Land Cables: direct burial, tunnels, troughs, duct banks and 


Submarine Cables: protected or unprotected) 
 Internal and external faults 
 Number of faults per year  


 
The voltage range was limited to 60 kV and higher according to the transmission levels of 
the various countries. 
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3. QUESTIONNAIRE AND DATA REQUIRED 


The earlier work identified the factors to be considered in carrying out the surveys.  


For this new work, an electronic questionnaire with interactive windows, guidance notes and 
validation features was prepared to facilitate the work of responders and reduce the risk or 
errors. Two documents were prepared for Utilities, one dealing with land cable systems and 
a second with submarine cable systems. In order to be able to collect more information, a 
third questionnaire was also prepared for submarine cable systems suppliers. 


The data required included the lengths of underground and submarine cable that had been 
installed in recent years and the faults that have occurred over these periods. 


The land cable questionnaire dealt with the five year period from the beginning of 2001 to 
the end of 2005, whilst the submarine questionnaire looked at a longer period from 1990 to 
the end of 2005. 


Responders were invited to provide identification and contact details.  


The survey was designed to collect the quantities of cables in service at the end of 
December 2005 and in the case of land cables, the annual quantities of cables and 
Accessories installed during the reporting period. In addition, it collected data on faults. 


Information useful to other CIGRE working groups working in the areas of cable life and third 
party external cable damage was also requested. Further details of the data requested and 
definitions of terms are given in appendices 1 and 2.  


 


4. CONFIDENTIALITY 


Responders were assured that the information contained in the responses would remain 
confidential to CIGRE and the precise individual responder (Utility or Country) details will not 
be disclosed. 


Only global statistics will be published, similar to those previously published. 
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5. CRITERIA FOR REPORTING FAILURES 


DEFINITION OF A FAILURE 
 
A failure is defined as “Any occurrence on a cable system which requires the circuit to be de-
energised.” 
 
Failures during commissioning or re-commissioning tests are excluded. 
 
 
CLASSIFICATION OF FAILURES 
 
Two categories of failure are defined follows; 
 
1. Instantaneous failure leading to automatic disconnection 
2. Occurrence requiring subsequent unplanned outage 
 


 
 
 
Note 
 
Further information including definitions of the cable systems considered can be found in 


the Appendices.  
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6. COLLECTED DATA AND COMPARISONS WITH PREVIOUS SURVEYS 


Land Cables 
 
The response to the land cable questionnaire covered 73 Utilities from 24 different countries. 
Replies were not received from some important cable users including Australia, New 
Zealand, China, India, Malaysia, Mexico, Russia, Hong Kong, Thailand, Africa and the 
Middle East. In some countries not all the Utilities within that country provided data.  
 
A full list of participating countries is given in the Appendix 3. 
 
In some cases not all the information requested in the questionnaire was provided, for 
example, the number of accessories were not available in 5 replies (8%) and there were no 
faults reported in 19 replies (29%). 
 
Comparing the quantity of cable identified in the replies received (appendix 1) to other 
surveys (refs 6, 7, 8), it is felt that the data collected is representative and worthy of analysis 
and reporting. Extensive checking and validation of the data was carried out. 
 
The table below shows the quantities of cables reported in recent surveys compared to this 
actual WG B1-10 land cable survey and old Electra 137 survey. There is a large difference in 
the data which results from the diversity in the scope of the surveys and in the questions 
posed. The EHV World wide survey dealt only with extruded cable systems. The questions 
posed in the WG B1-07 and the EU surveys were very straight forward and simple to 
answer. The WG B1-10 questions were rather extensive and as a consequence the replies 
were fewer.  
 
 
 


Name / year of survey


Voltage Range (kV)
60-109 18000 3646 0 24859 0


110-219 9500 717 0 22406 16000
220-314 4500 1591 2000 5555 1720
315-500 1000 239 200 1586 120


>500 0 2 0 0 0


TOTAL 33000 6195 2200 54406 17840


CIRCUIT KM OF CABLES FROM OTHER SURVEYS


CIGRE B1-10 /
2008


Electra 137 /
1991


Worldwide EHV /
2006


CIGRE B1-07 / 
2007


EU Commision / 
 2003
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Submarine Cables 
 
The WG B1-10 questionnaire was rather extensive taking time to collect the information and 
as a consequence it appears that utilities were unable or reluctant to complete the 
questionnaire. 
 
The response from the submarine cable questionnaire resulted in 32 replies being received 
from 16 countries. In some cases not all the information requested in the questionnaire was 
provided, for example, the number of accessories were not available in 2 replies (6%) and 
there were no faults reported in 14 replies (45%). Some utilities that did not report faults 
were contacted and confirmed that they had no failures during the reporting period. 
 
In order to obtain additional data, a supplementary questionnaire was prepared and sent to 
the main suppliers of submarine cable systems. A very positive response was obtained and 
following some validation of the data with various bodies, it is believed that the data is 
representative and sound. It is felt that the information received for the period in question 
(1990 to 2005) is reasonably complete. 
 
Long submarine cables may have a number of factory made joints prior to armouring of the 
long delivery length. It is believed that most utilities do not have such information easily 
available. Consequently, it is probable that the number of joints has been underreported. 
Similarly, there could be some underreporting of terminations, transition joints and ancillary 
equipment at the submarine cable – land interface.  
 
The fault analysis is based on information provided for the fifteen year period 1990 to 2005. 
 


 
 


Failure Rates 
 
Failure rates were estimated for the various cable circuit kilometer or failed components 
separately by the formula: 
 
 
 
Failure rate =   
 
 
 
Where:  Ni = Number of failures of the component considered during the i - th year of 


the period concerned 
 
 Ai =  Quantity of the component in service at the end of the i -  th year (ct. km 


or No.) 
 


 
Caution should be used when interpreting failure rates, particularly in cases when the size of 
the data population is small. The failure rate for components has been adopted from the 
previous publications and is expressed as the no. of faults per 100 units.  
Failure rates are mean failures rates and it is not appropriate to use them to calculate MTBF 
(mean time between failures) and availability of circuits.


∑  Ai 


∑ Ni 
i = 1 


i = 1 


5 


5 
100 No. of failure / 100 ct. km yr 


or  
No. of failure / 100 comp. yr 
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7. ANALYSIS AND RESULTS – LAND CABLES 


 


List of tables and graphs for land cable systems 


 
Table 1. Quantities of AC land cables in service at the end of 2005 .....................................12 
Table 2. Quantities of AC land accessories and components in service at the end of 200513 
Table 3. Quantities of DC land cables in service at the end of 2005 .....................................14 
Table 4. Quantities of DC land accessories and components in service at the end of 200515 
Figure 5. AC land cables installed between 2000 and 2005 ....................................................16 
Figure 6. DC land cables installed between 2000 and 2005 ....................................................18 
Table 7. AC land accessories installed between 2000 and 2005 ...........................................20 
Table 8. DC land accessories installed between 2000 and 2005...........................................22 
Table 9. Summary of the total number of land faults reported 2000 to 2005 .......................23 
Table 10. Analysis of land faults ....................................................................................................25 
Table 11. Failure rates on the different types of AC land cable systems ................................30 
Figure 12. Trends in land cable failures as a function of the component age..........................32 
Figure 13. Trends in design of land XLPE AC cables, moisture barriers..................................34 
Figure 14. Trends In design of land  XLPE AC Accessories ......................................................36 
Figure 15. Outage times for land AC systems ..............................................................................40 
Table 16. Failure rates of land AC accessories ...........................................................................43 
Table 17. Comparison of WG B1-10 data with earlier CIGRE Electra 137 publication .........45 
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Table 1 Quantities of AC land cables in service at the end of                   
2005 
 


60 to 109 110 to 219 220 to 314  315 to 500


SCOF N/A 3300 4116 2342 724


HPOF N/A 121 474 579 24


GC N/A 68 592


PILC N/A 522


Extruded or welded metallic barrier 11 137 1


No radial moisture barrier 16


Extruded or welded metallic barrier 497 60 397 1


No radial moisture barrier 125 7


Laminated barrier 9


Extruded or welded metallic barrier 3161 2609 1114 229


No radial moisture barrier 4480 415 1


Laminated barrier 5683 1057 23 21


Total installed AC circuit length 
to the end of 2005 (km)


32917 17978 9483 4457 999


%  (Polymeric cables) 61 78 45 34 25


%  (Paper cables) 39 22 55 66 75


EPR


VOLTAGE RANGE kV


XLPE


PE


CABLE TYPE SHEATH/BARRIER TYPE


 
 
A total of 32917 circuit km was reported. This quantity compares to 6195 km in the last 
CIGRE survey.  
 
The following comparative information can be obtained from this table: 
 
 84 % of cables are in the voltage range below 220 kV 
 There were no cables reported above 500kV 
 57 % of all cables are XLPE insulated 
 32 % of all cables are SCOF insulated. No differentiation was made between paper 


and PPL insulated cables 
 SCOF and XLPE insulated cables account for 89% of all reported cables and are the 


predominant two technologies  
 In the voltage range 60 to 219 kV, 63 % of cables are XLPE and 27% are SCOF 
 At 220 kV and above, 25 % of cables are XLPE whereas 43% are SCOF (XLPE being 


a relatively new technology) 
 Among XLPE cables, metallic or laminated water barriers are used in 74% of all cable 


designs. Below 220 kV this figure is 72% and above 220 kV it is 100 %. 


 Laminated barrier cable designs account for 36 % of all designs (39 % below 220 kV 
and 3 % above 220 kV). 


 Of the “other cable types”, HPOF accounts for 4% of installed cable and 11% of cable 
at 220 kV and above 
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Table 2 Quantities of AC land accessories and components in 
service at the end of 2005 


 
. 
 


CABLE TYPE
COMPONENT TYPE 60 to 109 110 to 219 220 to 314  315 to 500


Premoulded Straight joint 12180 4815 1876 336


Site Made Straight joint 110231 17480 2386 394


Transition joint 1026 310 7


Outdoor Termination - Fluid filled - Porcelain 39556 6670 1434 59


Outdoor Termination - Fluid filled - Composite 
insulator


493 2126 49 12


Outdoor Termination - Dry - Porcelain 511 1443


Outdoor Termination - Dry - Composite insulator 1109 244 17 36


GIS or Transformer Termination - Fluid filled 2225 1997 2254 193


GIS or Transformer Termination - Dry 15604 5167 625 12


Straight joint 20761 25744 10909 2936


Stop joint 526 2423 929 442


Transition joint 12 190 13


Outdoor Termination Porcelain 7230 5203 3367 775


Outdoor Termination Composite Insulator 9 12


GIS or Transformer Termination - Fluid filled 1189 1997 2809 1023


Straight joint 500 859 904 19


Stop joint 29 27 8 8


Trifurcating Straight joint 6 39 36 2


Trifurcating Stop joint 8


Outdoor Termination Porcelain 64 732 214 30


GIS or Transformer Termination - Fluid filled 3 35 109


Straight joint 3096


Outdoor Termination Porcelain 1014


GIS or Transformer Termination - Fluid filled 126


Straight joint 282 912


Outdoor Termination Porcelain 94 286


GIS or Transformer Termination 10 89


Transition joint 0 41


Total number of installed AC 
accessories to the end of 2005


330958 217886 78841 27954 6277


GC Cables


AC ACCESSORIES


Extruded cables (EPR, PE or 
XLPE)


SCOF Cables


HPOF Cables


PILC


VOLTAGE RANGE kV
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Over 330,000 accessories were reported.  
 
The following information can be obtained from this table: 
 
 90 % of all accessories are in the voltage range below 220 kV 
 70 % of all accessories are of extruded type whereas 30 % are of paper type 
 67 % of all accessories are joints whereas 33% are terminations  
 Transition joints are listed under both SCOF and XLPE; only 1600 are in service 


(0.7%) 
 About 8% of the installed outdoor terminations for XLPE cables are of the composite 


type. 
 
 
 
 


Table 3 Quantities of DC land cables in service at the end of 
2005 


 


60 to 109 110 to 219 220 to 314 315 to 500


134 20 158


265 181
Total installed DC circuit length to 


the end of 2005 (km)
758 265 315 20 158


% (Polymeric cables) 59 100 57 0 0


% (Paper cables) 41 0 43 100 100


SCOF, paper


Polymeric Extruded, laminated barrier


VOLTAGE RANGE kV
DC CABLES 


 
 


 
 


A total of 758 circuit km of DC land cable was reported. 
 
 
 Polymeric cables account for 59 % of this total. 100 % of these cables are operated 


below 220kV. 


 SCOF cables account for 41 % of this total. Among these, 43 % are used below 
220 kV and 57 % above 220 kV. 


 Only SCOF cables are reported above 220 kV 
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Table 4 Quantities of DC land accessories and components in 
service at the end of 2005 


 
 
 


VOLTAGE RANGE kV


CABLE TYPE COMPONENT TYPE 60 to 109 110 to 219 220 to 314  315 to 500


Premoulded Straight joint
385 400


Site Made Straight joint


Outdoor Termination - Fluid 
filled - Porcelain


8


Outdoor Termination - Fluid 
filled - Composite insulator
Outdoor Termination - Dry - 


Porcelain


Outdoor Termination - Dry - 
Composite insulator


150 60


Straight joint 687 8 146


Stop joint 20


Outdoor Termination 
Porcelain


2056 26 3


Outdoor Termination 
Composite Insulator


Total number of 
installed DC 


accessories to 
the end of 2005


3949 535 3203 34 177


DC ACCESSORIES


Extruded cables


SCOF cables


 
 
 
 
Almost 4000 DC land accessories were in service at the end of 2005. 
 
 75% of all DC land accessories reported is installed on SCOF. Among these 93 % are 


below 220kV. 


 25% of all DC land accessories are installed on extruded insulated cable below 220kV. 







16 
 


 


Figure 5 AC land cables installed between 2000 and 2005 
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Since the year 2000; 
 


 Almost all installed AC cables (98%) have been XLPE or SCOF cables with XLPE 
being the preferred cable type (87%). 


 No PILC cables have been installed. 
 PE insulated cables are no longer being utilised 
 At voltages below 220 kV more than 93% of the cable circuit length installed from 


2001 to 2005 was of the XLPE type. 
 For voltage levels above 220 kV SCOF cables still account for 41% of the cables 


installed. 
 The trend towards the use of XLPE will continue and its use will grow at the higher 


voltage level.   
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Figure 6 DC land cables installed between 2000 and 2005 
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Voltage range    220 kV and above 
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 During the years 2001 to 2005, extruded cables have become the most widely used DC 
cable type for land applications. 
 
 At voltages below 220 kV, all DC land cables installed are of the extruded type. 


 At voltages above 220 kV, SCOF cables have been exclusively installed. 
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Table 7 AC land accessories installed between 2000 and 2005 
 


 
Joint Type        Year of Installation 2001 2002 2003 2004 2005 2001 2002 2003 2004 2005 2001 2002 2003 2004 2005 2001 2002 2003 2004 2005


Premoulded Straight joint 380 746 1005 1370 1286 182 429 836 633 559 60 117 264 162 62 96 56


Site Made Straight joint 1360 1142 558 1109 513 1221 1695 1609 1119 1217 27 3 3 150


Transition joint 19 36 41 86 11 48 39 43 67 60 3


Outdoor Termination - Fluid filled - Porcelain 531 753 513 483 600 267 282 546 226 187 135 63 102 66 60 12 28


Outdoor Termination - Fluid filled - Composite insulator 27 15 21 24 21 131 128 163 190 285 6 9 3 12


Outdoor Termination - Dry - Porcelain 12 27 15 24 51 159 216 51 63 162


Outdoor Termination - Dry - Composite insulator 75 69 96 186 138 32 35 83 32 41 12 36


GIS or Transformer Termination - Fluid filled 6 5 2 3 116 77 130 98 106 54 30 3 3 12


GIS or Transformer Termination - Dry 311 296 225 190 225 394 565 447 366 389 135 12 42 27 42 12


Straight joint 17 32 21 90 84 552 249 453 144 132 15 255 348 266 18 12


Stop joint 6 9 10 3 130 37 69 18 25 42 66 49 9 3


Transition joint 33 27 27 30 27


Outdoor Termination Porcelain 12 30 36 27 6 24 6 7 15 12 27 6


Outdoor Termination Composite Insulator 6 9 9 3


GIS or Transformer Termination - Fluid filled 2 4 23 6 5 87 38 62 12 27 9 72 18 18 3


Straight joint 27 5 12 16 18 1 2 2 1


Stop joint


Trifurcating Straight joint


Trifurcating Stop joint


Outdoor Termination Porcelain 15 15 18 27 3


GIS or Transformer Termination - Fluid filled 3 3


Straight joint


Outdoor Termination Porcelain


GIS or Transformer Termination


Transition joint 24 12


Total number of installed AC accessories per year 2752 3165 2523 3661 2967 3378 3874 4586 3034 3228 386 249 414 275 225 399 441 522 174 129


Extruded cables (EPR, PE or XLPE)


VOLTAGE RANGE kV


SCOF Cables


HPOF Cables


 315 to 50060 to 109 220 to 314110 to 219


GC Cables
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 89% of all installed accessories are of extruded cable types. 


 11% of all installed accessories are of SCOF cable type. 


 Among installed joints for extruded cables, 41% are of the pre-molded type and 59% 
are still site-made. 


 Among all installed outdoor terminations, 24% are of the composite type and 76% are 
using a porcelain insulator. 
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Table 8 DC land accessories installed between 2000 and 2005 
 


 
 
 


CABLE TYPE VOLTAGE RANGE


Joint Type        Year of Installation 2001 2002 2003 2004 2005 2001 2002 2003 2004 2005 2001 2002 2003 2004 2005 2001 2002 2003 2004 2005


Premoulded Straight joint 400


Site Made Straight joint


Outdoor Termination - Fluid filled - Porcelain


Outdoor Termination - Fluid filled - Composite insulator


Outdoor Termination - Dry - Porcelain


Outdoor Termination - Dry - Composite insulator 60


Straight joint 50


Stop joint 4


Outdoor Termination Porcelain 2


Outdoor Termination Composite Insulator


Total number of installed DC accessories per year 460 56


60 to 109


SCOF Cables


220 to 314  315 to 500


Extruded cables (EPR, PE or XLPE)


110 to 219
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Table 9 Summary of the total number of faults on land cable 
systems reported 2000 to 2005 


 


Cable Joint Termination
Other 


Component
Unspecified 
component


Total


Internal 26 40 28 2 96
External 47 13 17 2 79


Unknown (int. or ext.) 3 6 5 0 14


Total 76 59 50 4 0 189
Internal 21 12 11 6 50
External 53 5 9 1 68


Unknown (int. or ext.) 3 3 4 0 10


Total 77 20 24 7 0 128
Internal 9 1 21 0 31
External 33 3 6 0 42


Unknown (int. or ext.) 3 0 5 0 8


Total 45 4 32 0 0 81
Internal 13 6 3 7 29
External 19 7 2 7 35


Unknown (int. or ext.) 1 0 1 2 4


Total 33 13 6 16 0 68
Internal 10 1 3 1 15
External 4 0 6 4 14


Unknown (int. or ext.) 0 0 2 2 4


Total 14 1 11 7 0 33
Internal 0 0 2 0 2
External 4 0 0 0 4


Unknown (int. or ext.) 0 0 0 0 0


Total 4 0 2 0 0 6
Internal 244 9 4 1 1 259
External 49 1 2 4 56


Unknown (int. or ext.) 0 0 1 0 1


Total 293 10 7 5 1 316
Internal 0 18 0 0 18
External 0 0 0 0 0


Unknown (int. or ext.) 0 0 0 0 0
Total 0 18 0 0 0 18


Internal 0 0 1 0 1
External 3 4 1 0 8


Unknown (int. or ext.) 4 1 0 0 0 5
Unspecified 0 0 0 0 2 2


Total 7 5 2 0 2 16


Total per faulty component: 549 130 134 39 3
855


 Grand Total:


Table of reported faults


PE


HPOF


GC


PILC


DC - SCOF


Faulty Component


AC - Unspecified 
cable Type


Cable type Type of fault


EPR


XLPE


SCOF


 
 
 
A total 855 faults were reported on land cable systems over the five years ending December 
2005. 
 


 Details of the faults for each cable type and component are given in Table 10. 
 Two of the faults reported were not classified as cable or component. 
 The faults (316) that were reported on PILC cables are related to the age of these 


cable systems. These cable systems have reached the end of their useful life. 
 XLPE cable and accessories failed in 189 occasions whereas SCOF components 


failed in 128 occasions.   


 For XLPE cables, 55% of the failures are internal whereas for SCOF 42% are 
internal. 
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 For AC cables (excluding PILC), internal failures account for 33% of all failures 
against 67% for external failures, i.e. 2 external faults for every internal fault when 
only cables are considered. 


 In the case of GC and HPOF cables, the ratio between external faults and internal 
faults is about one to one,  almost certainly as the result of a better inherent 
mechanical protection  


 When all types of cables (excluding PILC) and all components are considered (cable 
and accessories), this ratio becomes almost one to one (48% internal and 52 % 
external). 


 All faults on DC SCOF cable can be attributed to one project. 
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Table 10 Analysis of land cable faults 
 


The following tables provide details of the origin of the faults, (an internal or external fault) 
and results of an analysis identifying the cause of the fault.  
For the external faults, the reported faults reported are only external faults with an immediate 
breakdown or an unplanned outage of the cable system. External faults which do not lead to 
an immediate breakdown or an unplanned outage were not reported. 
 
Due to the high number of reported faults on PILC cable systems, the PILC faults have been 
treated separately. 


 
 


Table 10a    PILC land cable faults            
 


Voltage range [kV] Cause of failure Direct Burial %
External - Abnormal System Conditions 2 1%
External - Other Physical External Parameters 9 3%
External - Third Party Mechanical 42 14%
Internal 258 83%


Total 311 100%


PILC Cables - Number of faults


60 to 219


 
 
 
Table 10a gives us the number of reported faults on PILC cables by cause of failure. The 
majority of these faults are internal faults due to the age of this type of cable system. 
 
This type of cable systems are used up to voltage levels of 90kV.   
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Table 10b     AC land cables (excl PILC) internal and external faults           
 


Voltage range [kV] Mode of Installation Bridges Direct Burial Ducts In air Troughs Tunnels Grand Total
External - Abnormal System Conditions 8 1 1 10
External - Other Physical External Parameters 32 4 9 45
External - Third Party Mechanical 111 11 1 8 131
Internal 99 20 12 17 148


Total 0 250 36 23 8 17 334
External - Abnormal System Conditions 3 3
External - Other Physical External Parameters 14 2 2 2 20
External - Third Party Mechanical 1 28 3 2 34
Internal 59 5 1 2 7 74


Total 1 104 10 1 6 9 131
60 to 500 Grand Total 1 354 46 24 14 26 465


220 to 500


AC Land cables (PILC excluded) - Number of Internal and External Faults


60 to 219


 
 
 
Table 10b gives the number of faults for AC land cables (excluding PILC systems) as a function of the mode of installation.  
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Table 10c     AC land cables (excl PILC) percentage of internal and external faults                   
 


Voltage range [kV] Mode of Installation Bridges Direct Burial Ducts In air Troughs Tunnels Grand Total
External - Abnormal System Conditions 0% 2% 0% 0% 0% 0% 2%
External - Other Physical External Parameters 0% 7% 1% 2% 0% 0% 10%
External - Third Party Mechanical 0% 24% 2% 0% 2% 0% 28%
Internal 0% 21% 4% 3% 0% 4% 32%


Total 0% 54% 8% 5% 2% 4% 72%
External - Abnormal System Conditions 0% 1% 0% 0% 0% 0% 1%
External - Other Physical External Parameters 0% 3% 0% 0% 0% 0% 4%
External - Third Party Mechanical 0% 6% 1% 0% 0% 0% 7%
Internal 0% 13% 1% 0% 0% 2% 16%


Total 0% 22% 2% 0% 1% 2% 28%


60 to 500 Grand Total 0% 76% 10% 5% 3% 6% 100%


60 to 219


220 to 500


AC Land cables (PILC excluded) - Percentage Internal and External Faults to total number of faults


 
 
 
Two voltage classes, 60 to 219kV and above 220kV have been considered. 
 


 Almost 50% of faults were internal failures and 50% were external faults. 
 Of the internal faults, 60% of these were in the lower voltage class  
 77% of faults occurred in cables that were direct buried. 
 There is no explanation why 36% of these were internal failures and caution is advised in drawing any conclusions. 
  Unfortunately information relating to the quantities of cable installed in each mode of installation is not available.  
 70% of all faults occur at the lower voltage levels. 
 Third party mechanical damage accounts for 34% of all faults. 
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Table 10d      AC land cables number of external faults                  
 


Voltage range [kV] Mode of Installation Bridges Direct Burial Ducts In air Troughs Tunnels Grand Total
External - Abnormal System Conditions 8 1 1 10
External - Other Physical External Parameters 32 4 9 45
External - Third Party Mechanical 111 11 1 8 131


External Total 0 151 16 11 8 0 186
External - Abnormal System Conditions 3 3
External - Other Physical External Parameters 14 2 2 2 20
External - Third Party Mechanical 1 28 3 2 34


External Total 1 45 5 0 4 2 57


60 to 500 External Grand Total 1 196 21 11 12 2 243


AC Land cables (PILC excluded) - Number of External Faults


60 to 219


220 to 500


 
 
Table 10d are the reported external faults referred to the mode of installation.  
 
The questionnaire did not request information regarding installed circuit lengths as a function of mode of installation. However based on the 
information received, it can be concluded that the total length of direct buried cables and cables installed in ducts or tunnels is almost the same. 
Based on the reported faults it can be concluded that direct buried cable systems are about 10 times more likely to be damaged by external 
conditions than cable systems installed in ducts or tunnels. 
 
 


 
Table 10e         AC land cables percentage of external faults                                    
 


Voltage range [kV] Mode of Installation Bridges Direct Burial Ducts In air Troughs Tunnels Grand Total
External - Abnormal System Conditions 0% 3% 0% 0% 0% 0% 4%
External - Other Physical External Parameters 0% 13% 2% 4% 0% 0% 19%
External - Third Party Mechanical 0% 46% 5% 0% 3% 0% 54%


External Total 0% 62% 7% 5% 3% 0% 77%
External - Abnormal System Conditions 0% 1% 0% 0% 0% 0% 1%
External - Other Physical External Parameters 0% 6% 1% 0% 1% 1% 8%
External - Third Party Mechanical 0% 12% 1% 0% 1% 0% 14%


External Total 0% 19% 2% 0% 2% 1% 23%


60 to 500 External Grand Total 0% 81% 9% 5% 5% 1% 100%


AC Land cables (PILC excluded) - Percentage External Faults to total number of External faults


60 to 219


220 to 500
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Table 10e gives the percentages related to the total number of reported external faults.   
 
Almost 70% of external faults were third party mechanical damage. Directly buried cables are certainly more prone to external damage. 
However the effectiveness of the duct relies heavily on the design of the duct bank. Plastic pipes are not sufficient. The practice of patrolling 
cable routes to determine activities that may damage the cables remains an effective way to minimize damage to buried cables.
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Table 11 Failure rates on the different types of AC land cable 
systems 


  


 


60-219kV 220-500kV ALL VOLTAGES 60-219kV 220-500kV ALL VOLTAGES


Cable
Failure rate
[fail./yr 100cct.km] 0.027 0.067 0.030 0.014 0.107 0.041


Joint
Failure rate
[fail./yr 100 comp.] 0.005 0.026 0.005 0.002 0.010 0.004


Termination
Failure rate
[fail./yr 100 comp.] 0.006 0.032 0.007 0.005 0.015 0.009


60-219kV 220-500kV ALL VOLTAGES 60-219kV 220-500kV ALL VOLTAGES
Failure rate
[fail./yr 100cct.km]
Failure rate
[fail./yr 100 comp.]
Failure rate
[fail./yr 100 comp.]


60-219kV 220-500kV ALL VOLTAGES 60-219kV 220-500kV ALL VOLTAGES
Failure rate


[fail./yr 100cct.km]


Failure rate
[fail./yr 100 comp.]
Failure rate
[fail./yr 100 comp.]


Termination 0.011 0.050 0.013 0.014 0.028


Joint 0.007 0.048 0.008 0.004 0.014 0.006


0.109 0.248 0.149Cable 0.085 0.133 0.088


C. Failure Rate - All Failures


Termination 0.005 0.018 0.006 0.009 0.013 0.010


0.002 0.004 0.002Joint 0.002 0.022 0.003


0.1080.067 0.058 0.095 0.141


A. Failure Rate - Internal Origin Failures


B. Failure Rate - External Origin Failures


Cable 0.057


XLPE CABLES (AC) SCOF CABLES (AC)


0.019  
 


  


60-219kV 220-500kV ALL VOLTAGES 60-219kV 220-500kV ALL VOLTAGES


Cable
Failure rate
[fail./yr 100cct.km]


0.299 0.020 0.208 9.387 NA 9.387


Joint
Failure rate
[fail./yr 100 comp.]


0.053 0.020 0.044 0.058 NA 0.058


Termination
Failure rate
[fail./yr 100 comp.]


0.218 0.907 0.366 0.070 NA 0.070


60-219kV 220-500kV ALL VOLTAGES 60-219kV 220-500kV ALL VOLTAGES
Failure rate


[fail./yr 100cct.km]


Failure rate


[fail./yr 100 comp.]


Failure rate


[fail./yr 100 comp.]


60-219kV 220-500kV ALL VOLTAGES 60-219kV 220-500kV ALL VOLTAGES
Failure rate


[fail./yr 100cct.km]


Failure rate


[fail./yr 100 comp.]


Failure rate


[fail./yr 100 comp.]
NA 0.1230.514 1.133 0.647 0.123


11.264


0.159 0.041 0.127 0.065 NA 0.065


0.849 0.299 11.264


0.006


0.296 0.227 0.281 0.053 NA 0.053


0.020


NA


0.083 0.006 NA


0.670


Termination


0.106


Termination


C. Failure Rate - All Failures


Cable


Joint


HPOF, GC, EPR and PE CABLES (AC) PILC CABLES (AC)


0.550 0.279 0.462 1.877 NA 1.877


A. Failure Rate - Internal Origin Failures


B. Failure Rate - External Origin Failures


Cable


Joint


 
 
Note;   N/A ……not available  
 
 


 The internal failure rates reflect the inherent performance of the cable system 
 PILC cables have reached their end of life with a high level of internal failures.  
 It is not possible to compare failure rates of cable and accessories due to 


different scaling factors   
 Internal failure rates are greater at the higher voltage levels 
 It should be noted that the average age of SCOF, HPOF and GC cable systems 


is significantly greater than extruded cable systems. 
 Failure rates of SCOF include oil leaks reported as a failure.  
 Internal failure rates of SCOF and XLPE cable are in line with previous data 
 Further details regarding failure rates for different XPLE designs is given later 
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 Internal failure rates of accessories, particularly on XLPE cable, are of greater 
concern. Focus on quality control during jointing operations must be maintained.
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Figure 12 Trends in internal failures of land cables as a 
function of the component age 
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Trend in AC internal failures – Other cable types 
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Trend in AC internal failures - PILC 
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 In terms of experience, XLPE cables have less service experience than the older 
pressurized insulation designs. 


 Overall more failures are reported in AC XLPE cable than in AC SCOF cables. 
 On the other hand there are also more XLPE cables installed than SCOF cables. 
 XLPE cables operating in AC systems tend to fail at an earlier stage than the older 


technology designs. 
 PILC cables have become problematic with a high failure rate after some 30 years. 


 
 


Trend in DC internal failures - SCOF 
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All faults on DC cables can be mainly attributed to one project. 
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Figure 13 Trends in design of XLPE AC land cables, moisture 
barriers 
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Voltage range     220 kV and above 
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 In the period 2001 -2005 more than 90% of the installed XLPE cables had water 
barriers.  


 Welded or extruded metallic barriers were chosen for around 60% of the cables. 
 As cables in the voltage range 60-219 kV make up more than 90% of the total 


installed cable circuit length, the trend in this voltage range is almost the same as for 
the whole population. 


 For voltages above 220 kV extruded or welded metallic barrier has been and still is 
the preferred solution. 


 However, laminated barrier has now been introduced even at the highest voltage 
levels. 
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As regards failure rates a study was conducted to establish whether the cable design 
affected the failure rate. Considering the internal failure rates, the "barrier designs" 
demonstrate lower failure rates as expected, namely 
  
0,046 for no metallic barrier; 
0,016 for a laminated barrier 
0,032 for extruded or welded metallic barrier; 
 
This analysis was based on 24000 circuit km of cable without a metallic barrier, 31000 circuit 
km for cables with a laminate sheath and 31000 circuit km with an extruded or welded 
metallic sheath.  
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Figure 14 Trends in design of XLPE AC land accessories 
 


Figure 14a Joints 
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Voltage range    220 kV and above 
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 The use of pre-moulded straight joints is increasing, but in the period 2001-2005 still 
only made up around 40% of the total number joints installed. 


 Around 50% of the joints installed in that period were site made. 
 For the highest voltage levels the trend towards using pre-moulded joints is very 


clear. More than 80% of the straight joints installed in 2001-2005 were of the pre-
moulded type. 


 There is some concern that there could have been some confusion regarding the 
definition and categorization of straight joints by some responders which may have 
affected the statistics presented. 
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Figure 14b Outdoor terminations 
 
Voltage range    60-219 kV 
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Voltage range    220 kV and above 
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 For voltage levels below 220 kV, dry-type terminations make up more than 20% of 
the installed outdoor terminations  in the period 2001-2005  


 Around 94% of the outdoor terminations in service are fluid filled. 
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Figure 14c Insulators for outdoor terminations 
 
Voltage range     60-219 kV 


0


10000


20000


30000


40000


50000


60000


70000


In service at the end
of 2000


Installed 2001- 2005 In service at the end
of 2005


N
u


m
b


e
r 


o
f 


te
rm


in
a


ti
o


n
s


Composite


Porcelain


0%


10%


20%


30%


40%


50%


60%


70%


80%


90%


100%


In service at the end
of 2000


Installed 2001-
2005


In service at the end
of 2005


P
e


rc
e


n
ta


g
e


 o
f 


te
rm


in
a


ti
o


n
s


Composite


Porcelain


 
 
Voltage range     220 kV and above 
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 The use of composite insulators is increasing in the voltage range 60 to 219 kV but 
porcelain was still preferred for around 75% of the terminations installed in 2001-
2005. 


 
 In 2000 no composite insulators had been installed at voltage levels above 315 kV, 


but this has now changed so that composite insulators are used at all voltages. 
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Figure 14d GIS terminations 
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Voltage range    220 kV and above 
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 There is little sign of change in the preferred design for 60-219 kV GIS or transformer 
terminations. 


 Dry terminations accounted for more than 70% and are increasing. 
 For voltages of 220 kV and above, dry GIS and transformer terminations are now 


superseding the fluid filled types  
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Figure 15 Outage times for AC land systems 
 
The outage time of a system is defined as the period of time from the breakdown of the 
system (or unplanned outage) to the moment of re-energising the system. This includes the 
time of fault location, repair and testing. 
 
Figure 15a and b shows the average repair time for the most common cable systems, 
extruded (XLPE, PE, EPR) and SCOF for the voltage ranges of 60 to 219kV and above 
220kV. 


 
 
 


Figure 15a   Repair times 60 to 219kV 
 


 
For the voltage level of 60 to 219kV (figure 15a) it can be concluded that: 


 
 56%of AC extruded, 63% of AC-PILC cables are repaired within a week, compared to 


41% for AC-SCOF cables 
 90% of all the cables are repaired within a month 
 For 5% of the AC-SCOF cables, the repair takes longer than 3 months. (If the utility do 


not have spare cable in storage this may have major impact on outage time). 
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Figure 15b  Repair times 220kV and above 
 


 
For the voltage level of 220 to 500kV (figure 15b) it can be concluded that: 
 
 There is practically no difference between AC-Extruded and AC-SCOF cables in terms 


of repair time 
 Almost 80% of all the cables are repaired within a month 
 All the AC-SCOF cables where repaired within 3 months 
 The 13% of AC-Extruded cables which took more than 3 months for repair is probably 


due to a very low priority given to this repair. 
 
 


Table 15c Average repairs times – type of land cable system 
 
 


AC-SCOF
15 20


Average Repair time in Days per cable system type
>1day and <6months AC-Extruded


25 38
60 to 219 kV
220 to 500 kV  


 
In table 15c you find the average repair time for Extruded and SCOF cable systems. In this 
calculation we have excluded the reported outage times less than 1 day and longer than 6 
months. 
 
 
For 60 to 219kV systems the difference in repair times is about 5 days, whereas for 220 to 
500kV systems the difference is up to 14 days.  
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Table 15d   Average repair time – mode of land installation  
 
 
 


Direct Burial Ducts/Troughs/Tunnel>1day and <6months
Average Repair time in Days per Mode of Installation


60 to 219 kV 14 15
220 to 500 kV 25 45  


 
 
 
 
Table 15d gives the average repair time for the two most common modes of installation, 
direct burial and ducts/troughs/tunnels 
 
 
For 60 to 219kV systems there is practically no difference, whereas for 220 to 500kV 
systems the difference is up to 20 days. 
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Table 16 Failure rates of AC land accessories 
 


Voltage 
range     kV


Cable type Accessory tyoe


Total number 
of  


accessories in 
2005


Total 
number of 


internal  
faults


Failure 
rate


Premoulded Straight joint 16995 13 0.028


Site Made Straight joint 127711 13 0.002


Transition joint 1336 2 0.035


Outdoor Termination - Fluid filled - Porcelain 46226 7 0.003


Outdoor Termination - Fluid filled - Composite insulator 2619 2 0.019


Outdoor Termination - Dry - Porcelain 1954 2 0.024


Outdoor Termination - Dry - Composite insulator 1353 0 0.000


Outdoor Termination - Type not specified 0 6


Outdoor Terminations - Total 52152 17 0.007


GIS or Transformer Termination - Fluid filled 4222 0 0.000


GIS or Transformer Termination - Dry 20771 15 0.015


Straight joint 48843 1 0.000


Stop joint 2949 4 0.028


Transition joint 202 0 0.000


Outdoor Termination Porcelain 13262 2 0.003


Outdoor Termination Composite Insulator 22 0 0.000


GIS or Transformer Termination - Fluid filled 3306 2 0.012


Straight joint 1359 4 0.060


Stop joint 56 0 0.000


Trifurcating Straight joint 45 0 0.000


Trifurcating Stop joint 0 0 0.000


Outdoor Termination Porcelain 796 0 0.000


GIS or Transformer Termination - Fluid filled 38 0 0.000


Straight joint 1194 1 0.017


Outdoor Termination Porcelain 380 2 0.105


GIS or Transformer Termination 99 1 0.202


Transition joint 41 0 0.000


Premoulded Straight joint 2212 4 0.044


Site Made Straight joint 2780 2 0.015


Transition joint 7 0 0.000


Outdoor Termination - Fluid filled - Porcelain 1493 2 0.030


Outdoor Termination - Fluid filled - Composite insulator 61 0 0.000


Outdoor Termination - Dry - Porcelain 0 0 0.000


Outdoor Termination - Dry - Composite insulator 53 0 0.000


Outdoor Termination - Type not specified 0 13


Outdoor Terminations - Total 1607 15 0.215


GIS or Transformer Termination - Fluid filled 2447 2 0.016


GIS or Transformer Termination - Dry 637 2 0.071


Straight joint 13425 1 0.002


Stop joint 1272 6 0.097


Transition joint 13 0 0.000


Outdoor Termination Porcelain 4142 5 0.024


Outdoor Termination Composite Insulator 0 0 0.000


GIS or Transformer Termination - Fluid filled 3682 1 0.005


Straight joint 923 1 0.022


Stop joint 16 0 0.000


Trifurcating Straight joint 38 0 0.000


Trifurcating Stop joint 8 0 0.000


Outdoor Termination Porcelain 244 3 0.246


GIS or Transformer Termination - Fluid filled 109 0 0.000


Straight joint 0 0 0.000


Outdoor Termination Porcelain 0 0 0.000


GIS or Transformer Termination 0 0 0.000


Transition joint 0 0 0.000


SCOF


HPOF


GC


220 to 500


Extruded 
(XLPE, PE or 
EPR)


SCOF


HPOF


GC


60 to 219


Extruded 
(XLPE, PE or 
EPR)
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 The relatively poor performance of lower voltage pre-moulded joints is related 
to one installation. 


 Within the data there are examples (approx 50% of cases where inadequate 
jointer training gives rise to a significant number of failures. 


 In the case of transition joints the two failures represent a low statistical 
significance. 


 The majority of reported problems with outdoor terminations are limited to 
one country. 


 In the case of SCOF and GC cable accessories, the components with high 
failure rates are rather old.   


 The failure rate of dry type GIS terminations is relatively high compared to 
the oil filled GIS terminations.  
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Table 17 Comparison of WG B1-10 data with earlier CIGRE Electra 137 publication 
 


 
 


 
 
 


ÉLECTRA


Voltage range (kV) 220 ≤ U ≤ 500 60  ≤ U ≤ 219 220  ≤ U ≤ 500 60  ≤ U ≤ 219 220  ≤ U ≤ 500


Provisions against water penetration No Yes No Yes No Yes


Failure rate due to defects of internal origin (fail./100 ct.km.yr) 0.050 0.014 0.107 0.050 0.070 0.027 0.067


Failure rate due to defects of external origin (fail./100 ct.km.yr) 0.100 0.095 0.141 0.080 0.080 0.057 0.067


Failure rate due to defects of all origins (fail./100 ct.km.yr) 0.109 0.248 0.130 0.150 0.085 0.133


Average outage time (hours/fail.) 176


Failure rate due to defects of internal origin (fail./100 ct.km.yr) 0.080 0.000 0.001 1.490 0.140


Failure rate due to defects of external origin (fail./100 ct.km.yr) 0 0.001633813 0.00138303


Average outage time (hours/fail.) 420 315 190


Failure rate due to defects of internal origin (fail./100 ct.km.yr) 0.160 0.002 0.008


Failure rate due to defects of external origin (fail./100 ct.km.yr) 0 0 0.00276606


Average outage time (hours/fail.) 507


Failure rate due to defects of internal origin (fail./100 ct.km.yr) 0.002 0.010 0.005 0.026


Failure rate due to defects of all origins (fail./100 ct.km.yr) 0.00367608 0.013830302 0.006809591 0.048358025


Average outage time (hours/fail.)


Failure rate due to defects of internal origin (fail./100 ct.km.yr) 0.070 0.005 0.015 0.006 0.032


Failure rate due to defects of external origin (fail./100 ct.km.yr) 0.06 0.009033424 0.012873989 0.004942584 0.018252339


Average outage time (hours/fail.) 76


Failure rate due to defects of internal origin (fail./100 ct.km.yr) 0.320


Failure rate due to defects of external origin (fail./100 ct.km.yr) 0.07


Average outage time (hours/fail.) 39


Failure rate due to defects of internal origin (fail./100 ct.km.yr) 0.190


Failure rate due to defects of external origin (fail./100 ct.km.yr) 0.08


Average outage time (hours/fail.) 59


All components Average outage time (hours/fail.) 478.0 917.0 351.0 594.0


Component


SCOF


Joint (All types)


0.040


120


552


0.330


780


110  ≤ U ≤ 21960  ≤ U ≤ 219 60  ≤ U ≤ 109


130


0.140


120


47


Other component


Termination


Auxiliary oil equipmen


0.120


Stop joint


Cable


Straight joint 0.003


93


0.010


0.040


0.005


CABLE SYSTEM


LDPE


ÉLECTRAB1-10 ÉLECTRA B1-10


XLPE
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Summary of analysis of land cable 
 
AC cable types  
 
A total of almost 33000 circuit km of land AC cable was reported. This quantity compares to 
6195 km in the last CIGRE survey.  
57% of all cables in service are XLPE insulated and 32% of all cables are SCOF cable 
systems. SCOF and XLPE insulated cables account for 89% of all reported cables and are 
the predominant two technologies.  
In the voltage range 60 to 219 kV, 63 % of cables are XLPE and 27% are SCOF. At 220 kV 
and above, 25 % of cables are XLPE whereas 43% are SCOF. 
During the period 2001 to 2005, virtually all installed AC cables have been XLPE or SCOF 
with XLPE being the preferred cable type.  
At voltages below 220 kV, more than 90% of the cable circuit length installed from 2001 to 
2005 was of the XLPE type.  For voltage levels above 220 kV SCOF cables still account for 
more than 40% of the cables installed. 
PILC cables have reached their end of life with a high level of internal failures 
 
Moisture barriers 
 
In this period, more than 90% of the installed XLPE cables had water barriers. Welded or 
extruded metallic barriers were chosen for around 60% of these cables. 
As cables in the voltage range 60-219 kV make up more than 90% of the total installed cable 
circuit length, the trend in this voltage range is almost the same as for the whole population. 
For voltages above 220 kV extruded or welded metallic barrier has been and still is the 
preferred solution. However, laminated barrier has now been introduced even at the highest 
voltage levels, generally where cables are installed in air. 
 
Accessories 


 
Over 330,000 accessories were reported to be in service. 90% of all accessories are in the 
voltage range below 220 kV. 70% of all accessories are of extruded type and 30 % are of 
paper type. 67% of all accessories are joints and 33% are terminations.  
 
The use of pre-moulded straight joints is increasing for extruded cables, but in the period 
2001-2005 still only made up around 40 % of the total number joints installed. 50% of the 
joints installed in that period were site made. For the highest voltage levels the trend towards 
using pre-moulded joints is very clear and more than 80% of the joints installed were pre-
molded at 220kV and above in the period 2001-2005. 
 
DC cable types 
 
There was 800cct km of DC land cable reported, with significant quantities of extruded 
insulated cables now installed at voltages up to 150kV. Only SCOF cables are reported for 
higher voltage levels.  59% percent of installed cable is now polymeric. Reported polymeric 
dc cables are related to VSC type installations where the cables are not subjected to polarity 
reversals in operation. 


 
During the years 2001 to 2005, extruded cables have become the most widely used DC 
cable type with all installed DC land cables at voltages below 219 kV being the extruded 
type. At voltages of 220 kV and above, SCOF is still the only DC cable type used for land 
applications.  
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Fault analysis 


 
A total 855 faults were reported on land cable systems over the five years ending December 
2005. A high number of reported faults were associated with PILC cable systems. 
In analyzing the faults, two voltage classes, 60 to 219 kV and above 220 kV were 
considered. Almost 50% of faults were internal failures and 50 % were attributed to external 
factors. Of the internal faults, 60% of these faults were in the lower voltage class and 77% of 
internal faults occurred in cables that were direct buried. There is no rational explanation 
why 36% of these faults were internal failures and caution is advised in drawing any 
conclusions. 
70% of all faults occur at the lower voltage levels. 
Third party mechanical damage accounts for 77% of “external faults” and 34% of “all faults”. 


 
The questionnaire did not request information regarding installed circuit lengths as a function 
of mode of installation. However based on the results of this survey, the total length of direct 
buried cables and cables installed in ducts or tunnels was almost the same. Based on the 
reported faults, it can be concluded that direct buried cable systems are about 10 times more 
likely to be damaged by external conditions than cable systems installed in ducts or tunnels.   
 
The internal failure rates best reflect the inherent performance of the cable system. PILC 
cables have reached their end of life with a high level of internal failures.  
It is not possible to compare failure rates of cable and accessories due to different scaling 
factors. Internal failure rates are greater at the higher voltage levels. It should be noted that 
the average age of SCOF, HPOF and GC cable systems is significantly greater than 
extruded cable systems. Failure rates of SCOF include oil leaks reported as a failure. 
Internal failure rates of SCOF and XLPE cable are in line with expectations 
Internal failure rates of accessories, particularly on XLPE cable, are of greater concern. 
Focus on quality control during jointing operations must be maintained  
 
Comparing the recent data with that published previously and considering internal cable 
failures only, the new information appears to indicate that XLPE has a lower failure rate than 
SCOF. (The failure rate of XLPE cable has improved since the last published figures.) 
However in the case of joints SCOF tends to have a lower failure rate than XLPE. The failure 
rate of terminations on XLPE cable is slightly lower than on SCOF. Failure rates resulting 
from external failures appear to be tending to increase.  
 
Outage times 
 
Based on the data collected, it has been possible to estimate the outage times associated in 
carrying out repairs following a fault. Repairs on SCOF cables take on average 29 days 
whilst XLPE cable systems require 20 days.  
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8. ANALYSIS AND RESULTS ­ SUBMARINE CABLES 
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Table 18 Quantities of AC submarine cable installed at the end of 


2005 
 


60 to 109
(kV)


110 to 219
(kV)


220 to 314
(kV)


315 to 500
(kV)


78 889 532 474
1974


109 311
420


30 40
70


HPOF 9 4 3 15
32


No radial
moisture barrier


2 8
9


Extruded or welded 
metallic barrier


No radial
moisture barrier


19
19


Extruded or welded 
metallic barrier


No radial
moisture barrier


17
17


Extruded or welded 
metallic barrier


108 306
414


No radial
moisture barrier


66
66


Extruded or welded 
metallic barrier


348 328
676


786 1887 535 489 3697


Sum all voltages


EPR


Single core


3-core


VOLTAGE RANGE


CABLE TYPE


XLPE


Single core


3-core


AC CABLES


SCOF 3-core


Flat type (Mollerhoj)


Total installed AC circuit length to the end of 
2005 (km) per voltage and sum all voltages


Single core


3-core


 
 
The quantity of cable in service at the end of 2005 was 3697circuit km. 67% were SCOF 
cables, mainly single core and 33% of cables were XLPE. 
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Table 19 Quantities of DC submarine cable installed at the end of 
2005 


 
 
 


60 to 109
(kV)


110 to 219
(kV)


220 to 314
(kV)


315 to 500
(kV)


239 108 347


64 43 107


739 404 1416 2559


128 128


No radial
moisture barrier


Extruded or welded 
metallic barrier


143 83
226


143 822 835 1567 3366
Total installed DC circuit length to the end of 


2005 (km) per voltage and sum all voltages


Flat type (Mollerhoj)


Single core


Extruded


Single core


Sum all voltagesCABLE TYPE


Single core


DC CABLES


SCOF


MI
Integrated 


metallic return conductor


VOLTAGE RANGE


 
 


 
 
There were 3366 circuit km of DC cable reported to be in service at the end of 2005. 13% of 
cable installed was SCOF cable, 80% MIND and 7% XLPE. 
 
The quantity of HVDC extruded cable reported in the period is covered by two HVDC VSC 
cable links. 
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Table 20 Quantities of AC submarine accessories / components 
installed at the end of 2005  


 


CABLE TYPE COMPONENT TYPE 60 to 109 110 to 219 220 to 314 315 to 500


Flexible joints 64 97 15


Rigid joints 38 24


Transition joints at 
landfall


31 67 18 14


Pumping plants 2 10 10 22


Expansion tank stations 115 158 43 6


Sealing ends 
(terminations)


443 644 166 152


Straight joint 6 5


Stop joint


Trifurcating Straight joint 4


Trifurcating Stop joint


Outdoor Termination 
Porcelain


30 36 12 72


GIS or Transformer 
Termination - Fluid filled


6


Flexible Cured joints 138 41


Rigid joints with Pre-
moulded components


3


Transition joints 9 63


Terminations 300 338


Flexible Cured joints 14


Rigid joints with Pre-
moulded components


12


Transition joints 2


Terminations 76


Total number of installed AC 
accessories to the end of 2005


3306 1262 1499 279 266


Extruded cables with extruded or 
welded metallic radial moisture 


barrier


Extruded cables without extruded 
or welded metallic radial moisture 


barrier


AC ACCESSORIES VOLTAGE RANGE kV


SCOF cables


HPOF cables


 
 
It is thought that the number of accessories reported is probably understated. The number of 
factory joints on long submarine cables and the type and quantity of auxiliary equipment is 
not readily available information.  
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Table 21 Quantities of DC submarine accessories / components 


installed at the end of 2005  
 


CABLE TYPE COMPONENT TYPE 60 to 109 110 to 219 220 to 314 315 to 500


Flexible joints 48 49


Rigid joints 16


Transition joints at 
landfall


6 1


Pumping plants 6 6


Expansion tank stations 10


Sealing ends 
(terminations)


23 26


Flexible  joints 6 18 48


Rigid joints 5 1


Transition joints at 
landfall


8 6 2


Terminations 20 14 16


Flexible Cured joints 12 8


Rigid joints with Pre-
moulded components


Transition joints 4 10


Terminations 24 14


Flexible Cured joints


Rigid joints with Pre-
moulded components


Transition joints


Terminations


Total number of installed DC 
accessories to the end of 2005


407 40 71 147 149


Extruded cables
with extruded or welded metallic 


radial moisture barrier


Extruded cables
without extruded or welded 


metallic radial moisture barrier


DC ACCESSORIES VOLTAGE RANGE kV


SCOF cables


MI cables


 
 
It is thought that the number of accessories reported is probably understated. The number of 
factory joints on long submarine cables and the type and quantity of auxiliary equipment is 
not readily available information.  
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Figure 22 AC submarine cable installed between 1990 and 2005 
 


Voltage range (kV) 60 to 109 


  


Voltage range (kV) 110 to 219 


  


Voltage range (kV) 220 to 314 


  


Voltage range (kV) 315 to 500 
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At 60 to 109kV, 80% of cables installed between 1990 and 2005 were XLPE cables. At 110 
to 219kV 50% of cables installed were XLPE but no XLPE cables were installed at 220kV 
and above. 
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Table 23 AC submarine cable installed between 1990 and 2005  
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Extruded or welded 
metallic barrier


3.1 9.1 4.8 39.5 15.8 99.8 11.5 30.7 10.7
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metallic barrier
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CABLE TYPE


VOLTAGE RANGE kV


315 to 500


YEAR OF 
INSTALLATION
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Total installed AC circuit length per 2 year 
period (km)


3-core
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Flat type (Mollerhoj)
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Figure 24 DC submarine cable installed between 1990 and 2005 
 
Voltage range (kV) 60 to 109 


  
 
Voltage range (kV) 110 to 219 


  
 
Voltage range (kV) 220 to 314 


  
 
Voltage range (kV) 315 to 500 
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In the case of DC cables, there is HVDC VSC applications at 60 to 109 kV using only 
extruded insulated cable systems. In the110kV to 219kV class 20% of cable was extruded 
insulated cable for HVDC VSC application with the remainder (80%) at this voltage level and 
at higher voltages being MIND cable. 
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Table 25 DC submarine cable installed between 1990 and 2005  
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Bipolar 
operation


93.0 22.0 22.0 5.0


Monopolar 
operation


42.5


43.0


Bipolar 
operation


96.6 96.6


Monopolar 
operation


94.0 130.0 126.0 251.0 254.1 159.6 295.0


128.0


No radial
moisture barrier


Extruded or welded 
metallic barrier


143.0 83.2


143.0 190.6 96.6 83.2 42.5 221.0 130.0 126.0 316.0 22.0 254.1 164.6 295.0


60 to 109 110 to 219


DC CABLES
CABLE TYPE


VOLTAGE RANGE kV


220 to 314 315 to 500


YEAR OF 
INSTALLATION


Total installed DC circuit length per 2 year 
period (km)


Single core


Flat type (Mollerhoj)


MI


Single core


Integrated 
metallic return conductor


Extruded Single core


SCOF
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Table 26 AC submarine accessories installed between 1990 and 2005 
  


CABLE TYPE COMPONENT TYPE


19
90


-1
99


1


19
92


-1
99
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94
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5
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7
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99


7


19
98


-1
99


9


20
00


-2
00


1


20
02


-2
00


3


20
04


-2
00
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Flexible joints 2 28 3 2 3 6 3 6 4 8 4


Rigid joints 18


Transition joints at 
landfall


12 16 6 8 22 3 6 6 12 8


Pumping plants 2 2 2 2 2


Expansion tank stations 1 2 6 2 4 7 8 4 2 1 2 5


Sealing ends 
(terminations)


6 12 24 8 16 12 30 26 25 3 12 8 8 18 18 6 12 8


Straight joint 4


Stop joint


Trifurcating Straight joint


Trifurcating Stop joint


Outdoor Termination 
Porcelain


12


GIS or Transformer 
Termination - Fluid filled


Flexible Cured joints 12 3 7 2 12 5 3 3


Rigid joints with Pre-
moulded components


Transition joints 3 6 6 9 12 6


Terminations 2 42 24 6 6 24 18 12 24 54 6 21 30 62 48


Flexible Cured joints 12


Rigid joints with Pre-
moulded components


Transition joints


Terminations 6 24 6 6 18


15 54 76 100 12 27 34 44 55 18 87 73 76 77 91 80 8 22 26 35 8 12 10 8


AC ACCESSORIES VOLTAGE RANGE kV


110 to 219 220 to 314 315 to 500


Extruded 
cables
without 


extruded or 
welded 
metallic 


radial 
moisture 
barrier


Total number of installed AC 
accessories per 2 year period


60 to 109


YEAR OF INSTALLATION


SCOF cables


HPOF cables


Extruded 
cables


with 
extruded or 


welded 
metallic 


radial 
moisture 
barrier
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Table 27 DC submarine accessories installed between 1990 and 2005  
 
 


CABLE TYPE COMPONENT TYPE


19
90


-1
99


1


19
92


-1
99


3


19
94


-1
99


5


19
96


-1
99


7


19
98


-1
99


9


20
00


-2
00


1


20
02


-2
00


3


20
04


-2
00


5


19
90


-1
99


1


19
92


-1
99


3


19
94


-1
99


5


19
96


-1
99


7


19
98


-1
99


9


20
00


-2
00


1


20
02


-2
00


3


20
04


-2
00


5


19
90


-1
99


1


19
92


-1
99


3


19
94


-1
99


5


19
96


-1
99


7


19
98


-1
99


9


20
00


-2
00


1


20
02


-2
00


3


20
04


-2
00


5


19
90


-1
99


1


19
92


-1
99


3


19
94


-1
99


5


19
96


-1
99


7


19
98


-1
99


9


20
00


-2
00


1


20
02


-2
00


3


20
04


-2
00


5


Flexible joints 3 6 4 42 1


Rigid joints


Transition joints at 
landfall


2 1


Pumping plants 2 3 2


Expansion tank stations 8


Sealing ends 
(terminations)


2 4 2 2


Flexible  joints 3 2 3 2 2 2 6 12 10 4


Rigid joints 2 3 1


Transition joints at 
landfall


4 2 2 2


Terminations 6 2 4 2 2 2 2 2 2 2


Flexible Cured joints 6


Rigid joints with Pre-
moulded components


Transition joints 4 4 4


Terminations 8 4 8


Flexible Cured joints


Rigid joints with Pre-
moulded components


Transition joints


Terminations


12 9 2 8 2 3 14 14 7 9 6 22 4 2 8 65 4 12 5 2


DC ACCESSORIES VOLTAGE RANGE kV


Total number of Installed DC 
accessories per 2 year period


60 to 109 315 to 500


YEAR OF INSTALLATION


110 to 219 220 to 314


SCOF cables


MI cables


Extruded 
cables


with 
extruded or 


welded 
metallic 


radial 
moisture 
barrier


Extruded 
cables
without 


extruded or 
welded 
metallic 


radial 
moisture 
barrier
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Table 28 Total number of submarine faults reported 1990 to 


2005 
 


 XLPE SCOF HPOF MI SCOF
Grand 
Total


Internal 4 4
External 2 7 2 11 22
Other 1 10 5 16
Unknown 1 4 2 7
Total 4 21 2 18 4 49


Failures 1990 to 2005 -  overview and main classification
AC DC


 
 


 The faults reported are mainly external faults, with immediate breakdown or an 
unplanned outage of the cable system. 


 
 Six answers, classified as unknown, failed to specify whether the failure was 


instantaneous or not. These failures are reported to have been caused by anchor 
and trawling and as consequence are considered to be instantaneous. Therefore 40 
cases may be classified as instantaneous failures and 9 cases may be classified as 
occurrence requiring unplanned outage.  


 


 Eight of the nine cases requiring unplanned outage were reported on SCOF type 
cable. The remaining case was termination related (hydraulic system) on MI cable. 
Six of these failures were reported to be on terminations, joints and other 
components. Oil leaks are expected to be the main reason in these cases. 


 
 


 Owing to the fact that few replies were received from utilities and that manufacturers 
may not be aware of all failures, the number of faults reported may be slightly 
understated. If so, this is most likely to be the case for the lowest voltage levels of 
XLPE and EPR cables installed in short lengths in shallow water.  


 
 Repair joints for armoured submarine cables are not available off the shelf from 


accessory suppliers. Such accessories are designed and type tested by the 
submarine cable suppliers. Therefore it is rather unlikely that the submarine cable 
suppliers would not be informed about damage and repairs requiring joints. 
Installation of cable in long lengths and / or in deep water will require assistance from 
the supplier. Therefore, the reported number of failures, repairs and joints are 
assumed to be fairly accurate (information from the suppliers has been used to 
compensate for unsatisfactory response from utilities in parts of the world). 


 


 In total 49 faults were reported, 55% on AC cable systems and 45% on DC cable. 
 


 7 cases (14%) are reported to have an unknown cause of failure. 
 


 16 faults (33%) are reported to have been caused by “other” reasons. This is rather 
higher than expected. “Other” was defined as physical external parameters excluding 
anchors, trawling or excavation and could include for example subsidence, increased 
burial depth resulting in overheating or an abnormal external system (e.g. lightning) 
condition.  
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. 
 The origin of the undefined faults (reported as “Other” or “Unknown” has been 


investigated to try to clarify the type of fault, internal or external. 
 
 
 
 
The following tables analyze the failures reported as “other or unknown”. 
 
Tables 28a and 28b qualify the “other” categories of failures based on other information 
available.  
 
Tables 28c and 28d qualify the “unknown” categories of failures based on other information 
available. 


 
 
 


Table 28a  Evaluation of “other” failures  
 


Type of Cable Number of cases Protection at fault location


3 Landfall troughs 19%


7 Unprotected 44%


2 Direct burial 13%


3 Other protection 19%


1 No Information 6%


Grand Total 16 100%


All types


Evaluation of cause of failure defined as Other


 
 


 Failures reported as being caused by incidents other than trawling, anchoring and 
excavation may have not been specified.  


 63 % of these failures are reported on AC-SCOF cable and 31% on DC – MI cable.  
 19% of these failures have occurred in landfall troughs where wave induced 


movement and thermal effects may cause lead sheath fatigue and failure of paper 
insulated cables with lead sheath. 


 44 % of these failures are reported to have occurred at locations with unprotected 
cable.  


 It is assumed that a significant part of this group is related corrosion, mechanical 
impact from wave action, unplanned thermal exposure etc in landfall area during time 
in operation. 


 The major part of these failures occurred after nearly 10 years and more in operation.  
 Supporting information regarding potential lightning and switching over voltages has 


not been given. 
 
 
 
 
 
 
 
 
 







63 
 


 


Table 28b  Evaluation of “other” failures  
 


0- 2 years 3 - 9 years ≥ 10 years


Landfall troughs 1 2 3


Unprotected 3 4 7


Direct burial 2 2


Other protection 3 3


No Information 1 1


2 4 10 16


13% 25% 63% 100%


All types


Grand Total


Protection at fault location


  Evaluation of cause of failure defined as Other


Type of Cable
Age at time of failure


 Σ Other 


 
 


 Some of these failures might have internal origin or be caused by mechanical impact 
during installation.  


 However, taking into account the age at failure, it seems relevant to consider this 
group mainly as failures due to external impact; third party activity, unplanned 
thermal issues, landfall exposure etc. 


 
 
 
 
 
Table 28c  Evaluation of “unknown” failures  
 


Type of Cable Number of cases Protection at fault location


0 Landfall troughs 0%


2 Unprotected 29%


1 Direct burial 14%


2 Other protection 29%


2 No Information 29%


Grand Total 7 100%


Evaluation of cause of failure defined as Unknown


All types


 
 
When the cause of failure is defined as “unknown” it could cover various cases including 
internal origin, a result of installation handling damage, external mechanical damage from 
dropped objects etc.  The repairs may have been performed without examination of the fault 
or without agreed conclusion after examination as an electrical breakdown destroys a local 
section of the cable.   
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Table 28d  Evaluation of “unknown” failures  


 


Protection at


fault location 0- 2 years 3 - 9 years ≥ 10 years


Landfall troughs 0


Unprotected 2 2


Direct burial 1 1


Other protection 1 1 2


No information 1 1 2


2 1 4 7


29% 14% 57% 100%


ALL types


Grand Total


  Evaluation of cause of failure defined as Unknown


Type of Cable
Age at time of failure


 Σ Unknown 


 
 
Some of these failures might have internal origin or be caused by mechanical impact during 
installation. However, taking into account the age at failure, it seems relevant to consider this 
group mainly as failures due to external impact. 
 


 
 
 
 
 
 


Table 28e  Evaluation of influence of age  
 


0 – 5 6 – 10. 11 – 15. 16 – 20. 21 – 25. 26 - 30. ≥ 30 


AC - XLPE 2 2 4


AC - SCOF 4 3 1 5 3 5 21


AC - HPOF 2 2


DC - MI 5 2 2 3 3 2 1 18


DC - SCOF 1 2 1 4


12 7 2 4 12 5 7 49


24% 14% 4% 8% 24% 10% 14% 100%
Grand Total


Evaluation of trend of age regarding failures


Type of Cable
Age at time of failure (Years)


Total


 
 
Only four internal faults were reported having no clear correlation with age. In the case of 
external failures the incidents are distributed and give no trend as a function of age. 
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Table 29 Number of submarine faults related to components 
 


Cable Joint Termination Other component
Internal 0
External 2 2


Unknown/
Other


2 2


Total 4 0 0 0 4
Internal 0
External 7 7


Unknown/
Other


11 1 1 1 14


Total 18 1 1 1 21
Internal 0
External 2 2


Unknown/
Other


0


Total 2 0 0 0 2


Internal 0


External 11 11


Unknown/
Other


6 1 7


Total 17 0 1 0 18
Internal 1 3 4
External 0


Unknown/
Other


0


Total 1 3 0 0 4
Internal 0
External 0


Unknown/
Other


0


Total 0 0 0 0 0


Total


Grand Total 42 4 2 1 49


DC- Extruded


Reported failures 1990 to 2005 ref cable system components
Failed component


AC - XLPE


Type of Cable


AC - SCOF


AC - HPOF


DC - MI


DC - SCOF


 
 
 


 86% of failures were on cable rather than accessories. Based on the 26 defined 
faults, only 15% were internal faults with the remainder 85% being caused by 
external influences. 


 
 There was insufficient data to quantify a fault rate for accessories. 


 
 51% of failures were on SCOF cables, with 84% of these being on AC systems. 8% 


of failures were on XLPE AC cable circuits, all XLPE failures being on dry design 
cable with a radial moisture barrier. 


 
 The following graphs show the bi-annual number of failures per 100km over the 15 


year period 1990 to 2005. 
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 Internal failures are reported on DC – SCOF cables only. Four faults were reported, 
two of which were on the same installation. The cables had been operating for 1, 7, 
10 and 32 years respectively.   


 
 It is possible that some of the 7 “unknown” cases reported as unknown could have 


internal origin. 
 
 In the case of HPOF cables there were 2 failures, both a result of anchor damage on 


23 and 25 year old cables. 


 DC – MI submarine cables are generally used as interconnections in open sea 
crossing areas with extensive fishing activity and shipping 


 
 
 
 
 
 
 


 
Table 30 Failure rates of submarine cable systems   
      


60-219kV 220-500kV
ALL 


VOLTAGES
60-219kV 220-500kV


ALL 
VOLTAGES


60-219kV 220-500kV
ALL 


VOLTAGES
60-219kV 220-500kV


ALL 
VOLTAGES


60-219kV 220-500kV
ALL 


VOLTAGES


Cable


Failure 
rate
[fail./yr 
100cct.km]


0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 NA 0.0000 0.0000 0.0000 0.0000 NA 0.0346 0.0346


60-219kV 220-500kV
ALL 


VOLTAGES
60-219kV 220-500kV


ALL 
VOLTAGES


60-219kV 220-500kV
ALL 


VOLTAGES
60-219kV 220-500kV


ALL 
VOLTAGES


60-219kV 220-500kV
ALL 


VOLTAGES


Cable


Failure 
rate
[fail./yr 
100cct.km]


1.9183 0.0000 0.7954 0.1277 0.0738 0.1061 0.0705 NA 0.0705 0.1336 0.0998 0.1114 NA 0.0000 0.0000


60-219kV 220-500kV
ALL 


VOLTAGES
60-219kV 220-500kV


ALL 
VOLTAGES


60-219kV 220-500kV
ALL 


VOLTAGES
60-219kV 220-500kV


ALL 
VOLTAGES


60-219kV 220-500kV
ALL 


VOLTAGES


Cable


Failure 
rate
[fail./yr 
100cct.km]


1.9183 0.0000 0.7954 0.1277 0.0738 0.1061 0.0705 NA 0.0705 0.1336 0.0998 0.1114 NA 0.0346 0.0346


DC - M I cables DC - SCOF cablesAC - HPOF cables


A. Failure Rate - Internal 
Origin Failures


B. Failure Rate - External 
Origin Failures or unknown


C. Failure Rate - All Failures


AC - SCOF cables AC - XLPE cables


 
 
Note: NA – not available 
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Table 31 Number of submarine external faults as a function of 
installation  


 


Mode of 
installation


 XLPE EPR SCOF HPOF MI SCOF
Grand 
Total


Unprotected 1 9 2 13 25
Buried 2 2 2 3 9
Other
Protection


1 5 1 1 8


Landfall 
troughs


3 1 4


Unknown 1 1
Subsea Total 4 20 2 17 4 47
Termination 
related 


1 1 2


Grand Total 49


Failures related to mode of installation at failure location
AC DC


 
 


Over 50% of faults occurred on unprotected cables. Buried cables are well protected against 
fishing gear, but can still be damaged by anchors penetrating deep into the seabed. 
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Table 31a  Submarine faults as function of type of external impact  
 


Trawling Anchoring Excavation Other Unknown
External 2 2
Unknown 1 1 2
Total 0 2 0 1 1 4
External 5 2 7
Unknown 10 4 14
Total 0 5 2 10 4 21
External 2 2
Unknown 0
Total 0 2 0 0 0 2
External 7 3 1 11
Unknown 5 2 7
Total 7 3 1 5 2 18
External 0
Unknown 0
Total 0 0 0 0 0 0
External 0
Unknown 0
Total 0 0 0 0 0 0


7 457 12 3 16


AC - HPOF


DC - MI


Type of Cable


External and unidentified type of faults 1990 to 2005 ref cause of failure 
Cause of failure


AC - XLPE


AC - SCOF


Total


DC - SCOF


DC - Extruded


Grand Total  
 
 


As already indicated, 85% of “26 defined” faults were due to external influences. Almost 50% 
of damage was known to be caused by anchors.  


 
 
 
 


Table 31b  Submarine faults as function of water depth 
 


Water depth  XLPE SCOF HPOF MI SCOF
Grand 
Total


   0 - 10 m 2 9 2 1 14
 11 -  50 m 2 5 2 12 4 25
 51 - 100 m 2 2 4
101- 200 m 1 1
   > 200 m 3 3


Total 4 16 2 17 8 47


Failures locations related to water depth
AC DC


 
 
30% of faults occurred at water depths up to 10m and 52% at depths between 11 and 50m. 
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Table 32 Outage times of submarine cable systems  
 


Duration
 XLPE SCOF HPOF MI SCOF


Grand 
Total


 ≤ 1 month 2 9 5 3 19
 2 months 2 1 2 1 6
 3 months 3 2 1 6
 4 - 5 months 3 3 6


 ≥ 6 months 2 2


 Unknown 3 7 10


 Total 4 21 2 18 4 49


Reported cable repair duration


AC DC


 
 


The questionnaire did not sufficiently specify regarding outage time and in some cases the 
outage time may have been longer than reported repair time. 
However, excluding the extremes and unknowns, the average reported repair time of 
submarine cables is approx. 60 days. 
 It should be noted that repair times of submarine cables is affected by many factors 
(availability of spare cable and accessories, availability of appropriate vessel, weather 
conditions etc) that can lead to a wide spread in times to implement repairs. 
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Table 32a   Submarine outage time at different voltage levels  
 


Type of Cable ≤ 1 month 2 months 3 months 4 - 5 months ≥ 6 months unknown/NN Total
60 to 219 2 2 4
220 to 500
Total 2 2 4
60 to 219
220 to 500
Total 0
60 to 219 5 1 2 3 1 3 15
220 to 500 4 1 1 6
Total 9 1 3 3 2 3 21
60 to 219 2 2
220 to 500
Total 2 2
60 to 219 1 1 1 4 7
220 to 500 4 1 1 2 3 11
Total 5 2 1 3 7 18
60 to 219 3 1 4
220 to 500
Total 3 1 4
60 to 219 0
220 to 500 0
Total 0


Grand Total 19 6 6 6 2 10 49


DC - MI


DC - SCOF


DC- Extruded


 AC - XLPE


AC - EPR


AC - SCOF


AC - HPOF


Reported repair time duration


 
 
Of the 49 reported failures, 43% and 37% are reported on AC – SCOF and DC-MI cables 
respectively. Long outage time is more related to location of cable installation and type of 
cable than voltage level.  
 
The very long repair times are assumed to be on long interconnections in open sea where 
weather conditions may challenging and cases where replacement cable has been required. 
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Table 33 Comparison of data with earlier CIGRE publications 
 


Cigre Paper 2- 07 Cigre Paper 2- 
07


Cigre


-1991 -1991 WG B1-10
-2008


1980 – 1990 –
1990 2005


Quantity of cable 3610 Not available 7100


Number of failures 154 116 49


Failure rate 0.32 Not available 0.12


Average outage 
time days


37 70 60


Reference


Date of survey 1950 – 1980


 
 
 
Table 33 summarises the latest data with that published in 1991. 
 


 The number of reported faults is significantly lower. 
 The number of failures is probably understated to a degree but some reduction would 


be expected.  
 More focus on surveys and routing to find more suitable routes to both facilitate 


protection of the cables by burial and to ensure a more controlled installation has 
certainly led to a reduction in externally damage. 


 The main reasons for reduced failure rate are assumed to be: 
Improved methods for surveying and finding optimal routing 
Improved methods for cable laying and protection  


 Increased focus on protection by burial etc at installation 
 Approx. 50 % of reported failures have occurred on installations of age 20 years and 


more. Consequently, the increased focus on protection on recent and new 
installations is expected to give improved failure rate in coming years. 


  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 







72 
 


Summary of analysis of submarine cable 
 
AC cable types 
 
The quantity of AC cable in service at the end of 2005 was almost 3700cct km. 67% were 
SCOF cables, mainly single core and 33% of cables were extruded. 13% of the 3400cct km 
of DC cable was SCOF cable, 80% MIND and 7% extruded. 
 
At 60 to 109kV, 80% of AC cables installed between 1990 and 2005 were XLPE cables. At 
110 to 219kV 50% of AC cables installed were XLPE but no XLPE cables were installed at 
220kV and above. 
 
DC cable types 
 
In the case of DC cable systems, there is HVDC VSC applications at 60 to 109 kV based on 
the use of extruded insulated cable systems. In the110 kV to 219 kV class 20% of cable was 
extruded insulated cable for HVDC VSC application with the remainder (80 %) at this voltage 
level and at higher voltages being MIND cable. The polymeric DC cables are associated with 
VSC type installations where the cables are not subjected to polarity reversals in operation. 
 
Failure analysis 
 
Owing to the fact that few replies were received from utilities and that manufacturers may not 
be aware of all failures, the number of faults reported may be slightly understated. If so, this 
is most likely to be the case for the lowest voltage levels of XLPE and EPR cables installed 
in short lengths in shallow water. Repair joints for armoured submarine cables are not 
available off the shelf from accessory suppliers. Therefore the reported number of failures, 
repairs and joints are assumed to be fairly accurate as information from the suppliers has 
been used compensate for unsatisfactory response from utilities in parts of the world. 
 
7 faults (14%) are reported to have unknown cause of failure. 16 faults (33%) are reported to 
have been caused by other reason. “Other” was defined as physical external parameters, 
excluding anchors, trawling and excavation, but could be for example subsidence, increased 
burial depth resulting in overheating or an abnormal external system (e.g. lightning) 
condition. 
 
The origin of the undefined faults (reported as “Other” or “Unknown”) has been investigated 
to try to clarify the type of fault, internal or external. It has been concluded that the majority of 
these must be result of external caused impact. 
 
Within the 49 faults, 55% were on AC cable systems and 45% on DC cable. The origin of the 
undefined faults has been investigated to try to clarify the type, internal or external, of fault. 
Only four internal faults were reported resulting in no clear correlation with age. In the case 
of external failures, the incidents are evenly distributed and give no trend as a function of 
age.  
 
Protection modes 
 
Over 50% of faults occurred on unprotected cables. Buried cables are well protected against 
fishing gear, but can still be damaged by anchors penetrating deep into the seabed. 
 
The main risk for submarine cables is external damage. Compared to previous statistics the 
failure rate has improved from 0.32 to 0.12 failures /100 km years. Approx. 50 % of reported 
failures have occurred on installations of age 20 years and more. Consequently, the 
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increased focus on protection on recent and new installations is expected to give improved 
failure rates in coming years. This is considered to be an effect of increased effort on survey 
and routing to obtain a route with optimised conditions for natural protection, a seabed that is 
easier to excavate and trench and improved methods for laying and protection. 
During the last two decades, utilities have conducted risk evaluation and have buried new 
submarine cable circuits in most strategic or risky locations. 
Efficient protection against fishing gears may often be obtained at reasonable cost by 
trenching. Protection against damage by large anchors is more difficult and much more 
expensive. This seems to be reflected by a large share of unanimously reported as failures 
caused by anchoring.  
 
Outage times 
 
Based on the data collected, it has been possible to estimate the outage times associated 
with carrying out repairs following a fault as 60 days. It should be noted however that repair 
times of submarine cables is affected by many factors (availability of spare cable and 
accessories, availability of appropriate vessel, weather conditions etc) that can lead to a 
wide spread in times to implement repairs. 
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9. CONCLUSIONS 


 
Significant changes have been made over the last two decades in terms of the introduction 
of new materials and technologies. Currently the demand for land and submarine cable 
systems is very high. Changes are being introduced in testing protocols in order to reduce 
costly testing programs and encourage innovation whilst retaining quality and reliability 
standards. 
 
In the light of these changes, it is important to monitor service performance and ensure that 
the decisions to introduce such changes are being taken on the basis of proven and 
satisfactory service performance. The main aim of the work by WG B1-10 was to gather 
reliable service performance data and produce the information necessary to accomplish this 
task. 


Some problems were encountered in collecting the data and it is suggested that it would be 
appropriate, at least in the case of land cables, to carry out a further survey within the next 
five years. However in order to have accurate and useful data, Utilities should review their 
processes of collecting the relevant information. 


Eventually, reasonable responses were obtained for both land and submarine cable systems 
surveys. Replies from Utilities varied, several replies were incomplete and some 
geographical areas were non responsive. The low level of replies was probably the result of 
a rather demanding questionnaire, being by nature more detailed compared to other similar 
surveys. In light of the quality of the replies received and on the assumption that the 
information being generated is useful to the industry as a whole, it is recommended that 
utilities review their processes that collect data on quantities of cable installed and faults that 
occur in service. It would be useful if these findings could be made available for comparison 
purposes in a suitable forum (e.g. European Transmission System Operators). 
 
The data collected was judged to be representative and following some exercises to check 
and validate the data, some analysis has been carried out. The results of the analysis are 
presented in sections 7 and 8. A commentary of the results of the analysis is included at the 
end of each section. Unfortunately the replies received recently have not been included. 
 
Caution should be used when interpreting failure rates, particularly in cases when the size of 
the data population is small as in the case where smaller differentiation between cable 
designs is made such as in the case of submarine cables. The failure rate for components 
has been adopted from the previous publications and is expressed as the no. of faults per 
100 units. Failure rates are mean failures rates and it is not appropriate to use them to 
calculate MTBF and availability of circuits. 
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10. APPENDIX 1 


 


Land Cable Questionnaire Guidance Notes 
 
Voltage Ranges 
 
The voltages referred to are the nominal phase-to-phase system voltage.  The voltage 
ranges have been chosen to group together similar design and operational principles. 
Cable System Technologies 
Both the older and newer technologies (namely Self Contained Oil Filled, High Pressure 
Pipe Type Cables, Gas Compression and Extruded cables) were considered. The circuit km 
reported are the lengths of circuit installed, ignoring the number of cables used for each 
phase. So a 5 km long double-circuit connection with 3 phases and two cables per phase 
should be reported as 10 circuit km even though it has 60 km of cable core. 
 
Repair Time 
 
Repair time is the cumulative period of time required to mobilize resources, locate and repair 
the failure. The repair time associated with a failure is of fundamental importance since the 
summation of repair times is required to obtain a measure of non-availability, which from a 
reliability viewpoint is of greater significance than fault rate. 
 
Land Cable Systems -Tabulation of Data 
 
A total of seven tables (Excel sheets) should be completed as far as possible in respect of 
various type of cables circuits (AC or DC) and accessories as well as faults statistics. These 
sheets are as follows: 
 
1.   AC & DC Cable Circuits - 2005 / Data on actual cable network installed to the end of 


2005. 
2.   AC Cable Installed 2001-2005. / Amount and types of AC cables installed from year 


2001 up to 2005. 
3.   DC Cable Installed 2001-2005. / Amount and types of DC cables installed from year 


2001 up to 2005. 
4.   AC & DC Accessories - 2005. / Data on actual accessories installed to the end of 2005. 
5.   AC Accessory Inst. 2001-2005. / Amount and types of AC Accessories installed from 


year 2001 up to 2005. 
6.   DC Accessory Inst. 2001-2005 / Amount and types of DC Accessories installed from 


year 2001 up to 2005. 
7.   Faults 2001-2005. / Data on faults for statistics. 
 
Definitions of the components listed in the tables and of the units used for components are 
given in Sections 8 and 9 respectively. 
 
Age of Land Cable or Accessory 
 
The age of the cable or Accessory is the period of time elapsed since the date of 
commissioning. 
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Land Cable Systems - Definition of Components 
 
Cable - Three-core or single-core cable of the following types: 
 
The following cable types are considered for AC Cable Systems: 
 
1.   SCOF: Self-contained oil-filled cables including Paper and PPL insulation. Flat-type 


cables (Mollerhoj) are also included. 
2.   HPOF High pressure oil or gas pipe type cables 
3.   GC Gas compression cables 
4.   EPR Extruded Ethylene Propylene Rubber with or without a water barrier 
5.   PE Extruded Polyethylene with or without a water barrier or with a laminated 


barrier 
6.   XLPE Extruded Cross Linked Polyethylene with or without a water barrier or with a 


laminated barrier 
7. PILC  Paper insulated, impregnated, lead covered (sheathed), non pressurized  
 


Water Barrier:   In this context water barrier refers to sheath constructions 
which provide an impermeable barrier to the radial flow of water 
and would cover for example cable designs incorporating an 
extruded lead or an extruded or welded aluminium, copper or 
stainless steel sheath. A cable having a copper wire screen 
under a PVC sheath on the other hand would be considered as 
a design without a water barrier. 


 
Laminated Barrier: Laminated barrier refers to longitudinally applied metal foils 


glued to itself or not. This type of barrier is generally an integral 
part of the external plastic jacket/sheath. 


 
For DC Cable Systems, SCOF and Extruded cables (XLPE or PE) are only considered. 
 
Cable Tails (Risers) 
 
Cable tails which are short lengths (less than about 50m) of single-core cable used in 
terminating 3-core self-contained or pipe-type cables from trifurcating joint to sealing ends 
must be considered for the sake of this survey as three-core cables.  
 
Straight Joint 
 
Straight joints are either three-core or single-core joints incorporating all elements enclosed 
within the outer corrosion protection box. For pipe-type cables the straight joint will 
incorporate all elements between and include the end collars on the pipe. This term should 
also include the semi-stop joint for pipe-type cables. 
 
In the case of extruded cables, it is required to differentiate between the two following types: 
 
1.  Premoulded straight or  
2.  Site Made straight (taped, extruded) 
 
Note that the joints could either be of sectionalised type or non-sectionalised type (with or 
without screen interruption) 
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Stop Joint (SCOF, HPOF) 
 
Stop joints would incorporate all elements enclosed within the outer corrosion protection box 
for 3-core or single-core self contained oil-filled cables. 
 
Transition Joint (between SCOF or GC cables and Extruded cables) 
 
Transition joints would incorporate all elements enclosed within the outer corrosion 
protection box between 3-core or single-core oil-filled cables, gas compression cables and 
extruded cables.  
 
Terminations (Sealing ends) 
 
Three types of terminations are defined. 
 
1.    Outdoor/indoor (Pothead) termination  
2.    Oil-immersed (Transformer) termination 
3.    Gas-immersed (GIS) termination 
 
The termination includes all elements from the sheath plumb to the top connector stalk, in 
the case of self-contained oil-filled cable and from the sealing end base plate to the top 
connector stalk in the case of pipe-type cables. 
 
For cables with extruded insulation the sealing end will include all elements from where the 
outer corrosion protective sheath has been removed to the top connector stalk. 
 
"Fluid filled" and "Dry type" terminations are distinguished as well as insulator types which 
could either be "Porcelain" or "Composite". 


 
Other Components 
 
This category will include the following items: 
 
 Pilot Cable including Joints 
 


All pilot and telephone cables including joints and spur joints associated with the alarm 
system on the transmission cable. 


 
 Pilot Cable Terminations and Alarm System Circuitry 
 


All electrical components of the pressure alarm systems from pilot cable terminations 
to alarm indication panel. 


 Sheath Bonding Equipment 
 


All link boxes, bonding leads, sheath surge diverters and earthing fittings for single-
point bonding and cross-bonding of cable sheaths. 


 
 Heat Exchanger and Monitoring Equipment 
 


All equipment both mechanical and electrical associated with external or internal cable 
cooling systems. This item includes hot-spot thermal monitoring. 
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 Cathodic Protection Equipment 
 


All equipment associated with cathodic protection on cable metallic sheath. 
 
 Ancillary oil equipment 


 
This item includes all oil tanks, oil pipes, fittings, isolation pieces, pressure gauges, etc. 
in the case of oil-filled cables and all pumps, valves, pressure switches and other oil 
and gas fittings in the case of pipe-type oil or gas cables. 


 
Units of Land Cable Components 
 
Voltage:  kV (nominal phase-to-phase value). 
Cable:   Circuit km (3-core or 3 single core cables 


ignoring the number of cables used for each 
phase). 


Straight Joint/Stop Joint /Transition Joint: One single-core or one three-core joint. 
Sealing End: One single-core sealing end. 
Ancillary Oil or Gas Equipment: One set of equipment physically situated at one 


position with one single connection to a 3-core 
cable or one set of three connections to 3 
single-core cables. It can be a feed point or 
alarm point. 


Type of Land Cable System 
 
The type of cable such as SCOF, EPR, XLPE etc. is also referred to as the type of cable 
system. 
 
Mode of Installation of Land Cables 
 
When completing the fault reporting table, the mode of installation at the fault position should 
be reported among the following: 
 
1.  Direct burial 
2.  Ducts 
3.  In air 
4.  Troughs 
5.  Tunnels 
6.  Shafts 
7.  Bridges 
8.  Unknown.  
 
Cause of Failure of Land Cable Systems 
 
When completing the cause of failure information, if the information is available the cause of 
the failure should be recorded as "internal" to the cable or component or as "external" and 
differentiating between whether the externally generated fault was as a result of "Third Party 
Mechanical damage", other physical external parameters (e.g. subsidence, increased burial 
depth resulting in overheating...) or an abnormal external system (e.g. lightning...) condition. 
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11. APPENDIX 2 


Submarine Cable Questionnaire Guidance Notes 
 
Submarine Cable Systems ‐ Tabulation of Data 
 
A total of seven tables (Excel sheets) should be completed as far as possible in respect of 
various type of cables circuits (AC or DC) and accessories as well as faults statistics. These 
sheets are as follows: 
 
1.  AC & DC Cable Circuits - 2005 / Data on actual submarine cable network installed to 


the end of 2005. 
 
2.   AC Cable Inst. 1990-2005 / Amount and types of AC submarine cables installed from 


1990 onwards to the end of 2005. 
 
3.   DC Cable Inst. 1990-2005 / Amount and types of DC submarine cables installed from 


1990 onwards to the end of 2005. 
 
4.   AC&DC Accessory - 2005 / Data on actual submarine accessories installed to the end 


of 2005. 
 
5.   AC Acc. Inst. 1990-2005 / Amount and types of AC submarine accessories installed 


from 1990 onwards to the end of 2005. 
 
6.   DC Acc. Inst. 1990-2005 / Amount and types of DC submarine accessories installed 


from 1990 onwards to the end of 2005. 
 
7.   Faults 1990-2005 / Data on faults for statistics. 
 
Sheets are to be filled for each type of cable system, and for each system nominal voltage. 
One sheet is also used to record failures occurred on transmission circuits. 
 
Definitions of the components listed in the tables and of the units used for components are 
given in Sections 8 and 9 respectively. 
 
 
Submarine Cable Systems 
 
Cable - Three-core or single-core cable including concentric designs, of the following types: 
 
AC submarine cables 
 
Self-contained oil-filled, including flat-type cables (Mollerhoj cables); 
High pressure oil filled pipe type cables (HPOF); 
Cross linked polyethylene with or without water barrier; 
Ethylene propylene rubber with or without water barrier. 
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DC submarine cables 
 
 Self-contained oil-filled (SCOF), including flat-type cables (Mollerhoj cables) 
 Mass impregnated cables (MI) including integrated concentric return conductor 
 Extruded DC insulation with or without water barrier 
 


Water Barrier:      In this context water barrier refers to sheath constructions, 
which provide an impermeable barrier to the radial flow of water 
and would cover for example cable designs incorporating an 
extruded lead or an extruded or welded aluminum, copper or 
stainless steel sheath. A cable having a copper wire screen 
under a PVC sheath on the other hand would be considered as 
a design without a water barrier. 


 
Straight Joints 
 
Three-core or single-core joint incorporating all elements enclosed within the outer corrosion 
protection in the case of self-contained oil-filled or extruded cables. 
 
Flexible Joints (factory or site made): 
 
A flexible joint of any of the following construction: 
 
 Hand-applied or mechanically applied paper tapes; combined with lead tube and 


continuous armour layer across the joint. 
 Hand-applied or mechanically applied tapes, which may be either self-amalgamating 


or heat/pressure vulcanized in the case of extruded-insulation cables; combined with 
continuous armour layer across the joint. 


 Field-moulded by extrusion process, for extruded-insulation cables; combined with 
continuous armour layer across the joint. 


 
Rigid Joints Pre-moulded Straight Joint (site made) 
 
A straight joint which is substantially constructed of factory made rigid components with a 
pre-made body including field control (as for land joints) and an outer metal housing used to 
avoid bending of the pre-made joint body and serve as a base and continuation of the 
armour layers. 
 
Transition Joint 
 
Incorporating all elements enclosed within the outer corrosion protection (box) for jointing 
between different types of cables. 
 
This term shall also include stop joints and anchor joints on self-contained oil filled cables. 
The term shall also include a transition joint between a submarine cable and a land cable at 
land fall. 
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Stop Joint (HPOF) 
 
Stop joints would incorporate all elements enclosed within the outer corrosion protection box 
for 3-core or single-core self contained oil-filled cables. 
 
Sealing Ends/Terminations 
 
Outdoor/indoor (Pothead) termination, gas filled, oil filled or dry; 
Oil-immersed (Transformer) termination; 
Gas-immersed or oil-immersed (GIS) termination. 
 
Incorporating all elements from the sheath plumb to the top connector stalk for SCOF, 
extruded and MI cables. 
 
For cables with extruded insulation without a metal sheath the sealing end will include all 
elements from where the outer corrosion protective sheath has been removed to the top 
connector stalk. 
 
Other Components 
 
This category will include the following items: 
 
 Pilot Cable including Joints 
 


All pilot and telephone cables including joints and spur joints associated with the    
alarm system on the transmission cable. 


 
 Pilot Cable Terminations and Alarm System Circuitry 
 


All electrical components of the pressure alarm systems from pilot cable      
terminations to alarm indication panel. 


 
 Sheath Bonding Equipment 
 


All link boxes, bonding leads, sheath surge diverters and earthing (grounding) fittings 
for single-point bonding and cross-bonding of cable sheaths. 


 
 Heat Exchanger and Monitoring Equipment 
 


All equipment both mechanical and electrical associated with external or internal cable 
cooling systems. This item includes hot-spot thermal monitoring 


 
 Cathodic Protection Equipment 
 


All equipment associated with cathodic protection on cable metallic sheath. 
 
 Ancillary oil equipment: 
 


This item includes all oil tanks, oil pipes, fittings, isolation pieces, pressure gauges in 
the case of oil filled cables. 
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Units for Submarine Components in Questionnaire 
 
Voltage: kV (nominal phase-to-phase value for AC links 


and phase to ground for DC links) 
AC Cable:  Route km (3-core or 3 single core cables 


ignoring the number of cables used for each 
phase) 


DC Cable:  Route km (length between terminations 
independent of bipolar, monopolar with metallic 
return or electrodes) (parallel bipoles and 
parallel monopoles with metallic return or 
electrodes build to enable independent 
operation are regarded as two DC installations) 


Straight Joint/Stop Joint /Transition Joint:  One single-core or one three-core joint 
Sealing End:  One single-core sealing end 
Ancillary (Oil) Equipment:  One set of equipment physically situated at one 


position with one single connection to a 3-core 
cable or one set of three connections to 3 
single-core cables. It can be a feed point or 
alarm point. 


 
Type of Submarine Cable System 
 
The type of cable such as SCOF, HPOF, EPR, XLPE etc. is also referred to as the type of 
cable system. 
 
Modes of Installation of Submarine Cables 
 
Unprotected:  Cable (or pipe with cables for HPOF) left unburied and without external 
protection on the seabed 
 
Protected by direct burial into the sea bed:  Water jetting, burial by ploughing, burial in pre-
made trench, etc 
 
Protection by additional surface applied measures:  Rock dumping, half-shell pipes, concrete 
mattresses etc 
 
Landfall protection: Direct burial, troughs, ducts, pre-installed pipes etc 
 
Cause of Failure of Submarine Systems 
 
When completing the cause of failure information, if the information is available the cause of 
the failure should be recorded as "internal" to the cable or component or as "external" and 
differentiating between whether the externally generated fault was as a  result of "Third Party 
Mechanical damage such as anchor, trawling or excavation activities " or other physical 
external parameters (e.g. subsidence, increased burial depth resulting in overheating) or an 
abnormal external system (e.g. lightning) condition. 
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12. APPENDIX 3 


 
Summary of Replies from Questionnaire 


 
 


 Land Submarine 
Australia & New Zealand 0 1 


Austria  1 0 
Belgium  1 0 
Brazil  3 0 
Canada  3 2 
China  0 0 
Denmark  20 5 
Finland  1 1 
France  1 0 


Germany  1 1 
Ireland  1 1 
Italy  3 1 
Japan  10 1 
Korea  1 1 
Netherlands  5 0 
Norway  3 11 


Poland  1 1 


Portugal  2 0 
Russia  0 0 
South Africa  0 0 
Spain  1 1 
Sweden  1 0 
Switzerland  2 2 
United Kingdom 3 1 
United States  6 1 
Gulf States 0 0 
Argentina 0 0 
Croatia  1 1 
Egypt  0 0 
Greece 0 0 
India  0 0 
Israel  1 0 
Malaysia  0 0 
Mexico  0 0 
Romania  0 0 
Singapore  1 0 
Thailand 0 0 
Vietnam 0 0 
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 Land Submarine 
Hong Kong 0 0 
Taiwan 0 0 
Qatar  0 0 
Bahrain 0 0 
Oman 0 0 
Kuwait 0 0 
Saudi Arabia 0 0 
Abu Dhabi 0 0 
Dubai 0 0 
UAE 0 0 
Lebanon 0 0 
Replies from Utilities 73 32 


Replies from Cable Suppliers  4 
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Abstract 

A model that calculates the length of the day for a flat surface for a given latitude and day of the year is 
described. Calculated daylengths are within 1 minute of values published in Smithsonian Meteorological Tables and 
the Astronomical Almanac for latitudes between 40 ° North and South with a maximum error of 7 minutes occurring 
at 60 ° latitude. The model allows the use of different definitions of sunrise/sunset and the incorporation of twilight. 
Comparisons with other daylength models indicate that this model is more accurate and that variation in 
accumulated hours of daylight of up to one week over the course of the growing season can be accounted for by how 
sunrise/sunset are defined. 

Keywords: Daylength; Model comparison 

1. Introduct ion 

Many ecological and agronomic models re- 
quire knowledge of daylength. Ritchie (1991), for 
example, uses daylength to model physiological /  
ontogentic phenomena  in the CERES wheat  
model. In FOREST-BGC,  Running and Cough- 
lan (1988) use the latitude of the modeled loca- 
tion and the day of the year as input to a daylength 
submodel used in calculations of  canopy transpi- 
ration, photosynthesis,  and energy balance. 
Nikolov (1992) uses Running and Coughlan's  
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daylength equation set to model solar radiation. 
In addition, if one desired to use Campbell ' s  
radiation model (1977) for daily radiation, a 
daylength model could be used to determine the 
range over which to integrate. 

Another  need for daylength is to calculate 
accumulated irradiance. An example of a model 
using this technique is the soybean model, 
Soyphen, (Hodges and French, 1985) which uses 
daylength and tempera ture  to estimate the irradi- 
ance accumulated each day. Daylength or pho- 
toperiod can affect the number  of leaves on maize 
(Bonhomme et al., 1991; Manrique and Hodges ,  
1991), the rate of development of  sunflower 
(Goyne et al., 1989), and the phyllochron (the 
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number of degree-days elapsed between succes- 
sive leaves on a culm) in wheat and barley (Cao 
and Moss, 1989). 

Schoolfield (1982) developed a daylength 
model to estimate the amount of irradiance re- 
ceived by soybean crops to forecast their harvest 
dates from satellite imagery. We have modified 
these equations to allow for different definitions 
of daylength and twilight and to enable the full 
range of values for latitude (CBM model). We 
compare daylength models to each other and to 
published values for daylength, show the effect of 
the definition of sunrise/ sunset on daylength and 
plant growth, and discuss the significance of dif- 
ferent definitions of daylength. 

2. Daylength definitions 

The length of each day varies with location 
upon the Earth and day of the year. Daylength 
also depends upon the definition one uses for the 
beginning and end of the day, and whether twi- 
light is included in daylength. Some of the differ- 
ent definitions for sunrise and sunset are (Smith- 
sonian Institution, 1939): 
l when the center of the sun is even with the 

horizon, 
l when the upper rim of the sun is even with the 

horizon, 
l when the upper rim of the sun is apparently 

even with the horizon. 
Refraction of light through the atmosphere 

causes light to illuminate a location, even when 
the sun is below the horizon. Refraction also 
causes the sun to appear to be on the horizon 
when it is actually below it. 

If one includes twilight as part of daylength, 
then the different definitions of twilight must also 
be considered (Table 1). The light during civil 
twilight is considered to be bright enough to 
perform ordinary outdoor activities without artifi- 
cial light. Civil twilight is defined as the time 
between sunrise or sunset and when the center of 
the sun is six degrees below the horizon (Smithso- 
nian Institution, 1939). Thus, the duration of civil 
twilight varies with the definition of sunrise/ 
sunset. However, if daylength is defined to in- 

Table 1 
Daylength definitions defined by the position of the sun with 
respect to the horizon 

Daylength definition P 
(with and without twilight) (degrees) 

1 Sunrise/Sunset is when the center of 0.0 
the sun is even with the horizon 

2 Sunrise/Sunset is when the top of the 0.26667 
sun is even with horizon 

3 Sunrise/Sunset is when the top of the 0.8333 a 
sun is apparently even with horizon 
(US government definition) 

4 With civil twilight 6.0 
5 With nautical twilight 12.0 
6 With astronomical twilight 18.0 

a This value is the summation of the radius of the sun (in 
degrees as seen from Earth) plus the adopted value for the 
refraction of the light through the atmosphere of 34 minutes 
(Astronomical Almanac 1992). 

elude civil twilight, then the length of the day 
(including civil twilight) is the time from when the 
center of the sun is six degrees below the horizon 
before sunrise, until the center of the sun is six 
degrees below the horizon after sunset. Note that 
this definition of daylength starts the day before 
sunrise and goes until after sunset. 

Other twilight definitions are nautical twilight, 
when the center of the sun is twelve degrees 
below the horizon, and astronomical twilight, 
when the center of the sun is eighteen degrees 
below the horizon. Again, the length of time of 
twilight varies with the definition of sunrise and 
sunset. 

In the United States, the definition of 
daylength is usually the time between the begin- 
ning of sunrise, when the upper rim of the sun is 
apparently even with the horizon, until the end of 
sunset, when the upper rim of the sun is appar- 
ently even with the horizon (Harrison, 1960). The 
model presented here can simulate any of these 
daylength or twilight definitions. This is accom- 
plished by selecting the number of degrees the 
center of the sun is at or below the horizon. 

3. Model descriptions and comparisons 

This section describes the CBM daylength 
model and models from Brock (1981), Running 
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and Coughlan in the Forest-BCG model (1988), 
and Ritchie in the CERES wheat phasic model 
(1991). 

Each model requires latitude (L)  in degrees 
and day of year ( J )  as input. The output of each 
model is hours of light for fiat, level surfaces. The 
definition for daylength in the Brock, BGC, and 
CERES models are fixed, and do not match each 
other's definitions in all cases nor do the defini- 
tions match the daylength definition for pub- 
lished values of sunrise and sunset in the Astro- 
nomical Almanac. This precludes direct compar- 
isons between these models or to the Astronomi- 
cal Almanac. The daylength definition may be 
specified in the CBM model. Thus, we first estab- 
lish the accuracy of the CBM model via compar- 
isons to published data, and then compare the 
other daylength models to the CBM model using 
the appropriate daylength definition in each case. 

3.1. CBM model 

There are several parameters which must be 
considered when modeling daylength. Since the 
beginning and ending of each day is defined by 
some relationship between the position of the 
Earth with respect to the Sun, the rotation and 
orbital revolution of the Earth must be modeled, 
and position of the flat surface on which the light 
is incident on the Earth must be known. Some of 
the mechanics which affect the accuracy of the 
model of the Earth's orbit are modeling an ellip- 
tical orbit rather than a circular one, and model- 
ing the offset of the position of the Earth from 
the center of the circular or elliptical orbit. 

To obtain the most accurate estimate for sun- 
rise and sunset, the location on the Earth for 
which the daylength is to be determined and the 
day of the year must be selected. The problem of 
deriving a formula for daylength at a point on the 
Earth at elevation zero with non-sloping ground 
can be divided into three parts (Schoolfield, 1982): 
1. Predicting the revolution angle (O) from the 

day of the year (J) .  
2. Predicting the sun's declination angle (~b), or 

the angular distance at solar noon between the 
Sun and the equator, from the earth orbit 
revolution angle. 

3. Predicting daylength (D)  (plus twilight) from 
latitude (L),  longitude, and the sun's declina- 
tion angle. 
Schoolfield's equations were modified to in- 

clude the daylength coefficient (p):  

0 = 0.2163108 + 2 tan-l[0.9671396 tan[0.00860 

× (J - 186)]],  (1) 

~b = sin-l[0.39795 cos 0], (2) 

p~- LTr ] 
24 sin 180 + sin 180 sin 4~ 

D = 24 - - -  cos - 1 L~" ' 

cos  cos 

(3) 

p is in degrees, 0 and 4~ are in radians. Also, 
northern latitudes are positive, while southern 
latitudes are negative. The arc cosine parameter  
of Eq. 3 (the contents of the square brackets) 
must fall within the range ( -  1.0, 1.0). The result 
of the sines and cosines within this parameter  can 
lead to values greater than one and less than 
negative one near the poles of the Earth. In these 
cases, the latitude in question is either in continu- 
ous light (parameter value is greater than or 
equal to one) or in continuous darkness (parame- 
ter value is less than or equal to negative one). 

Results from the CBM model are compared to 
tables for sunrise and sunset in the Astronomical 
Almanac 1992. The Sunrise and Sunset table in 
the Astronomical Almanac lists the estimated 
time of sunrise and sunset rounded to the closest 
minute for every fourth day of the year for vari- 
ous latitudes from 55°S to 66°N. This table uses 
the definition for sunr ise /sunset  of when the 
center of the sun is apparently even with the 
horizon (definition 3). The time of sunset was 
subtracted from the time of sunrise to obtain a 
value of daylength to within sixty seconds. The 
CBM model was set to use the same definition of 
daylength. Figs. la  and lb show the differences 
between the daylength calculated from the Sun- 
rise and Sunset tables and the output of the CBM 
model rounded to the nearest minute since that is 
the precision of the tables. 

Similar differences in modeled and extrapo- 
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lated daylength from tables in the Smithsonian 
Meteorological Tables for the year 1899 were 
gathered. In this book, two tables were consulted 
to determine the daylength for the first day of 
each month. Table 95 (Declination of the Sun for 
the Year 1899 at Greenwich Apparent  Noon) in 
the Smithsonian book was used to interpolate a 
value for the first of each month. The declination 
angle was then used with table 94 (Duration of 
Sunshine at Different Latitudes) to interpolate 
the value of daylength for every tenth latitude 
between 80 ° and - 8 0  °. 

In these results, the latitudes ranged from 80°N 
to 80°S. The differences between the output of 
the CBM model and the published values in the 
Smithsonian Meteorological Tables are similar to 
the differences found in the Astronomical Al- 
manac comparison. The magnitudes of the differ- 
ences were slightly greater for like latitudes. Also, 
since the latitudes spanned a greater range, the 
maximum errors at the new range boundaries 
were greater. The largest error magnitude was 
- 3 8  minutes on September 1 at 80°N followed by 
- 3 1  minutes on March 1 at 80°S. The next 
largest errors dropped in magnitude quickly. Be- 
tween 20°N and 20°S, the magnitude of error  was 
less than or equal to 2 minutes. 

These graphs show that the CBM model is 
fairly accurate. At latitudes near the equator, the 

error is 1 minute or less. Near 60°N the error is 
usually 2 minutes or less. The two equinoxes and 
solstices were chosen as dates for which the error 
is shown because the error was largest near these 
four dates (Fig. 1). 

3.2. Brock model 

Brock (1981) presents a method for calculating 
solar radiation for ecological studies where the 
definition for daylength is when the center of the 
sun is even with the horizon (definition 1). 

The declination of the Earth (in degrees) as a 
function of day of year is calculated as: 

[ 283 + J 
~b = 23.45 s i n ~ 3 6 0 ~ ) .  (4) 

The sunset /sunr ise  hour-angle in degrees, with 
northern latitudes being positive, is calculated as: 

hourAngle = c o s - l ( - t a n ( L )  tan(~b)). (5) 

Daylength in hours is then calculated as: 

hourAngle 
O = 2 15 (6) 

Since this model uses a different definition for 
daylength than the Astronomical Almanac, the 
output from the CBM model is used for compari- 
son. The CBM model was run with the same 
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year 1992 (found by subtracting the published time of sunset from the time of sunrise) and the output of CBM model for daylength 
for four northern latitudes (right) and four days of the year (left). The CBM model daylength definition was set to match the 
Astronomical Almanac (p  = 0.833). The range of error is generally about 4 minutes, and is about 10 minutes near year day 98. 
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Fig. 2. Brock model comparison. The CBM model daylength 
definition was set to match that of the Brock model (p = 0). 
The difference at the equator, latitude zero degrees, is zero 
minutes. The range of error is about 20 minutes. 

daylength definition as the Brock model. The 
difference is zero minutes at the equator and 
increases with latitude North and South (Fig. 2). 
The difference is sinusoidal with respect to the 
day of year with increased differences near days 
55 and 295, and almost no difference near days 0 
and 190. 

The similarity of the daylength values pro- 
duced by the CBM and Brock model at the 
equator, but dissimilarity at other latitudes is of 
interest. Further analysis of the differences in the 
model show that the difference in daylengths is 
due solely to the different equations used for 
solar declination in the two models. Brock uses 
Cooper 's  (1968) solar declination equation. 
Cooper did not state any assumptions about the 
equation, but said that the equation is a conve- 
nient approximate relationship. Analysis of the 
equation and comparison of the results of this 
equation to CBM's solar declination equation 
suggest that Cooper 's  equation is based upon a 
circular orbit of the Earth around the Sun, rather 
than an elliptical orbit. 

even with the horizon (definition 1). The model 
calculates the amplitude of the seasonal variation 
in daylength from twelve hours for a given lati- 
tude, and adjusts that value depending on the day 
of the year. 

ampl = e 7'42 + 0 . 0 4 5 L / 3 6 0 0 ,  (7) 

D = ampl s in ( ( J  - 79)0.01721) + 12.0. (8) 

Running et al. (1987) define an "operational 
environment."  They state definition 3 for 
daylength above, and then specify that "the 
daylength for net photosynthesis of a tree is more 
exactly defined as the period of time when the 
light compensation point is exceeded." This point 
occurs when the incoming short-wave radiation 
exceeds 70 W m -2. Thus, the operational 
daylength is approximately 85% of the physical 
day length assuming clear skies. The result of this 
is similar to the use of p in the CBM model, 
except that Running et al. (1987) refine the re- 
sults of their daylength model to adjust the out- 
put to the plant's light intensity requirements. 

Examination of the BGC daylength equation 
shows that it is valid only for the northern hemi- 
sphere and cannot be used in the southern hemi- 
sphere. Differences between the BGC and CGM 
models are small at about 20 ° N latitude and 
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3.3. B G C  

The daylength calculation in the Forest-BGC 
model (Running and Coughlan, 1988) defines 
sunrise/sunset  as when the center of the sun is 

Fig. 3. BGC model comparison. The difference between the 
output of the BGC model and the output of the CBM model 
are shown for the year 1992. The CBM model daylength 
definition was set to match that of the BGC model (p = 0). 
The range of error is about 130 minutes at 60°N, The BGC 
model is not valid for the southern hemisphere. 
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increase with increasing latitude (Fig. 3). At 60 ° 
N, the range of error in the BGC daylength 
equation is about 130 minutes. 

3.4. C E R E S  model  

In Ritchie 's  phasic deve lopment  model  
(adapted from the CERES-Wheat  model; Ritchie, 
1991), the growth phases for wheat are controlled 
by an accumulation of daily temperature above 
freezing and below 26°C. The thermal time for a 
given day is the mean of the maximum and mini- 
mum temperatures times the number of hours of 
light. Thus, the plant accumulates temperature 
for the length of each day. Ritchie's daylength 
model also calculates the declination of the Earth 
as both the Brock and CBM models do. Ritchie's 
daylength model defines daylength as including 
the periods of civil twilight (definition 4). 

Solar declination (~b) is in radians. 

~b = 0.4093 sin( 0.0172( J - 82.2) ) ,  

D = 7.639 cos-1 [max [ - 0.87, 

(9) 

-sin  , sin   -0.1047)] 
- - - - ~ - ~  - - - - -  . ( 1 0 )  

cos(l--g6) cos( ) 
The output from this model is compared to the 

output of the CBM model using corresponding 
daylength definitions (Fig. 4). The difference is 
zero minutes at the equator and increases with 
latitude North and South, just as the Brock model 
does. Again, the differences between these mod- 
els is mostly due to the different equations for 
solar declination in the two models. If the same 
solar declination equations are used, then there is 
virtually no difference in calculated daylength. 

The maximization function is used to limit the 
range of values to the arc cosine function. The 
value -0 . 87  seems to be too high. This limitation 
was encountered at high latitudes during some 
days of the year. A value of - 1 . 0  will increase 
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Fig. 4. CERES model comparison. The difference between 
the output of the Ritchie model and the output of the CBM 
model are shown for the year 1992. The CBM model daylength 
definition was set to match that of the Ritchie model (p = 6). 
The anomaly at latitude of 60*N is due to the use of a 
maximum function (see text). The range of error is generally 
about 15 minutes, and is about 170 minutes in the interval 
between day of year 148 and 201. 

the range of latitudes for which the CERES 
daylength model will provide accurate results. 

4. C u m u l a t i v e  effects  

The growth of some plants, such as field grown 
winter cereals, are a function of the accumulation 
of hours of light (Gallagher, 1979). Some models 
simulate growth effects that are functions of light 
accumulation. As described earlier, Ritchie's 
phasic development model accumulates tempera- 
ture for the length of each day. The definition of 
daylength affects the length of each day which 
results in different predictions of phasic develop- 
ment. 

To illustrate the cumulative effects of the 
choice of daylength definition, the CERES wheat 
phasic model was modified to use the CBM 
daylength equation, and the results of different 
definitions are shown in Table 2. The difference 
in time to the termination of the spikelet phase 
between using civil twilight and defining sunr ise /  
sunset as the center of the sun even with the 
horizon is one week. 
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Table 2 
The effect of the definition of daylength on maturation of 
wheat using the CERES model. This shows the number of 
days calculated by the CERES model to the termination of 
the spikelet phase after replacing the original daylength model 
with the CBM model. The CERES model's original definition 
of daylength includes civil twilight 

Daylength definition p Days 

Sunrise/Sunset  is when the center of 0 195 
the sun is even with the horizon 
Sunrise/Sunset  is when the top of 0.26667 195 
the sun is even with horizon 
Sunrise/Sunset  is when the top of the 0.8333 194 
sun is apparently even with horizon 
With civil twilight 6.0 188 

If a modeler wishes to accumulate daylengths 
as in the CERES model, then the cumulative 
error may become important. To investigate the 
accumulation of error, the CBM model was run 
using daylength definition 3, and the output of 
the model compared to daylengths calculated 
from,the Astronomical Almanac tables of Sunrise 
and Sunset. Time intervals of various lengths 
were chosen for which to accumulate the differ- 
ence between the simulated and tabulated 
daylengths for each day. The starting dates for 
the intervals were then moved through the year 
to determine the maximum accumulated differ- 
ence for each interval length (Table 3; Fig. 5). 
The lengths are from approximately one month 
up to six months. Longer interval lengths are not 
shown because the total accumulated difference 
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Fig, 5. Daily and cumulative error for latitude 30°N, The 
cumulative error line shows the accumulation of error for the 
next 96 days from any starting day. 

decreases due to a sign change in the daily error. 
For intervals of approximately twelve months, the 
accumulated difference was close to zero. The 
maximum accumulated difference is - 3 3 7  min- 
utes at 60°N latitude over an interval of 160 days. 

5. Error analysis 

As pointed out in the previous section, the 
reason for the differences between the CBM 
model and the Brock and Ritchie models is due 
almost exclusively to the equation for the declina- 
tion of the sun. If the same solar declination 

Table 3 
The maximum cumulative error in minutes for the CBM model. The interval with the largest absolute error was found for each 
listed latitude. Each column shows the maximum cumulative error for the interval length specified at the top of the column. In 
parentheses is the day of year for the beginning of the interval. See text for details 

Latitude 32 days 64 days 96 days 128 days 160 days 192 days 

50°S 55 (71) 98 (39) 156 (15) 203 (15) 219 (15) 219 (349) 
40°S 35 (71) 67 (39) 103 (7) 133 (7) 152 (7) 144 (335) 
30°S 27 (71) 54 (39) 83 (31) 104 (15) 112 (15) 119 (365) 
20°S - 17 (287) 27 (15) 40 (15) 48 (15) 50 (15) 51 (15) 
10°S 7 (1) 15 (1) 21 (7) 24 (1) 23 (351) - 20 (159) 
0 ° - 12 (343) - 13 (315) 19 (15) 22 (15) 19 (359) 9 (271) 

10°N - 16 (335) - 21 (319) - 30 (319) - 42 (341) - 44 (319) - 53 (319) 
20°N - 24 (1) - 32 (1) - 41 (1) - 48 (341) - 56 (349) - 63 (349) 
30°N - 3 0  (71) - 4 6  (39) - 7 6  (7) - 9 9  (15) - 115 (15) - 123 (365) 
40°N - 3 9  (15) - 6 3  (63) - 9 6  (7) - 134 (7) - 150 (7) - 159 (365) 
50°N - 5 4  (71) - 9 4  (39) - 146 (7) - 182 (7) - 2 0 6  (7) - 199 (365) 
60°N - 80 (71) - 152 (39) - 231 (7) - 298 (15) - 337 (7) - 343 (341) 
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equation is used for each of these models, then 
the differences in the equations become the defi- 
nition of daylength. For the Brock model, the 
daylength definition is from sunrise to sunset 
defined as when the center of the sun is even 
with the horizon. The Ritchie model's daylength 
definition is from the beginning of civil twilight 
before dawn, to the end of civil twilight after 
dusk. Both of these models are rigid. The CBM 
model, however, is flexible in that the user can 
provide his own definition for daylength. 

This leads us to the question of which is the 
best equation for solar declination. The answer is 
based upon the modeler's judgment of accuracy 
required. A very complex equation set for solar 
declination is provided in the Astronomical Al- 
manac. This equation set requires the calculation 
of the obliquity of ecliptic, ecliptic longitude, 
mean anomaly, Julian Date (including time of day 
as well as date), etc. The number of transcenden- 
tal function calls and multiplications is very large. 
These equations provide results accurate to 0.01 
degrees. 

Comparison of the CBM solar declination 
equation to this equation set shows that a far 
fewer transcendental function calls and multipli- 
cations are required. The results of the CBM 
declination equation are within plus or minus 
0.226 degrees of the Almanac equation with an 
average magnitude difference of 0.107 degrees 
throughout the year. 

The CBM solar declination equation models 
the Earth's orbit as ellipti.cal. If a simpler model 
is used (circular), then even fewer calculations 
are required. Brock's solar declination equation 
is based upon a circular orbit. Eq. 1 can be 
replaced by Eq. 11 to yield the circular orbit 
CBM solar declination equation shown as Eq. 12. 

2 ~  
365.25 ( J -  173). (11) 

The maximum difference between the Astro- 
nomical Almanac solar declination and the circu- 
lar orbit CBM solar declination is 1.07 degrees 
with an average difference in magnitude of 0.428 
degrees. The resulting differences between the 

CBM model output and the Astronomical Al- 
manac tables increase by only 18%. 

~b = sin-l(0.39795 c o s ( ~  ( J -  173) )) • 

(12) 

5. Conclusion 

The CBM model provides the most accurate 
results of the daylength models presented. The 
increased accuracy is due to a better model of 
solar declination. It is also the most robust across 
latitude. The error is within 1 minute near the 
equator, and slowly increases to 2 minutes near 
60°N latitude. For all daylength models, estimates 
are most accurate near the equator and become 
less accurate at higher latitudes. 

While the BGC daylength model requires rela- 
tively fewer complex mathematical operations, 
and will thus be faster, comparison of its output, 
relative to the CBM model output, suggests that 
the model is the least accurate of those presented 
here. 

The Brock model is more robust than BGCs, 
however it approaches the complexity of the CBM 
model. This model, like BGCs, also uses the 
definitions of sunrise and sunset when the center 
of the sun is even with the horizon. If the CBM 
model is run with a sun angle of zero (p = 0), 
then the results of the Brock model and the CBM 
model are at times indistinguishable. In fact, at 
the equator, the two models' results are identical. 
The two models differ primarily in the equation 
for solar declination. 

The CERES daylength model produces results 
which differ from the CBM model results almost 
identically as the Brock model results differ from 
the CBM model output with appropriate settings 
for the daylength definition. Ninety-nine percent 
of the difference between the Ritchie model out- 
put and the CBM model output is a result of the 
different solar declination equations. If all of 
these models use the same equation for solar 
declination, then the CBM model can be viewed 
as a transition between the Brock model and the 
Ritchie model, by changing the daylength defini- 
tion. 
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Us ing  the  C B M  day leng th  m o d e l  in p lace  of  
the  or ig ina l  day leng th  m o d e l  in R i t ch ie ' s  C E R E S  
whea t  phas ic  d e v e l o p m e n t  mode l ,  i l lus t ra tes  the  
impac t  of  day leng th  def in i t ion  on mode l s  which 
accumula t e  l ight  r e l a t ed  va lues  over  pe r i ods  of  a 
few months .  Since  the  impac t  is no t iceab le ,  the  
m o d e l e r  mus t  dec ide  which  def in i t ion  to use.  
This  dec is ion  is b a s e d  u p o n  the  effect  be ing  mod-  
eled.  To  s imula te  o n s e t / c e s s a t i o n  of  pho tosyn-  
thesis  or  on togene t i c  p h e n o m e n o n  con t ro l l ed  by 
red  or  far  r ed  p h e n o m e n o n ,  then  the  civil twil ight  
def in i t ion  should  be  used.  In  the  case  of  p l an t  
energy  ba l ance  requ i r ing  d i rec t  sunlight ,  t hen  the  
def in i t ion  one  should  use  is w h e r e  p is 0.0. In  
fact,  if h igher  levels of  d i rec t  i r r ad i ance  a re  re-  
qui red ,  a nega t ive  va lue  for  p might  be  consid-  
e red .  This  a p p r o a c h  is used  by C a m p b e l l  (1977) 
in ca lcu la t ing  energy  ba lance .  

T h e  e r ro r  analysis  shows tha t  the  C B M  m o d e l  
p rov ides  a good  e s t ima te  for  bo th  dai ly  and  accu- 
m u l a t e d  daylength .  Subs t i tu t ing  Eq. 11 for  Eq. 1 
elimi~aates the  n e e d  for the  execut ion  o f  two 
t r i gonomet r i c  funct ion  calls and  two mul t ip l ica-  
t ions and  prov ides  resul ts  with e r rors  tha t  a re  
only m o d e r a t e l y  l a rge r  in magn i tude .  

Excep t  for  the  l a t i tud ina l  anomal i e s  n o t e d  in 
the  B G C  and  C E R E S  models ,  all the  mode l s  give 
e s t ima tes  o f  day leng th  tha t  a re  a d e q u a t e  for  most  
ecologica l  purposes .  M a x i m u m  dai ly e r ro r  r anges  
f rom 7 minu te s  (CBM)  to abou t  four  hours  ( B G C )  
and  d e p e n d s  on la t i tude .  A c c u m u l a t e d  day leng th  
can di f fer  by as much  as seven days  over  a grow- 
ing season.  T h e  ecologica l  s ignif icance of  such 
e r rors  d e p e n d s  on the  pa r t i cu l a r  appl ica t ion .  
W h a t  is a d e q u a t e  for  l ong- t e rm dynamics  such as 
fores t  g rowth  may  be  en t i re ly  i n a d e q u a t e  for  
sho r t - t e rm  growth  and  physiologica l  p rocesses  
such as c rop  yields.  Overa l l ,  the  C B M  m o d e l  is 
the  mos t  robus t  of  those  s tudied ,  is accura te  
enough  for  any conven t iona l  ecologica l  pu rpose ,  
and  is the  only one  tha t  al lows user  se lec t ion  o f  
the  day lcng th  def in i t ion .  
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