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[bookmark: _Toc67413285][bookmark: _Toc441670105]Definitions and Abbreviations
The following definitions are used within this document:
SSEN			Scottish and Southern Electricity Networks
SHEPD			Scottish Hydro Electric Power Distribution plc
Cable			SHEPD submarine electricity cable network
Contractor		Submarine cable installation company

The following abbreviations and definitions may be used within this document:
AtoN			Aid to Navigation
CLV			Cable Lay Vessel
DSV			Dive Support Vessel
DWA			Double Wire Armoured
HDD			Horizontal Directional Drilling
HVAC			High-Voltage Alternating Current
kV			kilovolt
MAIB			Marine Accident Investigation Branch
MFE			Mass Flow Excavation
MHWS 			Mean High Water Springs
ML			Marine Licence	
MLWS 			Mean Low Water Springs
MSL 			Mean Sea Level	
ODN			Ordnance Datum Newlyn
OHL			Overhead Line
PAC			Pre-Application Consultation
PLGR			Pre Lay Grapnel Run
PPY			Poly Propylene Yarn
PSD			Particle Size Distribution
ROV			Remotely Operated Vehicle
RPL			Route Position List
SAC			Special Area of Conservation
SBP			Sub-Bottom Profiler
SPA			Special Protection Area
SWA			Single Wire Armoured
UXO			Unexploded Ordnance
XLPE 			Cross Linked Polyethylene



1. [bookmark: _Toc67413286]Introduction
1.1. As a result of subsea faults on the Eday – Westray and Sanday – Eday submarine power distribution cables there is a requirement to replace both cables in order to restore grid connection to Eday. The 33kV Eday – Westray cable faulted on 7th August 2020 at 21:01 hours affecting supplies to 977 customers on Eday, Sanday, Stronsay and Shapinsay.  On 2nd November 2020 the Eday to Sanday 33kV submarine electricity cable faulted affecting 853 customers on Sanday, Stronsay and Shapinsay. 
1.2. As a result of these faults customers on Eday were initially supplied by mobile diesel generation until a temporary network solution was put in place on 5th  March 2021 which has enabled rid connected domestic power supplies to be restored. Renewable energy generation relating to the Eday Community Turbine and EMEC tidal testing centre is however unable to export and security of supply to the islands of North Ronaldsay, Stronsay, Shapinsay, Rousay, Eglisay, Wyre, Westray and Papa Westray is reduced.
1.3. Testing of the cables has identified the fault on the Eday – Westray cable as lying 3.9km from Westray and on the Eday – Sanday cable as lying 2km from Sanday.  Although separate projects for consenting purposes SSEN is planning to undertake complete replacement of both these cables as a single campaign. This document provides a description of both projects, detailing the physical construction of the cable, the proposed routeing, method of installation and operation of the cable. 
1.4. [bookmark: _Toc473036269]This document should be read in conjunction with the:
· Marine Licence Application Form 
· Cost Benefit Analysis
· Environmental Supporting Information
· Fishing Liaison and Mitigation Action Plan (covering all legitimate sea users) 
· Construction Environment Management Plan 
· Operation, Inspection, Maintenance and Decommissioning Strategy













2. [bookmark: _Toc48220855][bookmark: _Toc67413287]Repair and replacement options considered
2.1. The following options were considered in order to rectify the faulted cables:
2.1.1. [bookmark: _Toc536698133]Option 1: Onshore piece in repair: Where the fault location is identified as being in the intertidal zone, this solution is dependent on tidal windows for access. This means that this activity must be programmed to maximise the tidal working window. Testing has shown that the fault is offshore and therefore this option is ruled out.
2.1.2. Option 2: Offshore piece in repair (mid-section): Network testing has indicated that the faults on both cables are a significant distance from the shore; an offshore mid-section repair was considered possible dependant on cable condition. Water depth is approximately 18m on the Eday – Westray cable and 25m on the Eday – Sanday cable respectively. 
2.1.3. For a repair option to be progressed, the cable must be in good mechanical condition. This is because cable recovery and jointing results in significant mechanical stresses and fatigue within the cable. Following a scheduled inspection in 2018 the Eday – Sanday cable had already been identified as requiring replacement whilst testing of the Eday – Westray cable following the present fault has concluded that a full end to end replacement is the recommended solution due to wider cable integrity concerns. On this basis an offshore piece in repair has been discounted due to the condition of both cables.
2.1.4. Option 3: End to End Replacement: The Eday - Westray cable was installed in 2013 and had previously faulted in March 2016 at a location adjacent to the islands of Faray and Rusk Holm. A successful piece in repair was undertaken.  Following the present fault, testing has identified wider cable integrity issues beyond the present fault location and a replacement option is the preferred solution.
2.1.5. The Eday – Sanday cable was installed in 1980 and as stated above had already been identified for replacement following its most recent inspection in 2018. On this basis a full replacement is the preferred option. 

3. [bookmark: _Toc67413288]Proposed cable construction
3.1. Electricity will be transmitted using HVAC submarine cable technology. The typical cable structure is shown in Figure 1.
3.2. The proposed submarine cable consists of a three-core design with copper round compacted stranded conductors, XLPE insulation, copper polyethylene laminated tape, polyethylene sheath, PPY, double galvanized steel wire armour, PPY, with one interstitial armoured optical fibre cable. The cable is rated at 33 kV HVAC, with an outer diameter of 127 mm and weight of 28.8 kg/m in water. The proposed cable construction is shown in Figure 2. Figure 1 - Typical XLPE HVAC submarine cable structure
Source: ABB

3.3. The three-core design minimises the resultant electric and magnetic fields produced from the cable during operation. This is further reduced by balancing the loads within each of the cable’s individual phases. 
3.4. The proposed DWA construction will provide the cable with additional mechanical protection and will also help reduce the resultant electric and magnetic fields generated during operation of the cable in comparison with SWA cable constructions. 
3.5. Fibre optics will be installed integral to the submarine cable for the purpose of cable condition monitoring, control and power system protection.
3.6. The submarine cable conductor specification and power rating has been selected through assessment of historic demand on the existing SHEPD network and with consideration of future customer demand growth on the network.







Figure 2 – Proposed XLPE HVAC submarine cable construction

1 Copper stranded conductors
2 Semiconductive waterblocking tape
3 Non-metallic screen
4 XLPE insulation
5 Non-metallic screen
6 Semiconductive waterblocking tape
7 Metallic screen
8 HDPE sheath
9 Non-hydroscopic fillers
10 Binding tape
11 PPY separator layer
12 Inner layer of galvanized steel armouring
13 PPY separator layer
14 Outer layer of galvanized steel armouring
15 PPY outer layers
16 Fibre optic


4. [bookmark: _Toc67413289]Pre-installation surveys
[bookmark: _Toc67413290]Eday - Westray
4.1.1. SHEPD previously appointed a Contractor to conduct marine surveys along the central area of the proposed cable route. These surveys were undertaken over a 150m wide corridor centred on the existing cable route between 31st August and 16th September 2020. The survey scope included MBES, SSS, SBP & GVI inspection of the existing subsea cable. The main objectives of the marine survey were to:
· Accurately assess the condition of the submarine cable;
· Assess potential risks to the cable from local seabed influences including boulders, crossings, debris, freespans, trawl seabed scarring, etc;
· Accurately map the location of the existing cable;
· Establish the position and, where possible, depth of burial of the cable in sections where it is covered;
· Provide data that supports repair and/or maintenance requirements such as the installation of cable protection systems;
· Provide data that forms the basis for preliminary route engineering for a possible replacement cable.
4.1.2. The survey corridor topography is characterized by thin surficial sediments overlaying a mixed boulder-type and rocky seabed. This leads to localised regions of sandwaves where sediment deposition has accumulated and is subject to tidal currents, areas of exposed boulders, and rocky outcrops. Figure 3 below illustrates typical sediment depths found along the survey corridor.
[image: ]
Figure 3 – Extract of Isopachyte Chart ~KP4.5
4.1.3. Examination of the MBES Bathymetry, Backscatter and Sidescan data, coupled with the processed Sub-bottom profiler records, revealed a number of distinct changes in the surficial seabed sediment types. The changes along the cable route are detailed within Table 1.
	KP 
	Easting 
	Northing 
	Event 
	Description 

	0.322 
	511347.00 
	6560705.75 
	Survey Limit Start 
	Cable in exposure 

	0.322 
	511347.00 
	6560705.75 
	Sediment Type Change 
	Medium to Coarse Sand 

	1.039 
	511269.74 
	6561418.09 
	Sediment Type Change 
	Thin veneer Fine Sand 

	1.372 
	511064.60 
	6561683.60 
	Sediment Type Change 
	Medium to Coarse Sand 

	1.615 
	510857.31 
	6561809.98 
	Sediment Type Change 
	Thin veneer Fine Sand 

	1.661 
	510821.17 
	6561838.44 
	Sediment Type Change 
	Medium to Coarse Sand 

	1.717 
	510767.99 
	6561859.15 
	Sediment Type Change 
	Thin veneer Fine Sand 

	5.438 
	509254.51 
	6564530.35 
	Sediment Type Change 
	Medium to Coarse Sand 

	5.718 
	509196.65 
	6564805.31 
	Sediment Type Change 
	Thin veneer Fine Sand 

	5.972 
	509078.79 
	6565018.87 
	Sediment Type Change 
	Medium to Coarse Sand 

	6.753 
	508556.05 
	6565599.15 
	Sediment Type Change 
	Thin veneer Fine Sand 

	6.935 
	508423.40 
	6565724.10 
	Sediment Type Change 
	Medium to Coarse Sand 

	6.951 
	508411.80 
	6565735.20 
	Sediment Type Change 
	Thin veneer Fine Sand 

	6.955 
	508408.70 
	6565737.90 
	Sediment Type Change 
	Medium to Coarse Sand 

	6.985 
	508388.00 
	6565760.00 
	Sediment Type Change 
	Thin veneer Fine Sand 

	6.989 
	508384.80 
	6565762.60 
	Sediment Type Change 
	Medium to Coarse Sand 

	7.039 
	508348.70 
	6565796.10 
	Sediment Type Change 
	Thin veneer Fine Sand 

	7.050 
	508340.30 
	6565804.60 
	Sediment Type Change 
	Medium to Coarse Sand 

	7.109 
	508302.79 
	6565849.21 
	Sediment Type Change 
	Thin veneer Fine Sand 

	7.991 
	507627.01 
	6566415.08 
	Sediment Type Change 
	Coarse Sand 

	8.022 
	507600.83 
	6566433.26 
	Sediment Type Change 
	Thin veneer Fine Sand 

	8.108 
	507535.63 
	6566489.57 
	Sediment Type Change 
	Medium to Coarse Sand 

	8.324 
	507330.60 
	6566560.00 
	Survey Limit End 
	Cable in burial 


Table 1 – Sediment Type Change Events
4.1.4. SBP data has been utilised to map the seabed surface to allow identification and extent of the sediment types. These survey methods are useful for identifying areas of the surveyed route that may be suitable for direct cable burial within the seabed or to help inform alternative cable protection methods if these are deemed required. Based on the survey data acquired it is not proposed to undertake any direct burial of the cable although natural burial may occur over time.
4.1.5. Overall, the survey and other data sources utilised indicate that a route in proximity of the current RPL is still the best likely solution. Sub-bottom corridor lines roughly 25m Port, 60m Port, 25m Starboard and 60m Starboard of the RPL indicate no obvious re-routing deviations within the current corridor to either avoid exposed rocky outcrops and/or optimise thickened surficial sediments.
4.1.6. The pre-installation Eday – Westray surveys have allowed SHEPD to identify that the existing cable route corridor is viable for location of the replacement cable within the survey corridor. The survey corridor will form the basis within which consent shall be sought for the replacement cable. In addition to this further engineering studies will be undertaken prior to installation to identify the proposed replacement cable RPL within the consented corridor and the location of any cable protection and stabilisation methods. 
4.1.7. A cable stability assessment may be completed to determine the final level of protection needed.
[bookmark: _Toc67413291]Sanday – Eday
4.1.8. The Sanday to Eday cable was subject to a recent marine cable inspection in 2018. This included a visual inspection by ROV, MBES and cable tracker where in burial along the route. 
4.1.9. The survey shows that the bathymetry of the route itself consists of two relatively ‘u-shaped’ channels split by a large sand bank feature at approximately KP 1.0 on the Sanday side. The sand bank is almost symmetrical and creates a seabed level change from approximately 24m - 9.5m - 26m LAT. Based on the 2018 inspection survey and assumptions of how the cable was surface laid in 1980, there is a potential the sand bank has shallowed by approximately 2m and is possibly migrating eastwards.
4.1.10. Within the sand bank there is evidence the existing cable has self-buried to more than 0.6m through much of this sand bank feature. The cable depth is not uniformly recorded at a depth of greater than 0.6m and appears to be shallower down the eastern side of the bank. Except for a potential zone of burial between KP 3.35 and 3.43 where burial is approaching or exceeding 0.6m sporadically, the sand bank feature offers the only areas where burial is significant. Most of the cable is at the surface or in shallow burial (<0.3m self-burial).
4.1.11. Moving west from the sand bank feature, the main channel is a relatively benign seabed with clear sediment deposition and likely movement occurring. The lowest seabed level observed on the 2018 inspection route was 31m LAT with the centre of the channel being relatively flat with minimal rock outcrops seen at the seabed resulting in freespans. Except for the sand bank feature the only notable seabed gradient in the marine section is a steep gradient on the approach to the Eday landing, at approximately KP 3.6 the seabed reduces from 18.0 - 8.4m LAT along a linear distance of 70m.
4.1.12. The existing cable is believed to be on the surface or have a veneer of sediment at both cable beach landing locations. Both beach landings do have a single steep slope at the head of their respective beaches on the approach to the TJP.
4.1.13. In order to inform detailed routing and stabilisation/ protection methods for the replacement cable a 500m width route survey centred on the existing cable is due to be undertaken in March 2021. This will include acquisition of MBES, SSS and SBP datasets.
4.1.14. A cable stability assessment may be completed to determine the final level of protection needed.
5. [bookmark: _Toc67413292]Project description: Eday - Westray
[bookmark: _Toc67413293]The existing route 
5.1.1. The project is to install a replacement 33kV HVAC cable between Eday and Westray. The existing cable route is installed from Fersness Bay, Eday and passes between Rusk Holm and Faray before crossing Rapness Sound to Westray. At each shore end landfall, the existing land-based network of OHL connects the submarine cable to the SHEPD network.
[bookmark: _Toc67413294]The proposed route 
5.1.2. The proposed cable route and method of installation has been identified based on a combination of desk studies and marine seabed surveys. Prior to the cable installation, SHEPD’s appointed contractor will utilise the marine survey outputs and wider data sources to finalise the installation cable RPL within the consented corridor and identify the installation techniques to be employed.
5.1.3. The new replacement cable route within the marine environment is described below starting from MHWS at Eday and ending at MHWS on Westray. Details of the proposed cable route corridor between MHWS limits is located within Appendix A and Appendix C.
5.1.4. At Eday it is proposed to bring the replacement cable up the inter-tidal environment approximately 120m east of the existing cable where a path enters the beach from the dunes. This is in order to avoid excavating through the dunes which show evidence of erosion. The marine licence corridor has been widened as it approaches landfall to allow for this routing.
5.1.5. The existing AtoN would most likely be relocated further back from the cliff edge and closer to the new cable landfall. The proposed layout is illustrated as ‘Option C’ in Figure 4 below. Any ongoing maintenance and inspections associated with the warning beacon will be carried out on a regular basis to ensure they are in good condition for sea user safety. Further details can be found in the Operation, inspection, maintenance and decommissioning strategy.
[image: ]
Figure 4 – Eday landfall overview
[image: ]
Figure 5 – Eday landfall looking north east
5.1.6. The existing cable and a further redundant out of service power cable would potentially be decommissioned seaward of MHWS for up to 250m, giving a total decommissioning amount of 500m at this landfall. Within this zone both cables are either on the seabed or have a veneer of sediment cover estimated at up to ~0.3m in depth.
5.1.7. Up to 100m of cast iron split pipe would be installed on the new cable below MHWS at the Eday landfall location in order to protect the cable from damage due to erosion or other factors and to provide stabilisation.
5.1.8. Beyond landfall at Eday the proposed replacement cable route corridor is generally centred on the existing RPL with a total width of 150m. The proposed cable will be ~8.5 km within the marine environment between MHWS limits.    A Marine Licence application length of 9.0 km will be applied for to allow for obstacle avoidance during cable lay and tolerances with the cable lay operations.
5.1.9. Where required the 2020 survey data will be integrated with wider data sources. These datasets will inform any required micro-routeing to avoid areas of significant bedrock, boulders and avoid or minimise the impact on sensitive marine features identified from the surveys and other sources relevant to the proposed cable route corridor. 
5.1.10. As the cable route approaches Westray there are a number of cables evident in the marine environment, including the existing faulted Eday – Westray cable and the live Rousay – Westray SHEPD 33kV cable - see Figure 6 below.
[image: ]
Figure 6 – Westray landfall and approaches
5.1.11. In order to facilitate the new cable landfall, it may be necessary to decommission the nearshore lengths of a number of the out of service cables. It has been assumed that this may occur for up to 250m below MHWS on up to 5 cables giving a total decommissioning potential amount of 1250m at this landfall. All affected cables are believed to be at or close to the surface in this area except within the inter-tidal zone where burial depths of up to ~1.0m may be encountered.
5.1.12. Up to 100m of cast iron split pipe would be installed on the new cable below MHWS at the Eday landfall location in order to protect the cable from damage due to erosion or other factors and to provide stabilization.
5.1.13. On Westray the proposed cable will come ashore at the existing shore end landfall. The cable will then contain a ducted road-crossing and short section of underground cabling into the existing SHEPD substation. 
[image: ]
Figure 7 – Westray landfall during installation of the Rousay – Westray 33kV cable.
[bookmark: _Toc67413295]Cost Benefit Analysis: Eday - Westray
5.1.14. The Final CBA Recommendation for the Eday to Westray submarine electricity cable is:
· Cable surface laid on the seabed – Approximately 8200m  
· Split pipe protection on both shore ends – Approximately 100m per shore end
· No decommissioning carried out on the existing cable
· New cable is decommissioned at the end of its economic life 
5.1.15. This was deemed to be the best value solution based on the available information as it has an overall societal value of minus £13,313,875. This includes consideration of health and safety, socio-economic, environmental and wider economic and engineering impacts. 
5.1.16. The final recommendation of the CBA may not fully align with the final engineering solution. This is because following a Cable Burial Risk Assessment (CBRA) and On-bottom Stability Study (OBSS), further protection/stabilisation of the cable may be required. The potential for these measures to be employed has been allowed for in this Project Description.
[bookmark: _Toc67413296]Proposed installation methods – Works Below MLWS
5.1.17. The replacement cable is proposed to be installed on a like-for-like basis. The cable will be surface laid within the installation corridor at an offset from the faulted cable. This is needed in order to be able to continually inspect and maintain the cable. Route engineering will be completed based on the offshore survey data between the existing landing points. Routing will be selected to avoid significant rocky outcrops or areas if possible, to prevent cable suspensions and abrasion following the installation. Micro-routing may still be required during the lay operations however all works will be completed within the consented corridor.
5.1.18. Prior to installation of the new cable, the existing transition joint at Eday close to the terminal pole will be excavated, cut out and cable sealed.  As discussed earlier the cable below MHWS may be decommissioned. On the Westray side the cable will be excavated and cut and again the section to below MHWS may be decommissioned as discussed earlier.
5.1.19. Prior to lay operations commencing, a pre-lay survey may be conducted. The objective of the survey will be to
· Identify and investigate possible debris;
· Identify any obstructions on the proposed route; and
· Identify any OOS cables that cross the proposed route.
5.1.20. A Pre-Lay Grapnel Run (PLGR) may be undertaken to remove debris from the proposed route. The pre-construction survey has identified OOS cables at both landfalls. In the nearshore area, a diver may be required to remove debris.
5.1.21. If debris cannot be removed from the planned route, the offshore surveyors will micro-route around the debris/obstruction in consultation with the on-board Client Representative (CR) – at all times staying within the licensed installation corridor.
5.1.22. Debris identified and removed along the route will be disposed of as outlined in the offshore CEMP
5.1.23. For the cable installation activities, a CLV will be used. An example CLV is shown in Figure 8. The CLV selected will need to be suitable the weather and current conditions and water depths present at the cable location. The CLV will be fitted with a cable carousel and cable handling equipment to load and install the cable. The CLV will have sufficient accommodation on board to allow 24-hour operations.
5.1.24. Additional smaller support vessels will be required at each of the shallower shore locations to install the cable; this will be typically multicat or dive support vessels. A guard vessel may be used during the cable lay operations in order to ensure other vessels remain outside the area of operations to reduce the collision risk.
[image: ]
Figure 8 – Example cable lay vessel M/V Elektron.
5.1.25. Concrete mattresses may be required to help stabilise the cable and these are described in Section 5.6 below. These would be installed by a multicat vessel.
5.1.26. During the cable lay, an ROV with USBL will be utilised, deployed from the CLV, to monitor the cable at the touch down location with the seabed. This will capture seabed information at the contact point and helps observe the lay tension that is applied to the cable from the vessel. This will help to minimise the potential for cable suspensions along the route. If mattresses are required, the ROV with USBL may be used for this operation too.
5.1.27. A post lay survey will be carried out. In the shallower nearshore sections of the route, typically shallower than 15 m water depth, divers may be used to survey the installed cable. This will ensure there are accurate coordinates of the installed cable, records of any cable suspensions and a baseline route for future inspections.
5.1.28. Where cable suspensions/ freespans are identified these will be assessed with regard to cable integrity and risks to other sea users. Any intervention required will either be undertaken during the cable installation campaign or where this is not possible at a future date under a separate scope of work.
[bookmark: _Toc67413297]Proposed Installation Methods – Works Above MLWS
5.1.29. It is proposed to install the cable by using an open-cut trench method of installation inshore from the MLWS tidal limits at both shore end landfall locations. An open cut trench will be excavated to install and bury the cable. This will utilize traditional terrestrial-based plant including excavators at low tide. The typical underground cable trench is illustrated in Figure 9. The depth of cover is dependent on the land use. Figure 9 - Open cut cable trench cross section inshore of MLWS limit

5.1.30. The excavated material will be placed to one side of the trench for later reinstatement. Using a mechanical winch and cable rollers, the cable will be maneuvered into the bottom of the trench and then covered with the excavated material using the mechanical excavator.  
5.1.31. The trench width will be minimised where possible and will be dependent on ground stability, but will be a maximum width of 1 m. The target depth of the trench will be 1.25 m. The footprint of the trenching activities will be up to 10 m in width centered on the replacement cable route. 
5.1.32. Temporary trench shoring may be required to prevent collapse of the trench wall. The footprint of the excavator may be up to 5 m, and a working width, including for the temporary storage of removed material, would be in the order of 10 m. 
5.1.33. On either shore where sufficient burial cannot be achieved, cast iron split pipe will be fitted around the cable for additional protection in the event of exposure (Figure 10). This will be installed down to at least the MLWS mark and may be placed by divers beyond this point if required. Up to 100 m of split pipe protection would be installed on each shore from MWHS to MLWS (or below this) in the event that sufficient cable burial to protect the cable cannot be achieved. The split pipe is an articulated cast iron shell design that locks around the cable and fixed with bolted end clamps. There are a number of suppliers with differing shell designs and weights. As a guide each shell has an 8 mm wall thickness, with an effective length of 391 mm and combined weight in air of 39.96 kg/m. Figure 10 – Diagram of split pipe protection

5.1.34. At Eday the intertidal cable will be connected to the terrestrial cable in a transition joint pit buried in the ground located above the MHWS. At Westray the transition joint pit will most likely be within the existing substation limits.
5.1.35. On completion of jointing and cabling works, spoil material will be backfilled into the trenches and the shore will be reinstated.
[bookmark: _Toc67413298]Proposed Cable Protection Methods and Summary of Deposits
5.1.36. The proposed submarine cable will be surface laid on the seabed across the length of the route. The majority of the proposed cable route will be across rocky seabed or seabed with very little overlying sediment. As such direct cable burial will not be possible. By surface laying the cable, this minimises the footprint in these areas however cable mobility on the seabed may increase the footprint and impact on the seabed habitat.
5.1.37. Due to tidal conditions at this location, a cable on bottom stability assessment may be completed to identify whether cable mobility may be a longer-term issue. This will help to inform cable stability and protection measures that may need to be employed along the proposed route. These measures would include the potential for concrete mattress placement. The on-bottom stability assessment aims to minimise the number of mattresses required to pin the cable whilst ensuring cable stability is achieved.
5.1.38. Based on the output of the on-bottom stability assessment, and also if required for crossing of existing cables, SHEPD may install up to 90 concrete mattresses (each of ~9.8t and with dimensions 6m x 3m x 0.3m) along the cable to secure the cable on the seabed. Each mattress shall be no more than 0.3 m high when installed. 
5.1.39. If Out of Service cables must be cut to allow laying of the new cable the ICPC recommendations on this would be followed and each cut end would be weighted with concrete clump weights. In water depths greater than 10m clump weights would be up to 0.5m high, 1.0m diameter and weigh up to 300kg. Chain may also be encased in the concrete to provide additional mass. In water depths of less than 10m smaller clump weights of up to 0.2m high, 0.50m diameter and weighing up to 100Kg would be used.
5.1.40. The Marine Environmental Assessment considers the worst-case scenario where these levels of stabilization and crossing intervention are fully utilised.
5.1.41. Table 2 below summarises the maximum quantity of deposits that may be placed within the marine environment.
	Location along the cable route
	Installation type
	Length of cable (m)
	Concrete mattresses
	OoS Cable Clump weights

	Eday MHWS to MLWS
	Cable lay in trench with up to 100 m of cast iron split pipe protection
	100
	0
	0

	From MLWS on Eday to MLWS on Westray
	Surface lay with potential for concrete mattresses installed directly on the cable and at cable crossings
	8800
	90
	Large 10
Small 10

	From MLWS to Westray MHWS 
	Cable lay in trench with up to 100 m of cast iron split pipe protection
	100
	0
	0

	Total
	9,000 m
	90
	20


Table 2 – Eday to Westray Cable summary of deposits
6. [bookmark: _Toc67413299]Project Description: Sanday – Eday
[bookmark: _Toc67413300]Existing Route
6.1.1. The project is to install a replacement 33kV HVAC cable between Sanday and Eday. The existing cable route is installed from Spurness, Sanday and crosses Eday Sound to London Bay, Eday. At each shore end landfall, the existing land-based network of OHL connects the submarine cable to the SHEPD network
[bookmark: _Toc67413301]Proposed Route
6.1.2. The proposed cable route and method of installation has been identified based on a combination of desk studies and marine seabed surveys. Prior to the cable installation, SHEPD’s appointed contractor will undertake a further geophysical survey to inform the installation cable RPL within the consented corridor and identify the installation techniques to be employed.
6.1.3. The new replacement cable route within the marine environment is described below starting from MHWS at Sanday and ending at MHWS on Eday. Details of the proposed cable route corridor between MHWS limits is located within Appendix B and Appendix C.
6.1.4. At Sanday it is proposed to bring the replacement cable up the inter-tidal environment in proximity of the existing cable landfall. The TJP will be located above MHWS in a field at the top of a relatively steep grass covered bank which forms the head of the beach area. The beach area is a gradually sloping cobble dominated beach, with a gradual gradient and no significant undulations noted. The total elevation range over the landing is approximately 8m. 
6.1.5. The condition of the existing AtoN will be assessed and if required remedial work to it will be undertaken including complete replacement if necessary. Any need to re-position the AtoN will be considered following detailed design of the landfall route.  Any ongoing maintenance and inspections associated with the warning beacon will be carried out on a regular basis to ensure they are in good condition for sea user safety. Further details can be found in the Operation, inspection, maintenance and decommissioning strategy.
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Figure 11 – Sanday landfall area overview (upper image) and existing cable route (lower image)
6.1.6. The existing cable would potentially be decommissioned seaward of MHWS for up to 250m at this landfall. In this area the cable is considered to be in shallow burial beneath cobbles and sediment of up to ~0.3m depth.
6.1.7. Up to 100m of cast iron split pipe would be installed on the new cable below MHWS at the Sanday landfall location in order to protect the cable from damage due to erosion or other factors and to provide stabilisation.
6.1.8. Beyond landfall at Sanday the proposed replacement cable installation corridor is generally centred on the existing RPL with a total width of 500m. The proposed cable will most likely be ~4.1 km within the marine environment between MHWS limits.    A Marine Licence application length of 4.7 km will be applied for to allow for obstacle avoidance during cable lay and tolerances with the cable lay operations.
6.1.9. Where required the 2018 and 2021 survey data will be integrated with wider data sources. These datasets will inform any required micro-routeing to avoid areas of significant bedrock, boulders and avoid or minimise the impact on sensitive marine features identified from the surveys and other sources relevant to the proposed cable route corridor. 
6.1.10. As the cable route approaches Eday there is potentially a need to cross a number of OoS telecoms cables and the existing SHEPD cable. The 2018 inspection survey noted that there was no clear evidence of additional live or Out of Service (OOS) cables along the route investigated although metal wires were observed to cross the existing cable in a number of areas roughly coincident with those shown in Figure 12 below.
[image: ]
Figure 12 – Out of Service Telecoms cables in Eday Sound (black dashes). Red cable route is not present
6.1.11. In order to facilitate the new cable landfall, it may be necessary to decommission the nearshore lengths of the existing SHEPD cable for up to 250m below MHWS. In this area the cable is considered to be on or near the surface with up to ~0.3 m of sediment cover.
6.1.12. Up to 100m of cast iron split pipe would be installed on the new cable below MHWS at the Eday landfall location in order to protect the cable from damage due to erosion or other factors and to provide stabilization.
6.1.13. On Eday the proposed cable will come ashore in proximity of the existing shore end landfall. The beach is extensive due to the extremely shallow gradient with the TJP most likely being set back from the beach area. The beach itself is almost flat with less than 1m elevation change along the 80m investigated in the 2018 survey. The head of the beach is characterised as a rocky area before a steep bank with an approximate elevation change of 8-10m across a linear distance of just a few meters. Above the head of the beach is a grass/overgrown field approaching the TJP.
[bookmark: _Toc67413302]Cost Benefit Analysis: Sanday – Eday
6.1.14. The Final CBA Recommendation for the Sanday to Eday submarine electricity cable is:
· Cable surface laid on the seabed – Approximately 4120m  
· Split pipe protection on both shore ends – Approximately 100m per shore end
· No decommissioning carried out on the existing cable
· New cable is decommissioned at the end of its economic life 
6.1.15. This was deemed to be the best value solution based on the available information as it has an overall societal value of minus £10,059,116. This includes consideration of health and safety, socio-economic, environmental and wider economic and engineering impacts. 
6.1.16. The final recommendation of the CBA may not fully align with the final engineering solution. This is because following a Cable Burial Risk Assessment (CBRA) and On-bottom Stability Study (OBSS), further protection/stabilisation of the cable may be required. The potential for these measures to be employed has been allowed for in this Project Description.
[bookmark: _Toc67413303]Proposed Installation Methods – Works Below MLWS
6.1.17. The replacement cable is proposed to be installed on a like-for-like basis. The cable will be surface laid within the surveyed corridor at an offset from the faulted cable. This is needed in order to be able to continually inspect and maintain the cable. Route engineering will be completed based on the offshore survey data between the existing landing points. Routing will be selected to avoid significant rocky outcrops or areas if possible, to prevent cable suspensions and also abrasion following the installation. Micro-routing may still be required during the lay operations however all works will be completed within the consented corridor.
6.1.18. Prior to installation of the new cable, the existing transition joints at Sanday and Eday close to the terminal poles will be excavated, cut out and cable sealed.  As discussed earlier, sections of the cable below MHWS at both shore-ends may be decommissioned.
6.1.19. Rock bags and/or concrete mattresses may be required to help stabilise the cable and these are described in Section 6.6 below. These would be installed by a multicat vessel.
6.1.20. All other installation works shall be as described for Eday – Westray above.
[bookmark: _Toc67413304]Proposed Installation Methods – Works Above MLWS
6.1.21. At both shore-ends the intertidal cable will be connected to the terrestrial cable in a transition joint pit buried in the ground located above the MHWS. 
6.1.22. All other installation works shall be as described for Eday – Westray above.
[bookmark: _Toc67413305]Proposed Cable Protection Methods and Summary of Deposits
6.1.23. The proposed submarine cable will be surface laid on the seabed across the length of the route. Surface laying the cable, minimises the footprint in these areas however cable mobility on the seabed may increase the footprint and impact on the seabed habitat.
6.1.24. A cable on bottom stability assessment may be completed to identify whether cable mobility may be a longer-term issue. This will help to inform cable stability and protection measures that may need to be employed along the proposed route. These measures would include the potential for rock bag placement. The on-bottom stability assessment aims to minimise the number of rock bags required to pin the cable whilst ensuring cable stability following the installation.
6.1.25. Based on the output of the on-bottom stability assessment SHEPD may install up to 82 rock filter bags in pairs (each with a seabed diameter of ~2.4m and of weight ~4t) along the cable to pin the cable to the seabed. Each bag shall be no more than 1.0 m high when installed. Only clean washed stone will be used to fill the rock bags and no cementitious material will be used. The rock filter bags typically mould to the seabed contours where installed.
6.1.26. In addition, in order to facilitate cable crossings on OoS cables, or to provide cable stabilisation in the nearshore areas, up to 20 concrete mattresses may be required at selected points along the route. Each mattress would be 6m x 3m x 0.3m and weigh ~9.8t.
6.1.27. If Out of Service cables must be cut to allow laying of the new cable the ICPC recommendation’s on this would be followed and each cut end would be weighted with concrete clump weights. In water depths greater than 10m clump weights would be up to 0.5m high, 1.0m diameter and weigh up to 300kg. Chain may also be encased in the concrete to provide additional mass. In water depths of less than 10m smaller clump weights of up to 0.2m high, 0.50m diameter and weighing up to 100Kg would be used.
6.1.28. The Marine Environmental Assessment considers the worst-case scenario where we fully utilise these levels of stabilization and crossing intervention.
6.1.29. On either shore above the MLWS limit, if sufficient cable burial cannot be achieved, cast iron split pipe may be fitted around the cable for additional protection in the event of exposure. On both Sanday and Eday we propose to install a maximum of 100 m of split pipe protection to the cable.
6.1.30. Table 3 below summarises the maximum quantity of deposits within the marine environment
	Location along the cable route
	Installation type
	Length of cable (m)
	No rock filter bags/concrete mattresses
	OoS Cable Clump Weights

	Sanday MHWS to MLWS
	Cable lay in trench with up to 100 m of cast iron split pipe protection
	100
	0
	0

	From MLWS on Sanday to MLWS on Eday
	Surface lay with potential for rock filter bags installed directly on cable and concrete mattresses.
	4500
	82 Rock Bags
20 Concrete Mattresses
	Large 10
Small 4

	From MLWS to Eday MHWS 
	Cable lay in trench with up to 100 m of cast iron split pipe protection
	100
	0
	0

	Total (marine cable length)
	4,700 m
	82 Rock bags
20 Concrete mattresses
	14


Table 3 – Sanday to Eday Cable Summary of Deposits
7. [bookmark: _Toc67413306]Decommissioning of Faulted and Out of Service Cables
[bookmark: _Toc67413307]Decommissioning from TJP to MLWS
7.1.1. Where it is required to decommission any faulted or out of service cables from land down to MLWS the following process would be used. 
7.1.2. The existing subsea cable will be disconnected from the network and removed down to low water. An excavator will debury the cable across the intertidal area, minimising the trench width where possible. Spoil will be placed adjacent to the trench for backfilling later. The cable will then be cut into short, manageable sections for removal from site and disposal. The cable will be sealed, and a clump weight may be used to anchor the cable end. The location of the clump weight(s) would be captured within the post installation as-laid route survey. 
[bookmark: _Toc67413308]Decommissioning Below MLWS
7.1.3. Where it is required to decommission any faulted or out of service cables from below MLWS the following process would be used. 
7.1.4. The cable in the inter-tidal zone will first be decommissioned as described above. A wire or rope from a cable removal vessel sitting at a safe distance offshore will be connected to the redundant cable. The cable recovery vessel will begin to winch the cable end offshore, cutting it into short, manageable sections as it is pulled onto the vessel deck. This will continue until all cable has been recovered from the shore to the vessel’s position. The cable will be sealed, and a clump weight will be used to anchor the cable ends. No deburial utilizing Mass Flow Excavation (MFE) or similar methods will be undertaken. The location of the clump weight(s) would be captured within the post installation as-laid route survey.
7.1.5. The cable recovery vessel would be anchored using up to 4 spud legs (rather than an anchor spread) for this operation. Each spud leg would be up to 1.0m diameter.
7.1.6. The PLGR may also be used to recover sections of out of service cables. 
7.1.7. Table 4 summarises the maximum lengths of cable it is estimated may be decommissioned.
	Location
	Out of Service/ Faulted Cable Type
	Length of cable (m) that may be removed (per cable)
	Total Length that may be removed (m)

	Eday Landfall (Fersness)
	2 * SHEPD Power
	250
	500

	Westray Cable Route
	1 * SHEPD Power
	150
	150

	Westray Landfall
	3 * SHEPD Power
	250
	750

	
	2 * Telecoms
	250
	500

	Sanday Landfall
	1 * SHEPD Power
	250
	250

	Eday Landfall (London Bay)
	1 * SHEPD Power
	250
	250

	Total (marine cable length) to potentially be decommissioned
	2400m


Table 4 – Maximum Cable Decommissioning Summary
8. [bookmark: _Toc67413309]Proposed delivery programme
8.1.1. SHEPD are working to facilitate an installation programme to both Eday – Westray and Sanday – Eday as a single campaign, with Eday – Westray being the first cable installed. It is proposed to commence installation activities in May 2021. 
8.1.2. An indicative schedule of durations is shown below in Table 5.
	 Activity
	Eday – Westray Duration (days)
	Sanday – Eday Duration (days)

	Inter-tidal zone preparations and cable pull-in
	10 days per landfall
	10 days per landfall

	Pre-lay debris removal
	7
	7

	PLGR (if required)
	4
	3

	Cable installation
	3
	3

	Rock bag placement
	0
	7

	Mattress placement
	14
	4

	Half Shell installation
	4
	4

	As built survey
	4
	2

	Shore reinstatement
	7
	7


Table 5 – Indicative Activity Durations (excluding weather)

9. [bookmark: _Toc67413310]UXO Strategy
9.1.1. The Contractor appointed by SHEPD shall undertake an initial desktop study to assess the risk of UXO within the area of the cable routes. In addition, if the desktop study identifies a high risk, a UXO survey along the cable route(s) may be completed to detect any objects potentially UXO related. The results would be used to inform cable routing within the consented corridor such that significant targets are avoided. If it is not possible to avoid a target, it shall be identified using an ROV or drop-down camera. Alternatively, where a UXO is encountered that cannot be avoided, a specialist contractor shall be engaged to clear, recover or remove the target from the working area(s). These operations would be consented separately to the works described in this document.
[bookmark: _Toc67413311]Appendix A: Proposed Eday - Westray Cable Route Installation Corridor 
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[bookmark: _Toc67413312]Appendix B: Proposed Sanday - Eday Cable Route Installation Corridor
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[bookmark: _Toc67413313]Appendix C:  Eday – Westray Installation Route Co-ordinates
	Cable Installation Corridor Coordinates (WGS84)

	Latitude DMS
	Longitude DMS
	Latitude DDM
	Longitude DDM
	Latitude DD
	Longitude DD

	Eday - Westray

	59° 14' 17.62" N
	2° 52' 26.13" W
	59° 14.294' N
	2° 52.436' W
	59.23822902
	-2.873923634

	59° 14' 9.20" N
	2° 51' 33.03" W
	59° 14.153' N
	2° 51.551' W
	59.23588856
	-2.859176337

	59° 13' 21.17" N
	2° 50' 10.67" W
	59° 13.353' N
	2° 50.178' W
	59.2225482
	-2.836297806

	59° 11' 57.86" N
	2° 49' 59.71" W
	59° 11.964' N
	2° 49.995' W
	59.19940469
	-2.833253015

	59° 11' 48.58" N
	2° 48' 36.89" W
	59° 11.810' N
	2° 48.615' W
	59.19682759
	-2.81024751

	59° 11' 35.60" N
	2° 48' 3.92" W
	59° 11.593' N
	2° 48.065' W
	59.19322273
	-2.80108819

	59° 11' 2.76" N
	2° 47' 50.86" W
	59° 11.046' N
	2° 47.848' W
	59.18410045
	-2.797461462

	59° 11' 0.43" N
	2° 48' 10.95" W
	59° 11.007' N
	2° 48.183' W
	59.18345411
	-2.803041307

	59° 11' 33.61" N
	2° 48' 20.53" W
	59° 11.560' N
	2° 48.342' W
	59.19266853
	-2.805702213

	59° 11' 51.07" N
	2° 50' 10.83" W
	59° 11.851' N
	2° 50.181' W
	59.19752005
	-2.836342644

	59° 13' 19.63" N
	2° 50' 25.92" W
	59° 13.327' N
	2° 50.432' W
	59.22211811
	-2.840531961

	59° 14' 15.47" N
	2° 52' 19.80" W
	59° 14.258' N
	2° 52.330' W
	59.23763167
	-2.8721672

	59° 14' 19.69" N
	2° 52' 24.06" W
	59° 14.328' N
	2° 52.401' W
	59.23880215
	-2.873348942

	59o 14’ 20.95” N
	2o 52’ 11.09” W
	59o 14.349 ’N
	2o 52.185’ W
	59.23915278
	-2.86974755

	[bookmark: _GoBack]For the avoidance of doubt, the landward boundaries of the installation corridor covered by this application shall be MHWS. The landfall boundaries defined by the coordinates within this document should be considered approximations, due to the requirement to limit the number of vertices.




[bookmark: CTS_365c2cc6492e47dc990ba9c88a2b4f40][bookmark: CTS_f2286e11ad0e4162ad938ac86f7c85d2][bookmark: CTS_7b149a525c7d44cfab90011b7e1f8f9f][bookmark: CTS_9a00a527cdc84da9ad9a0fbd744102dc]

[bookmark: _Toc67413314]Appendix D:  Sanday - Eday Installation Route Co-ordinates

	Cable Installation Corridor Coordinates (WGS84)

	Latitude DMS
	Longitude DMS
	Latitude DDM
	Longitude DDM
	Latitude DD
	Longitude DD

	Sanday - Eday

	59° 12' 24.46" N
	2° 42' 5.66" W
	59° 12.408' N
	2° 42.094' W
	59.2067948
	-2.701571098

	59° 12' 7.79" N
	2° 42' 5.52" W
	59° 12.130' N
	2° 42.092' W
	59.20216332
	-2.701533863

	59° 11' 41.12" N
	2° 43' 45.78" W
	59° 11.685' N
	2° 43.763' W
	59.19475507
	-2.729384214

	59° 11' 18.95" N
	2° 45' 26.07" W
	59° 11.316' N
	2° 45.435' W
	59.18859816
	-2.757242928

	59° 11' 27.34" N
	2° 45' 58.23" W
	59° 11.456' N
	2° 45.971' W
	59.19092855
	-2.766173861

	59° 11' 37.73" N
	2° 45' 55.53" W
	59° 11.629' N
	2° 45.926' W
	59.19381272
	-2.765425279

	59° 11' 35.87" N
	2° 45' 25.97" W
	59° 11.598' N
	2° 45.433' W
	59.1932983
	-2.757214007

	59° 12' 22.89" N
	2° 42' 21.01" W
	59° 12.382' N
	2° 42.350' W
	59.20635766
	-2.70583731

	For the avoidance of doubt, the landward boundaries of the installation corridor covered by this application shall
be MHWS. The landfall boundaries defined by the coordinates within this document should be considered approximations, due to the requirement to limit the number of vertices.
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